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Abstract

This thesis examined engagement in early science learning in the context of a science
centre, particularly how, and to what extent, the process of engagement can be captured and
measured in early years children. To achieve it, this thesis explored the potential of using a
multimodal approach which captures the three components of engagement (cognitive,
behavioural, and emotional) by triangulating simultaneous data from different tools, proposed
theoretically by Azevedo (2015). Firstly, an observational study of children naturally
interacting in a science centre showed that early-years children gravitate more and for longer
to a hands-on exhibit compared to a planned-discovery exhibit. Secondly, a feasibility study
showed it was feasible to use and triangulate the following tools in children from 3-7 years in
a real-world context: engagement scales for behaviour coding using videorecording, a
head-mounted camera, an electrodermal sensor (EDA), and a self-report questionnaire.
Thirdly, the main triangulation study involved 28 children interacting with a sand exhibit at a
Science Centre. Findings showed a relationship between children's cognitive-behavioural
observations and their emotional arousal (EDA markers), but not with their self-report
measures. Specifically, results showed that children's emotional arousal peaks were more
likely to increase if they were doing cognitive-demanding behaviours such as strategic
decision-making or looking away from the exhibit whilst searching for their parents. There
was an increase in this effect the longer its duration lasted, but no effect was found for
specific timepoints when a behaviour happened.. Children also engaged more when using
new or previously used strategic behaviours rather than when adapting or immediately
repeating them, as well as when persevering on a goal until fulfilled. A final study evaluated
expert science practitioners' perception of engagement when they judged engagement as an
outcome compared with as a process. A slider tool was developed to capture practitioners’
continuous perception of the process of engagement while they watched a video of the
interaction, as well as their overall perception of engagement by giving a single value. Their

agreement amongst the three different videos used was also examined, and how much they



aligned with results from the previous triangulation study. Results showed no differences
comparing between dynamic and discrete single scoring, however, the continuous dynamic
score showed more nuances behind practitioner’s rating of engagement throughout the
interaction. These dynamic ratings also showed more agreement between the practitioners,
and although practitioners’ perceptions aligned to identify the video classified as the highest
level of engagement, when levels were lower, evaluation of the level of engagement was

challenging and practitioners did not agree on the intensity of the perceived engagement.

Overall, this body of research highlights how multiple sources of data can provide a richer
picture of what could be understood as engagement, particularly when engagement is
conceptualised as a continuous process, which may inform improvements in both facilitation
and exhibit design through deeper understanding of engagement processes and tailoring
them specifically to different age groups. However, the findings also highlight some of
limitations some of the different tools used here have for specific situations. This research
presents a theoretical advancement by conceptually examining engagement as a process as
well as an outcome along with contributing a thorough examination of early years' informal
science learning engagement and relevant tools to capture it. This is an area which has been
greatly understudied compared to other age groups and contexts. This research can improve
informal learning experiences in key developmental stages, particularly for populations with

limited access to informal learning contexts.



Lay Summary

This thesis researched how early years children engage while they are at a science centre,
particularly how the process of engagement can be captured and measured. To achieve this,
the thesis explored the potential of a triangulation method proposed theoretically by Azevedo
(2015) where different tools are used that can more effectively capture the individual three
components of engagement (cognitive, behavioural and emotional), and then the resulting
outputs from each tool triangulated. The tools proposed are engagement scales for coding
behaviour using videorecording; a self-report questionnaire; a head-mounted camera to see
children’s perspective and an electrodermal sensor (EDA) that measures emotion from the
body through the skin. Firstly, to understand and contextualise how children interacted and
engaged typically at a science centre, a study observed them interacting with popular
science exhibits. It was found that younger children would choose to engage with an open-
ended exhibit more often and for longer periods when compared to an exhibit that has been
designed to guide visitors’ science discovery (planned-discovery exhibits). Then, a feasibility
study showed that each of the tools proposed for the triangulation method was suitable to
use with early years children between 3 and 7 years old in a real-world context and that the
tools could all be used simultaneously. These two studies led to the main triangulation study
which had 28 children interacting with a sand exhibit at a science centre. This study found a
relationship between observations of children’s cognition and behaviour and their emotional
reactions from the EDA sensor; however, no relationship was detected between EDA sensor
and information derived from a self-report questionnaire. Specifically, results showed that
children’s emotional activity was more likely to increase when they were doing cognitive-
demanding behaviours, such as decision-making of strategies and when looking away from
the exhibit while searching for their parents. The emotional activity would also increase with
the duration of any of the coded behaviours. Children often persevered on the same self-set
goal, and when using strategies they would often prefer using more new ones or re-using

ones that they had previously used, than strategies that were adapted or immediately



repeated. Finally, to understand how expert practitioners evaluate engagement and how the
triangulation method could be useful for practice, a final study evaluated practitioners’
perception of engagement when this was judged continuously while watching a video of a
child interacting with a science exhibit, compared to when they had to judge engagement
overall by the end of the video by giving a single score to the intensity perceived. For this
study a slider tool was developed that captures practitioners’ judgement of engagement
throughout the video they watched. Also, practitioners’ agreement on their perception of how
much engagement they were observing was compared between them, in both continuous
and single scores. Their agreement on how they ranked the intensity of engagement was
compared with the classification made of results obtained from the triangulation study
showing three levels of engagement (low, moderate, and high). Although no significant
differences were found between practitioners’ ratings of engagement as an outcome or a
process, a continuous rating showed more variation of their perception of children’s
engagement throughout the interaction. Practitioners also showed agreement on how they
judged each of the videos continuously, although these did not match with the classification
from the previous study. This means that all practitioners recognised a high level of
engagement but there was disagreement on how they ranked the intensity of the lower
levels. Overall, this body of work thoroughly examines early years’ science engagement in a
science centre and the methods used to capture it. This research contributes to advance the
theory behind engagement by considering and measuring engagement as a process and not
just an outcome. The findings from this thesis emphasize the advantage and importance of
combining multiple sources of data which can lead to improve understanding of the
processes behind engagement and how to adapt them specifically for different age groups.
This can be used to improve the facilitation of science learning and exhibit design in the early
years by allowing practitioners and researchers to track and modify behaviours and features
that could enhance or hinder engagement. Improving engagement in informal learning
experiences can be particularly helpful to enrich science learning for early years children with

limited access to informal learning contexts.
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To myself and anyone who comes next
may this serve as evidence

that even the darkest nights have a sunrise



Chapter 1

Introduction

In our society, science plays an important role that goes beyond just understanding
our current world. It helps by finding solutions to improve our world and contributes to the
development of technologies that bring innovations to different communities around the
globe. However, some people have limited engagement with science, maths, technology, or
engineering (STEM) communication, content and activities, whereas they could also have a
limited intention to pursue any science career paths as younger people, despite enjoying
science. This may be due to a lack of access, resources, confidence, interest or due to a
sense of not-belonging in structural science spaces (i.e. structural inequalities) (Godec et al.,
2021). Science capital comprises the attitudes, resources, knowledge, experiences,
behaviours and identity around STEM (L. Archer et al., 2015). It has been recently studied in
order to understand the underlying reasons behind the different attitudes and approaches
around science (DeWitt et al., 2016), as well as ways to enhance this capital in both
communities and individuals. Having higher science capital can present socio-economic
advantages at different stages of life, from schooling opportunities, academic attainment,
teachers’ and peers’ perception, career paths, and job opportunities. Increasing not only the
availability of science experiences but also the quality of these can help enrichen the local
and broader communities (L. Archer et al., 2015; DeWitt et al., 2013, 2016). Science centres
and other informal learning environments could provide opportunities for developing science
capital, whether it is by providing access to content and experts that are difficult to obtain
within a home-learning environment or by providing safe learning spaces and activities that
can encourage and enhance people’s science experience. When it comes to studying and

understanding science learning in informal contexts, engagement has been highlighted in



science centres’ research as a necessary pre-cursors and facilitator for learning, because it
contributes to making meaning of the learning situation by granting access simultaneous
access both to the current situation and to previous experiences that could improve
understanding (Barriault & Pearson, 2010). Thus, for improving science capital through

science centres, engagement with the science learning experience is a key element.

Science centres in the world evolved from science and natural museums, starting as
rare collections of objects and cabinets of curiosities with a focus on science and maths
aimed more at technical visitors, until becoming spaces open to all people where they can
test and explore interactively with science objects or scientific principles (Hauan & Kolstg,
2014). In 1951, the Science Museum in London started an interactive wing dedicated to
children (Children’s Gallery), providing interactive exhibit spaces for them to experience
some of the basic science and technology concepts discovered so far with the aim of
“stimulating interest and curiosity” (Science Museum, 2017). This demonstrates that science
centres/museums from early on had considered the importance of including children from all
backgrounds in the learning of science, as a concept and as a practice. Hence,
understanding how to improve science learning experiences for children from an earlier age
could provide better cognitive skills for the children by closing some of the inequality gap
(Archer, 2015), while also positively impacting society by helping foster a community of
individuals with an increased sense of curiosity and understanding of the world ready to

improve current world conditions.

The UK currently has more than 60 publicly accessible informal science learning
centres, with a range of science focus, all well-established and committed to the communities
where they are located. According to the UK Association for Science and Discovery Centres
(ASDC), these science learning centres/museums have amongst their goals to deliver to the
public “unusual and exciting opportunities to discover, discuss, question and explore the

latest science, engineering and research” (ASDC, 2021). The importance of these institutions



goes beyond promoting science since many of them also deliver science experiences
programs beyond their locations to members of the community, reaching those who cannot
easily access this science learning on their own account. This is one way in which science
centres contribute to closing the attainment and inequality gap as it promotes early
aspirations towards science career paths (DeWitt et al., 2013). Another way is through
targeted development of science areas and activities for early years children, which is where
it can provide longer-lasting effects. Due to their importance, more efforts have been made to
bring together interdisciplinary researchers from different areas, like developmental
psychology, learning sciences, early years education or human-computer interaction, to work
alongside museum practitioners. This to better understand, update, improve and provide
better learning experiences that start with the early years but also help enhance teenagers’
and adults’ science learning experiences to become a self-sustaining science learning cycle

when these same adults engage in science learning with children.

The Move2lLearn research project emerged from the need to understand how early
years children learn, understand, think and communicate science through body-based
experiences when they visit a science centre/museum. The Move2Learn project, was one of
5 Science Learning+ project funded by the Wellcome Trust, the National Science Fund (NSF)
and the European Social Research Council (ESRC) and focused on embodied science
learning of children by exploring how children explore, communicate and develop their
science understanding through body-based interaction. This project also brings international
collaboration and co-development from researchers from The University of Edinburgh,
University College London, and the University of lllinois Urbana Champaign and practitioners
from the US and the UK, such as the Glasgow Science Centre, Patricia Frost Museum of
Science in Miami, London Science Museum, The Children’s Museum of Indianapolis,

Learning Through Landscapes and the Sciencecenter in Ithaca, New York.



This doctoral thesis is also a part of the Move2Learn project, with a similar focus on
early science learning in informal contexts, but with a different focus placed on children’s
engagement at a science centre, exploring and evaluating current methods that capture

engagement which can lead to understanding engagement in this age period.

The current thesis starts Chapter 2 by discussing what early science learning is, its
importance and the different contexts where this science learning happens, with emphasis on
informal spaces such as science centres. This is followed by a section on the construct of
engagement in learning, its different components, and a comparison to other constructs. In
this section a conceptualisation of engagement is proposed as a temporal continuum that
considers it both a process and an outcome when it comes to its relationship with learning.
After, the different methods and tools used to capture engagement in different learning
contexts are reviewed along with a discussion of research done around triangulating tools
that capture different aspects of engagement simultaneously and the potential benefits this
method could provide. This chapter finishes with an overview of the thesis research project,

its aims, research questions and design.

Chapter 3 reports two studies to understand the current methods used to observe
engagement in children interacting exhibits and the feasibility study of using a triangulation
method with a single child. The first observational study focuses on how children engage
naturally with two different types of science exhibits over the period of one hour, one was
goal-oriented whilst the other one was open-ended, exploring the number of visitors each
exhibit attracted as well as the attraction power measured by the amount of time spent in the
exhibit. The second part on evaluating the feasibility of capturing and triangulating the
outcomes from the different tools to capture engagement. The tools used were a combination
of current tools used in research such as behavioural engagement coding scales,

observation from video recordings and self-report questionnaires, and new tools that have



had a more limited use in a science learning context, including a head-mounted camera or

an electrodermal activity sensor.

Chapter 4 reports the development of an engagement behavioural coding scale
resulting from the previous chapter, used in the study presented in this chapter. The study in
this chapter was conducted with a larger sample of children where the same tools evaluated
for feasibility were used to capture, triangulate, and evaluate their engagement when they
were individually interacting with a science exhibit for five minutes. This chapter discusses
whether the triangulation of tools provides additional information on children’s engagement,
and critically examines whether emotional processes could be driven by cognitive and

behavioural processes of engagement.

Chapter 5 explores expert science practitioners’ judgement on children’s engagement
when asked to watch videos with different engagement levels which were identified from the
prior multimodal triangulation approach. They were asked to rate engagement as an
outcome (i.e. a discrete score at the end of each video), and as a process (i.e. dynamic
scoring throughout the video). For the latter, a slider tool was developed to capture a
constant score throughout the length of the interaction. This chapter explores practitioners’
agreement on their perception of the intensity of engagement and how this matched the
researcher. The chapter also interrogates the differences and implications of judging
engagement as an outcome or a process and how this may contribute toward detecting

different levels of engagement.

Lastly, Chapter 6 contains the general discussion of the thesis, addressing all the
previous chapters and debating whether a multimodal triangulation approach is an effective
method to capture young children’s engagement when they are at a science centre,
examining the limitations of the methods used, the implications and the general contributions

of this research.



Chapter 2

Literature Review

2.1 Early Science Learning

The early years refer ‘generally’ to the period in early childhood between birth and the
age of 8 years (Farrell et al., 2015a). This period is characterised by acute developmental
changes in the individual: biological, psychological, behavioural and sociocultural in their
different spheres (Lerner et al., 2012). Children’s brains and bodies experience fast growth,
while in their social environment children are experiencing a myriad of new experiences,
ways of communicating, cultural socialisation patterns, learning how to be with others and

basically how to navigate the world that surrounds them.

Thanks to thorough research on different areas concerning the importance of early
childhood, such as developmental, policy, social justice, education, among others (Farrell et
al., 2015b), different international institutions that regulate the well-being of individuals, like
the United Nations Educational Scientific and Cultural Organization (UNESCO) or the World
Health Organization (WHO) agree with the period established between birth and 8 years for
early years and the importance this period has for future development (UNESCO, n.d.; World
Health Organization, 2020). Similarly, the Scottish government in their Early Years
Framework (Scottish Government, 2009) uses the same period as a reference for early
years, which has influenced policy regarding children and their well-being. One area of
increased international importance within the early years is learning and education, since the

WHO, UNICEF and the World Bank Group proposed in 2018 that having opportunities for



early learning is one of the 5 main components of nurturing care during the early years

(World Health Organization et al., 2018). They describe early learning as:

“Early learning happens when children use their senses, move their bodies, hear and
use language, experience different places, interact with people, and explore different
objects. Opportunities for early learning present themselves in daily life” (WHO Team,

2020, p.7).

This definition enhances how learning in the early years is about experiencing the world,
which education enhances by providing children from an early age with skills that can help
them understand and make meaning of the world they are experiencing. This view is
supported by John Dewey (1986) who mentioned that “all genuine education comes about
through experience”(p.247). However, he also pointed out that “not all experiences are
genuinely or equally educative [...] for some experiences are mis-educative” (p.247),
meaning that some experiences can “arrest or distort the growth of further richer
experiences” (p.247). Therefore learning in the early years should allow children to
experience the world, by guiding and engaging them through education, to link previous
experiences and prior knowledge to understand and make meaning of these new
experiences. That is what Dewey meant by “education is a development within, by, and for
experience” (p.249), in other words, it needs clarity about what the experience is to promote
“the growth of future experiences”(p.247). Here is where engagement with learning and
education plays a pivotal role, by bringing awareness to the child of the learning activity
happening and encouraging them to take part in that experience. Hence, the experiences
acquired in the early years are formative, and with the right guidance, these can be shaped
and further developed to have an important role later in life. As an example of this during the
preschool years, one of the largest projects to investigate longitudinally the effects of early
education was the Effective Provision of Preschool Education (EPPE) Project. Its findings

showed that having educational experience in a preschool setting improves children’s overall



development when compared to no-attendance (Sammons, 2010). Some of the effects
remained throughout Key Stage 1 of Schooling (5—6-year-olds) setting a solid precedent of
the benefits of early years education (Sylva et al 2004). Moreover, research has shown that
having positive formative experiences in science at a young age influenced adults’ decisions

of going into a science career (Chakraverty et al., 2020; Dabney et al., 2013).

When talking about early science learning it is inevitable to think about what is meant
by learning. Learning can take many shapes, so much so that a common definition has yet to
be agreed upon by researchers and educators (for examples see de Houwer et al., 2013;
Harel & Koichu, 2010; Lachman, 1997), as this can vary between fields that explore learning
with different aims. However, this section will not address the different definitions of learning,
rather it will explore different research that has been done around early science learning
using the term similarly to Falk (2005): “a broad term that encompasses a wide range of
changes in both the brain and body (...) that result in a more knowledgeable individual with
an enhanced motivation and capacity to learn more in the future” (p.266). Falk uses this
definition when discussing free-choice learning, which seems fitting in a context of the early
years where, despite there being desired outcomes of their learning, it is approached and
assumed that the child will choose and decide what they want to engage with during their
learning, whether this is at home, a school setting or an informal-learning scenario. This is
also reinforced by Barriault and Pearson (2010) who say that “learners are not passive
recipients of knowledge or empty vessels to be filled. Learning is an active process, an

interaction between ideas that learners currently hold and newly presented experiences”

(p.92).

Moreover, when talking about early science learning, it is key to clarify and
contextualise what is meant by science learning. After a thorough review of the development
of scientific reasoning, Zimmerman (2000) stated that the term “science” is used to mean two

things: (1) a specific body of conceptual knowledge that follows specific and rigorous



methods, and (2) the specific inductive and deductive methods that allow the development
and acquisition of said body of knowledge. The most comprehensive view of science learning
is presented by Klahr and Dunbar (1989 cited in Zimmerman, 2000) with their model called
Scientific Discovery as Dual Search (SDDS), where they integrate domain-general skills with
domain-specific knowledge. In other words, they tried to make a case where scientific
thinking and learning is about more than just memorising content related to science such as
facts, numbers, or science theories, i.e. domain-specific knowledge, rather it is about a
process of understanding how the science content happens, focusing on developing
cognitive skills related to scientific thinking such as critical thinking, observation,
hypothesising, inquiry, curiosity, and several others, i.e. domain-general knowledge. Eshach
and Fried (2005) make a parallelism between these two skills with the differences between
conceptual and procedural knowledge, or in simpler terms “knowing that” and “knowing how”
(p.316). They then later propose that these two simpler premises guide the rationale behind
teaching science in the early years: knowing that emphasizes that science is about the real
world and information about it should be learnt, whereas knowing how reflects that science
develops reasoning skills that provide children with tools for exploration, and attuning both

skills contribute towards their scientific inquiry (Eshach & Fried, 2005).

An essential component of science learning is engagement with the activity/content.
A quality engagement during science learning can enhance scientific and learning skills
acquired (Halliday et al., 2018; Tisdal & Perry, 2004). For example Halliday et al. (2018),
evaluated engagement in preschool children in a laboratory while performing a set of tasks,
where they found that the intensity of their observed behavioural engagement was predictive
of their literacy and math performance in the classroom. At the Exploratorium in San
Francisco, research has found that visitors who engage longer with interactive exhibits that
foster inquiry and exploration are more likely to make connections between experience and

prior knowledge (Tisdal & Perry, 2004) as well as show more learning gains about the topic-



content in a post-test evaluation (Dancstep et al., 2015). Thus, engagement with science
learning activities might be likely to predict children’s engagement in the future with both
learning in general, as well as with science-related activities (Sackes et al., 2011; Shwe
Hadani et al., 2018). Eshach and Fried (2005), pointed out that “we see the world with the
help of conceptions and ideas created by the human mind; they are like glasses that help us
be aware of things to which we might otherwise be blind” (p.332). This is what science
learning helps with, providing a lens with which to see and understand the surrounding world,

but engagement would be the support that keeps the glasses on.

2.1.1 Importance of Early Science Learning

During the first years of life there is a fast brain growth period that helps facilitate
learning skills and knowledge construction due to the increase of potential neural connections
which, when established early and maintained, can help improve information processing and
subsequently enhance more complex learning (Giedd et al., 1999; Gogtay et al., 2004;
Knickmeyer et al., 2008). The current research and practice focus in early science learning
encourages targeting basic skills related to developing scientific thinking in the child, such as
observation, exploration, repetition of results, etc., which can then be used in multiple
situations of daily life to explore and understand their world (Gopnik, 2012; McClure et al.,

2017).

Eshach and Fried (2005) reviewed literature around science learning supporting why
science should be taught in early childhood, finding six main reasons about the importance of

starting early with science:

(1) Children are natural observers and think and reflect about nature. Children are
already exploring their environment, paying attention and looking for cause-consequence in

events they encounter. Evidenced by Buchanan & Sobel (2011), where they showed that

10



children since 3-4 years old can start making inferences with rationale on situations they are
presented (e.g. when a light is connected, detect the correct source). This increases when
their curiosity and observation are guided or pointed towards evidence that contributes to
their understanding or solving new phenomena. For example, in a research study with
children between 5-8 years old where they had to intervene and identify not only a single
cause-consequence situation, but a causal system and or a causal chain that made shapes

spin (or not) together (McCormack et al., 2016).

(2) Exposing young students to science (in a positive view) helps them develop
positive attitudes towards science. Positive attitudes toward science, according to Osborne et
al. (2003), are any positive feelings, beliefs and values held about science and scientists. A
categorisation also made by Klopfer (1971 cited in Osborne et al. 2003) who establishes that
these positive attitudes entail developing interest in science and science related activities or
careers, the acceptance of scientific inquiry as a way of thought, as well as enjoyment of
science learning experiences and adoption of scientific attitudes. Furthermore, research has
shown that an early interest and positive attitude towards science can contribute to future
engagement with science and science careers (DeWitt et al., 2013; Lindahl, 2007). However,
this interest once lost is harder to recover, thus early exposition to positive experiences and
attitudes towards science in children from guiding adults has the potential to make a long-

lasting impression on them (DeWitt et al., 2013; McClure et al., 2017).

(3) Exposing children early to science events and phenomena can facilitate the
understanding of these same topics when encountered later in life, particular in formal
education. At this early stage, one fundamental way of exposing these scientific phenomena
for meaning-making is through play in science inquiry (Vartiainen & Kumpulainen, 2020)
which can also lead to imaginary situations and re-enactments that help develop scientific
concepts after practising science inquiry. There is also evidence from the EPPE project, that

specific skills such as maths, and literacy when encountered in preschool settings can
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provide a significant cognitive benefit that can be maintained throughout some years in
primary education (Sammons, 2010). Therefore, it could be expected that early science
learning can provide similar results, specifically since multiple encounters are more likely to
reduce the uncertainty of an encountered phenomenon and could increase the exploration
process behind it, potentially leading to a better understanding. As evidence for this Tao et
al. (2012) compared results from children of two different countries at the end of primary
school, China and Australia. In the former, science education does not start until primary
school whereas in the latter, science is taught from kindergarten. They found that when
children came from a high SES status there were no significant differences found in how
children understood science, however, when medium and low SES was considered, a
protective factor was observed in children from Australia who have had an early encounter
with science, having a higher average than the children from medium and low SES that had
not had any science experience before primary school. Although contrary evidence has also
been found where no particular effect was found in primary school after kindergarten’s use of
science resources (Sackes et al., 2011) These mixed findings highlight that these results
have to be critically assessed, since it also suggests the consideration of the difference in

evaluation outcomes and tools used in the different education levels.

(4) Use of scientific informed language at an early age influences the future
development and understanding of scientific concepts. Language shapes thinking and prior
knowledge influences language (Eshach & Fried, 2005), which means that both experience
and language are mutually impacted by each other. Introducing new concepts and ideas
reshapes previous knowledge and provides future referents for understanding similar
concepts (Weisleder & Fernald (2013). Scientific language does not necessarily need to be
only verbal, since research has shown that visuospatial referents paired with science

language, such as drawings and gestures while explaining a concept/idea help increase

12



language by providing a visual explanation of the words and increase understanding (Roth,

2002; Thomas Jha et al., 2020).

(5) Children can understand scientific concepts and reason scientifically. Most
scientific topics, theories and phenomena can be stripped from technicalities and be
explained in simple terms to facilitate basic understanding (as reviewed in Eshach & Fried,
2005), however, just because a concept can be simplified, it does not mean that it will stop
being complex, abstract or inaccurate. In the same vein, Gopnik (2012) has reviewed
scientific thinking in young children and argues that from a very early age children can follow
and understand basic scientific concepts, such as hypothesis testing, probabilistic models,
correlation of events, causality and reflection about events. As an example, Gopnik describes
a study from Xu and Garcia (2008, cited in Gopnik 2010) where eight-month old infants are
shown a box with a red and white ball, then the researcher randomly grabs a sample of some
balls from the box, the study evaluated whether children could identify when a sample shown
was truly random (i.e. matching the distribution of balls inside the box) or if the distribution
failed to match the random selection of balls. Infants tended to look longer to the box with
balls when the sample distribution did not match. Young children have also been tested to
make direct hypotheses after showing them two sets of evidence, for example which food
would be more likely to make a character sick (Zimmerman, 2000). However, a critique from
Eshach and Fried (2005) is that most research around scientific thinking in early years is
done in “nonscience” scenarios, testing their ability to gather evidence and connect
hypothesis to it, but not grounding it in specific science concepts only provides an incomplete
view of the processes behind children’s scientific reasoning. As a solution they propose that
early years’ educators facilitate an early exposition to scientific situations where these

scientific skills can be exploited.

6) Science is an efficient means for developing scientific thinking. The authors

propose that scientific thinking skills are better developed when these are grounded in
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explicit scientific topics, or domain-specific knowledge, since they consider that scientific
content cannot be separated from the conceptual domain of scientific thinking (Eshach &
Fried, 2005). Although they still acknowledge the importance of the procedural aspects, since
these allow abstraction to everyday processes, they consider scientifically grounded activities
to be more efficient, like the influence of lights on plants. The authors consider this grounding
provides children with conditions that allow variation of a single variable at a time and focus
their attention and reflection on the meaning of the control and experimental variables. It
could be equated with a concrete and contextualised grounding of scientific thinking that
could lead to a more tangible understanding of science, which can then be abstracted and
generalised. This aligns with Bruner’s proposal (1966) of conceptual development, where
children first act on concrete objects, which allows them to form representations of the
concrete objects and their operations leading to incorporating symbolic representations. This
notion also touches on Piaget’s proposal of constructionism (1970), where children construct
their understanding of their environment by interacting with it. While Piaget proposes the
starting age for this to be between 7-8 years old, other researchers have found that concrete
thinking appears from as early as 6 years old (Porpodas, 1987; Samuel & Bryant, 1984).
McNeil and Uttal (2009) point to a remark by Sarama and Clements (2009) in their research
around manipulatives and computing skills: “What matters is not whether a learning material
is concrete or abstract, but whether and how students gain insight into the meaning or
purpose of what they are learning” (p.139). This last remark echoes the initial statement by
Eshach and Fried (2005) regarding the importance of science learning to teach the know-
how of the world. It is important to see that these principles are all interconnected with one
another and therefore are steps that are equally important to the development of the older

child and future adult.

Furthermore, early science learning can also have a positive impact on young

children’s personal growth, such as helping to develop a sense of self by learning and
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exploring based on their own curiosity to find their own perceptions and attitudes
(Kumpulainen et al., 2014). One example of this is shown by children’s metacognition of their
own thinking, realising it is they who think and discover (Bowers et al., 2015; Kuhn, 2000),
which can then lead them to look for answers to their questions and think if they have found
an answer to them. This also helps them develop and improve their sense of agency and
confidence, by practising taking decisions based on their interests and realising they are
capable of discovering and exploring their surroundings on their own (McClure et al., 2017).
However, it is important at this early age to scaffold and support children’s learning and
exploratory behaviour, while still allowing room for them to be independent (Van Schijndel et
al., 2010). This scaffolding approach has been known to be effective for learning for many
years now, echoing Vygotsky’s proposal of the Zone of Proximal Development (D. Wood,
2018). This is particularly important, because the role the adult could play in scaffolding new
scientific concepts by linking it to any prior knowledge and previous experiences children
have, can both facilitate and strengthen the understanding of the learner (Cabe Trundle,

2010).

2.1.2 Contexts of Early Science Learning

Early science learning can happen across multiple scenarios from a very early age
(National Research Council, 2009). However, each scenario is likely to provide different
benefits and different opportunities for children to engage with science at varying ages.
Three main contexts to distinguish where early science learning happens are: (1) home-
based spaces, such as baking, playing, gardening, doing carpentry, etc. (2) formal spaces,
such as nurseries, preschools or kindergartens, and early elementary school and (3) informal
spaces, such as museums, science centres, zoos, botanic gardens and outdoor centres.
Although all three contexts have relevance for children’s early science learning, this work

focuses more in depth on informal contexts, particularly science centres, since these spaces
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allow children a freedom to choose what to explore and learn while grounding this knowledge

on domain-specific concepts of science.

2.1.2.1 Home-based spaces Science learning very often happens in the home. It

can be encountered through multiple activities, these can be normal everyday activities such
as baking, taking a bath, or making a cup of tea. It can also be encountered spontaneously,
for example when a child asks ‘why do fish die outside water?’ (National Research Council,
2009). It is also the first context where the child tests their inquiry skills and exploratory
abilities before any formal or informal contexts (Gopnik, 2012). Although, for this science
learning to be evident, adults play a role in helping children making these connections
between the everyday activities and the science learning behind them. Research shows that
parents or adults who do or enjoy science are more likely to expose and project to the
children a positive view of science (Dabney et al., 2013). There can also be science-focused
activities in the house, for example, the use of a telescope, playing with science toys and
using “science kits” to experiment with. All these different activities would contribute toward
developing positive feelings about taking part in science activities (National Research
Council, 2009; Shwe Hadani et al., 2018). Within the home environment there is availability
for science related domain-specific content skills to be achieved, for example growing a plant
from a seed, as well as access to situations to develop the domain-general skills that drive
inquiry. Science learning can also be facilitated at home by different media content, for
example when watching TV programs or YouTube videos (National Research Council,
2009), whether these are cartoons that teach about science related concepts like “Ask the
StoryBots” or through shows that describe nature like BBC’s “Blue Planet” (Fisch et al.,
2014). Other types of science-related media that children could encounter include science
magazines or books for children, which explain science concepts or talk about historical
figures that have had an impact on science. All of these examples enable an early everyday

contact with science that explores the reasons behind the world as well as providing access
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to information for children to construct their own knowledge and understanding and avoid
context dependency (Fisch et al. 2014). These different examples of media give children a
variety of exposure to explore a range of concepts through a myriad of examples and

learning opportunities.

2.1.2.2 Formal Spaces The formal spaces for learning are those that have an

established curriculum or that set particular learning goals to be achieved throughout a
particular period of time, such as a school year. These tend to be spaces where learning is
directed to pre-established content. Formal spaces have the advantage of being continuous
spaces where science topics can be revisited at different moments. Some countries are
establishing a defined curriculum for science learning in preschool such as life sciences,

earth/space and physical science (Trundle & Sagkes, 2012).

An advantage of formal learning spaces is being able to provide a constant space
that grants enough time to revisit content to strengthen the understanding of certain topics
(Dejonckheere et al., 2016). This increases familiarity of the science theme with the children,
facilitating them to make connections between the science concepts reviewed and their day
to day lives. Evidence for this is presented by a research study carried out in Denmark with
preschool children training in formal scientific reasoning (Dejonckheere et al., 2016). In this
research, an inquiry-based intervention with one group of 4-6-year-olds where they did 15
investigative activities (e.g. sinking and floating) over seven weeks, this group was compared
to a control group. All the activities from the intervention had three phases: introduction,
exploration and trigger. In the trigger condition the researcher directed the child’s attention to
the phenomenon by asking probe questions. This last phase also had the intention of
encouraging children to explore the relevant variables for the activity and to test causes and
consequences. The research found that in the post-test activity intervention children had

better guidance towards the relevant variables, they had more informative explorations and
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were more prone to set-up experiments to look for additional information compared to the
control group. They also found that these children were more inclined to explore only one
variable at a time, reducing the number of uninformative explorations from their pre-test
results. Their findings strengthen support for incorporating a more inquiry-based approach in
the curriculum from the early years onwards. Schools have been encouraged to use inquiry-
based science instruction to foster the development of exploratory and scientific skills, such
as curiosity, testing hypotheses, and asking questions (Cabe Trundle, 2010; Sackes et al.,
2011). For example, talking about children’s comprehension and attitudes towards a
scientific phenomenon in biology such as the lifecycle of a monarch butterfly when this topic

is reviewed with an inquiry-based approach (Samarapungavan et al., 2008).

Early years researchers and practitioners have advocated that science-related
content taught in formal education at a younger age should try to be connected with
children’s previous knowledge or to things and experiences they might encounter again on
their own (Sackes et al., 2011; Tuckey, 1992; Zimmerman, 2000). An example of how to
connect children’s previous knowledge while taking advantage of children’s playful nature
and imagination to learn science is provided by Vartiainen and Kumpulainen's (2020) Poetry
Science. Preschool children engaged in scientific play by combining a shared story-
reading/telling, and interaction with a puppet that helps bring forward their everyday
experiences related to the explored science concept through poems and graphs. These
authors describe that children’s scientific play arises by engaging in science talk in
hypothetical scenarios, combining imaginary situations and problem-solving where children
are actively doing science practices and “creating new knowledge” (Vartiainen &

Kumpulainen, 2020).

In all the aforementioned studies, the teacher played a key role in facilitating and
scaffolding the lessons and play for children to both understand and engage better with the

science lesson. As a consequence, one disadvantage of these contexts is limiting free choice
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within the science topics to be revised (Falk, Storksdieck, et al., 2007). According to a report
on STEM Starts Early (McClure et al., 2017), an important constraint in this context is a
systematic problem in training teachers in STEM-related content, which explains a reduced
science content, and which impacts confidence — regarding science — of the teachers while
teaching and the children’s who are learning it (Early Childhood STEM Working Group, 2017,

Osborne et al., 2003).

2.1.2.3 Informal Spaces Informal spaces are those where learning happens

outside or around a formal learning context and have different expectations with respect to
learning. These contexts provide leisure time while supporting science learning by providing
examples of real-world phenomena that can be associated with everyday experiences where
visitors can develop new science interests and practice their science inquiry to make sense
of their world (National Research Council, 2009). According to Falk (2005), people also visit
informal spaces when they are searching for new interesting experiences that satisfy their
intellectual curiosity. Informal science learning spaces are children’s museums, science
centres, zoos, botanical gardens, aquariums, and libraries (National Research Council, 2009)
covering a wide range of scientific topics. These spaces are designed environments that first
started being used to understand learning experiences outside the classroom from school
field trips (Rennie et al., 2003). A defining difference between informal and formal spaces is
that informal spaces allow children to encounter and experience things that they would not
normally have access to in their daily spaces, for example, wild animals, already established
props that demonstrate a physics experiment, or encounter a demonstration of how a black
hole works (Schwan et al., 2014). All of these different informal learning science spaces
provide visitors with different pathways to learning about science, for example, a science

centre is designed for voluntary interactivity with its science content through exhibits (Heath
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& Vom Lehn, 2008), allowing visitors to directly experience and explore specific scientific
phenomena. These experiences can also prompt further science-related activities that can
be carried out at home or explored in formal contexts (Schwan et al., 2014). Informal spaces
facilitate access to public understanding of science, research and science literacy (Schwan
et al., 2014). Thus, these spaces promote scientific engagement in the early years allowing

young children to experience and explore a myriad of scientific content from a young age.

From all these informal science learning spaces, science centres are spaces
exclusively created and designed for visitors to experience science, unlike other spaces like
Z00s or botanical gardens where they also have the function of preservation of living
specimens (Schwan et al., 2014). Science centres share pedagogical aims regarding science
learning with formal schooling, whilst the latter are more explicitly delivered through teaching
and directed facilitation and the former are enabled through free exploration (Faria et al.,
2015). Thus, science centres provide an opportunity to understand how visitors explore,
learn and understand science content where they have the freedom to choose what they
want to learn about but without the pressure of providing any results or any other prejudices

that could be experienced in formal contexts.

Science centres are designed to be interactive exploratory spaces where visitors can
experience different science concepts, promoting scientific skills and disseminating science
content delivered in unexpected and surprising events (Allen, 2004; Gutwill, 2008; National
Research Council, 2009; Tisdal & Perry, 2004). One of the biggest attributes of science
centres is their interactive and hands-on exhibits and spaces (Rennie & McClafferty, 1996).
Interactive exhibits are exhibits that generate an action-reaction loop between the visitor and
the exhibit, where the visitor carries out an action in the exhibit and as a consequence the
exhibit not only reacts to the visitor but facilitates opportunities for further responding to
reaction from the exhibit. For example a button that when pressed displays a light, but there

are other items that can be used to interact with the light to understand the phenomenon of
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reflection. Contrary to reactive exhibits where there is no invitation for additional action from
the visitor, for example an exhibit where a button is pushed and starts a whirlpool in a tube of
water (Allen & Gutwill, 2004; Rennie & McClafferty, 1996). Although some authors warn that
interactivity should be used with moderation to maintain a good balance between the
interactivity loop with the exhibit and the social interaction and meaning construction around
the exhibit (Allen & Gutwill, 2004; Heath & Vom Lehn, 2008). For example Heath and Vom
Lehn (2008) argue that some computer-based exhibits that rely on single users with an
audience can hinder co-participation, whilst also providing a false sense of choice where only
a limited number of possible actions are offered which could constrain visitors’ engagement.
Allen and Gutwill (2004) describe some of the common pitfalls of interactive exhibits design,
for example having too many options of equal salience or secondary features that conceal
the main features of the exhibit, which can undermine the main educational contribution from
the exhibit; while having multiple users that can interfere with one another or disrupt the
phenomenon displayed can also curb engagement and cause frustration. Therefore a sweet
spot is needed when designing interactive science exhibits to maximise the cognitive and

socio-emotional benefits that these spaces can provide.

Although science museums and science centres started out as object-based spaces
that displayed objects and instruments that were used to carry out science, it has now
changed, becoming spaces where science ideas are demonstrated (McManus, 1992).
According to Sue Allen (2004), a museum researcher at the Exploratorium in San Francisco,
these informal learning spaces have the responsibility of being entertaining places that allow
visitors freedom in following personal interests, while also being expected to be a place
where some form of learning would be achieved following a visit, whether it is science-
themed, affective or about introspecting after experiencing a particular visit. Paris (1997) also
points to the motivation that visitors have towards topics that may be personally relevant. He

considers four factors that motivate a visitor to engage with informal science learning: (1)
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construct personal meaning, (2) challenges, (3) control and (4) positive consequences. One
of the main characteristics of an informal learning space is the free-choice in learning that
match their interests and allows them to explore it at will (Falk, 2005; Falk & Dierking, 1998)
This freedom of choice grants children certain autonomy and agency in what topics they
decide to engage and discover, and for how long they want to explore a learning space.
However, the child never interacts alone, since according to Falk and Dierking’s (2000)
Visitor Experience Framework there are three relevant contexts at simultaneous play that
influence a visitor’s learning: (1) physical context — which considers the physical space, the
architecture and design of space, the apprehendability and the exhibit organization. (2)
sociocultural context — takes into account the social interaction happening around the exhibit
or museum, that is the group the visitor comes with, or the groups present at an exhibit when
they arrive, any relevant conversations or interactions arising from the exhibit and any
relevant social facilitation. (3) personal context — refers to the individual’s prior knowledge,
interest, motivations, expectations and preconceptions. Rennie and McClafferty (1996) used
this Visitor Experience Framework as a base to design a successful visit to a science centre,
since it explains why visitors learn and enjoy themselves, in both the cognitive sense and the

affective sense, while also being influenced by the surrounding socio-affective situations.

Research around science learning in science centres has addressed a diversity of
topics, mainly focused on different learning gains from the different exhibits by observation
and survey analysis from the visitors, for example, both Ben-Eliyahu et al. (2018); and Shaby
et al. (2017) followed a group of visiting children from a school as they wandered around a
designated section of the science centre. Another commonly researched subject in science
centres is the comparison of different exhibits to detect relevant features for increasing
engagement and learning gains with them (Dancstep née Dancu et al., 2015; Gutwill, 2008).
While others have focused on exhibit features, such as labels and facilitation of the science

content (Denham et al., 2012; Gutwill & Dancstep (née Dancu), 2017; Serrell, 2020) or to find
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better measures to compare exhibit performance across a variety of different exhibits, for
example using the square footage and holding time of an exhibit (Serrell, 1997b, 2020).
However, this research usually focuses on older children or adults, who are the main target
audiences of these spaces. Likely, one of the main reasons early years in science learning
has not been as explored has to do with the intrinsic challenges of researching informal
science learning, which according to Andre et.al (2017) tend to have many confounding
factors attributable both to the age of participants and to factors that influence them.
Additionally, challenges of working with children in the early years should be considered,
such as planning and designing activities to also take into account children’s shorter attention
spans and longer reaction times when it comes to decision-making (Akshoomoff, 2002), as
well as ensuring children have enough verbal skills to understand, participate or provide any
feedback in research studies (Yarosh et al., 2011). Although one relevant project that is
targeting this limitation is the Move2Learn project, which is aimed at exploring how
preschool-age children could use their body movements and gestures to learn about science
in science museums/centres and how to use these to communicate their science
understanding better than when using verbal vocabulary, (M2L Team, n.d.-a; Thomas Jha et

al., 2020).

Therefore, the literature in informal science learning presents a gap when it comes to
science learning in the early years. This gap is exacerbated when targeting specific
processes for science-learning, such as engagement. Addressing both of these gaps could
provide an increased understanding of how science learning develops in different contexts.
This is particularly important because behaviour is not the same in a school setting as in a
science centre, focusing on engagement in an informal context will have differences and it is
important to understand how this context is promoting and enhancing early science learning
through engagement. Barriault and Pearson (2010) emphasize this when highlighting what

should be the focus during research with informal science learning: “assessing the learning
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outcomes in science centres needs to not only focus on cognitive gains, but must take into
account the conditions, the processes and the engagement that lead to learning”. For
example, understanding how engagement with a science exhibit starts and develops is a
good starting point to further understand its potential role when it comes to free-choice
learning. That is, how does the situated engagement could help facilitate the learning
process by giving and maintaining a space (mentally and physically) to further develop
relationships between what is known and what is being discovered throughout a particular

science learning experience.

However, the definition behind engagement and the research about its relationship

with learning should be addressed first.

2.2 Engagement

2.2.1 Engagement and Learning

Engagement has been highlighted as a needed and inherent element in any learning
process, regardless of the different learning scenarios (Azevedo, 2015; Boekaerts, 2016;
Falk & Dierking, 2000; Shaby et al., 2017; Sinatra et al., 2015; E. Wood & Wolf, 2008).
Boekaerts describes engagement when referring to students as “the basic processing
operation that describes how students react to and interact with the learning materials, and
with people present in the learning environment to enhance domain-specific knowledge and
skills” (2016, p.81). Although taken from a formal learning environment, this description could
be translated to visitors in informal learning scenarios, such as science centres, since
learners have to interact with science exhibits (i.e. the learning materials). While learners

interact, they would also experience other people in a particular learning environment
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inherent to the science centre, an environment that will also depend on the type of science

exhibit being used.

Learning science in informal contexts, such as a science centre, is shaped by a free-
choice and self-paced environment that is voluntarily driven by the visitor’s interest and
motivation to learn in a contextually rich environment (Falk & Dierking, 1998). It also
considers that learning can be socially constructed from the interactions between the visitor
and its social environment (Falk & Dierking, 2000). Learning has also been related to play
and exploration in children, showing that play leads to exploration, which leads to developing
scientific skills (Zimmerman, 2000). Having multiple choices to explore offers more
possibilities for visitors to ask questions and explore the answers, which according to Perry
(2993) will lead to visitors learning something. However, she argues that the obtained
learning will not always be something new, other times learning might be in the shape of

increased awareness, a new interest, or improved psychomotor, social or affective skills.

In science centres, engagement has been seen as the gateway to learning or a pre-
requisite needed for learning (McClure et al., 2017; Serrell, 2020). Engagement is placed as
the process that follows after a visitor’s interest and curiosity have been captured, the
combination of these two would then trigger the learning process (more is discussed in
following sections). The National Research Council in its review of Learning Science in
Informal Environments mentions that “engagement creates an opportunity for learners to
experience a range of positive feelings and to find meaning in relation to what they are
learning” (p. 58). In other words, engagement is perceived as an individual decision that then
drives a visitor to act in response to their interests and motivations, in turn influencing their
learning experiences and outcomes after interacting (Renninger & Bachrach, 2015). This
conceptualization of engagement is so recurrent that interactive science exhibits are
designed and built to create engagement with the assumption that this would facilitate

learning (Gutwill, 2008; Shaby et al., 2017). For example, Gutwill (2008) mentions that
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counter-intuitive exhibits, those that present discrepant event between what is common
knowledge and what is being observed, creates an immediate hook for the visitor’s attention
and creates in the visitor the need to resolve and understand that phenomenon, ideally then
leading to an inquiry process that accommodates new information or restructures prior
knowledge. Whilst Gutwill (2008) argues that these exhibits are not always successful in
fostering longer-term inquiry because the phenomenon shown is only possible in unique
circumstances, which reduces exploration and hinders any connection with prior knowledge.
Contrarily, Gutwill (2008) argues for open-ended exhibits that foster active prolonged
engagement as better suited to encourage playful exploration that leads to learning with a
positive affect. Although research has shown that some exhibits designed specifically to be
engaging and enjoyed, like immersive exhibits, will not always be related to greater
knowledge gains (Dancstep née Dancu et al., 2015), whereas exhibits that foster active
prolonged engagement, like open-ended exhibits, facilitated visitor’s exploration and
intellectual inquiry about the topic of the exhibit leading to greater learning gains about

relevant concept compared to immersive exhibits demonstrating the same concept.

Research in a science centre by Shaby et al. (2017) showed that learning can also be
observed through the visitor’s behaviour and their verbal responses to the science exhibits.
They looked at 1800 children between 10-and-12 years old from school visits to a science
museum, and after examining 200 children in 9 different exhibits, found that children made
connections of relevant information to their prior knowledge. They also found that familiarity
and apprehendability (ease of use) with the exhibit lead to faster use and longer engagement
time, also increasing social group engagement was observed to lead to increased

understanding of the topic being observed.

One explanation behind the relationship between engagement and learning might be
the link between exhibit content and a visitor’s prior experiences, which has been observed

when parents or science facilitators elaborate on a topic by asking children open-ended

26



questions to help them reflect critically on the phenomenon (Benjamin et al., 2010). Thus,
when conversation links children’s own experience with the science content they are
experiencing, their conceptual engagement (i.e. engagement relevant to the content that is

being experienced) flourishes (Callanan et al., 2017; Shwe Hadani et al., 2018).

Sustained attention has also been related to effective learning since it involves a
cognitive process where a person is actively and uninterruptedly interacting with a task
(Erickson et al., 2015; Sarter et al., 2001). Thus, the relationship between engagement and
learning could be because sustained attention has been studied as a proxy or equivalent for
engagement (Akshoomoff, 2002; Lépez et al., 2005). As evidence, Serrell (1997) has used
time spent in an exhibit to measure engagement, which generates more opportunities to

explore and gain a deeper understanding of prior knowledge or discover new information.

Many reasons have been discussed how engagement is relevant for the many
shapes learning can take in informal scenarios, however, there is a key challenge in
improving our understanding of this relationship: the interchangeable use of some terms with
engagement (i.e. motivation, interaction, attention, self-determination, curiosity, interest,
etc.), which causes a lack of consistency in the definition and methods used to measure and
capture engagement (Christenson & Reschly, 2012). Even more so, the fact that the term
engagement is commonly used in a myriad of learning fields (e.g. digital engagement,
student engagement, visitor engagement, civic engagement, customer engagement, user
engagement, etc.), but meaning slightly different things in each of them further complicates
the problem. With each field/researcher adopting a slightly different use of the term
engagement, the meaning, the specific associated actions, and the tools for measuring it will
vary. This negatively impacts the generalisation of results or the development of a more
unified theory that could contribute to discerning the role engagement plays with other

cognitive and social processes.
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Given the importance highlighted of science learning in the early years, it is valuable
to gain deeper understanding of how engagement works in this key developmental stage.
This could also lead to explore the relationship between early years engagement and
science learning. To achieve this, it seems necessary to bridge some of the operational and
ontological definitions, that translates into better measurements, methods and theories used

and provide a comprehensive framework.
2.2.2 Defining Engagement

A lack of an agreed ontological definition or theory around engagement causes the
term to be used inconsistently by making it mean the same and different things, which
impacts in a lack of clarity when it comes to capturing, measuring, and comparing results
around engagement (Fredricks et al., 2004). Monique Boekaerts specifically reported this in
her commentary on a special issue of the Learning and Instruction Journal called Student
Engagement and Learning: Theoretical and Methodological Advances (2016). She found that
most of the papers included in the special issue did not provide a working definition even
though they were all focused on student engagement, and due to a missing theory of
engagement, authors borrow and explain engagement through different psychological
theories and frameworks. There was also barely any consensus on the boundaries around
the construct of engagement and not enough conceptual clarity to reach an agreement.
Although she did find that all the researchers among its descriptions of engagement, agreed
that “engagement is malleable and not stable across learning situations and subjects” (p.77).
Unfortunately, this only adds to the illusion of agreement, as well as to what Christenson and
Reschly (2012) called a jingle/jangle fallacy, where two things with the same name mean two

different concepts or two concepts with a different name, might be meaning the same thing.

It is necessary to understand how the term engagement is used in ordinary language

to appreciate how some connections and assumptions start being made to the word and its
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related constructs (Sheppard, 2011). Understanding how the definition of a word is currently
being used in a conventional conversation by referring back to their lexical definitions (e.g.
dictionary definitions) provides information about the different contexts and or meanings
associated with it, as well as the different ways in which it can be applied (Michie et al., 2019;
Swedberg, 2020). Engage is derived from the Old French word engager, which means “to
pledge” or “in bind of something”; one of its associated meanings is “to attract and occupy
the attention of ” (Cresswell, 2009; Hoad, 1996). Sheppard (2011) traces the use in the
ordinary language of the word engagement and some of its derivates showing two main
strands of use and meaning for the term engagement: one points to a voluntary commitment
to something that the individual has perceived as having intrinsic value, thus the use reflects
some individual agency and responsibility when it comes to making a choice or a promise,
also called substantiative. While the other points to activities, items or experiences that are
designed to persuade or attract the individual because of their extrinsic value, thus here, the
responsibility and agency do not emanate from the individual but rather it is conferred to
them and is also referred to as procedural. Hence the importance of having an operational
definition when it comes to research, since it provides clarity and avoids ambiguity (Boring,
1945). Furthermore, definitions can play an active role when it comes to empirical research
because they are “used as a prescription for what to study” (Swedberg, 2020, p.437).
Boekaerts (2016) also argued that definitions of engagement are tied to the method used to
capture it, as well as to the availability of these instruments, while J. S. Eccles (2016), one of
the pioneers in the field of student engagement since the 90s, reminds researchers in
engagement that any data obtained by specific measures is “inherently limited by the range
of items assessed and the population selected to answer them” (p. 72). In other words, a
clear and concise definition would shape and provide limits to the research construct, it

would dictate what can be or not measured in order to fulfil the research needs.
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Eccles also presents a commentary in the same Special Issue (2016), where she presents
two metaphors to describe what she considers the two main problems with the definition and
conceptualisation of engagement. The first, “rubber meets the road” where a car’s rubber
wheels represent the different components of engagement and the road symbolises the
context in which engagement is happening, both the specific activity and environment.
According to this “engagement is assumed to be a momentary, emergent property derived
from all of the ways in which a person could engage in the moment in an activity or a
contextual setting”. This metaphor highlights the importance of the context of study when
defining engagement, it emphasizes engagement as situated and dependent on its defining
terms as much as the context where is elicited. Whereas the second metaphor references
“the blind men trying to represent an elephant”, where each of the men grabs different unique
parts of the elephant but is unable to perceive the elephant’s totality. Eccles references the
blind men as the different research fields that work with engagement where she questions
the production of the different quantitative and qualitative measures of engagement as to
whether these can capture the emergent property of engagement discussed in the previous
metaphor. Thus, the second metaphor echoes the challenge of having multiple measures of

engagement but no unifying view of engagement.

Recognising there is no agreed definition for any construct or term is important, since it
acknowledges how unlikely it is to be able to include all the phenomena associated with it.
Nonetheless, in these cases an operational definition could work better, or what Swedberg
calls a “stipulative” definition, in which the author decides what the definition will be, but also
is very clear about it, allowing them to bring clarity and precision to the meaning, as well as
providing room for a critical assessment of previous definitions and possible improvement
and refining of the term (2020). In his words: “a stipulative definition is well suited for the
reconceptualization of a concept” (Swedberg, 2020, p.435). Consequently, having a clear

operational definition of engagement also provides a space to explore what other elements
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constitute a construct, or how it could be interacting with other possible constructs or

processes happening in the individual and the environment.

Several attempts have been made to review the concept of engagement and come out with
a conceptual framework to give a definition that works with learning (Finn & Zimmer, 2012;
Fredricks et al., 2004; Murphy et al., 1996; O’'Brien & Toms, 2008; Perski et al., 2017; Turner,
2010; Whitton & Moseley, 2014a). So far, the most accepted and replicated definition used,
at least in the field of education, is the one from the review paper of Fredricks, Blumenfeld
and Paris (2004) which sees engagement as a “meta-construct” that implies engagement as
commitment (to a varying degree) that “results from an interaction of the individual with the
context and is responsive to variation in environments” (p.61). They also propose that
engagement is a multifaceted construct that has a behavioural, a cognitive and an emotional
component, which work together to provide a richer understanding of the nature of
engagement and how learners behave, feel and think about something. However, even this
key paper eludes having a formal definition of what they consider engagement since they
recognise that a definition of engagement may more likely involve terms related to either one
of the components they propose or would tie it to a specific context. For example, Seifert and
Metz (2017) describe engagement as the degree of attention, curiosity, interest, optimism
and passion that students show when they are learning or being taught. In this example, the
definition could align with the multi-faceted construct proposed above by categorising its
different elements into one of the proposed facets of engagement: attention and curiosity as
cognitive engagement and optimism as emotional engagement. Thus, this vague
conceptualization would be a strength that has allowed research in the field of engagement
to move forward, even with its limitations, it still leaves a space for a clear definition of
engagement. Other research papers on engagement tend to provide an operational
definition, if at all, that is only aimed towards the particular context they are focused on (e.qg.

student engagement, user experience and engagement, digital engagement) which helps
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clarify the meaning the authors have for engagement and the way in which the results can be
used. The latter facilitates future readers to decide if the definition is applicable to their

research in either formal or informal learning scenarios.

Furthermore, Elizabeth Wood and Barbara Wolf (2008) examine the concept of
engagement across museums and science centres, where they describe how science
centres and museums have looked at the Learning Sciences for agreement on a definition of
engagement, since engagement becomes, what Sawyer (2005) calls “a measure for a hybrid
form of cognitive and affective learning” but also as an institutional measure for impact. E.
Wood and Wolf argue the need for museum practitioners to agree on what engagement
looked like in their particular context since this would lead to aligning the design and
development of experiences with the aim of the institution. E. Wood and Wolf also regret that
engagement has been seen more as a goal that needs to be achieved, rather than an
accompanying process of learning. This conceptualisation also complicates a full
understanding of a visitor's behaviour when entering a museum space. However, from
different research carried out in museums and science centres, it could be noted that they
have defined and conceptualised engagement as a form of active participation and
interaction throughout their visit, considering both the museum space and the accompanying
group of an individual (Baniyamin & Rashid, 2016; Ben-Eliyahu et al., 2018; Falk & Dierking,
2000; E. Wood & Wolf, 2008). Furthermore, it is relevant to the museums and other informal
learning institutions studying their visitors, both their behaviour and their learning, to
understand visitors’ exploration patterns, and what the individual's process of meaning-
making is while connecting previous knowledge to current information encountered (Andre et
al., 2017; Fu et al., 2016; Serrell, 2020; E. Wood & Wolf, 2008). Informal learning contexts
have also acknowledged the importance of different factors that surround engagement, like

their cognition, their interaction with the environment and the emotions that result from both
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of these, thus putting in question the one-dimensionality of engagement (Tisdal & Perry,

2004; E. Wood & Wolf, 2008).

Engagement, just as situational interest, cannot be taken out of the context of where it is
situated (Eccles, 2016; E. Wood & Wolf, 2008), especially since the result of engagement will
drive the person to strengthen their interests on a topic, or develop new interests which
would lead them to reengage with in the future (Renninger & Bachrach, 2015). It can also
have the opposite effect, where a lack of engagement can cause the individual to disengage
and lose interest in a topic completely (Finn & Zimmer, 2012). Thus, engagement can be
seen as a construct that encompasses the environment and the individual at a specific
moment in time, as well as the combination of processes that are keeping the individual in
that activity. Therefore, there seems to be agreement in the literature about the benefits of
adopting a multicomponent view of engagement that unifies not only the outcome of
engagement but also the process it goes through. This would lead researchers to use more
appropriate measures that can align with the definition proposed for engagement, but also to
the use of measures that can be extracted and adapted for different learning contexts without
losing track of the particularity of engagement within the specific context that is being

researched.

For the purposes of this thesis, engagement is defined as a multicomponent construct that
will be characterised according to where it is situated and what the intended learning
outcome is. In this research, engagement is situated within the context of a science centre
environment and is defined as a process that results from an active interplay of interest,
curiosity, sustained attention, situated thinking and emotional attachment that allows an
individual to ground themselves physically, mentally and emotionally during the time and

space of an activity.
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2.2.3 Differences Between Engagement and Other Constructs

Multiple constructs throughout the literature have been used in close relation to
engagement, where it is not always being clear whether these are considered within the
definition of engagement, if they are being used as interchangeable synonyms, or which role
these other constructs could play in relation to engagement. (Heath & Vom Lehn, 2008). An
example of this would be the term interaction and interactivity, closely related to
engagement, but conceptualised as a facilitator of engagement by promoting direct action on
the direct environment (Adams et al., 2004). This has been mainly established by research in
museum exhibits and technology-based learning that frames interaction as the direct
observable action of engagement since it is assumed to be the intent behind this (Falk et al.,
2004; Rennie et al., 1993). Thus, the concept of interactivity tends to reflect an observable
behaviour between a person and an object or activity they are currently involved with (Rennie
& McClafferty, 1993), whereas engagement takes into account underlying cognitive and
affective processes that are elicited due to that interaction. This is reflected on the definition
of Adams et. al (2004) of interactivity as “a range of experiences that fully engage visitors
personally, physically and emotionally” (p. 157-158), thus also acknowledging the

multicomponent nature of engagement.

Motivation is another term that is constantly mentioned when researching
engagement (Eccles & Wang, 2012; Fredricks et al., 2016; Pham & Avnet, 2009; Weston et
al., 2015), particularly when looking at engagement as a goal achieved over a period of time.
Sometimes the term motivation is mentioned as related to engagement (Ben-Eliyahu et al.,
2018; Eccles, 2016; Eccles & Wang, 2012; Rennie & McClafferty, 1996; Renninger &
Bachrach, 2015), and other times it is used to mean engagement by incorporating it as one
of its direct components (Pekrun & Linnenbrink-Garcia, 2012) or as an equivalent (Martin,
2009). This lack of congruency can become problematic when it comes to researching either

of these, which highlights the importance of differentiating it as a construct separate from
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engagement. Motivation has been related to learning in three main theories: the self-
determination theory (Deci & Ryan, 1985) where they address if a person’s capacity to fulfil
their goals or desired outcomes comes from a reward from the environment (i.e. extrinsic), or
from within (i.e. intrinsic). The task-value theory looks specifically at student motivation as a
result of the individual’s beliefs, values and goals behind a specific behaviour (Eccles &
Wigfield, 2002). In self-efficacy theory, motivation is seen as the driver of an individual’s own
beliefs about successful achievement of their outcomes (Bandura, 1986). Overall, in the
literature motivation is related to an individual’s inner experience, their beliefs, feelings, and
thoughts concerning a situation (Meyer & Turner, 2006). Even more, motivation and
engagement could be both influenced by similar factors such as feelings of competence,
autonomy and opportunity to act. A reason for this is provided by Fredricks & McColskey
(2012, p.3) after analysing results from Skinner et al. (2009), where they say: “engagement
tends to be thought of in terms of action, or as the behavioural, emotional, and cognitive
manifestations of motivation” (p.3, 2012). According to Christenson and Reschly, (2012),
motivation is necessary but not sufficient for starting engagement. While for Ben-Eliyahu and
colleagues (2018), in their research of the relationship between motivation and engagement,
motivation is different from engagement processes, these are produced by motivation, for
which they conclude that motivation “instigates engagement” (p.89). In conclusion, motivation
could be an emotional aspect that leads to engagement with an activity and engagement

involves the emotional aspects during an activity.

Interest is also closely related to engagement, which has been defined as the
likelihood of investing energy in one (specific) set of stimuli rather than other
(Csikszentmihalyi & Hermanson, 1995), which is different from curiosity, which guides
attention towards novel stimuli (Oudeyer et al., 2016). Some authors have presented interest
as a driver of engagement (Mahatmya, Lohman, Matjasko, & Farb, 2012), whereas others

proffer engagement as a consequence of interest (Hidi & Renninger, 2006). Interest has also
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been defined as “the psychological state of engaging or the predisposition to reengage with
particular classes of objects, events, or ideas over time” (Hidi & Renninger, 2006). Thus,
engagement seems to be the physical or active manifestation of interest development as it is
the process needed to create attachment and predisposition to certain events contrary to
others. Similarly, it is important to distinguish between interest and interests: interest has
more to do with curiosity, novelty and that something might seem appealing enough to attract
the attention of an individual in a particular situation, also known as situational interest
(Flowerday & Shell, 2015; Hidi & Renninger, 2006). On the other hand, interests would be
when something becomes rewarding and it is more likely for the person to reengage or revisit
it more than once, leading to incorporating it into the attitudes and personality of the
individual. Influencing the person’s interests will help to guide and narrow attentional focus
towards selecting something that is known to be more attractive for them. Moreover, interest
when it is situational or topical has been found to influence, directly and indirectly, learning
and engagement (Flowerday & Shell, 2015). Therefore, interest can be both a precursor and

an outcome of engagement.

Given the complexity of the interplay between engagement, its precursors and its
possible outcomes, it is key to remember that clarity is needed when it comes to operational
definitions since these shape the limits around a construct as well as guide the development
of any future tools to capture each of these constructs (Eccles, 2016). Richard Swedberg
(2020) warns that when different definitions of the same term are used, they risk falling into
the illusion of agreement; that is, only superficial agreement comes out of using the same
word but giving it a different meaning. This could be one of the potential reasons for the
perceived “messiness” behind studying the concept of engagement as mentioned by

Fredricks et al.(2004) and why it is so important to provide its operational definition.
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2.2.4 Components of Engagement

Having established that engagement is a multifaceted and complex construct (Ben-
Eliyahu et al., 2018) in any learning scenario, evidence suggests that there are both domain-
general skills — applicable to any learning context, and domain-specific skills — related to
engagement in a particular learning context (Sinatra et al, 2015). Specifically, the 3 main
components that are simultaneously present or active simultaneously are behavioural,
cognitive, and emotional and were first proposed by Fredrick et. al (2004) in a review of
student engagement. To understand the underlying nature of these components, first it will

be addressed what is meant by cognition, emotion and its relationship with behaviour.

Cognition is the combination of inner processes through which humans can
experience and interact with the world by acquiring, storing and transforming information
from these experiences (Eysenck & Brysbaert, 2018). In other words, it refers to perceptual
processes (using the senses), that can guide action and reaction with stimuli from the
environment through sensory-motor processes (i.e. behaviour) and creates a representation
of the surrounding information, which when the information is relevant for the organism, it is
encoded and stored in memory for future use and reference. Another aspect of cognition is
being able to access and retrieve the encoded information, while also using it when previous
or novel experiences are encountered (Glass, 2016). Cognition also involves higher-order
processes, some that may be unigue to humans or primates, such as language or executive
functions which allow them to think, problem-solve, learn and reason (Eysenck & Brysaert,
2018). These higher-order processes give individuals more voluntary control and regulation
over their thoughts and actions. Thus, due to cognition individuals can navigate and explore
their environment, they can choose and self-establish goals and plan how best to achieve

them through their interaction and exploration of their environment,
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Emotion research has divided the definition of emotion into two main aspects: the
emotional state and the conscious emotional experience (Tsuchiya & Adolphs, 2007).
According to Damasio (2001) “the term ‘emotion’ should be rightfully used to designate a
collection of responses triggered from parts of the brain to the body, and from parts of the
brain to other parts of the brain, using both neural and humoral routes”(p.103), and these
emotions can originate from internal or external events (Scherer, 2001). Emotional states are
the end result of this array of processes and are envisioned as changes within the body (e.g.
viscera, brain) (Damasio, 2001). For Tsuchiya and Adolphs (2007), this emotional state also
encompasses behavioural and cognitive processes along with the physiological ones, which
also lead to neural responses for an appraisal and preparation of an ‘action-response’
behaviour (e.g. fight/flight), although these latter may not always be conscious (Scherer,
2001). On the other hand, the conscious experience of this emotional state can also be
referred to as ‘feeling’ (Damasio, 2001; Tsuchiya & Adolphs, 2007). According to Damasio,
this is a complex ‘mental state’ that includes a cognitive representation of the
psychophysiological changes that were occurring, the alterations in cognitive processing, as
well as the associated context, thoughts and/or previous experiences surrounding the

emotional state.

When it comes to differentiating between emotions there are also multiple
perspectives that could be considered: some divide the emotions according to different
dimensions (e.g. pleasantness-unpleasantness), others argue that there are discrete and
unique different patterns that characterise specific emotions (e.g. anger, joy, sadness), while
others propose that emotions are not specific, but rather constructed from core affects
(positive/negative), relying on what is ‘known’ about the experienced emotion/affect which
will have a varied pattern according to the situated context in which this emotion arises
(Barrett, 2011; Scherer, 2001). The main neural areas associated with emotion are the

cingulate cortex, the amygdalae, the hypothalamus, the prefrontal cortex (ventromedial and
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orbital regions), somatosensory cortices (primary and secondary), the insular cortex,
hippocampus and other areas in the brainstem and spinal cord in charge of afferent/efferent
signalling to the peripheral system (Damasio, 2001; LeDoux & Phelps, 2008; Rolls, 2019;

Tsuchiya & Adolphs, 2007).

Ultimately, the role of emotion is to help an organism survive by helping them do a
fast appraisal of whether to approach or avoid certain stimuli, whether that is food, locations,
or other living beings (Damasio, 2001). In humans, emotions can also contribute to the
decision-making process since these can be paired during learning situations (e.g. context
situation when an emotion arose, the outcome of a particular decision, or available/selected
options when solving a problem), therefore when a similar situation arises, emotional
experiences or emotional states are recalled (conscious or non-consciously) along with the
cognitive memory and can help guide the decision-making process when reason is not
enough (Antoine Bechara et al., 2000). This emotional ‘memory' that is elicited and intuitively
used while making decisions is called the Somatic Marker Hypothesis and was proposed by
Antoine Bechara, Hanna Damasio and Antonio Damasio (Antoine Bechara et al., 2000;
Antoine Bechara & Damasio, 2005). These authors propose that when humans are
reasoning or having to make decisions they are supported by overt and covert processes,
such as somatosensory perception, attention, working memory and emotions, and ultimately
depend on having access to different types of knowledge which can be innate or acquired
(e.g. actions and outcomes, contextual situation, facts, bioregulatory processes and resulting
body states, and linkages between all the above). However, the access to this knowledge is
not as a direct recall, but rather as a ‘dispositional knowledge storage’ (i.e. implicit), through
the ventromedial Prefrontal Cortex, which is an area related “to holding links between facts
that compose a given situation, and the emotion previously paired within an individual’s
contingent experience” (p.296) (Antoine Bechara et al., 2000). What the authors mean as

dispositional knowledge, is not necessarily recalling the specific fact or emotional state, but
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rather like a short-hand to being able to re-activate that linkage between an emotion or bio-
regulatory process (i.e. physiological arousal such as increased heart-rate, facial
expressions, skin sudoration), which is also commonly known as ‘gut-feeling’(Antoine
Bechara et al., 2000; Antoine Bechara & Damasio, 2005; Damasio, 2001).In other words,
emotions could be reflected through facial and bodily expressions as much as by psycho-

physiological processes that have been associated with a specific event.

Cognition, emotion and behaviour cannot exist without one another or without the
respective environment in which an individual is situated. Since cognition and emotion are a
set of inner processes through which there is an interaction between the individual and their
environment, it is through the physical actions of behaviour that these interactions with their
surroundings are facilitated. Each action/reaction with the environment simultaneously
generates an emotional response to evaluate the recent experience and a combination of
inner cognitive processes to judge what the best next action is needed in response. This
entails identifying the experience, whether this has been encountered before, evaluating if
the previous encounter fits the current situation (this evaluation involves stored memories
along with their corresponding associated emotional experiences) and whether a next action
or plan of actions is needed as a response or whether to continue to previously established

goals.

A recent theory in cognitive sciences that envisions the body as an ‘acting’ entity
which is not separate from the brain and its cognitive/emotional processes is Embodied
Cognition (Borghi & Cimatti, 2010). This theory proposes that cognition is situated, grounded
and constrained by the different bodies and environments each individual inhabits, where
some cognitive processing is off-loaded and stored in the interaction between the body and
the environment (Anderson, 2003; Clark, 1999; Pulvermdller, 2013; Wilson, 2002). It is
supported by research evidence from psychology and neuroscience studies on the role of the

body and the self on cognition, such as how language around objects/emotions is associated
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to motor actions and activated simultaneously in the brain even when there is no direct
movement involved (Borghi & Cimatti, 2010; Calvo-Merino et al., 2005; Clark, 1999; Novack
& Goldin-Meadow, 2015; Wakefield et al., 2019; Wilson, 2002). Recent research has also
looked at embodied learning and cognition in how children learn, understand and
communicate science and maths-related learning (Broaders et al., 2007; Ghazali-
Mohammed et al., 2020; Goldin-Meadow, 2018; M2L Team, n.d.-b; Shapiro & Stolz, 2019;
Thomas Jha et al., 2020). Embodied Cognition could be a helpful framework to understand
why engagement has been studied and conceptualised as a multicomponent process and as
a domain-general process, particularly since engagement has also faced the decomposition
of its different parts (the body, the mind and the environment as equivalents) while agreeing
that they work simultaneously. It has also been acknowledged that each of these
components can act as a unique domain-general process (e.g. cognition or emotion). Not
only that, but it also highlights the importance of considering the situated context of any
learning activity when researching and understanding engagement, taking into account that
each individual will have a different lived experience of a learning activity both because of
their unique social and bodily situations. Moreover, it also emphasizes that a multi-
component perspective can provide a broader picture that facilitates understanding of the

relationships between the different components that lead to a combined domain-general skill.

In the literature, engagement has been studied and described as a multi-dimensional
or multicomponent construct, where its main separate components for analysis are
behavioural, engagement, cognitive engagement, and emotional engagement. The following
descriptions are a synthesis of how each of these components have been used and
described according to the literature (Bailey et al., 2017; Deater-Deckard et al., 2013;

Fredricks et al., 2004; Halliday et al., 2018; Silpasuwanchai et al., 2016).

Behavioural engagement reflects the physical interaction, manipulation of

physical/virtual environments or active participation during an activity, and it could be defined
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as any type of action or movement related to the activity that is taking place. This is the type
of engagement that is most reported and measured because it can be observed and

evaluated from an external point of view (i.e. the researcher/practitioner).

Cognitive engagement manifests itself through situated thinking, that is, conscious
and purposeful thought processing relevant to the task at hand, mainly higher-order cognitive
functions which are in charge of regulating behaviour such as focused attention, staying on
task (inhibitory control and working memory), thinking about the task (problem-solving) and

how to reach the task goals (planning).

Emotional engagement often refers to the feelings and emotional expressions
observed or reported throughout the activity. These can be positive (enjoyment, happiness,
excitement) or negative (frustration, anxiety, sadness) and would generally work as
enhancements or impediments to an effective engagement. Emotional engagement has also
been studied as arousal, or a physiological activation, using sensors for heart rate and

electrodermal activity,

The first component, behaviour, is the easiest to measure since it relies on
observable actions from an external perspective. The other two components, cognitive and
emotional, involve more internal, subjective processes that are much harder to observe
directly and evaluated without the individual’s insight, whether this is captured by answering
questions in between pauses throughout the experience or reporting it afterwards. Thus, the
behaviour observed is the output or the reflection of covert cognitive processes that are
happening, both at the same time as the behaviour and as a result of said behaviour.
Simultaneously, the interaction is being emotionally appraised as positive or negative, which
would then determine if the engagement was to be continued, diminished or terminated.
Therefore, an individual could be reported as engaged by an external observer, but as

Renninger & Bachrach (2015) point out, they “may not be aware of their own engagement”,
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until being prompted about the experience. The opposite can also be true where someone

reports feeling engaged, but an observer does not perceive it.

Despite the three components of engagement being described as separate
processes, the three are not isolated processes that happen independently or that only arise
one at a time. On the contrary, they are interdependent and can act simultaneously within the
individual (Ben-Eliyahu et al., 2018). However, given the methodological challenges of
observing three interwoven processes, it is typical that studies of engagement measure each

of the components separately and according to their own nature (Fredricks et al., 2004).

Some authors have adapted the three main components depending on their research
aims, creating operational definitions according to the field of study in which the term
engagement is being observed, including adding or removing components to these three. For
example, Appleton et al. (2008) focused on school engagement and added an academic
component, defining the 4 components as follows: academic (time on task, credits earned,
homework completion), behavioural (attendance, participation, preparation for class-school),
cognitive (value/relevance, self-regulation, goal-setting) and affective (belonging,
identification with school). In this case, the academic component would be better classified
as a domain-specific component, since it is pertinent and applicable only in long-term
schooling, although it could also be argued that some of the elements within academic
engagement (i.e. time-on task) could be placed in a different categorised (i.e. behavioural
engagement) as it has been widely used in other contexts, like science centres (Serrell,

2020).

Another case where the components have been subdivided and combined is
proposed by Pekrun and Linnenbrink-Garcia (2012), where importance is placed on the role
of “academic emotions” and their function to students. In this model, they considered
emotions and emotional engagement (i.e. enjoyment of learning) as the precedents for their

proposed components of engagement. They added two new components, motivational (i.e.
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intrinsic and extrinsic) and social-behavioural (i.e. social on-task behaviour) while using a
combination of cognitive (i.e. attention and memory), behavioural (i.e. effort and persistence),
and cognitive-behavioural (strategy-use and self-regulation). The authors recognise their five
components overlap with the three main components identified by Fredricks et al (2004), yet
they were interested in clarifying which emotions relate to engagement and the role these
play. Unfortunately, Pekrun and Linnenbrink-Garcia’s proposed classification encounters a
limitation regarding components named after the interaction or overlap of two of the main
components proposed, which then fails to recognise that these components are at a constant
interplay rather than as separate processes as found by Ben-Eliyahu et al.(2018). On the
other hand, their social-behavioural component provides a window into a context where the
individual is interacting and how this drives engagement. This is a similar direction that
Fredricks et al. (2011, 2012) also adopted when they proposed social engagement as a
relevant component when studying engagement. Or like Wang et al.(2016) who added a
social component that encompasses any type of social interaction that was relevant to the
task —whether these were instructional or affective reactions. Although if a strict criterion is
applied in this component, as discussed by Eccles (2016), the social factions could be
categorised simply as behavioural and affective engagement. Researchers in science
centres had also highlighted the importance of considering the social context and social
engagement as key elements to understanding engagement (Falk & Dierking, 2000; Rennie
& McClafferty, 1996; Tisdal & Perry, 2004). Thus, a social component is proposed as a
separate component, and many have found it a useful addition, however, since it considers
the context or influences of the context to engagement, it would be arguably better to not

include it as a distinct separate aspect, but like a relevant influence on engagement.

A different position to the multifaceted construct of Fredricks et al. (2004) exists.
Whitton and Moseley (2014) reviewed research around the topic of engagement and also

noted that engagement had multiple meanings and different components proposed in the
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context of educational research depending on the desired outcome, including formal contexts
of learning and gaming activities. The authors propose a perspective rethinking engagement
by using new categories that instead adapt to the function engagement can play, proposing
two higher-order categories: Superficial and Deep Engagement. Superficial engagement
relates to behaviour and extrinsic motivation only, where participation and attention are
considered relevant. The second category, Deep engagement, is subdivided into four uses of
engagement: enthrallment; feeling; belonging and being. Although the authors proposed this
separation to facilitate the meaningful measurement of the construct, the end result arguably
complicates definitions more by touching upon overlapping parts of other already defined
constructs, such as motivation. Whilst this model skips what Christenson and Reschly (2012)
denominate the jingle-jangle fallacy (i.e. giving multiple meanings to the same concept, or
give the same meaning to different concepts) by categorising what already exists in the
literature under a different name, it risks expanding the concept of engagement enough that
it becomes less meaningful. Furthermore, the authors do not discuss if all these categories
are present simultaneously, as well as being unclear on how best to capture them.
Additionally, it does not provide guidance on how these different uses of the term
engagement could transition from one into another, particularly since a gradient from
superficial to deep is proposed. However, one key suggestion that adds value to the
multicomponent concept of engagement from this model is the proposal of intensity in
engagement, going from a superficial engagement into a deep engagement. Conceptualising
a dimension of intensity within the component of engagement would also be related to
current conceptions that propose engagement as part of a process (Azevedo, 2015; E. Wood
& Wolf, 2008) which can transition through different stages of intensity. This suggests that
work measuring engagement should attempt to quantify engagement in terms of the level of

intensity.
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Given the debate found regarding engagement and its multicomponent theory, Ben-
Eliyahu and colleagues (2018) took on the task of determining if engagement was a
unidimensional or a multidimensional construct, and if the latter was correct, whether these
facets were as clearly separable as the concepts seemed to infer, or if these facets could
also be interacting with one another. These authors studied children’s engagement whilst
taking part in science activities in two different learning scenarios, schools and science
museums. The authors were particularly interested in how the different dimensions of
engagement could “empirically co-occur”, using theory both from Fredrick’s (i.e.
components) and Pekrun’s (i.e. affective states around engagement) approach. Thus, they
propose that “engagement processes (affective, behavioural, and cognitive) are active
processes that emanate from within the learning situation as a result of the learner-activity
interaction” (p.89). Moreover, since the aim of the study was to examine whether these
facets acted separately, they took into account a measure for separateness of the
components which was having evidence from one component despite having the opposite
evidence for the other two components. For example, if participants finished the task despite
feeling indifferent, bored or cognitively disengaged, cognition and emotion would be separate
from behaviour. In sum, the authors tested with a Confirmatory Factor Analysis 3 different
models of how engagement could be working: 1) engagement as a unidimensional construct;
2) engagement as a multidimensional construct using correlational models- this had two
variations, three individual dimensions, or two dimensions combined, with cognition and
behaviour acting as one factor and emotional engagement separate; 3) engagement as
context-independent higher-order construct, engagement is a latent factor of the specified
dimensions ( as before, the same two variations were established). Additionally, in order to
capture engagement more precisely, the authors left out any type of concept that could be
related to it, but would not define it, such as motivation, self-regulated learning or deep-
shallow processing, and instead measured motivation before and after the activity took place.

Their research showed that engagement is both a unidimensional and a multifaceted
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construct and comprises behavioural, cognitive and affective states that need to be
considered when measuring and capturing engagement, at least in relation to learning tasks
or situated activities. Their analysis showed that behaviour and cognition were merged as
one single factor, which they provide multiple explanations: a) could be a result of a coupling
of the demands of the science task that children were asked to evaluate, mainly because in
science tasks, thinking and doing often appear simultaneously, or b) it could be because
cognitive processes are deduced from observation, or c) a developmental confound of how
they conceptualise their thinking and doing that is refined as children grow older. It could also
be an artifact of the measuring tools they used to evaluate the term (i.e. self-report survey),
as the items were not balanced between cognitive and behavioural, having 4 items of the first
and 8 of the second one. Withal, Ben-Eliyahu et al, make the case that these results could be
attributed to the fact they were focusing on engagement in science activities, and the topic of
the activity could be influencing the participants’ inclination towards the topic. Finally, the
authors concluded that “engagement is more than the sum of its parts” (p. 97), emphasizing
the importance of contextualising research around engagement. Whether this is to measure
engagement as an outcome, as a precursor or as a process, this differentiation could result
in a more adequate selection of measuring tools, which in turn would also clarify how the

facets of engagement could be working as one.

Thus, after the review of the different views and conceptions of engagement in the
literature, engagement could be understood as the active interplay of an individual's
sustained attention-interaction (what individuals do), situated thinking (what individuals think),
and emotional attachment (what individuals feel) while interacting with something during a
specific time frame. As mentioned earlier, engagement has been construed as a meta-
construct (Ben-Eliyahu et. al, 2018), that needs all components to be considered when
capturing and measuring engagement to provide a full representation of how engagement

operates. For example, engagement is not only a feeling or an emotion, because an emotion
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on its own is a psychophysiological change associated with the situation that is eliciting it and
it will impact behaviour and cognition in return (Adolphs et al., 2003), whereas emotional
engagement considers that this emotion is as much a part of the experience as it is a
potential factor behind engagement being sustained or stopped. Thus, engagement is not
only the emotion itself but what resulting actions come out of it. Following the previous
example, engagement cannot be sustained attention only, since attention is already a
construct on its own defined as the process by which a subset of information is selected from
a broader available source in order to focus and enhance the processing and integration of it
(Ward, 2008). Since both cognitive and behavioural engagement need sustained attention to
filter relevant information from an intricate situation in order to have a follow-up
behaviour/thought process. Hence, engagement is a process that will be impacted by the

temporality and the granularity of the context that the researcher is examining.

2.2.5 Continuum of Engagement

Among the different definitions provided for engagement, two things are recurrent:
engagement is perceived either as a process or as an outcome (Whitton & Moseley, 2014a;
E. Wood & Wolf, 2008). That is, in some definitions, engagement is perceived as the ultimate
long-term goal that enables the individual to return to something constantly or over a long
period of time, for example, a successful engagement outcome is being able to prevent
school drop-out (Mahatmya, Lohman, Matjasko, & Feldman Farb, 2012), or a long-lasting
positive impact from a visit to a science centre (E. Wood & Wolf, 2008). On the other hand,
engagement is also studied as a process that happens alongside learning, in these cases it
tends to be studied only during the length of a certain activity of interest (Ben-Eliyahu et al.,
2018; Boekaerts, 2016). This clear difference seems to be related to the two main uses

found in the ordinary use of the engagement definition by Sheppard (i.e. substantiative and
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procedural). However, these could also be pointing to a temporality axis that follows

engagement during different moments in an interaction.

This would not be the first time proposed that different continuums seem to exist
within the construct of engagement (Azevedo, 2015; Fredricks et al., 2004; Shaby et al.,
2017; Sinatra et al., 2015; Wiebe et al., 2014). Sinatra et al (2015) propose a continuum that
goes from a microlevel that considers only what happens to the individual, to a macrolevel
that encompasses a group of learners. This continuum highlights an important factor about
engagement: the environmental context of the subject of study and its interaction with it
matter. Another continuum widely reported is based on the intensity of the observed
engagement, ranging from engagement to dis-engagement, which follows whether learners
were completely immersed in the activity at hand — superficial/deep-engagement (Whitton &
Moseley, 2014a; Worsley, 2018) or whether they directed their attention and behaviour away

from the task — disengagement (Shaby et al., 2017; Worsley, 2018).

Considering intensity as a continuum contributes to acknowledging that engagement
is @ more nuanced construct with more variability throughout its appearance. An example of
its applications is the Visitor Engagement Framework (Barriault & Pearson, 2010) which was
designed to capture engagement during science learning interactions and proposes a
transition in engagement behaviours going from initial contact, until they reach a
breakthrough by engaging deeper and making meaningful connections. However, this
intensity should be placed within the same restrictions of being tied to a context and that
intensity would be also applicable to its multi-components. Moreover, although a continuum
of intensity allows the tracking of a progression of the process, it is not enough to show or
capture the temporality associated with engagement, whether this is an immediate

associated process or a long-term outcome.

From the literature discussed there is a need to differentiate between learning

engagement being considered in the short or long-term of an activity, as well as need to align
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if engagement is being considered as a process happening during an interaction, or as an
outcome resulting from the interaction (J. S. Eccles, 2016; E. Wood & Wolf, 2008). Since
engagement has been researched as a process associated with learning, it has become
relevant to understand how engagement is initiated and sustained throughout an interaction

(Azevedo, 2015; Ben-Eliyahu et al., 2018).

A particular framework is proposed here, where engagement is seen as a continuum
with two main axes: one based on the temporality of engagement and another based on
intensity. The conceptualization of both continuums is shown in Figure 2.1, where the
temporal axis is shown horizontally while the intensity axis is shown vertically. The first
incorporates both engagement as a process and engagement as an outcome and how these
can be situated within a temporal window. For example a short-term window, where
engagement is considered during the interaction with a science exhibit, or a long-term
window where engagement is considered a factor involved in visitors’ return to a science
centre. The accompanying axis moving vertically throughout the temporal continuum would
be the intensity plane, which allows the variability in the process of engagement to be
followed while also accounting for the temporality of engagement used. The next sections
address and discuss each of these axes separately. Figure 2.1 also illustrates where some of

the research on engagement could be placed within the temporality axis.
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Figure 2.1

Continuum of Engagement
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2.2.5.1 Temporality Axis From the literature, engagement is constantly

researched under two-different time frames: short-term (Csikszentmihalyi & Hermanson,
1995; O’Brien & Toms, 2008; Pekrun & Linnenbrink-Garcia, 2012; Shaby et al., 2017; Vile
Junod et al., 2006; E. Wood & Wolf, 2008) and long term (Appleton et al., 2008; Finn &
Zimmer, 2012; Fredricks et al., 2004; O’Brien et al., 2018), showing that engagement could
be placed within a temporal continuum. Within the short-term window, engagement is
situated and would finish along with the task at hand, that is, it would require action-response
for the current task, and it would be bound to the demands of the context where the task is
taking place (E. Wood & Wolf, 2008). Fredericks (2004) referred to this short-term end of the
continuum as procedural engagement, and it was defined as “[the type of engagement when]
trying to complete the task requirement lasting as long as the task itself’ (p.67). This
definition emphasizes that a short-term perspective on engagement does not necessarily

mean there is a prescribed short duration, but rather that engagement cannot be expected to
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last beyond the task itself. Likewise, Pekrun & Linnenbrink-Garcia’s (2012) approach
contains areas on their model that tap into the “short-term” duration of engagement. Since
their focus is aimed at the emotions that arise while a student is taking part in a learning
activity, they propose engagement could appear at any point throughout an activity with a
variable duration. Moreover, Ben-Eliyahu and colleagues (2018) focused on the short-term
dimension of the temporality continuum by focusing on process-oriented engagement during
an activity, and defining it as “the intensity of productive involvement with an activity,
involvement including focus, participation and persistence on a task”(p.87). Along a very
similar line, D’Mello and Graesser (2012) working with young children defined engagement
as “a state where the concentration is intense, attention is focused and involvement is
complete” (p.146). Again, in these two cases, the duration of engagement seems to move in
parallel with the duration of the task, while this use of the term engagement accentuates that
within a short-term frame of engagement, the aim will more likely be related to examining the
process of engagement. The notion of a short-term engagement, also relates to the
importance of looking at the process of engagement which captures the nuances that initiate,
drive and sustain engagement. An example has been studied during engagement with
different digital platforms, describing engagement as part of the experience a user goes
through while interacting with a digital system (O’Brien & Toms, 2008). Seeing that other
fields outside education also have conceptualised engagement as a process, provides good
evidence of this potentially underlying temporal continuum of engagement that is not context-
dependent. E. Wood and Wolf (2008), museum researchers, argue that a short-term window
is particularly well suited to study the relationship between engagement and learning in
science centres. Particularly when analysing engagement in a science museum there is a
need to look at the process of engagement that arises during learning rather than just
focusing on the end result of engagement. Namely, this research field pays particular interest
to the possible triggers and drivers of engagement in the short-term when visitors are

interacting with a particular science exhibit, because it is recognised within this context that
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visitors have brief episodic learning opportunities, compared to the continuous opportunity to
explore engagement in learning in formal education (Falk, 2005; National Research Council,
2009). Thus, a short-term end of engagement can help the field of engagement by examining

the onset and features of the process of engagement.

A long-term frame of research within engagement sits on the other end of the
temporal continuum. This temporal window is mostly associated with attitudes and self-
identification over time with an institution (Finn & Zimmer, 2012; Fredricks et al., 2011;
Kumpulainen et al., 2014; Mahatmya, Lohman, Matjasko, & Feldman Farb, 2012), a topic
(Bathgate et al., 2014; Mantzicopoulos et al., 2008), or a game (Whitton, 2011). In other
words, long-term engagement is conceived as an outcome of an experience, which is why it
would usually represent commitment with an activity or institution because of a perceived
intrinsic value in it. For example what prompts an individual to return to said activity/context,
like a school, or what influences a constant or prolonged use of a digital platform or game.
Moreover, engagement is captured and studied after the situation has finished and the
individual has been asked to reflect about what their thoughts and feelings towards the
situation would imply for any future interaction with it again. As an example of this, the
handbook of student engagement (Christenson & Reschly, 2012) is particularly aimed at
preventing school dropout, defining engagement as the attendance, participation,
identification and sense of belonging with the school. Furthermore, this perspective is most
pervasive in the field of student engagement, where most research aims are directed to
understand what keeps students in school, what drives them to participate and take an
interest in the different activities offered and what the possible reasons behind students
leaving school, whether this is high school or higher education. Another example where the
long-term form of engagement has been observed is in museums or science centres,
however the focus is around visitor engagement and the reasons that would drive those

visitors to return to the museum many more times after (Baniyamin & Rashid, 2016; Schwan
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et al., 2014). Thus, in these cases, the attention is placed on what visitors experience
throughout their whole visit to the museum, which events, exhibits or areas in the museum
would they leave, modify or remove. Here, it becomes clear that when engagement is
conceived as an outcome for impact it will imply the development of behaviours, attitudes,
and emotions towards an activity over time. Since engagement is part of a continuum, it can
be the case that it works both as a process and as an outcome. Perski and colleagues
(2017) give an applied example of this double use of engagement when researching
engagement with digital behaviour change interventions (e.g. fitness apps) and how to
maintain people using them over a long period of time. They defined engagement as “a
dynamic process that is expected to vary both within and across individuals over time”
(p.258). This means engagement could start by being a short-term situated engagement
(e.g. a science exhibit), that is constantly reinforced/re-engaged over different situations in
the same context (e.g. interacting with different exhibits in a day), moving in the temporality
axis towards a long-term outcome (e.g. positive attitudes towards science after engagement
in a science centre visit). Thus, if a process of engagement is successfully started then it
becomes an outcome of the activity short-term, if this was then restarted or repeated long
enough over the same activity or multiple times over different activities, engagement could
become a resulting attitude towards the initial task or the context where the task was

situated.

2.2.5.2 Intensity Axis Engagement has also been defined according to

intensity, from high to low (Chapman et al., 1999; Shaby et al., 2017; Wiebe et al., 2014) , or
categorically — engagement vs disengagement (Christenson & Reschly, 2012; Skinner,
Kindermann, & Furrer, 2009; Skinner, Furrer, Marchand, & Kindermann, 2008; Worsley,
2018). However, as Christenson and Reschly (2012) noted, these two conceptions of
intensity levels of engagement are not mutually exclusive and can both exist as part of a

continuum since their engagement can change over time. Related to this, O’ Brien and Toms
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(2008) proposed a model which underpins the cycle that situational engagement goes
through (Figure 2.2). The model shows four stages: Point of engagement (1), the moment or
object that attracts attention, it starts with an experience which is novel or aesthetically
attractive. This transitions to the period of engagement (2), which can be sustained as long
as the person can maintain their attention and interest in the interaction, normally
characterized by a positive emotion. This particular period would be characterized by the
different behaviours done as part of the established engagement with varying degrees of
intensity. Then, Disengagement (3) could happen, mainly the sudden stop of the interaction,
which can be caused by many reasons, whether it is external (e.g. distractions in the
environment) or internal (e.g. boredom). Finally, the last stage re-engagement (4), brings an
opportunity to restart the cycle, this will be dependent on the quality of the engagement
elicited and the reasons for disengaging. A person could go through an engagement cycle
several times during a single interaction or session. This model represents a cyclical rather
than a linear process of intensity in engagement. Although this model was developed for
digital platforms, it can be applied to different contexts where engagement takes place since
none of its elements are context-dependent. Its use can be exemplified for engagement in
science centres, particularly since these allow the individual to self-pace their visit having
constant stimuli competing for the visitor’s attention, which means many potential points for
engagement and driving them to interact or not with particular exhibits. It is possible that the
competing stimuli managed to capture the visitor’s attention momentarily and then they
would re-engage with their current exhibit, or it could prompt them to disengage with the

current exhibit and establish a new point of engagement.
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Figure 2.2

Cycle of Engagement
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Some authors in the literature warn against using an intensity dimension when
studying and conceptualising engagement since it risks oversimplifying the construct of
engagement (Azevedo, 2015; Ben-Eliyahu et al., 2018). Howbeit, if it is conceptualised as a
gradient, or even better a cycle, it provides more room to explain possible underlying
nuances of engagement, as evidenced by Worsley (2018) who argues in favour of tracking
dis-engagement which can facilitate automatization of algorithms that track processes of
engagement. Even more so, when both dimensions are combined, or additional continuums

are incorporated, as the granularity continuum proposed by Sinatra et. al (2015), there is an

increase in the potential to better explain the complexity behind the multifaceted construct of
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engagement by providing a space to situate engagement under different circumstances and

account for more confounding variables.

Throughout this chapter, engagement has been shown as more than a pre-requisite
for learning, but as a process that accompanies and influences learning. Understanding how
this relationship is established requires a thorough examination of the multiple components
that constitute engagement while also considering the intrinsic factors associated with each
distinctive learning context. When it comes to science learning in science centres, it is
needed to focus on the short-term end of engagement, the situated engagement that arises
from interacting with a particular science exhibit. More specifically, the cycle of engagement
should be examined, capturing how individuals go from a starting point in their engagement
when first entering an exhibit, what happens during this established engagement and what
drives them to disengage and/or re-engage with the current exhibit. In order to start
addressing this complexity in a science centre, there also needs to be clarity on how different

tools capture, and what do they measure as engagement.

2.3 Capturing Situational Engagement

The previous section indicated two key factors to better define, capture, and measure
engagement when designing research about it: (a) what is the context under which
engagement will be studied and (b) what is the underlying goal behind the activity or process
that is being studied. Context matters because it highlights the demands placed on the
individual’s engagement, specifically, the nature of each context and situating the
environmental experience (Eccles, 2016). It also helps understand what the expectations and
permitted behaviours are when being in that context, the limitations and challenges each
context brings, both physically and behaviourally, and the different possible interrelations

happening between the individual and the different agents in that environment (Falk &
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Dierking, 2000). For example, researching engagement in a science centre context will differ
from other contexts with similar attributes, like a botanic garden or an aquarium, where
learning and interactivity look different, even within the different types of exhibits. In the case
of learning in science centres, the expectations and demands placed upon children’s
engagement in science learning will not be the same when comparing engagement in a
school than in a science centre. On the other hand, if examining fun and interactivity,
expectations of children’s engagement behaviour in the science centre would be different
when compared to children being in an interactive playground (Poppe et al., 2014), where
fun would be at the forefront rather than learning. Research has highlighted the cognitive and
affective benefits of a particular context, such as a museum context, by analysing the
differences in appreciation and memory recall of an art exhibition when people experience
artwork in a real museum in comparison to a computer-simulated virtual version of the same
museum (Brieber et al., 2015). They found that when people interacted with real art rather
than simulated, their cognitive and affective processes relevant for art appreciation were
enhanced, as was their long-term memory encoding for it. These findings recognise the

context in which an experience occurs is always relevant even if the activity is the same.

Once the influence of context has been recognised, the specific goal of the activity
needs to be considered when researching engagement. Doing this helps delimit what can or
cannot be achieved as part of the interaction and the research. For similar reasons around
interactivity, Adams et al. (2004) emphasize the importance of “clarity of purpose and
intentionality” (p.160) behind a specific exhibit. Identifying the aim of the activity helps
recognise the affordances and limitations each activity allows, which places more realistic
expectations on the actions, processes and outcomes resulting from the interaction. For
example, Toni Dancstep and colleagues (2015) explored the differences in visitor
experiences between immersive exhibits, those where the exhibited phenomenon surrounds

the participant, and hands-on exhibits, those where the phenomenon exists only in front of
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the user. Their findings show that although immersive exhibits were reported as being more
enjoyable and fun, they did not reflect as much time spent or intellectual engagement with
the content from the exhibit, this was the same whether the visitors were adults or children.
Thus, attention should be placed on how the child is interacting with the exhibit and evaluate
if the exhibit learning goal is being met. If the child only interacted and tapped a screen or
free-played with the features from a table-top exhibit, without following any of the intended
learning goals of the science exhibit, it could be wrongly categorised as the child being
engaged with the content; although the child might have been engaged, elicited engagement
would be focused on elements that did not align with the goal of the activity. For example, a
study by Rennie and McClafferty (1993) showed that when school children used more inquiry
play compared to fantasy play, their likelihood to learn some of the scientific principles from
the interactive exhibits increased. Nonetheless, some exhibits are intentionally designed to
allow free play or exploratory behaviours with its elements. Gutwill (2008) found that open-
ended exhibits attract and hold visitors for longer when compared to counter-intuitive exhibits
that show and direct interaction, because it allows visitors to plan and set their own learning
goals within a specific content, for example creating ice sculptures under a screen. Their

findings help exemplify how the learning goal of the activity needs to be accounted for.

As mentioned in the previous section, one last thing to consider is whether the
interest and capacity of the research are on engagement as an outcome (once the
interaction has finished), a process (during the interaction) or both. Making this distinction
clear can help identify and ask testable research questions, grounded on effective tools that
align better with the expectations behind engagement and with the context and underlying
goal of the activity. The research presented here aims at exploring the process of
engagement and bridge them with the resulting outcome of engagement. Since this thesis
focuses on science centres and early years, the following section discusses tools that are

currently being used for capturing engagement in a science centre context and/or in the early
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years. It is also discussed how other tools not currently used for researching either this

context or this population could potentially benefit this field.

2.3.1 Current Tools Used to Capture Engagement as an Outcome

A scoping of different research carried out in science centres indicates that the focus
on engagement has been as the outcome of an activity, using tools that provide a score, or a
collection of answers after an interaction or visit is over. One of the easiest and most
commonly used methods, according to Scharf, (2018 in Serrell, 2020) is timing and tracking
used by 48% of the different types of museums, which means that engagement is measured
as the interaction time a visitor spends in a science exhibit/museum area (Serrell, 2020;
Yalowitz & Bronnenkant, 2009). Serrell is one of the main proponents and researchers using
this method (Serrell, 1997b, 2020), where she states that this practical method allows the
collection of the simplest of data which is widely compatible and not costly, facilitating the
comparison between exhibits. To achieve this, she created an index that considers the size
of the exhibit with the time spent, to control for the dimensions of the exhibit. Although it still
lacks the capacity to provide insight into the individual’s cognitive, emotional or behavioural
engagement, this measure provides a good screening tool to scan how science centres’
visitors’ engagement is being distributed and allocated between the different areas and
science exhibits. However, Serrell, acknowledges that timing by itself cannot provide any
information beyond tracking the length of the engagement (Serrell, 1997a), encouraging the
use of additional measurable behaviours to record what is happening throughout the activity,
such as reading the labels or talking about the exhibits. While this method encompasses
engagement as a single outcome, additional research has complemented it with interviews to
the visitors to capture their self-reported emotional engagement or their subjective
experience (Tisdal & Perry, 2004), which according to Renninger and Bachrach (2015)
presents an advantage on capturing a cognitive and emotional element that can be related

with the observed timed engagement.
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Surveys and questionnaires are tools that also measure engagement as an outcome
when done at the end of the activity (Read & MacFarlane, 2006). The surveys are either self-
reported or reported by any accompanying adults in the case of younger children who may
not be old enough to take part, whilst the interviews would normally be carried out by the
researcher. Although these can touch upon the visitor's experience during their
interaction/activity, like the Experience Sampling Method (D’Mello & Graesser, 2012;
Fredricks et al., 2004; Fredricks & McColskey, 2012) where constant reminders in a device
make an individual pause their interaction to report about their self-perception of
engagement, these tools are used more in formal schooling or gaming contexts than in
science centres. Unfortunately, a fundamental drawback of this approach is the interruption
of the activity, engagement is disrupted and any process happening before the interruption is
finished, turning any engagement captured into an outcome. Measuring engagement via
interruptions not only disrupts the activity, but also affects the phenomena being measured,

providing two or more different experiences of engagement.

Young age can also be a limitation when it comes to filling in surveys or
questionnaires, as participants could not have the reading and comprehension skill level
needed for answering a questionnaire or a self-report (Zaman et al., 2013). Tools, like the fun
Toolkit (Kano et al., 2010; Read, 2008; Read et al., 2002; Read & MacFarlane, 2006), exist
to address this limitation and aim to capture self-reported reflection of children’s experiences
using visual representations such as “smiley” faces/emojis or thumbs-up/down for depicting
different emotions. Despite criticism made to the use of emotions that may not be related to
possible emotions elicited by the experience being observed (Zaman et al., 2013), using age-
appropriate prompts help access children’s ideas to verbalise and share some of their
feedback from taking part in an activity. Luckily, additional representation imagery has been
created, for example as part of the fun toolkit, sorting tangible examples (photos, objects)

from the activity into boxes from “most/worst enjoyed” have shown to help children enact
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their preferences by using smaller categories (Kano et al., 2010; Read, 2008). Nonetheless,
surveys and questionnaires still have disadvantages that arise when trying to capture any
subjective experience and have been criticised before for capturing limited or biased
information (Azevedo, 2015). Amongst the main criticisms and limitations are: 1)
Agreeableness/ prone to bias/suggestibility — a tendency to agree when asked open
questions or to try to answer what they think the research wants to hear, which is further
exacerbated when working with children (Zaman et al., 2013). 2) Averaging experience -
these tools rely on the individual’s capacity to reflect on their own engagement experience,
and on many occasions, provide an overall score to summarise that experience which
provides limited information subjected to what the individual remembers. Some authors have
also mentioned that it depends on the subject’s capacity to be aware of their own

engagement, and its extent, while this is happening (Renninger & Bachrach, 2015).

Relevant to children’s science engagement in science centre, only one
survey/questionnaire was found in the literature: the Activity Engagement Survey (Ben-
Eliyahu et al., 2018), which considers the cognitive, behavioural and affective domains, but
reported from the first-person’s perspective and used to compare children’s science
experiences when at a school or a science museum visit. This survey was always used after
each science activity or interaction with the science exhibit had just finished, reinforcing the
engagement outcome. While the Likert scale used to answer this survey was easy to
understand (YES! — yes -no- NO!), the items were aimed at children in upper primary or
older, which relies on both a reading comprehension, and a higher ability to self-reflect and
abstract the meaning behind each question asked. Another engagement survey that
appeared as relevant to capture engagement was found in the user experience field, the
User Engagement Scale (O’Brien et al., 2018), developed for evaluating digital platforms
(e.g. video gaming, online shopping, web searching and educational webcast), which

interestingly attempts to track the process of engagement by capturing points of
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engagement, disengagement and reengagement based on answers from participants. Two
more surveys were found in the realm of formal education: the Student Engagement
Instrument (Appleton, Christenson, Kim & Reschly, 2006) aimed at preventing school
dropout during high school, and although it considers the multi-components of engagement,
it also adds an additional component that tracks academic engagement, which turns it into a
very specialised survey that targets the long-term outcome of engagement. The other survey,
Motivation and Engagement Scale (Martin, 2009), combines the evaluation of processes they
define as adaptive and maladaptive behaviours and cognitions. This survey targets a broad
population, from elementary level to university level, but it defines engagement differently
from the multi-component framework as well as adding elements of the concept of
motivation. Although as discussed previously, Renninger and Bachrach,(2015) have argued
that motivation is a different construct from engagement, where engagement can be

perceived as the observable action and motivation can be seen as the drive behind it.

From all the tools presented, most of them were created for a different context, formal
education or use of digital platforms, and for a different age group, upper primary and high
school. This makes it difficult to adapt to a science centre context since the use and purpose
of each of these tools are vastly different as shown in the aims of each one. Even for the
surveys that include learning, research has shown that the context where an activity is taking
place matters, for example children’s preference for engaging with science learning activities
is different depending on whether the activity is taught at school at home or in a science
museum (Bathgate et al., 2014). Furthermore, the behaviour in a formal learning setting is
different in nature to the one found in free-choice learning environment (Falk, Dierking, et al.,
2007). Firstly because the time available for activities in the formal contexts is longer than the
average time spent in a science centre exhibit, whilst a digital platform provides longer
interaction times and higher opportunities for re-visiting the digital platform, compared to

episodic visits to a science centre.
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Moreover, formal education contexts allow longitudinal progress to be tracked about
engagement in a way that is almost impossible for a science centre to do with its visitors,
since learning in these contexts is designed to be sporadic and episodic rather than recurring
(National Research Council, 2009). Also, the different definitions of engagement used in
each of the surveys described muddles the comparison between them, while they can align
in some areas, some others consider and combine additional concepts, like motivation or
mastery of skills as part of engagement which only complicates the research and definition of

the concept of engagement.

Finally, the language comprehension required for most of these tools is aimed at
older participants, from upper primary children to adults, who are able to comprehend and
self-reflect on the different statements presented (Appendix A shows the detailed items
asked). Even more so, all the surveys presented here are still susceptible to evoke biases
such as those surrounding expectations from the researchers, regardless of the age in which
they are presented (B. C. K. Choi & Pak, 2005). These tools reflect the importance of
considering the factors mentioned throughout this chapter around the importance of the

context, the goal of the activity, and the audience with which research will be carried.

Contrary to surveys, interviews are used to explore and better understand the
reasons and variance found in participants’ engagement, which can be done with a pre-set
structure, semi-structured or open to the participant’s answers. Interviews provide more
insight into the individual’s self-reported thoughts and feelings, a good complement to any
behavioural or survey analysis (Fredricks & McColskey, 2012). For example, Heath and Vom
Lehn (2008) interviewed children after participating in a collaborative activity in a museum, or
Silpasuwanchai et al. (2016) used semi-structured interviews with video-games participants
to know more about their experience while playing videogames. However, interviews show
very similar limitations to surveys and questionnaires, where participants are prone to bias or

might answer with what they think the interviewer wants to hear. Age could also influence the
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quality of the data, since interviews still rely on younger participants’ verbal and emotional
capacity to express their thoughts, actions and feelings, although interviews could potentially
bypass that limitation by addressing and adapting the questions according to each participant
(Zaman et al., 2013). In any of these methods, evaluating subjective perceptions of
engagement with science learning, topic-content is an additional important factor that is often
overlooked, but should also be considered when comparing visitors’ experience (Bathgate et

al., 2014).

The three methods presented here for capturing engagement as an outcome have all
presented limitations in how much information they can provide on what happens during an
interaction with an activity. The next section addresses tools that can be complimentary by

capturing different engagement-relevant processes throughout an activity.

2.3.2 Current Tools Used to Capture Engagement as a Process

In a science centre, tools have attempted to unobtrusively capture the process of
engagement, providing richer details from beginning to end of an interaction. One of the main
methods used is observation analysis which can be done live or by observing video
recordings (Fu et al., 2016). Participant observation consists of watching a specific group or
activity of interest and analysing their interaction (Jorgensen, 2011). These observations can
be structured (systematic protocol), or unstructured (free observation) (Grack Nelson &
Cohn, 2015). Observations can be carried out by expert practitioners of the context or by
researchers who may have experience with observation methods, but not too much
familiarity with the science centre context (Jorgensen, 2011). When it comes to tracking the
process of engagement, structured observations use scales and coding schemes developed
to capture different levels of engagement or different behaviours associated with

engagement.
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There have been a few measures developed to capture engagement, either in
children or related to science learning. Two of these measures were developed specifically to
evaluate visitors in science centres: the Visitor Engagement Framework (VEF) (Barriault &
Pearson, 2010) and the Exploratory Behaviour Scale (EBS) (Van Schijndel et al., 2010). The
VEF is catered to all visitors of science centres and captures visitors’ initiation behaviours,
transition behaviours and breakthrough behaviours relevant to engagement with an
interaction. The EBS is not specifically designed for engagement, however, it is designed to
evaluate children’s behaviour while exploring their environment and how to support parental
scaffolding, which can be a good indicator of engagement. This scale follows children’s
behaviour from passive contact with the environment to active manipulation and to
exploratory behaviour. Both of these coding schemes track the process of intensity in
engagement by containing three categories that increase in their intensity, through which
engagement could be considered as transitioning from one level to another. Observers keep
track of these behaviours through a tally count of the number of times these happened in live
observations. However, neither of these coding frameworks capture the multi-dimensionality

of engagement, only its intensity.

Other engagement scales found in the literature were aimed at the early years, like
the Learning Engagement Coding Scheme (LECS) (Halliday et al., 2018), which is a scale
used to evaluate preschool-age learning engagement of children while solving a reading task
and a tangram-building task. This scale contains seven indicators of engagement and the
rating of each of these depends on the behaviour descriptors of each point in each item,
which overall range from no indication of behaviour to high indication of behaviour. The tasks
were done in a controlled laboratory environment which has different constraints compared

to any formal or informal learning environment.

The Child Behaviour Rating Scale (CBRS) (Mahoney & Wheeden, 1999) was

designed to examine the effects of different styles of teacher interaction on engagement of
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preschool children with special learning needs. It has seven categories that capture
engagement when the child is working alone and with a teacher, which are rated using a 5-

point Likert Scale (very low to very high).

A third scale found was the Engagement States Observational Coding System
(eSOCS) (Deater-Deckard et al., 2013), which was an instrument designed to detect
developmental differences in engagement from preschool to high school learners by
observing and quantifying various developmental aspects of cognitive, behavioural, and
affective engagement based on Fredricks et al. (2004). This scale captures 13 behaviours
that capture independent and dyadic interaction and is rated in a Likert scale of perceived

frequency (Present all the time to Never present).

The last scale found that worked with early years children was the Engagement
Quality Observation System (E-Qual I11) (Aguiar & McWilliam, 2013; McWilliam & De Kruif,
1998; Pinto et al., 2004), which was developed to track engagement in child-care classrooms
while 2-year old children free played. They capture engagement with nine engagement levels
that differentiate between the quality of engagement and the focus of the child’s behaviour. In
a more recent paper (Aguiar & McWilliam, 2013), the resulting engagement classification has
been divided into sophisticated engagement (which only includes levels 1-4), and non-

engagement.

All of the scales presented here, besides being appropriate for the early years, also
consider the cognitive, emotional and behavioural aspects of engagement proposed by
Fredricks et al. (2004) in the rationale used for the items by its authors. They have also been
used better in video recordings to capture detailed information and to code with more
certainty. However, most of these tools are not as effective for tracking engagement during
an interaction, that is, they can capture behaviours that happened throughout an interaction,
but it is harder to assess what was the order of such behaviours, except for the E-Qual Il

where one of its strengths is the screening every 15s during the 15minutes of interaction.
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Moreover, these tools share a similar limitation when it comes to using them in science
centres, which is they have been developed for use in formal contexts (or a laboratory like
the LECS) with specific goals and items. Although, some of these tools could be adapted to
use in science centres, like eSOCS, since a context has not been defined, adjustments
would also have to be made to add the temporality of the events to track when during an

interaction these events happen and what might be driving it.

All the observation coding scales provided vary in their use, where some have been
used in live-contexts, and others have been used watching video recordings. The
engagement scales shown here are an example of the influence of different definitions of
engagement and how it can impact the tool used for capturing it. Although some scales have
been used in contexts of science learning in museums and/or with young children, they all
share a similar limitation with the observation reports because they rely on someone to
observe and code, giving an inferred assumption into the cognitive and emotional
components of engagement from the perspective of the observer. Moreover, the majority of
the engagement codes and scales do not present any information regarding their validity as
reliable measures that capture engagement, and while they can be used to descriptively
compare between results, it is uncertain whether they are a valid tool to use to capture
engagement. This again refers back to considering what the interest behind researching
engagement is and what the capacity and need for it is. For example, if the aim is to provide
an overarching sense of what behaviours happen throughout the interaction, or if the aim is
to understand how engagement is being elicited in a particular scenario and how to capture

and improve the beneficial objects to be able to generalise to similar activities.

Furthermore, observation studies when done live are susceptible to misinformation
due to human limitations in attention and memory, whereas video recordings present an
advantage over them when there is a need to capture more details on the process of

engagement, allowing the researcher to go back to the event as much as needed and to
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keep track of the moment in time where the different engagement markers happened (vom
Lehn et al., 2002). Although video-coding tends to be more time-consuming than live-
observation due to the level of detail required for it (Grack Nelson & Cohn, 2015), depending
on the aim of the research, the amount of additional information might be worth the additional
time needed for interpretation. Observation studies also present only one side of the picture
(i.e. information limited to dimensionality of the videoframe), and like with any type of
observation, when a videorecorder or a person observing is in sight it could impact and
change the behaviour where the learners could modify or diminish their behaviour

(Montgomery, 2014; Sparrman, 2005).

2.3.3 Tools That Capture Temporality of a Process

The advancement of technology has made accessible tools that are better at
capturing fine-grain details of physiological processes that are not easily observed. These
processes tend to be covert from both the individual and the observer (Cacioppo et al.,
2000). Tools that can capture, measure and keep track of these processes help understand
the role that any psychophysiological change could be having in observable behaviours of
interest. While there has also been research that claims that engagement elicits cognitive
and emotional neurobiological markers (Cowley & Ravaja, 2014; Kamzanova et al., 2011;
Mercier & Charland, 2013), offering a new promise of methods to measure engagement.
Since all of the engagement scales and observational methods above depend only on what
can be observed from the individual, interest has risen around tools that could capture and
measure covert or unobservable inner processes related to the process of engagement
during an interaction, both on a cognitive and an emotional level (Azevedo, 2015; D’Mello et
al., 2017; Emerson et al., 2020; Lee-Cultura et al., 2021; Malmberg et al., 2019). The last
decade has seen an increase in interdisciplinary research between fields like
neuropsychology or psychophysiology with learning contexts using tools that provide a

window into these inner processes in real time (Cain & Lee, 2016; Cruz-Garza et al., 2017;
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Gashi et al., 2019; Hedman, 2008; Leister et al., 2016, 2019; Malmberg et al., 2019; Marin-
Morales et al., 2019; Mercier & Charland, 2013; Wass et al., 2016, 2015). The added benefit
of working with these areas of research is the premise that unobservable physiological
changes happen constantly, depending on the situation being encountered or experienced,
changes that the individual may not even be aware that have happened (Mcguigan &
Schoonover, 1973). The main tools that offer the possibility to track unobservable changes

on the individual and that have been used in different learning contexts are:

(1) Electroencephalography (EEG) and Near-infrared spectroscopy (NIRS) capture

brain activity in real-time and can be adjusted to look for activity patterns and brain areas that
are related to learning (Ansari et al., 2012; Johnson & de Haan, 2011). The former tracks
electric signals, while the latter records the oxygen saturation of the brain’s blood flow. These
tools normally require a lab set-up as they have multiple wires connecting different brain
areas from the individual with the recording machine, which tend to need fast data
processors to have better precision in capturing any brain activity. Additionally, both these
tools require a rubber cap to insert the electrodes that capture brain activity, making the
process lengthier and invasive, since some devices also need gel on sections of the scalp to
improve data quality. For EEG, studies have developed an Engagement Index based on a
decrement in task vigilance, taken from measures in fronto-parietal regions and use the
proportion of faster electric waves indicating high brain activity (B) in comparison to slow
electric waves that might indicate lower activity or relaxation (6+a) (Mercier & Charland,
2013). This has been used to study adults’ engagement while playing a video-game in the
lab (Cowley & Ravaja, 2014), or how adults manipulate their workload manipulation while
engaging with a demanding and stressful task in a lab, like air traffic control (Kamzanova et
al., 2011), or to optimise work environment to increase motivation and productivity (Berka et

al., 2007). Wireless mobile options both for NIRS and EEG have already been developed
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and used in learning contexts like art museums, for example Cruz-Garza et al. (2017),
evaluated different mobile EEG devices, one vs four electrodes, while participants visited an
art exhibit in a public museum, whereas Marin-Morales et al. (2019) used a mobile EEG to
compare experiences between exploring an art museum live or through an immersive virtual
reality device. Research like this opens up room for exploring and understanding real-world
learning environments under a different light that considers both external and internal
relevant factors. More compact versions of EEG, either wired or mobile, have been used to
evaluate learning and engagement in classrooms with adults and older children (Halderman
et al., 2021; Khedher et al., 2019), but research is still scarce with young children. To the
date this review was written, no studies could be found using EEG in early years while at a
science centre, which presents novel unexplored avenues for future research in live contexts,
such as science centres, and with new populations contexts as the early years. Having
research using this type of tool could provide an additional perspective of unobservable
neuropsychological changes, as well as clarify how certain cognitive processes children

might experience while engaged in a science learning activity

(2) Eye-tracking / Head-Mounted Cameras capture visual attention by tracking the

eye-movement patterns used to analyse and interact with the environment. Visual attention
provides information about a scene that might be experienced, however, it can only focus on
a small portion of that scene at a time (Rayner, 2009). Smith and her colleagues (2015)
propose that three perspectives exist for a person’s visual environment: a third-person view,
a first-person view and fixations within the first-person view. Although some methods rely on
observation of the participant’s eye gaze in the wider context, according to Smith et al.
(2015) this would still fall within the third-person view, since it would be captured from outside
of the person. Conversely, for understanding the first-person view the key tool used for
tracking visual attention is eye-tracking which provides a method of tracking the different eye

fixations, both in direction, length and duration. Eye-movements have been associated with
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volitional cognition, planning and problem-solving (Land et al., 1999; Ohlendorf et al., 2010;
Rayner, 2009), which are also related to processes needed for establishing cognitive
engagement (Deater-Deckard et al., 2013). An eye-tracker is used to capture them, normally
placed on top of a screen where an infrared light is directed at the pupil centre and reflected
on the cornea, it then records the movement of the cornea’s light reflection; this is called
Pupil Centre Corneal Reflection (PCCR). To do this, the participant needs to stand still and
place their head on a specific head-rest to prevent them from constantly moving their head.
This technique is harmless and unobtrusive. Two main types of eye-trackers exist: screen-
based and mobile/wearable eye-trackers. Screen-based eye-trackers have high temporal
resolution and can be used with any task that is performed while watching a screen. This
type of eye-tracker can be used with all ages, from infants to elders. Eye-tracking has been
used diversely, mainly to explore how individuals read (Rayner, 2009; Rayner et al., 2006;
Schotter et al., 2014), how dynamic or static images are analysed (Jarodzka et al., 2010;
Roberts et al., 2013; T. J. Smith & Mital, 2013), and how gaze plays a role in social cognition
(Chita-Tegmark, 2016; Foulsham et al., 2010). On the other hand, mobile eye-trackers are
used in live contexts, allowing the exploration of visual attention in a third-dimension
environment (Krogh-Jespersen et al., 2020). For example, in museum research, mobile eye-
trackers were used with older children to record their interactions with different art exhibits
and how their examining gaze patterns of artwork was different from an adult’s, highlighting
that children and adults do not focus on the same aspects of an image (Walker et al., 2017).
This type of tool brings the potential to understand where children’s attention is located as
they explore a science centre visit or how they react to an engaging exhibit, such as what
features they choose to focus (Eghbal-Azar & Widlok, 2013). Evidence in a case study with a
boy using a mobile eye tracker during a visit to a science museum, showed that is possible to
capture patterns of use with the exhibits and how he engaged with others during the visitors

(Jung et al., 2018). However, mobile eye-trackers have lower quality and temporal resolution
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than their static counterparts since these have to compensate with the head movement of the
individual by having a lower recording frequency (Eghbal-Azar & Widlok, 2013). Also, as
evidenced by Jung et al. (2018), they can be costly, and more affordable options present

technical difficulties with battery duration and remote connection between its elements.

While this type of eye-tracker offers more mobility and ease of use, they are not yet
designed to take young children’s smaller features into account without being obtrusive. A
viable solution that accounts for mobile first-person perspective in naturalistic settings is a
head-mounted camera (Aslin, 2009; Schmitow et al., 2013; L. B. Smith et al., 2015; Yoshida
& Smith, 2008). Moreover, both eye-tracking tools and head-mounted cameras provide a
better idea of how the scene is being experienced from the participant’s first-person
perspective (Schmitow et al., 2013; Smith et al., 2015). Thus a head-camera becomes a
proxy for the field of vision where the focus of the attention could be tracked by following the
centre of the scene being captured, since moving the centre of the image might implicate that
the person is turning towards any new focus of interest nearby. Yoshida and Smith (2008)
were some of the first to evaluate the use of a head-mounted camera on infants between 18
and 24 months old, where they found a coupling between eye gaze and head direction when
playing with toys. They also found that since children tend to place objects of interest closer
to them, dominating the field view, it facilitates capture by the head-mounted camera.
Schmitow et al. (2013) studied attention related to head-direction when 6- and 12-months old
infants look at an object of interest. They found that head and eyes are tightly coupled
together, and that object direction is followed systematically by the head in the horizontal
plane. L. B. Smith et al.(2015) discussed the contributions of head-mounted cameras to
study visual attention in young children in a review paper, where they presented evidence
that when the head and eyes align in watching an object of interest, quality in visual
processing increases, arguing that head cameras with a head-centred view can provide

optimal markers for children’s attention. However, because it is acknowledged that
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misalignment between eyes and head could be possible or hard to track in vertical planes, it
is suggested to have another camera that can capture the child’s behaviour and track where
their attention was focused. In informal science centre environments, having a camera that
records the person’s point of view has been evaluated by Burris (2017) who placed an action
camera on the participant’s chest. However, after her findings revealed a limited
understanding of the participant’s field of vision she recommends using a head-mounted
camera to gather better evidence of where exactly a participant might be focusing their
attention, since a chest-focused camera does not account for occasions where a visitor might

be turning their head.

A head-mounted camera has been suggested as a more appropriate tool for
recording both looking behaviour and the potential visual environment around, particularly
when the activity is related to free-play, where it is more useful to gather information from the
surroundings of the child by letting them direct their attention and explore (Schmitow et al.,
2013). Therefore using this method can contribute to capturing the process of engagement
by providing the child’s first-person view of their interaction pattern, along with the third-
person view captured by a fixed video recorder, which can be triangulated to show possible
triggers within the exhibit or outside the child’s point of view that could be influencing their
engagement.

(3) Electrodermal Activity Sensor (EDA) - Electrodermal activity, also referred to as
galvanic skin response, has long been used to measure psychophysiological changes due to
emotional arousal often in response to stimuli (Critchley, 2002). An EDA sensor measures
the skin conductance of an individual’s finger, palm or wrist’s surface, commonly due to an
activation of the eccrine sweat glands. The sympathetic nervous system is entirely
responsible for the eccrine sweat glands, making electrodermal activity a good marker of
sympathetic activity (Critchley, 2002). Sympathetic activity, when aroused, has been

associated with higher sensorial vigilance and a heightened readiness to react and move
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which also regulates the levels of attention and emotion displayed by an individual (Critchley,
2002). The sympathetic branch of the Autonomous Nervous System is also influenced by the
Central Nervous System via the hypothalamus and the limbic system. The former is
associated with thermoregulation, and the latter with emotional arousal and motivation along
with activation of frontal cortical areas, responsible for attention, inhibition and decision-
making processes (Boucsein, 2012). Thus, the neural mechanisms show that EDA is
associated with similar pathways that are present in emotion experience and expression.
EDA is divided into two types of activity, a tonic activity which is slowly varying and
shows the overall level of activity, and a phasic activity which is fast-varying activity
representing a short response or reaction that can reflect stimulus-specific responses or
spontaneous responses not specific to anything that can be traced (Benedek & Kaernbach,
2010a; Boucsein, 2012). Cognitive processes can also be accompanied by emotional
arousal, thus further linking cognition and emotion (Boucsein, 2012) as evidenced by the
theory of the somatic marker (A. Bechara et al., 2005). Skin Conductivity was used as a
measure to track somatic markers before and after decisions were being made using the
lowa Gambling task (which evaluates positive and negative outcomes and the associated
rewards/punishments); their results showed that participants started to develop anticipatory
skin conductivity responses to what they perceived ‘risky decisions’ which would guide them
more towards positive outcomes decisions even before being fully aware of their reasons for
choosing some cards above others. This evidence has been replicated in different research
(Li et al., 2010; Webb et al., 2014) including research with children (Cassotti et al., 2014) and
it would indicate that skin conductivity is a sensitive measure for tracking psychophysiological
arousal (i.e. understood as emotional states) that can be related to attention, memory and
decision-making processes. In other words, skin conductivity has been shown to reflect
emotion, but it is still advised to use a combination of behavioural and psychophysiological

measures for interpretability (Buelow & Suhr, 2009). EDA sensors can be found in two main
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formats: wired sensors and wearable devices. Wearable EDA sensors have started to be
included in research around learning environments since these allow the individual to move
freely in their environment while taking part in a learning activity (Garbarino et al., 2014; C.
McCarthy et al., 2016). Having the capacity to measure the psychophysiological markers for
emotional arousal in specific contexts where participants can move around (Cain & Lee,
2016; Hedman, 2008; Hernandez et al., 2014) presents an advantage when it comes to
explore and better understand that context. Unfortunately, there is little literature around
ambulatory devices with early years children (Hedman, 2008; Malmberg et al., 2019; Sridhar

et al., 2018),

EDA sensors have been used in research in museums with adults exploring a world-
war exhibit and how their emotional arousal was influenced by their visit (Mitas et al., 2020).
Regarding children’s engagement, research using skin conductivity has been done in
different scenarios: while they free-played with Lego pieces (Hedman, 2008), when they
were interacting socially with adults (Hernandez et al., 2014), when preschool children had to
respond to performance tests (Sridhar et al., 2018), to evaluate children’s programming in an
after-school course (Cain & Lee, 2016) or when playing with an augmented reality learning
game (Lee-Cultura et al., 2021). In most of these studies, EDA sensors were used in
combination with some of the other tools presented here to capture more than one aspect of
an individual’'s engagement (Cain & Lee, 2016; Fowles et al., 2000; Hernandez et al., 2014;
Malmberg et al., 2019) and to help discern and triangulate what caused the emotional
arousal. All the different applications presented here where mobile EDA has been used
speak to the potential this tool has for providing a glimpse into the unobservable emotional
processes an individual goes through and might be using as a ‘gut-feeling’ reference for
deciding how to engage while interacting with a learning activity. Acknowledging that a

combination of all the psychophysiological markers (e.g. Heart rate, pupil dilation, SCR)
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provides a broader picture of the individual’s emotional arousal (Garbarino et al., 2014), the
use of each of these will depend on the researcher’s aims.

Using any of these new technologies offers the potential to reduce an observer’s bias
by providing more information about the participant’s inner experience with an activity. By
capturing data continuously throughout an activity, they can offer quantifiable evidence of
how a process operates in time. Wass et. al (2015, 2016) explored the co-variation of task-
related peripheral measures of psychophysiological arousal in infants while they watched
different types of videos. Admittedly this research is neither mobile, nor with early years
children, however, they provide evidence of how different measures interact over time, how
they can be temporarily asynchronized yet be caused by a similar event, which is done by
taking into account the lag of the response time depending on the physiological marker.
Noticeably, the measures and tools that provide psychophysiological feedback cannot be
analysed individually or without any context; they need contextual information to ground and
direct what is being captured and observed to understand and make sense of the data
obtained (Sridhar et al., 2018). Many of the studies presented here use a combination of
psychophysiological tools with observation or self-report studies to track relevant events to
explain the obtained measures (Ding et al., 2018; Harley et al., 2015; Malmberg et al., 2019).
While other studies also combine different psychophysiological tools to capture different
aspects of an inner experience, for example to capture mind-wandering, a combination of
eye-tracking and EDA has been used (Brishtel et al., 2020), or combining EEG and EDA to
detect engagement while learning using a game (Cowley & Ravaja, 2014). (Wass et al.,
2015, 2016) Moreover, mobile and wearable technology bring an additional benefit for
researching engagement in a science centre since they have been developed for use in
specific contexts beyond a laboratory set-up (Mercier & Charland, 2013). Higher quality data
gives more in-depth information about a specific part of a process, whilst mobile tools allow
participants and researchers to be immersed in the live learning environment. However, often

this means increasing noise or lower data resolution in exchange for free movement from the
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individual (Cruz-Garza et al., 2017; Krigolson et al., 2017; Malmberg et al., 2019). Despite
this, Azevedo (2015) proposes that if the aim is to understand the experience within a
specific context, a combination of mobile tools can be key to capturing multiple points of data
to build a more complete perspective of engagement. In a review of methods used in science
museum learning, Fu and colleagues (2016) make a call to incorporate more methods that
collect direct measures of the outcomes of the informal learning experience. However,
because many of these tools are still not widely accessible, and even though they are
feasible to use in the context, they can still be costly and require time allocation and
expertise to analyse them. Nonetheless, the research evidence that has already been
presented using these mobile tools in museum contexts (Burris, 2017; Cruz-Garza et al.,
2017; Eghbal-Azar & Widlok, 2013; Kress, 2016; Marin-Morales et al., 2019; Nubani et al.,
2018) presents an optimistic view also shared by practitioners in the museum field like the
Smithsonian museum (Massachusetts et al., 2019) where they have hired a neuroscientist to
examine how art perception and personal reflection could vary depending on certain curated
prompts. Therefore, more research in these contexts should be pushing to incorporate the
use of psychophysiological tools but also considering younger populations, like the early
years, which has the potential to explore developmental links between observable
behavioural processes and underlying cognitive and affective processes. Moreover, an
approach that allows researchers to combine different tools that capture the process of
engagement, taking advantage of each of the tools presented here while also compensating
its different limitations and disadvantages with more traditional research methods could
potentially present a more complete picture of engagement as a whole in the contexts of

science centres.

2.3.4 Potential of Triangulating Tools

While gathering best practices from researchers in the field of engagement to

examine how the methodology for capturing engagement has improved over the years, some
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authors have noticed that when tools are used individually they might reflect an incomplete
representation of engagement (Azevedo, 2015; Boekaerts, 2016; Fredricks & McColskey,
2012; Sinatra et al., 2015). One of the most multifactorial perspectives used in science
centres has been proposed by Falk and Dierking (2000) in their three contexts of the Visitor
Experience Mode (personal, social and physical), emphasizing the importance of observing
“natural”’ data of the interaction to arrive at better conclusions. While this approach can help
encompass what a museum experience entails by providing a context to what personal,
social and physical factors might influence a child’s engagement with a science activity, it
does not fully address how these factors interact together to guide the process of
engagement and science learning. One attempt to explain this relationship between
engagement and learning in science centres was done by Barriault and Pearson (2010) after
years of designing their Visitor Engagement Framework to characterise “observable
behaviours and activities related to engagement that are indicative of learning” (p.94).
Unfortunately, this approach captures a narrow view of all the different components of
engagement, missing out on some of the richer information about the process of
engagement or the unobservable changes underlying engagement. While they do consider
that engagement might go through a process by acknowledging different stages (i.e.
Initiation, transition, breakthrough), they limit their own instrument by measuring engagement
as a binomial outcome of a specific activity (e.g. engaged / not engaged). Other research has
also addressed a multicomponent view of engagement countering this binary state by
defining different behavioural markers for different components of engagement. For example,
Going Ape! (Tisdal & Perry, 2004) was a project at the Exploratorium looking for exhibit
attributes that elicited active prolonged engagement during an interaction to facilitate “deeper
cognitive experiences” (p.1). They analysed engagement from what they refer to as
perspectives: emotional engagement, physical engagement, social engagement, intellectual
engagement and timing of engagement. Each of these perspectives captured different

factors from a visitor’s interaction, facilitating the comparison between exhibits because this
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classification would explicitly point to different areas of engagement where one exhibit could
do better than another. The last perspective, ‘timing’, would also incorporate some
temporality into the comparison. Although this project was able to detect and examine better
exhibits that fostered active engagement by using different perspectives, the authors also
report that the process of intellectual engagement was not yet understood. Here is where
combining cognitive science with visitors’ studies can extend understanding of relevant
cognitive processes, like the ones considered in this study for intellectual engagement, which
the authors described as “various ways in which visitors engaged with their minds. Includes
connections visitors make to existing knowledge during their interactions, the conceptual
understanding and the questions they have” (p.7). New tools that claim to detect
physiological and psychological markers of an experienced emotion could also enrich the
emotional perspective by considering how to capture an emotional marker of an experience
of engagement. However, care should still be placed on not relying solely on this marker, and
if possible, observing or tracking, all the possible reasons behind the obtained emotional
markers when making assumptions from it. This would lead to clarifying or discarding any

particular factors that could be associated with the observed physiological marker.

There is also a new debate as to whether a more automated approach that benefits
from current computer programming technology would be useful for capturing engagement
by reducing biases and increasing time-cost efficiency (Azevedo, 2015; D’Mello et al., 2017).
This kind of approach called an advanced, analytic and automated (AAA) approach,
proposed by D’Mello and colleagues (2017), suggests taking advantage of advanced
technological methods, like machine-learning, to automate the analysis of the events and
discriminate between different parts of the process of engagement. Their aim is to reduce
human involvement and increase temporal resolution by using tools, coupled with the
context, which acquire data directly from a participant (i.e. person-oriented), in real-time. This

is presented as more objective since it is claimed that data captured from these tools can
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limit biases associated with self/observer reports and prevent data loss due to human fatigue
and momentary lapses in attention/memory. The authors ground their method by reviewing

15 case studies that have used cost-effective, non-intrusive and user-friendly person-
oriented tools, such as eye-tracking, electrodermal activity sensors, facial expressions and
log files from any digital learning environment. While all these tools provide a window into
both, cognitive and emotional, covert processes that the individual might not be aware of that
are happening, these still need to be accounted for and considered as part of the overall

situated behaviour of the individual.

The automation of tools that capture and analyse engagement presents an innovative
approach that could benefit the field of engagement, particularly since it considers the
learning context first and uses multiple data points. Although they can potentially help
uncover hidden patterns in the process of engagement and set engagement research one
step closer to generalising context-dependent events, these automated models should be
used with caution, since any automation still relies on a human-based definition, human
programming, supervising and interpreting, which are all prone to err. Furthermore, D’Mello
et al., (2017) recognise that the automation process they propose, howbeit beneficial for
specific fixed learning scenarios (i.e. screen-based), still presents limitations when working
on live-scenarios since most of the tools and methods proposed rely more on digital reliable
environments. Being that a science centre can be a messy, busy context (Chamberlain et al.,
2012), it would capture a higher degree of noisy signals from these tools that could be

wrongfully misinterpreted.

A balance is needed therefore between a method that depends upon single tools and
one that uses a fully automated perspective. The solution could be a method that considers
multiple data entry points from different tools, reliant on both external and internal signals of
an individual, capturing different aspects of the process of engagement. A good example is

described by Roger Azevedo (2015) in his commentary on the current state of research on
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student engagement. Azevedo calls for “an overarching model of engagement that can be
used to generate hypothesis and make assumptions regarding the role, timing, triggers,
duration and quality of specific processes, mechanisms and constructs of engagement” (p.
88). He proposes extending and integrating different methods that capture engagement in
order to answer the how, why, when, what and by whom behind engagement and learning in
different learning scenarios. According to Azevedo, answering these questions provides a
frame of reference that allows a researcher to identify, capture, measure and understand
how engagement is characterised depending on the context where it is being elicited.
Azevedo (2015) puts forward a research strategy that triangulates processes, outcomes and
self-reported experiences of engagement using complex quantitative statistical, computing
and tracing methods, like machine learning and data mining, and combines them with
psychophysiological tools that capture traces of emotional and cognitive data covert from an
individual using EDA and eye-tracking respectively, finishing with an additional layer of
observational coding to tie everything together. As part of this strategy, Azevedo marks
different points in time to account for and track specific temporal fluctuations that depend on
the nature of each tool, whereas to test the activity learning outcomes and self-reported
experiences of engagement, he proposes doing them before and after the interaction. This
proposed triangulation means using different tools that “measure engagement” through
different perspectives in different time-points, which might provide different pieces of the
whole picture of engagement, helping characterise what could, or could not be, engagement

in a particular setting.

Figure 2.3 shows Azevedo’s hypothetical representation of how different types of
data could paint a more complete vision of engagement, with each point representing an
individual stream of data (e.g. observational measures or eye-tracking results) and the
contribution each of these provides. The trace data highlights the processes during the

learner’s interaction and is captured between the pre and post-tests. This figure also shows
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Figure 2.3

Representation of Triangulation Model Proposed by Roger Azevedo
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Note. Image reproduced with permission from Azevedo (2015).

how the trace data could show a development of patterns over time when compared to the
initial patterns observed, which he attributes to a shift in the mental model being used that
might be leading to the development of self-efficacy. The figure implies that this could be
driven by sub-goals within the main activity that lead to the mental model shift. Since
Azevedo works with student engagement in self-regulated learning and metacognition
(Azevedo, 2018; Azevedo & Cromley, 2004; Taub et al., 2018), the speech bubbles are very
likely aimed at observing and capturing the variables of interest for this particular framework.
However, the underlying triangulation strategy of different tools capturing the process of
engagement lends itself to be adapted to other scenarios with other populations without

being dependent on a specific theoretical framework. It allows flexibility of use as long as the
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researcher remains aware of the specific information each of the tools used for tracing the
process of engagement can provide, as well as what are the variables of interest being

tracked for each situated context.

With any research strategy, there will be challenges and limitations associated with it.
Azevedo acknowledges some of the main methodological challenges of this approach would
be not knowing exactly how many data channels would be necessary to allow reliable
inferences to be made from the results of the data, or if the statistical methods to analyse the
data would be too complex and therefore not as accessible or understandable for other
researchers. Additional limitations of this strategy would also be failing to consider and
acknowledge the context and learning goal where the desired engagement is being observed
as well as having tools that might not be appropriate or limited to capture a phenomenon
outside the lab, and measures that risk being too rigid within less controlled scenarios, like a
live interaction in a science centre or a school. Despite these, Azevedo believes that
“focusing on process data will lead to advances in models, theory, methods, analytical
techniques and instructional recommendations for learning contexts that effectively engage
students” (p.93, 2015). While the latter paints an exciting picture to move the research field of
engagement forward, it is critical for any researcher to stop and consider the limitations of
using tools that capture some form of data and then claiming to have observed the “real”
version of a construct, rather than only a layer of that construct. This follows the core
propositions behind the philosophy of critical realism, where there is a difference between
what is observed or captured of an event (i.e. empirical level of reality), an event that
happens in the world regardless of it being observed/captured (i.e. actual level of reality) and
what causal mechanism are behind the events that are observed/captured (i.e. real level of
reality) (Fletcher, 2017). In other words, considering a critical realism perspective contributes
by reminding the researcher that whenever engagement happens in the world (i.e. ontology)

— naturally existing and operating independently of our knowledge of it, cannot be reduced to
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what is known about engagement (i.e. epistemology) — and it should be considered with its
situated socio-historic context used to construct this knowledge of what engagement is (M.
Archer et al., 2016; Bhaskar & Hartwig, 2016; Price & Matrtin, 2018). Instead, there can be
more than one possible explanation of what is being observed/captured, and as researchers,
it is important to judge which possible theoretical explanation could be closer to the “real”
reality by finding and understanding possible causal mechanisms behind what is observed.
Hence, an interdisciplinary approach becomes more convenient, since it can observe and
capture multiple layers of the same real construct, while also considering the specificity
around the nature of the event, that is, its situated and unique context (Bhaskar & Hartwig,
2016). Thus, translating this back to Azevedo’s proposed research strategy, it is necessary to
add a multi-perspective lens to research around engagement to improve its understanding,
but whichever obtained outcome should not be used as a decontextualised generalisation of
how the construct of engagement could be operating. Contrarily, having a broader
knowledge of how engagement works in different situated contexts can lead to better
understand some of its core mechanisms and some of its underlying relationship with

learning.

Since Azevedo’s triangulation strategy (2015) was proposed, some research in
learning environments has started applying their versions of a multimodal multichannel
strategy with different populations. For example, research by Harley et al. (2015) used a
combination of self-reported experienced emotions, electrodermal activity and automatic
facial expression recognition to understand adult learners’ emotions while interacting with a
multi-agent computerised learning environment where they had to learn about complex
science topics. Malmberg et al. (2019) also used multichannel data combining electrodermal
activity, automatic facial expression recognition and observational data to examine high-
schoolers interactions during collaborative learning and its different phases while designing a

healthy meal for an athlete. These two research examples use both observation and facial
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expression recognition to ground the psychophysiological changes observed in an EDA

sensor and provide context to understand what is driving emotional arousal.

A simplified way for this method has also been tested by Cain and Lee (2016) with
two 10-12-year-old children taking part in a mechatronic-programming workshop, where
children were only given a wearable wrist EDA sensor and a wearable camera (to record
from a first-person perspective of the children’s experience). This research aimed to
understand the psychophysiological changes children went through while learning common
programming skills. Interestingly this research defined the use of a wearable camera as an
observation tool that also allows users to track where children direct their visual attention,
since the camera moves along with the child, lending further support that head-mounted
cameras can be a feasible (and more affordable) tool that can provide similar information to
an eye-tracker when the temporal resolution and the high detail of eye-scanning pattern of a
scene can be spared (Burris, 2017). Finally, the first ones to use a triangulation of measures
with a preschool population were Sridhar et al. (2018) who were interested in understanding
children’s cognitive load as a relevant influence in their cognitive-affective states during
learning experiences. Thus, they examined the feasibility of triangulating measures from self-
reports, performance scores, coded observations from researchers and psychophysiological
markers from wearable sensors (i.e. EDA and HRV). Here they explored whether
physiological data combined with behavioural analysis could disclose any new information
about the state of the participant’s mental effort beyond observable performance scores. The
authors worked with 18 kindergarten children between 4 and 7 years old in a quiet school
classroom, asking them to wear an E4 sensor while they were asked to carry out tasks from
neuropsychological batteries evaluating different cognitive processes like executive functions
and overall skills. Their findings show that it was feasible to obtain direct psychophysiological
and behavioural measures of cognitive load in young children, and while cognitive states

were easier followed by observational measures, they found that these were always
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accompanied by emotional markers. Their results showed that affective states determined
how children coped with a task, but most importantly it provides evidence that by
triangulating their observational measures with psychophysiological markers they obtained
more information than using these markers alone, especially when both affective markers
have similar measures. The authors also conclude that the future direction for understanding

learning lies in researching the phenomenon in-situ.

Therefore, given the lack of evidence regarding engagement in science learning
during the early years, it is important to engage not only with current technology but with a
solid methodology which draws from the different examples shown here. Doing this can help
address challenges when measuring aspects of engagement that are less easy to observe,
such as its cognitive and emotional component, whilst tools such as the head-mounted
camera add an additional mean to access another perspective of participation. That is why
this thesis proposes using an adapted version of Azevedo’s research strategy. Triangulating
these tools presents a unique opportunity to capture in-depth, real-time, in situ data on
engagement in informal learning contexts and within the early years. Within this research
project, triangulation of tools refers to the use of different sources of data that have been
designed to capture different cognitive, emotional and psychophysiological processes with
different temporalities that have been related to the phenomena of engagement by different
authors. As part of this triangulation strategy, the different data perspectives will be
temporally aligned and it will be explored where their outcomes align and where there could
be a divergence between them to actively understand the phenomenon of engagement.
Using this approach could provide more detailed information about whether there is an

influence of different cognitive, emotional or social factors during a short learning interaction.
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2.4 Overview of the Research

2.4.1 Thesis Rationale

The early years are a key developmental stage for children, where it has been shown
that improving learning experiences during these years can lead to significantly improved
outcomes in later life. These early learning experiences combined with the cognitive benefits
obtained from science learning, can enhance children’s skills and help them to understand
and navigate their world more accurately. As an essential part of science learning,
engagement drives the simultaneously occurring cognitive and emotional processes that
accompany and strengthen a learning experience, which can have long-lasting effects that
develop into personal interests and attitudes that would allow future re-engagement with

science.

Informal science learning experiences, such as science centres, give children the
freedom to explore their own interests by having a vast display of science content,
technologies and facilitation that cannot always be encountered in formal education contexts.
Thus, exploring a method that captures and measures engagement more broadly, such as a
multimodal triangulation approach, has the potential not only to help understand how
younger children engage when it comes to science learning at an informal learning context
such as a science centre, but also to extend this understanding to other learning contexts,

both formal and informal, and to other population groups.

Focusing on improving engagement of a learning experience can also bring
understanding about how particular features within an informal learning environment are
playing a role in children’s science learning, such as curiosity, previous knowledge,
emotions, etc. This can benefit exhibit designers and science practitioners to purposefully
increase engagement in diverse areas of a science centre and consequently elevating the

cultural and science capital impact these learning spaces have on children. Moreover,
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informal science learning spaces make efforts to invite children with little science capital,
which has been related to lower levels of engagement with science (DeWitt et al., 2016), thus
improving their engagement is of particular importance, since positive engagement from the
early years can help foster future interest, engagement and positive attitudes towards

science (DeWitt et al., 2013).

Current methods used when researching engagement in science centres tend to be
limited and provide a brief answer of children’s engagement after they have taken part in an
interaction, mainly because the observation alternative can be more time and labour-
intensive. Having an approach that combines multiple points of data while being adaptable to
different learning contexts has the potential to be the base to future research methodological
advances that are less costly, financially, in time and in previous knowledge needed to

operate them.

The potential of triangulating tools for researching engagement in different contexts,
such as a science centre is relevant, not only for developing a theoretical and practical
understanding of the nature of engagement, but also to help learning practitioners make a
more informed decision when it comes to selecting tools to capture different aspects of
engagement. That means, providing them with the strengths and limitations of using single
and combined tools to research engagement, which can be beneficial for designing learning
experiences, science exhibits, or improving user experience, and ultimately help maximise

science learning opportunities.

2.4.2 Current Research Project

This thesis seeks to explore how young children engage with a science exhibit by
testing a multimodal triangulation method with tools that capture the three different
components of engagement (behavioural, cognitive and emotional). In doing so, this work

provides a more in-depth perspective of the learning experiences. The proposed triangulation
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method also evaluates whether the process of engagement can be captured in an informal
learning context with young children and the implications this could bring to engagement as a
theory, since this perspective on the dynamism of engagement has yet to be examined in

this context.

Given the scarce literature explicitly measuring early years’ engagement in a science
centre and the relatively new use of triangulating information via a multimodal approach, an
exploratory approach was needed. According to Stebbins (2001), exploratory research
“needs first hand understanding of the human acts being observed” (p.5), which then allows
“the production of inductively derived generalizations about the situation under study”(p.5). In
this case, this thesis concatenates a series of studies to explore a theoretically proposed
research method for engagement, with the aim of developing and contributing possible
generalizations about engagement in the science centre context and the early years
population. These studies also seek to evaluate the feasibility and outcomes obtained from

using a multimodal tool triangulation approach.

2.4.3 Main Aim of the Research

The main aim of this doctoral research was to examine engagement in early science
learning in the context of a science centre to explore how and to what extent the process of
engagement could be captured in young children aged 3 to 7 while they were interacting in a
science exhibit. This was explored by using a multimodal-multichannel approach that
combines and triangulates measurements from new and current tools that capture
engagement simultaneously and evaluates how the tools that are currently being used in this
context measure engagement. By doing this, the project also aimed to detect if certain
events and variables might be characterising engagement, along with those that could trigger
an emotional arousal and how these would impact children’s engagement. The specific

rationale for this research is explained in detail in the logic model in Appendix B.
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2.4.4 Research Questions

Main Research Question: How could a multimodal triangulation approach using
current and new tools capture engagement for early science learning in children aged 3-7

at a science centre exhibit?

To answer this question, this research project used the following 5 sub-questions:

1) How do young children interact naturally with different exhibits at a science centre

(chapter 3)?

2) Is a multimodal triangulation approach feasible for children in the early years within a

science centre (chapter 3)?

3) What is the relationship between the different outputs of the tools that measure different
components of engagement (chapter 4)?

a) What is the relationship between the different variables used to capture and
measure engagement?
b) Can children’s emotional responses be predicted by the onset of cognitive-

behavioural responses?

4) Do science practitioners’ perceptions of engagement align with results from the multi-
modal approach (chapter 5)?

a) Isthere a difference in practitioners’ perceived engagement as a dynamic
process vs engagement as a discrete outcome?
b) How much agreement is there between practitioners' perceived ratings of

engagement?
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Chapter 3
Children’s Natural Interaction with Exhibits
and the Feasibility of Using a Multimodal

Triangulation Approach

3.1 Overview

In order to better understand the complexity of engagement in a particular learning
experience, it is first important to gain a better sense of how children interact naturally in the
science centre context - how long they choose to engage with different designs and the
possible factors that may lead them to move on. Measuring engagement with the tools that
are most used in science centres can provide a sense of the breadth or depth of what
practitioners and museum researchers collect and interpret as engagement. Exploring these
methods can point towards which underlying factors influencing engagement could be
observed what is beyond the tools’ capacity and provide guidance around how best to adapt
and integrate tools that can capture and measure engagement from a multi-modal
perspective, which are both accessible for children and an in-the-wild context.

Hence, this chapter examines RQ1 “How do young children interact naturally with
popular science exhibits at a science centre?” which was answered by observing children
interacting in a science centre with different types of exhibits. The chapter starts by

discussing the different types of exhibits that can be found within a science centre, and their
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different qualities, benefits, limitations, and affordances. This study helped to contextualise
how young children frequented the chosen exhibits, their total interaction time and some of
the reasons children leave the exhibit. The methods used also provided a perspective of a
typical observation approach used in practice and what can be learned from it.

The potential to explore and understand the process of engagement in a science
centre requires the use of new tools, which has been limited by pragmatic factors of the
context and population of interest, that is, working with early years children in a chaotic
space, an age period and context often neglected in research. Thus, the chapter also
examines RQ2 “Is a multimodal triangulation approach feasible for children in the early
years at a science centre?” to assess the feasibility of combining current and new tools in
the desired context and population. This section discusses how the triangulation approach of
different tools would capture the different components of engagement in children within a
science centre exhibit and discusses the importance of having a feasibility study before
carrying out a bigger data collection. The chapter ends by assessing and discussing how
feasible it was to combine all the tools and their outputs to triangulate information for a single

participant while they interacted with a selected science exhibit for five minutes.

3.2 Observing Engagement During Natural

Interaction with Science Exhibits Study

A science centre has diverse types of interactive science exhibits with different aims
and learning goals. One of the main differences in types of exhibits is how these are
presented: for example, some are table-top based, where a table contains on top the
elements required for the participant to interact and which exists only in front of the visitor
(Dancstep née Dancu et al., 2015), others may be more immersive, where the visitor is

surrounded by the exhibit and all the features are contained in the space. These two types of
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exhibits can also be categorised into open-ended or planned-discovery. The former has been
proposed as a space that encourages free exploration of a topic, encouraging the visitor to
make its own experiments and build new knowledge using prior experiences and present
interactions with the exhibit (Humphrey & Gutwill, 2005; Tisdal & Perry, 2004). As part of
research for the Exploratorium in San Francisco, Gutwill (2008) found that attractive features
of open-ended exhibits often have “beautiful aesthetics, opportunities for creation and
intriguing representations that lead to active prolonged engagement” (p.192). In contrast,
planned-discovery exhibits are goal-directed, that is they guide visitors’ interactions towards
a desired outcome that has already been pre-set and it is up to visitors to ‘discover and
interpret the content of the exhibit. Amongst the planned-discovery exhibits, exists a popular
type of exhibit where counterintuitive phenomena are displayed. These were one of the initial
types of interactive exhibits in science centres and science museums as they started to
represent ideas and concepts more than they did objects (Rennie & McClafferty, 1996).
Counterintuitive exhibits show visitors a discrepant event that conflicts with a “common
knowledge” belief (Gutwill, 2008) making them surprising and attractive for a brief period of
time, allowing visitors to discover new phenomena. Although the author argues that these
types of exhibits can hinder the learning process by interrupting the inquiry process in a
space where it cannot be further investigated due to time and feature limitation. Particularly
since the underlying scientific explanation can not only be hard to explain, but hard to

replicate given the narrow circumstances that might allow such discrepant event to happen.

According to museum researchers, interactive exhibits have been found to promote
engagement with the exhibit and the content, facilitate understanding and recall of the exhibit
and its contents along with positive affective memaories of the interaction (Allen & Gutwill,
2004; Dancstep née Dancu et al., 2015; National Research Council, 2009). However, an
increase in interactivity can also lead to detrimental results in visitors’ learning and

engagement. Amongst the most common pitfalls of interactive exhibits where learning can be
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hindered is the exhibit design interfering with the inquiry process (Allen & Gutwill, 2004). This
may be due to having equal salience across all the exhibit features or due to interfering
visitors — such issues, obscure the identification of the critical phenomenon shown (Allen &
Gutwill, 2004). Furthermore, some computer-based interactive exhibits have also been
criticized for diminishing the importance of the social component of visitor groups and
interactions, by favouring individual interactions with a screen whilst the rest of the group
observes, thus reducing topic discussion (Heath & Vom Lehn, 2008). These arguments
highlight the diverse range of different interactive science exhibits in science centres and

their possible influence on engagement.

To explore and understand how visitors navigate these different types of exhibits,
systematic unobtrusive observations are typically carried out. The first step commonly used
by museum researchers is to observe without being detected how real visitors naturally
interact and engage with the space (Dancstep née Dancu & Sindorf, 2018; Tisdal, 2004;
Tisdal & Perry, 2004). One of the quintessential methods to track an exhibit's engagement is
by measuring holding time (Dancstep née Dancu et al., 2015; Gutwill, 2008; Serrell, 1997b,
2020; Tisdal & Perry, 2004; Yalowitz & Bronnenkant, 2009), whether that is timing users’
interaction with a particular exhibit or tracking their route through a science centre. Holding
time has been typically measured from the moment where a visitor plants both feet facing an
exhibit, with their eyes or gaze directed towards the exhibit for at least two to three seconds.
It is more than just an affordable and practical technique; it is not time-consuming and easy
to use, thereby helping set comparative benchmarks both for old/new exhibits and also
between similar types of exhibits. It has been found that exhibits categorised as ‘promoters of
active prolonged engagement’ can have an average holding time of 132 seconds though
interaction times can range from 1 min to > 23 min. Whereas the average interaction time
with exhibits that have not been categorised as ‘promoters’ is of around 51 seconds and is

normally no longer than 3 min (Tisdal & Perry, 2004). While it has been acknowledged that
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holding time in itself is not enough of a tool to understand visitors’ underlying reasons for
engaging or choosing to end their engagement (Serrell, 1997a; Shettel, 1997), it provides a
starting point from which to identify, track and record interaction or behaviour trends to
explore further with more in-depth tools. The current study addresses RQ1: How do young
children interact typically with science exhibits at a science centre? which aimed to
provide a situational context of two types of science exhibits, a planned- discovery and an
open-ended one, by comparing how long young children interact with them over an hour

during regular visiting hours of the science centre.

3.2.1 Method

3.2.1.1 Participants Eighty-one children between 3 and 10 years old who visited

Glasgow Science Centre for a day were observed in the present study. As no personal
details were collected from participants, visitors to the exhibit were considered for
observation if they: a) had entered the space of the exhibit and/or started interacting with it;

b) appeared to be Primary age or under (under 12 years old).

Ethics — Approval for the observation study was granted by the Moray House School

of Education and Sports ethics committee. The Glasgow Science Centre placed existing
exhibit observation signs signalling that observation would be happening around the chosen
exhibits. This is standard procedure in the Glasgow Science Centre when observation
research for the science exhibits is being carried out because it ensures visitors are aware
someone might be looking at them and taking notes, while also giving visitors the option to
opt-out of that exhibit if they are not comfortable with the observation or to ask questions for
any additional clarification about the research. Moreover, the observation signs were also
placed to raise awareness of educational research happening at the GSC, to highlight that

the researcher is working on a specific task and cannot provide help with locations and other
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exhibits as well as to remind other staff in GSC that the researcher is working in the area,

and they could support both researcher and visitors.

3.2.1.2 Exhibits To examine the interaction between exhibits, two exhibits were

chosen that differed in their designed approach: a planned-discovery exhibit called Cycloid
Collision and an open-ended exhibit called Sand Patterns. These particular exhibits were
suggested by expert practitioners at the Glasgow Science Centre as popular science exhibits
where young children had often spent large amounts of time or had reported them as

favourites outside the designated area for early years children.

a. Cycloid Collision

Figure 3.1

Cycloid Collision Exhibit in Glasgow Science Centre

Description of Exhibit: A rectangle-shaped table that can potentially fit four people

around it but only two people at the ends could interact at a time. It contains a U-shape metal

track and two metal balls which can be placed inside both ends of the track. This exhibit
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shared the table with another exhibit that allowed experimenting with speed and curves in
smaller flat tracks (Figure 3.1). The aim of the exhibit is to explore what happens to an

object’s speed when two objects collide with the same speed from opposite directions.

Context of the Exhibit: The exhibit is situated on the first floor at the main entrance to

all the exhibits. Visitors have to walk through this area to make their way around the science

centre.

b. Sand Patterns

Figure 3.2

Sand Patterns Exhibit in Glasgow Science Centre

Description of Exhibit: A sand table that can accommodate between four and six

children around it with two similar stations that allow multiple interactions. It contains two
elevated discs and two big red buttons which make the discs spin when pressed. While at

the table, children could interact with a range of objects of different sizes and colours:
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beakers, graduated cylinders, scrapers and funnels (Figure 3.2). The aim of the exhibit is to

explore the properties of sand with different objects and moving platforms.

Context of the Exhibit: The exhibit is situated on the second floor of the science

centre, in one of the corridors that connects two different areas on the floor.

3.2.1.3 Procedure. Each of the exhibits was observed for 60 minutes. The

researcher observed from a distance of at least 1 m away to limit children’s awareness of the
observation. The exhibits were observed in order of typical visitor trajectory: Cycloid Collision
first and Sand Patterns next. In each of the exhibits, data was collected for children’s holding
time, as well as their perceived gender, an estimation of their age, who they were
accompanied by (if anyone), and, if notable, the reasons for leaving the exhibit (e.g. left with
parents). Their holding time was registered from the moment children first looked at and
approached the science exhibit until they left the science exhibit space (i.e. ~50cm around
the exhibit). Time was recorded in minutes, for analysis it was rounded up to the nearest
minute. If children returned to the exhibit, this was recorded later in the time visualization but

counted towards the same visiting time.

3.2.1.4 Data Analysis Firstly, descriptive statistics are presented for each exhibit.

Tests that evaluate a normal distribution of the data were used with both samples’ holding
time data distribution to determine whether tests should be parametric or non-parametric. To
compare the holding power of each of the exhibits, a non-parametric test (Mann-Whitney)
was used to compare the average holding time of each exhibit along with the corresponding

effect size.
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3.2.2 Results

3.2.2.1 Cycloid Collision - Planned-Discovery Exhibit. Forty-five

participants (24 female) visited this exhibit during the 60 minutes observation. The average
holding time was of 1.9 minutes (SD = 0.81). Visualization of the visitors’ holding time
distribution can be observed in Figure 3.3, where each square represents a minute, and the
colour represents the estimated age group of the visitor. Most children left the exhibit without
any notable reason, as shown in Table 3.1. However, there was variation in the observed
reason for children leaving, with children leaving to directly engage with another exhibit, or

because parents left and/or asked them to leave.

During the 60 minutes of observation, children experimented briefly with the metal
balls, testing movements and different ideas with the balls from both ends of the track.
However, for this exhibit children did not stay to inquire long. The majority of the participants
tested the collision of the exhibit's metal balls more than once before moving to the exhibit on
the other side of the table. In some cases, children kept the metal balls that were part of this
exhibit to use in the adjacent exhibit since both exhibits used the same metal balls. This
impacted the length of stay whenever children could not find both balls to carry on the full
experiment and fulfil the goal of the exhibit. Additionally, when it came to accompanying
visitors of children few adults were present in this exhibit (29%), but children visited

accompanied by other children as shown in Table 3.2.
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Table 3.1

Frequency Distribution of Reasons for Leaving the Cycloid Collision Exhibit

Exhibit Reason to Leave n %
Goal Unknown 30 66.7
Goal Leaves with parent 6 13.3
Goal Change exhibit 5 111
Goal Parent left exhibit 3 6.7
Goal Taken away 1 2.2
Table 3.2
Frequency Distribution of Children’s Company in the Cycloid Collision Exhibit
Exhibit Accompanied n %
Goal No 30 66.7
Goal Mother 8 17.8
Goal Father 3 6.7
Goal Another child 2 4.44
Goal Grandmother 1 2.2
Goal Grandfather 1 2.2
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Figure 3.3

Visualization of Holding Time per Participant in Cycloid Collision Exhibit
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Note. Sixty minutes of observation of planned-discovery exhibit Cycloid Collision. Each square represents 1 min of
interaction. Each colour represents one of the different age groups.
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3.2.2.2 Sand Patterns - Open-Ended Exhibit

Thirty-six participants (16 female) were observed interacting with this exhibit
throughout the 60 minutes of observation. Their average holding time was of 4.67 minutes
(SD = 3.40). Figure 3.4 shows the distribution of visitors’ holding time throughout the
observation in order of appearance, where each square represents a minute and the colour
of the estimated age group of the visitor. It can also be observed in Figure 3.4 that this

exhibit had more children re-engage with the exhibit.

For this exhibit, most children also left without any notable reason. The second most
common reason was parents leading them away, whilst some children changed exhibits
intentionally (Table3.3). During the observation, children would use the different objects
available at the exhibit to experiment with the sand, often staying in the same place where
they started the interaction. When children were accompanied by an adult, adults would
either watch from a distance or try to get involved with the children by pointing to different

available objects However, most children did not appear to be accompanied (Table 3.4).

Table 3.3

Frequency Distribution of Reasons for Leaving the Sand Patterns Exhibit

Exhibit Reason to Leave n %
Open-end Unknown 26 72.2
Open-end Taken away 6 16.6
Open-end Change exhibit 2 5.6
Open-end Leaves with parent 1 2.8
Open-end Walks away by himself 1 2.8
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Figure 3.4

Visualization of Holding Time per Participant in Sand Patterns Exhibit
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Table 3.4

Frequency Distribution of Reasons for Leaving the Sand Patterns Exhibit

Exhibit Accompanied n %
Open-end No 28 77.8
Open-end Mother 3 8.3
Open-end Father 1 2.8
Open-end Grandfather 1 2.8
Open-end Mother and sister 1 2.8
Open-end Family 1 2.8
Open-end Older sister 1 2.8

3.2.2.3 Comparing Both Exhibits

The planned- discovery exhibit, Cycloid Collision, showed more attraction power —
the number of visitors interacting — by having 45 children over the period of an hour
compared to the 36 children that visited the open-ended exhibit. Figure 3.5 shows the
difference in perceived Age group between both exhibits, where the planned-discovery
exhibit showed a higher participation of 8-9-year-old (31.1%), whilst the highest age group
for the open-ended exhibit was the 4-5-year-olds (41.7%). Both exhibits had approximately
the same percentage of visiting children under 4 years old (goal = 8.9%, open = 8.3%) and
had the lowest visit percentage of the eldest group 10-11-year-old (goal = 4.4%, open =
2.8%). Contrarily, the open-ended exhibit showed more retaining power and higher ranges in
holding time (Figure 3.6). After failing to pass a normal distribution test (W = 0.85, p<0001) a
Mann-Whitney test was used to compare the distribution of visitors’ holding time between
both exhibits, which showed that holding time for the open-ended exhibit (M = 4.67 min) was
significantly higher than for the planned- discovery exhibit (M = 1.98 min), W = 363.5, p <

.001, r =-.48.
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Figure 3.5

Distribution of Children’s Perceived Age

Age Group distribution

goal

open-end

40

30

20

104

Exhibit

Figure 3.6

Age_Group
| B
. 4-5
. 67
. 39
. 10-11

Distribution of Children’s Dwell Time

154

Duration

Dwell Time per Exhibit

y
=
L

—

goal

open-end

Exhibit

Note.

Note. Bar plot with stacked distribution per exhibit.

Y axis represents total count of children

Average duration time spent in each exhibit.

Y axis is measured in minutes.

106



3.2.3 Discussion

This study aimed to first investigate children’s natural behavioural engagement in the
context of exhibit interaction in a science centre, which would be the main focus of the next
steps in this research, to further understand how this context operates daily. The observation
was done with two different types of exhibits over the period of an hour using holding time as

an indicator of engagement.

A planned- discovery exhibit, where children directly tested the collision and speed
of solid objects, was found to initially attract more children over the 60 minutes of
observation when compared to the open-ended exhibit. The attraction power observed for
this exhibit could be related to the location of this exhibit, which is at the entrance of the first
floor where the science centre visit starts and is one of the first stops of the visiting path.
Research on museums’ layouts has shown that exhibits that are in spaces where more
people are visible or moving through tend to be more attractive (Y. K. Choi, 1999; Wineman
& Peponis, 2010). Simultaneously, since the open-ended exhibit was on the second floor in
an area next to the lifts and in between corridors, the location could also explain a relatively
high number of visitors. When it comes to holding power, the Cycloid Collision exhibit had an
average holding power of almost 2 minutes, which matches the reported average time spent
on interactive science exhibits (Dancstep née Dancu et al., 2015; Tisdal & Perry, 2004).
Although the average time could also position this exhibit as one that encourages active
prolonged engagement according to the time measures observed by the Exploratorium
(average of 132s), the maximum range of time spent by children under twelve years old was
never more than 3 min which matches more the behaviour observed for those exhibits that
do not promote active prolonged engagement. This holding time would equate to a brief (>1-
3min) or very brief (<1 min) engagement or holding power according to a category of
engagement level that is relative to the time spent in a science exhibit developed by the
Going APE! team at the Exploratorium (Tisdal & Perry, 2004). Nonetheless, Serrell (1997b)

also argues that when an exhibit's message is “clear and quickly and easily accessible”
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(p.121) the time needed for understanding and using the exhibit will not be as high, which
matches the evidence observed of children testing the collision of the metal balls no more
than two or three times before moving on to a different exhibit. The impact of the order of
exhibits should also be considered, where Cycloid Collision was one of the first stops after
starting their visit, which could explain why children’s engagement was higher than the
average detected previously in research, for example if they are more excited because it
was one of their first experiences in the science centre that day. Although this engagement
was not held as long as with the Sand Patterns exhibit, probably because they still wanted to
explore the rest of the science centre. This would have also kept children moving more
towards other exhibits, therefore allowing more visitors to interact with it. Another variable
that should be considered is that the exhibit only included two objects to experiment
reducing the affordances of the exhibit. This was exacerbated when children took the objects
from that exhibit to use in a nearby exhibit, hindering the exhibit’'s usability and potential to

foster longer experimentation.

Conversely, the open-ended exhibit, although it had fewer visitors, had a higher
holding time and re-engagement events once children started interacting. The average
holding time was around 4min, which is higher than the average 132s found for exhibits that
foster active prolonged engagement (Tisdal & Perry, 2004). Since the range of holding time
in this exhibit ranges from 1-18 min, according to the time categories aligning with
engagement levels proposed by Tisdal and Perry (2004), this exhibit would be encouraging
not only very brief and brief engagement, but also substantial (>3-5min), extended (>5m — 8
min) and very extended (>8 min -23min). These higher levels of observed engagement were
evidenced in the exhibit when children sometimes had to be physically removed from the
exhibit by parents and other accompanying adults in order to leave. These results are not
surprising for an open-ended exhibit, since this type of exhibit has been found as related to
active prolonged engagement which allows for more exploration and creation, increasing the

number of possible affordances to be done (Gutwill, 2008; Sandifer, 2003; Tisdal, 2004;
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Tisdal & Perry, 2004). Another possibility for the increased holding time of this exhibit could
be related to the location of the exhibit on the second floor, since research has found that the
longer the duration is, the more likely for visitors to feel comfortable and confident with the
environment (Nubani et al., 2018). This could lead to an increase in exploration time of some
of the exhibits, where research has also found that the further along a visitation path goes
visitors show more agency and choice (Wineman & Peponis, 2010), which an exhibit on the

second floor might be likely to facilitate engagement and exploration longer.

Other factors which may have greatly influenced the data include the positioning of
exhibits, the type of day (e.g. holiday, weekend) or signage. Additionally, since the science
exhibits were chosen from GSC experts’ perceptions, this study does not attempt to point to
the open-ended exhibit as the most engaging exhibit in the science centre, rather than
highlighting the differences in the observed interaction and engagement between an open-
ended and planned discovery exhibit. In other words, multiple contextual factors are likely to
influence children’s decisions of if, how, and how long they engage with particular exhibits.
Nevertheless, comparing interaction of multiple children between two exhibits in this study
does reveal key factors such as the type of design (open/directed) and the influence of

peers/adults.

This study also used a slightly different approach to reported timing and tracking data, where
the focus was placed on the exhibits’ holding power over a set time (i.e. 60 minutes), rather
than the holding time of a set number of visitors using the exhibit (Dancstep née Dancu et
al., 2015; Serrell, 1997b, 2020; Tisdal & Perry, 2004). Although it is reassuring to have found
timing results similar to those reported previously on comparing active prolonged
engagement exhibits with those that are not, showing that timing and tracking were used
correctly. However, the findings also highlight how using just time can fall short when
providing more detailed information regarding what is fostering said engagement. Thus, this
method only manages to partially capture one of the aspects of engagement, the

behavioural. Even if efforts were made to capture markers encompassing the other aspects,
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cognitive and emotional, for example, using facial expressions or verbalizations that indicate
out-loud thinking of children, it would be challenging to capture all of them in real-time or with
any nuanced depth. If only this timing and tracking approach were to be used to detect
whether children engaged more cognitively or emotionally with the exhibits, it would be
relying mainly on the observer’s subjective assumptions of what longer time with an exhibit
meant. Whereas, detailing the specific interaction patterns of behaviour during a live
observation would require a more in-depth analysis. An additional limitation present in this
study relates to the observation notes and details captured through the data collection since
attempting to record all possible information from their visits, along with arrival and departure
times to the exhibit, can become problematic when several children are interacting with the
exhibit and some relevant data can be missed (e.g. target visitors not recorded). It is also
highly challenging to capture any specific interaction processes of each visitor or accurately
track the different steps that could lead to engagement beyond the superficial information.
Therefore, future studies that start examining engagement in-depth of children would benefit
from focusing on a single participant or controlling as much as possible some of the
confounding factors within the context, such as preventing being taken away in the middle of

an “engaging” interaction.

In conclusion, this study highlights that engagement in young children could look
different depending on the type of exhibit, leaving holding time as a measure that allows
screening an exhibit’s potential in attraction and holding power. Despite possibly resulting in
engagement as an outcome of total interaction time, timing and tracking remain an
incomplete measure to capture the process engagement since it lacks the capacity to
explore children’s behaviour during that holding time and gives no indication of emotional or
cognitive engagement. Therefore, when observing engagement in young children at a
science centre it is key to move beyond superficial measures as proxy for engagement and
instead incorporate a multifactor perspective that considers engagement with its cognitive,

emotional and behavioural components to better understand what could be influencing both
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their process and outcome of engagement with each science exhibit (Allen, 2004; Azevedo,

2015; Rennie et al., 2003; Rennie & McClafferty, 1996; Tisdal & Perry, 2004).

3.3 Feasibility of Method Study: Testing the

Triangulation Multimodal Approach and Its Tools

Azevedo (2015) called for researchers in engagement to incorporate new tools to
capture engagement better, these tools have not been widely used with early years children
outside a laboratory context. Also, whilst his method was tested with adult learners
interacting with video game-based science learning on a screen (Taub et al., 2017), in self-
regulated learning (Taub et al., 2018) or with young children’s mental effort (Sridhar et al.,
2018), it has yet to be tested as feasible for engagement in a real-world context and with a
population of early years children. Feasibility studies are a type of study done before any
large-scale intervention studies with the purpose of answering whether the study can be
done (Tickle-Degnen, 2013). These types of studies handle any uncertainty that might be
had before any main study, that is, they evaluate if the needed parameters, population,
context or tools being considered are appropriate, sustainable and relevant for the main
study and whether it is possible to use them in a full-scale study (Bowen et al., 2009;
Lancaster, 2015; Whitehead et al., 2014). Feasibility studies are a necessary part of
research regardless of the positive or negative outcomes found, and regardless of the field
of study, because they help ensure that the research being conducted is based on robust
methods (Lancaster, 2015). This way any possible outcomes would not be due to strange
variables related to any parameters in the research design that were not accounted for

(Tickle-Degnen, 2013).

Since this thesis is proposing the use of a method that has not been tested with

individual tools nor with the specific early years in a science centre context, RQ2 Is a
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multimodal triangulation approach feasible for children in the early years within a
science centre? was needed to examine to what extent can the selected tools be
triangulated and aligned in time whilst being used in a single early years child while they
interact at a science exhibit. This triangulation method was based on Azevedo’s work (2015)
which proposes capturing different components of engagement through different tools for a
dynamic analysis of the process of engagement throughout the time of the activity. Each tool
has the function of capturing a different aspect of the components of engagement —
cognitive, behavioural and emotional — and thus complementing each other. Cognitive and
behavioural components were both measured by using engagement coding schemes for the
interaction used with the video recording of the interaction. Video recording used a fixed-
camera that provides a third-person point of view, and a head-mounted camera that provides
a first-person perspective and which serves as a proxy to track visual attention. Emotional
engagement would be measured by having the child use a wearable electrodermal sensor
that captures their psychophysiological response (i.e. emotional arousal or emotional state)
to the interaction. Table 3.5 shows how each tool could completely (double tick), partially
(single tick) or fail (cross) to capture the three components of engagement based on

Azevedo’s table of components (2015).

Table 3.5

How Do Tools Capture Components of Engagement

Component Cognitive Behavioural Emotional

Tool

Engagement Codebook v v v
Video-Camera v v v v
Head-Camera v v v v
EDA X X v v
Self-Report / Interview v v
Expert’'s Observation v v v
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Therefore, this study tests the feasibility of the triangulation method of some of the
tools proposed by Azevedo (2015) to capture the process and outcome of engagement, as
well as the feasibility of using those tools with early years children interacting in a science
centre context. The triangulation of a multimodal approach is designed to look as shown in
Figure 3.7, where children will be asked questions before and interact with a science exhibit
for 5 minutes, which is above the average (~2-3 min) in a normal science exhibit interaction,
even if they foster active prolonged engagement (Humphrey & Gutwill, 2005; Tisdal & Perry,
2004). Also, after results from the previous study where children could interfere with each
other during the interaction, it was of interest to first focus on children’s individual

interactions to reduce confounding variables.

To further understand how all these tools can interrelate with one another as well as
with the objectives of the research, a logic model was developed (Figure 3.8) explaining the
rationale behind each of the tools, the activities and outputs obtained from the tools and
what the possible outcomes in short, intermediate and long-term could be and what they

entail.
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Figure 3.7

Proposed Design of the Triangulation of Multimodal Tools to Capture Engagement in This Thesis
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Figure 3.8

Logic Model for Mapping of Tools with Research Aims

Find the relationship between the tools that measure engagement in younger children during an engaging
experience: Most of the tools used currently in real-world context are single-observational methods and psychological reports,
while research has suggested a combined approach of tools that measure psychophysiological and cognitive responses with

observation tools could lead to a better understanding of how engagement is working.
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Self-report Before and after - Self-report
guestionnaire each interaction questionnaire.
with sentences with exhibit Quantitative

about their
experience in the
exhibit.

Semi-structured
interview about
what they think is
going to happen
at exhibit and
their insights
about the
experience.

Before and after
each interaction
with exhibit

Record children for
5 minutes while

response of
children’s insights
of exhibit before
and after using it.

Interview

Report if there were
particular features
within the answers
categorizable as
engagement.

Video of 5 min
where child interact

THEN
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Short Term Intermediate Long term
Term
Gather information To record how To find a

to compare
children’s
expectations and
experiences before
and after the
exhibit(s).

To use them to
code the “amount”
of engagement by

this information
could be adding
or lacking
information about
the child’s
experience while
interacting in an
engaging
experience

To find any
relation to data
gathered during

relationship within
the different
outcomes regarding
what the child could
have been
experiencing:

a) Which elements
could have
triggered
engagement?

b) Which objects
and/or people
drove their attention
in or away from the
activity?
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Video-camera
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the exhibits

Action camera
(Yi-Action 4k+)

Electrodermal
sensor
Empatica E4

they interact with a
selected exhibit
from external
perspective.

After interview,
attach head-strap
with camera.
Record activity from
children’s first
perspective.

After the interview,
E4 sensor will be
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wear on dominant
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with science exhibit
whilst recording
their environment.
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child interacting
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the child’s
perspective, the
frame captures
child’s hands and
the wide angle
guides where they
might be looking at.

Quantitative
measures every 1
second of what the
sensor is recording
during the child’s
interaction.

using engagement
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(eSOCS and VEF).
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of what is at child’s
reach, what are
they interacting with
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response of the
child could be while
interacting with the
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the interaction
instead of
before/after
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external video
recording, the
head-mounted
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EDA

¢) How do they
react emotionally to
them.

External factors that could influence:

e Child’s attention and interest to interact for 5 min

e Child does not find exhibit interesting or does not understand

e Too many children that don't let child interact
e Facilitator explaining

e Someone standing in front of the camera covering the view while researcher is closer to child
e Camera/sensor stops working
¢ Noise that avoids hearing the child.
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3.3.1 Method

3.3.1.1 Participants One child (7 years old boy) was recruited through

convenience sampling from Glasgow City from a child of staff within the University of

Edinburgh.

Ethics- The study was approved by the Research Committee Ethics of Moray House

School of Education and Sport, University of Edinburgh. Information was provided about the
project when inviting the child and their parents to participate, including showing them the
tools and a photo of the exhibit in child-friendly terms. Written and verbal assent and consent
were sought from both parents and the child, paying careful attention to any verbal or non-

verbal signs of inhibition, reluctance or discomfort from the child.

3.3.1.2 Location This study was done in a designated space within the

Glasgow Science Centre called Project Lab (Figure 3.9). This is a small room for temporal
exhibitions located at the back of the first floor, thus providing an environment similar to that
surrounding the science exhibits, while at the same time allowing a semi-controlled

environment. The exhibit was placed within this Project Lab space.

Figure 3.9

Designated Space Within Glasgow Science Centre
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3.3.1.3 Exhibits A science exhibit that allowed a variation of levels of

engagement was needed to better track the process of engagement. The criteria used for
selecting a single engaging science exhibit was based on research done on designing
engagement at the Exploratorium in San Francisco (Allen, 2004; Dancstep née Dancu &
Sindorf, 2018; Tisdal & Perry, 2004), which can be found in Table 3.6 along with the
rationale for each criteria point. The chosen science exhibit was selected from a shortlist
provided by the Glasgow Science Centre which contained exhibits reported by children as
favourites, or where children under 7 often engaged large amounts of time outside the
designated Big Explorer area (i.e. area for early years children). Each science exhibit from
the shortlist was rated to determine how many “engaging” criteria points they fulfilled. Each
point had three levels to determine whether a science exhibit fully met the criteria, met a

criterion with caveats or did not meet the criteria®.

Table 3.6

Criteria for Selecting an Engaging Exhibit in GSC

Criteria Points to Consider Rationale
Engagement Varying engagement Allows the capture of different levels of engagement
Levels through interaction throughout interaction
(high/low)
Isolated - To reduce possibility of exposing
children’s personal privacy by recording them
Relatively isolated, or accidentally if they were not part of the research
Location easy to change

and came into the exhibit space.
location
Easy to change location — Allows transportation to

the Project Lab room.
It should allow children to explore and inquiry the

Type of exhibit Open-ended .
exhibit freely.

1 See Appendix C for full details of exhibit selection according to rating of criteria points.
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Theme

Interaction

Labelling /

Instructions

Inquiry
allowed

Attraction
Power
(Look and
Feel)

Exclusion

criteria.

Capacity

Relating to everyday life encourages more

Preferably that exploration and facilitates meaning making by

relates to everyday connecting prior knowledge with new discoveries.

life.
This can be helped by containing familiar objects.

o An exhibit that allows for a reciprocal cycle of
Hands-on exhibit _ _ _ o
action-reaction between child and exhibit.

Clear explanation of
exhibit theme. This could guide children’s free exploration.

Either aims or topic

An exhibit that allows _ o ] _
_ _ Allowing for inquiry could provide varying levels of
questions like: _ o
_ engagement depending on moment of inquiry
"What's going on?"

process.
and "So what?"
Visited by children 4-
7 years old. To appeal to interests of this age group without the
Playful, Whimsical or theme being too complicated to understand
humorous.
Big Explorer Zone is designed specifically for early
Not in the big years, however, it resembles more a soft play
explorer zone environment. Additionally, the space is very
(under 7s) constricted, which conflicts with the placement of an

external camera and isolation of the space.

It should allow for more than one person, but not

restrictive to cooperative playing. That is, enough
Allow for more than _ _ _
space for child to play - could be different stations;
one person o ) _
but not limiting the interaction due to a lack of

participants.
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Figure 3.10

Exhibit Placement Inside Designated Space

Note. Chosen exhibit Sand Patterns placed inside Project Lab.
Video camera is also placed inside showing full set-up of video-
camera.

3.3.1.4 ToolsFor assessing the feasibility of the triangulation method a

combination of different tools was simultaneously used.

1) Video Camera - To enhance the triangulation of events between the third-person and
first-person perspective a video camera was set up in a strategic position close to the
science exhibit that captured all of the exhibit, this would record both the child
interacting and any possible events outside the exhibit. A wireless microphone was
also connected to the video recorder to record sound from an external camera,
further enabling evaluation of the feasibility of using a microphone along with the rest

of the equipment (Figure 3.10).
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2) ELAN — Open-software for video-coding developed by the Max Planck

Institute. (ELAN - Linguistic Annotator, n.d.)

3)  Action camera (Yi4k+) and head-mount? - An action camera (Yi Action 4k+°)

was mounted onto the child’s head using an adjustable head-band strap. Figure 3.11
illustrates what the camera looks like and how it fits a participant. The head-mount
was used without any hat underneath as feasibility findings pointed to interference
from the hat. The camera was connected wirelessly to an iPad that displayed the

same image as the action camera.

Figure 3.11

Head-Mounted Camera

Note. Head-strap elastic band with camera (left). Example

of child wearing it (right).

4) Electrodermal sensor (Empatica E4)3 - Wearable wrist-band device (Figure

3.12) — This device contains four sensors to track 5 different psychophysiological
markers: galvanic skin response sensor to measure electrodermal activity, an
accelerometer to measure movement, a photoplethysmography to measure heart-

rate variability and blood-volume pulse, infrared thermophile to capture peripheral

2 Details on feasibility of using HMC with young children year-olds while exploring a science
museum can be found in Appendix E

3 Details on feasibility of using EDA with an early years child while exploring a science
museum can be found in Appendix F
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skin temperature and movement using an accelerometer. The device also contains a
button in the centre that when pressed recorded it as an event marker. The E4
sensor can also connect to a mobile device via Bluetooth and stream the real-time
data acquisition to the screen. Ledalab (Benedek & Kaernbach, 2016), was used to
process the raw data. MATLAB- based open-source software for skin conductance
analysis that allows importing, cleaning and processing of the electrodermal raw
activity using a Convolution-Deconvolution method that separates the phasic from the

tonic data (Benedek & Kaernbach, 2010b, 2016).

Figure 3.12

Empatica E4 Sensor Fitted on Child’s Hand

5) Engagement Observation Scales - Two coding frameworks for engagement

were combined to evaluate whether this combination allowed the tracking of
behavioural and cognitive engagement*: (1) Engagement States Observation
Coding Scheme (eSOCS- Deckard et al, 2011), which contains 13 items used

individually, whether a child is interacting alone or in a dyad. The items are: 1.

4 Details on selection, feasibility and evaluation of different engagements scales in a science
centre with younger children is detailed in Appendix D
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Distraction/Attention, 2. Positive affect, 3. Touching of task materials, 4.
Persistence, 5. Anger-Frustration, 6. Gross motor movements, 7. Fine motor
movements, 8. Aggression, 9. Intrusiveness (only when another person is present),
10. Verbalizations during the task (to himself or others nearby), 11. Anxious, 12.
Responsiveness to partner and 13. Independence/Autonomy. This scale also has
four additional items that rate a children-dyad interaction which will not be used
here because the study focuses on individual interaction. This coding system uses
a 7-point Likert scale of how frequently each behaviour is happening, ranging from
No instances to Constant instances. No information about validity/reliability was
found for the full coding system (Deater-Deckard et al., 2014). (2) The Learning
Engagement Coding Scale (LECS — Halliday et al, 2018), since it was developed
specifically for preschool children. This scale contains 7 indicators: 1. Attention to
Instructions, 2. On-task behaviour, 3. Enthusiasm/Energy, 4. Persistence, 5.
Monitoring Progress/Strategy Use, 6. Positive Affect, 7. Negative Affect. This coding
relies on specific descriptors for rating each of their categories, which can range
from no indicators to high indications of the behaviour. Predictive validity of this
scale in an applied laboratory scenario is detailed in Halliday et al.(2018). Both
scales were chosen because they can be aimed at children’s behaviour as well as

tap into some of the components of engagement from an external perspective.

6) Questionnaire with self-report and interview - Self-report questionnaires are

scarce when it comes to children’s engagement, the few found in the literature were
either aimed at interacting with technology devices (Dietz et al., 2020), aimed at
high-school students during class (Appleton et al., 2006), or for older children (Ben-
Eliyahu et al., 2018). Given the lack of self-report questionnaires aimed at young
children’s engagement in science centres, a bespoke questionnaire was developed.
The questionnaire explored children’s previous experience with a science centre,

their expectations of the science centre, and their attitude towards science and
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towards the science exhibit. The questionnaire contained 25 items divided into three
sections: I. Before playing with the exhibit (Pre-interaction) with 8 items, Il. After
playing with the exhibit (Post interaction) with 8 items, and Ill. After taking part in the
exhibit with 9 items. The last section also collects feedback from children about the
use of new tools, such as the head-mounted camera and E4 sensor, and how
comfortable they perceived them. The questions used were informed by previous
questionnaires used with older children to report engagement or user experience
(Ben-Eliyahu, et al., 2017), the original version of this questionnaire required
metacognitive skills that rely on an increased verbal component and a higher
abstract and self-reflecting ability, which is not appropriate for all children within the
early years age range. Appendix G shows the 25 question items used to build the
questionnaire and the rationale behind each of these. To collect children’s feelings
and attitudes, the smiley-o-meter scale (Read & Macfarlane, 2006) was adapted
and used throughout the questions, yellow faces ranging from sad to neutral to
happy were used as a proxy to display the equivalent intensity of experience along
with written words (Figure 3.13) making it easier for children to understand the
construct and provide a more accurate account of their experience. The smiley-o-
meter Likert scale was used as an evaluation parameter because it has been
previously used with younger children to rate user-experience (Read & MacFarlane,
2006; Sridhar et al., 2018). The open-ended questions from the questionnaire
aimed to detect particular features within the answers that could be categorised as

engagement.

Figure 3.13

Example of Likert-Style Item with Smiley-O-Meter.

Realiy dow'+ Dow't  Notsure Likeit  Really
like it like i+ like i+
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3.3.1.5 Procedure Firstly, a video-camera was set up before the interaction to

a side of the exhibit, allowing both sides to be captured. Then, both parents and children
provided verbal and written consent. The participant was interviewed to gather their interests
and expectations of their participation in the study. After this, they were asked to wear the
head-mounted camera and the EDA sensor. They were then positioned in front of the
chosen science exhibit and were given five minutes of free interaction. Afterwards,
participants were interviewed again to evaluate what they experienced after their interaction
and gather their thoughts on the use of the tools. Finally, after their participation, they were
rewarded with some stickers and a diploma for helping that says they are “a wee® learning
scientist”. Additionally, parents were present in the room but asked not to intervene while the
child was interacting with the exhibit. Parents were provided with an iPad where they could

see their child interact through a live-streamed video from the head-mounted camera.

3.3.1.6 Triangulation Strategy The strategy followed Azevedo’s (2015)

proposed method for aligning in time multiple different sources of engagement. The
measures that provide expectations and personal insight were intended to be analysed
before and after the interaction, while the trace data from the EDA sensor, and the cameras
and behavioural coding provided information about the process of engagement. The

triangulation was carried out in the following steps:

1. Transforming raw data from the EDA sensor and exploring which type of results
obtained would be better suited to triangulate information with the other tools. Ledalab
provided two types of results: a list of points in time where the amplitude obtained was above
an established threshold, highlighting Skin Conductivity Responses (SCRs) with amplitude
and corresponding time-stamp. The other result that was provided was a plot with the

decomposition of the phasic and tonic responses.

5 Scottish term for small or little
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2., The video obtained from the head-mounted camera was edited by using a 3x3

grid to mark different locations within the frame. This was also used to highlight the focus of

attention®. Coordinating starting points from both videos.

3. Behavioural categories derived from both engagement coding systems used were

inserted into ELAN to be processed and then video-coded. The chosen behavioural

categories along with each rationale are shown in Table 4.6. Each behavioural tier was then

coded from the moment it was first observed until it was finished. For in-depth coding

description, instructions and rationales go to Appendix H.

4. EDA measures obtained from Ledalab were added to ELAN software since they

allowed time-series stamps to be added to the data, while also the obtained NS-SCRs were

tracked within ELAN as an additional category.

Table 3.7

Behavioural Categories used from Engagement Scales

Behavioural Code

Description

Rationale

Time on task/

off- task

cognitive

engagement

eSOCS (Distraction /attention)

Total amount of time children do

task-relevant activities.

LECS (On-task behaviour)

The extent to which the child
maintains focus on-task and
active productive engagement
with the task throughout the

session.

A percentage of how much of
the total time they did task-
related activities as a proxy for
“total engagement” (Serrell,
1997)

The time stamps can help
triangulate quantitative
information with EDA or

qualitative description with

head-camera

6 See Appendix H for more details about 3x3 grid and measures reflected from HMC

126



Touching task-

eSOCS
Amount of times child touches
exhibit and/or task-relevant

Even if child is looking away,
touching exhibit could provide
an indication of child's passive

materials
. materials throughout total engagement with exhibit as a
behavioural
interaction time (5min). spatial “holding place” for
engagement
attention (Dancstep, 2018)
Fine motor eSOCS This item could reflect active

manipulation

behavioural

engagement

Fine motor movements involving

the device or task materials

interaction with the exhibit
(Heath & Vom Lehn, 2008).

Persistence
behavioural

engagement

eSOCS
Begins and completes task
without breaking away, stopping

or giving up.

LECS
This code comes into play when
the child has some difficulty

with a task.

An item that illustrates how
many attempts a child is going
to have before changing to a
different activity of the

exhibit/activity.

Enthusiasm or
Energy
emotional

engagement

LECS
Quality of child’s involvement with
the task - appearing eager and
enthusiastic to try each problem
presented (regardless of

success).

eSOCS (Positive Affect)
Smiling, laughing, excitement,

enjoying the task.

Item that can highlight affective
engagement and differentiate
from “just doing” to “doing with

motivation”.
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LECS Useful to code other aspects of
Shown through facial an emotion, such as facial
expressions, involving frowning, expression or voice tone.

Negative affect narrowing of eyes or a dejected

emotional look.
engagement
eSOCS
May include frustration, anger,
annoyance, sadness and
boredom.
o LECS Provides further insight into
Monitoring ) o - ] ]
The extent to which the child is  cognitive processing behind the
progress- _ . . :
aware of their own progress observed interaction with
Strategy use ] .
N solving the task and/or can exhibit.
cognitive _ ]
recognise a problem preventing a
engagement

correct solution and use problem-

solving strategies.
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3.3.2 Results

Figure 3.14

Child Interaction with The Science Exhibit Using Equipment

Note. Child is wearing head-mounted camera and E4 sensor on wrist.

3.3.2.1 Feasibility of Triangulation Tools. The results show that it is

feasible for a young child to interact with a science exhibit while simultaneously wearing a

head-mounted camera, an electrodermal sensor and a microphone (Figure 3.14).

When triangulating all the tools in the ELAN software, it was possible to triangulate
both first-person and third-person view videos, whilst also using the head-mounted camera
to track when the EDA sensor was pressed, marking the beginning of the interaction time.
Figure 3.15 shows how the software looked with both video perspectives, which also
facilitated coding the behaviours as they conveyed more information than either of them on
their own. It can be noted that the grid used in the head-mounted camera might be over-
obscuring the surrounding personal perspective of the child’s view, for which it is

recommended to either leave only the grid without shadow or reduce the opacity of the
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Figure 3.15

Screenshot of ELAN Software Triangulating Trace Data
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surrounding colour. Furthermore, ELAN allowed the download of the combined
output, respecting time-stamp, category and description. This feature permitted the use of
other software to analyse the time spent on each behaviour, the frequency of use and the

frequency of the same events.

3.3.2.2 Feasibility of Behavioural Codes. While both scales used had similar

items in common, such as Positive/Negative Affect, Persistence and Attention to the Task,
they have different approaches when it came to the granularity of evaluating the behaviours.
The first scale, eSOCS, was highly detailed in some sections, for example: about the type of
movements, since it takes into account Fine Motor Movements and Gross Motor
Movements, but it did not give room to differentiate between significant intentional movement
related to the exhibit interaction and those that were just reassuring or unintentional
gestures, particularly with the exhibit being a hands-on science exhibit. Also, the item
Touching, which is useful to differentiate between intentional actions and just placing hands
on the exhibit, when it comes to hands-on exhibit it does not give much more information on
its own besides total touching time. Additionally, eSOCS differentiates between two types of
Negative Affect, such as Anger-Frustration and Nervous-Anxiety, that in the current scenario
might work better when combined as done in LECS. The second scale, LECS, allowed
further exploration of the strategy behind children’s actions and movements with its item
Strategy Use/Monitoring, however, the scale to evaluate this item was oriented to a goal-
driven kind of task with specific markers of task investigation and task achievement. Since
Sand Patterns exhibit is open-ended, the descriptive scaling of this item would not be as
helpful for the triangulation method, so it is recommended that this behavioural category is

developed more.

Most of the codes used were easy and straightforward at the time of coding, except
for the code “Persistence”, which became ambiguous while coding since it was complicated

to decide when the child had completed a task. The definition of ‘task’ also became
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ambiguous, since it could mean both the whole interaction or a particular action the child
was performing, however, the latter case could also have been part of another bigger “task”.
It is then suggested that for future use of these coded, the coding definitions are revisited
and operationally defined by what is meant by task, and whether to retroactively track the
possible larger task so persistence can be coded with more precision. Developing a category
that allows tracking of what the smaller goals children might be setting for themselves could
become useful to follow whether these are new or repeated goals and how much they could

be persisting on them.

When a category was tested to combine ELAN with EDA peaks, it was noted that
NS-SCRs obtained from Ledalab had no specific duration. This hindered the triangulation of
measures by not clarifying how many other behaviours happened around the time of an SCR
Since the natural response of EDA of 1-4 s (Boucsein, 2012), setting a specific duration that

potentially matches this response might be ideal.

Finally, when the self-report questionnaire was used, the smiley-o-meter was shown
to the child, and they were able to differentiate between the different states by choosing
different intensity ones in different questions. However, some of the questions for the
interview needed more than one re-explanation, which was taken as an indicator of an item
that needed to be addressed for future versions. Since this child was on the higher end of
the age range and was struggling with some of the items, it was assumed it might be a
similar case with younger children. Thus re-wording of the selected items to a simpler

version is recommended.

3.3.3 Discussion

This feasibility study aimed at evaluating whether it was possible for children to use
all the tools simultaneously while interacting with a science exhibit. The study demonstrated
that it is possible to use a head-mounted camera, an electrodermal sensor, a microphone

and a recording of a young child interacting with a science exhibit. The participating child did
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not show any signs of discomfort while taking part in the study. Therefore, tool-wise, it is
possible to conduct a triangulation of different tools by having young children use tools that

have been evaluated for comfort and practicality to capture measurable outcomes.

Moreover, this feasibility study also shed a positive light on triangulating the
outcomes from the different tools and combining them for analysis using the software ELAN.
The tools complemented each other, for example, the first-person view provided more
detailed information about where the child was looking within their own scene and indicated
the next objects they would interact or search for, which, when the 3-person view was used,
was only noticeable when the movement was more pronounced. Furthermore, it was
observed that there were not many instances where clear facial expressions of emotions
were observed, however, the electrodermal activity sensor provided a higher number of NS-
SCRs. In a full-scale study, considering the number of NS-SCRs peaks might be a better

indication of what could be triggering these emotional responses.

These reported results should be taken with care since it was beyond the scope of
this feasibility study to gather specific information that could lead to a first impression of the
data, in this case of the time spent in each of the behaviours, as has been stated by
Whitehead et al.(2014). Moreover, as part of the limitations of this study, the study was only
done with a single participant who was in the upper end of the age range, however, it is
assumed that since the feasibility of tools was done with younger children, the combined use
of tools should not interfere with the data collection nor with any of the outcomes obtained
from the tools. Furthermore, participation in this feasibility study was limited to one since the
time for data processing and triangulation was unknown in advance and needed to be

evaluated.

In conclusion, this study showed that it was feasible to use current and new tools to
capture engagement with younger children in a science centre. This implies that it is possible
to design and carry out a study that can help build up a scene for early years’ engagement of

how different measures of engagement were contributing individually to capturing and
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understanding it as a minute-by-minute process. Particularly this feasibility study showed a
potential to track some triggers within the environment that could be impacting engagement
in a science centre, which could be used to facilitate and enhance early science learning.
Since research has shown that increasing engagement in interactive exhibits can lead to an
increase in learning (Dancstep née Dancu et al., 2015; Gutwill, 2008) the potential of this

method becomes key for informal science learning.
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Chapter 4
Understanding the Process of Individual

Engagement in Children

4.1 Overview

The previous chapters have clarified that it is feasible to use emerging tools for
informal science context research with younger children, such as an electrodermal sensor or
a head-mounted camera, while also providing insight into what a triangulation method for
multimodal tools would involve and what changes may be required when coding
engagement through ELAN. After feasibility was demonstrated, the present chapter applies
the triangulation method to capture engagement in a wider population of early years children
interacting with the Sand Patterns exhibit at Glasgow Science Centre. This chapter seeks to
understand the relationship between the different outputs from the tools, how these map to
the components of engagement, and if there are any particular events detected that could be
influencing engagement during the activity. Consequently, this chapter addresses RQ3
“What is the relationship between the different outputs of the tools that measure different
components of engagement?” and RQ4 “Are there particular events that could be
understood as drivers behind engagement during the activity?”. It then discusses the
implications of using a combination of tools to detect cognitive and emotional drivers of

engagement and how these could be acting reciprocally.
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4.2 Capturing and Triangulating Multimodal

Approach

In the science learning literature, capturing different aspects of engagement has
aimed to understand what drives engagement and how engagement drives science learning
activities. While Going Ape! (Tisdal & Perry, 2004) was one of the first research projects in a
museum that specifically considered engagement from four perspectives to understand what
fosters active prolonged engagement in science exhibits, their measures were based only on
observational data and in-depth interviews after an interaction had finished. Azevedo (2015)
proposes the incorporation of tools, like psychophysiological sensors to current methods
used, like video observation, to capture the specific nature of each of the three components
of engagement in real-time, allowing the trace of engagement during an activity. However,
this method has only been used to evaluate teenager and adult engagement when related to
self-regulated learning during an educational science video game (Taub et al., 2017, 2018).
Although a similar triangulation method has also been researched with kindergarten children,
this was measuring mental effort during cognitive tasks and children were asked to always
be seated in a quiet room.

The present study aims at understanding what happens during the process of
engagement when a young child interacts with a science exhibit on their own. The
multimodal triangulation method proposed by Azevedo (2015) was tested in the present
study using tools that had been confirmed as feasible for the early years and for use in a
controlled set-up within a science centre. The study also aimed to understand how the
components of engagement might be interacting with one another during a science learning
experience, while also evaluating whether the current tools used in informal scenarios can
provide a depiction of engagement and under which circumstances would the triangulation

method be a more appropriate choice than current methods used.
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This research study seeks to answer the following questions:
RQ 3. What is the relationship between the different outputs of tools that
measure the components of engagement?

a. Is there a relationship between the tools capturing engagement?

b. Can children’s emotional response be predicted by the onset of cognitive-

behavioural responses?

For this thesis to explore how engagement in a science centre can be captured, it
was hypothesised that if the tools were accurately capturing different components of
engagement, there would be an observable correlation between the tools measuring the
same components of engagement. That is, for emotional engagement, there would be a
correlation between the self-report items (i.e. items reporting their perception of enjoyment of
the science exhibit), and the EDA outputs (i.e. amount of EDA NS-SCR or the amplitude of
the NS-SCR peaks), as well as a correlation between either/both of these methods with
behavioural observations of emotional engagement (i.e. facial expressions/vocalizations).
Similarly, it was expected that the head-mounted camera provided more information and
better accuracy when tracking behavioural and cognitive variables during the observational
coding which could lead to an increase in the reliability of what was being observed.
Furthermore, following the somatic marker hypothesis (Bechara & Damasio) and Azevedo’s
(2015) theory of synchronising patterns, it was of interest to explore whether there was a
specific relationship to be found throughout the interaction between the psychophysiological
markers used for emotional engagement that could have been driven by cognitive-
behavioural markers of engagement. In other words, if during an engaging interaction, some
behaviours would predict when a child experienced an emotional arousal response that
perpetuated that engagement, which could be classified as emotional engagement. Lastly, it
was expected to find some evidence of how the three components of engagement would be

inter-relating during an exhibit interaction and whether there was a pattern behind some of
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the outputs from the trace data.

4.3 Method

4.3.1 Participants

Twenty-eight children between 4-7 years old (M = 5.39, SD = 1.06, 14f) were invited
from the visitors at the exhibit floor in the Glasgow Science Centre to take part in this study.
Given that the Glasgow Science Centre is an open space for everyone, inclusion/ exclusion
criteria for data collection, beyond the age restriction, were only limited by: a) the possibility
that children could wear and use the equipment appropriately, b) being able to interact with

the exhibit and c) by their willingness to participate.

Ethics - Written and verbal assent of each child, and accompanying adult was sought on

every encounter, paying careful attention to any verbal or non-verbal signs of inhibition,
reluctance, or discomfort. To ensure this, information was provided in child-friendly terms
about the project when inviting them to them and their parents, showing them the tools and
the exhibit they would be using. The study followed ethical guidelines from the British
Psychology Society and was approved by the Research Ethics Committee of Moray House

School of Education, University of Edinburgh.

4.3.2 Tools

The same tools as used in Chapter 3, section 3.3. Feasibility of Method Study:

Testing the Triangulation Multimodal Approach were employed:

o Self-Report Interview Questionnaire - In the Pre-interaction questionnaire, the

Item “What do you think about science?” was moved to be the second question
to start contextualising children on the theme of the questionnaire. Whilst the

item “How do you feel about coming up to play in the science centre today”
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swapped third position with “What do you want to see in the science centre”. In
the Post-interaction questionnaire, the item “What did you have to do?” was
rephrased to “What were you trying to do with the sand?” to clarify what children
had to answer. Then for the item “What was your least favourite part?”, least
favourite was changed for not so favourite to decrease vocabulary complexity
interfering in answering the question. Finally in the questionnaire post-
interaction, the question rating the overall experience “Did you enjoy taking part
in this today?” was moved after the feedback of the tools used to prevent biasing
children before or after feedback from the tools used and to pair with the
guestion regarding their attitudes and interests about science after taking part in
the study’.

e Fixed video-camera (Sony 4K-HD)

e Action camera (Yi4k+) on a head-mounted strap.

e Electrodermal sensor (Empatica E4)

4.3.3 Science Exhibit - Sand Patterns

The same exhibit as Chapter 3, section 3.3. Feasibility of Method Study: Testing the
Triangulation Multimodal Approach was used, however, the location was changed due to
space availability in GSC. For this study, the exhibit was located on the 2" floor area of the
GSC, (Figure 4.1). The space was first tested in a pilot study using retractable queue
dividers, however, other visitors crossed the lines and started interacting with the exhibit
while the research was being carried out. Besides the aim of the project being focused on
children’s individual engagement, having children approach the exhibit space while research
was ongoing could also present ethical issues about confidentiality and sensitive data of

children (and their parents) who have not given consent for being recorded. Wallboards

7 See full version of questionnaire in Appendix | “Self-Report Questionnaire”.
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around two sides of the exhibit that faced the floor were placed, signs were set up on the

walls to advise visitors about research being conducted inside.

Figure 4.1

Exhibit Space in GSC For Study

Note. Top image shows the space in the GSC where Sand Patterns was located. Bottom image

shows how it looked for the study, enclosed by the wall boards and with all the tools set up.

4.3.4 Procedure

Children, along with their accompanying adults, were invited from the museum floor
to take part in the research. When approached, they were told about the research, shown
both the equipment and exhibit and if they agreed to take part, they were given full research

details to allow for informed consent. In the case of the children, the researcher explained
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Figure 4.2

Flowchart Showing Steps Followed by Participant from Recruitment Until End
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the consent form and then if children agreed, the researcher would support children’s written
confirmation. For particular details of the procedure refer to Figure 4.2. Informed consent

and placing of equipment were done at a table away from the science exhibit.

At this point, the video recording started to capture children’s answers of the pre-test
self-report questionnaire. Afterwards, they had the EDA sensor placed on their dominant
wrist and waited until the E4 software was calibrated, for which they watched the iPad E4
interface that showed a “live-connection” to the sensor and indicated when calibration was
done. Then, the head-camera was placed on their heads using the head-mount elastic band,
and they were asked to look at their wrist while the researcher pressed the event button on
the EDA E4 sensor to mark the beginning of the interaction time. Children were advised they
could play however they wanted with the exhibit for 5 minutes, and the researcher would tell
them when to stop. After 5 minutes passed, the researcher asked participants to stop and
mark the E4 trigger event to signal the ending of the interaction. The head-camera was then
removed from their heads. Finally, children were moved away from the exhibit and
completed the post-interaction version of the self-report questionnaire. Children got a sticker
and a “wee learning scientist certificate” as a reward for their contribution to this learning

science study.

4.3.5 Data Processing

Before proceeding to the triangulation method, two different procedures were used to
process parts of the data: an Engagement codebook used for video-coding behavioural and

cognitive engagement, and the Convolution-Deconvolution Method for EDA data.

4.3.5.1 Engagement Codebook

1. Development of the Engagement Codebook

In Chapter 3, section 3.3 Feasibility of Method Study Testing Triangulation of

Multimodal Approach two engagement scales — eSOCS and LECS - were chosen to track
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and code children’s cognitive and behavioural engagement in the multimodal method.
However, as discussed earlier in that section, after coding the behavioural analysis it
became evident that some items needed to be modified to provide a richer understanding of
children’s engagement during a continuous evaluation. This also meant adapting both
grading approaches of each questionnaire for a more concise and descriptive one to capture

the continuity of the behaviour.

In particular, more information was needed to track the item Monitoring of Strategy
Use proposed by LECS. A restructure of this behavioural category was done where Strategy
Use was no longer rated by specific task-related descriptors but was considered a sequence
of observed goal-directed actions that were aimed to solve a problem (Bornert-Ringleb &
Wilbert, 2018). Also, to improve the detection of strategies used, four different sub-
classifications of strategies were added to this category: New strategy, Adapted strategy,
Going back or Previous strategy (time-dependent) and Repeated Strategy. Along with this, a
new behavioural category called Goal was created, which allowed the researcher to
retroactively keep track of what the apparent goal the participant had behind a group of
actions and strategies, this also had 3 subcategories: New Goal, Previous Goal, Same Goal.
Since the science exhibit was hands-on it would be using fine motor movements constantly,
thus the Fine Motor Movement category by eSOCS needed to be refined and constrained
towards actions, where an action would be a fine-motor movement that revealed
purpose/intention to an object in use. Finally, using the head-mounted camera to provide
more information on visual attention, a category based on the cognitive markers obtained
from early feasibility testing ® was created called Visuo-Tactile Attention Mismatch. This
helped track whenever the participant looked away from the objects being manipulated while
doing an action, which has been associated with anticipation of another action or expected
reaction (Land et al., 1999). All the items were modified to be able to track behavioural,

cognitive and emotional engagement accordingly. Appendix J describes how each of these

8 See Appendix E “Testing Feasibility of Head-Mounted Camera" for more details.
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categories captures engagement, the assumptions of the underlying processes behind each
of these categories and what was expected from each code. This was used as a guide to

redefine the final labels described in the following section.

The development and adaptation of this codebook was an iterative process of
evaluating the literature for the items identified as problematic in previous feasibility
findings®. This process also involved deep discussions between three expert researchers,

based on literature and group revision of in-depth coded examples of new proposed items.

I1. Engagement Codebook

The codebook developed and used to code the videos comprises 12 items: Touching,
Objects touched, Actions-Fine Motor Manipulation, Strategy Use, Apparent Goal,
Persistence, Enthusiasm/Positive Affect, Intrusiveness, Gross Motor Movement,
Verbalizations, Visual Mismatch, Interesting Moments. Figure 4.3 shows a code-tree that
depicts how each of these tiers is related to one another hierarchically and Table 4.1 shows
an abbreviated version with the names, description, data entry and an example. Full details

of the engagement scale can be found in Appendixes J and K.

9 See Appendix D “Testing feasibility of Engagement scales” and Chapter section 3.3 “Feasibility of
Method Study: Testing the Triangulation Method”
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Figure 4.3

Code Tree Showing Hierarchy of Codes from Engagement Codebook
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Table 4.1

Codebook items (Abbreviated version)

ELAN tier 1: Touching
(from eSOCS)

Definition/ Whenever children’s hands (either one or both) are positioned on any
Description relevant part of the exhibit and/or touching task-relevant materials.
Data entry There is no data entry here, just time selection.
*When a child touches the red button in sand table. This counts whether
Examples . .
they push/rub or just touch object.
ELAN tier 2: Action -FMM (Fine Motor Manipulation)
(modified from eSOCS)
Actions performed throughout the task that involve manipulation of task-
Definition/ materials.
. Action: A voluntary movement in the interaction using an object which
Description . ” . . . o )
suggests” the intention of changing something in the environment, e.g.
moving a hand in the sand
The description will always start with a verb representing the action,
Data entry .
then how the object(s) were used.
1.Touches red button
2. Grabs Funnel
3. Pours sand through funnel
352’;:5;::?& in flask and When NOT:
' * Changes item from one hand to
Examples i other, fidgets with object in hand,
Exceptions:

when objects are ONLY touched

- One hand is grabbing a container but not manipulated.

and is directly collecting sand from
table (1) and using other hand
pushes sand into the container too

).
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ELAN tier 3: Strategy Use
(modified from LECS)

Definition/
Description

Data entry

Examples

Whenever the child is performing one or more actions that appears to
be trying to solve a particular problem in the moment.

Or
That child appears to be reaching a particular goal/outcome

(e.g. Goal might be 'to see what happens when | do X after | have
used Z' or it might be 'fill container"):

*Involves the extent to which the child seems to be aware of their
own progress solving the task and/or can recognise a problem
preventing a correct solution and use problem-solving strategies.

* New - An action that has not been performed previously in the
interaction

» Adapted - Whenever there is a change to the previously used - new
(or adapted) - strategy that still appears to have the same goal.

* Previous or Going back - When returning to an action that has
been used before at some point in the past of the interaction, but not
immediately before.

* Repeat (previous action) - An action that has been used

immediately before with no changes or actions in between at all.

-New — First time a child has brushed sand off the table

-Adapted - Adapt (object): goes from big funnel--> to smaller funnel.
-Previous or Going back - Going back to using container to fill sand
from table.

-Repeat - Pours sand into container (graduated cylinder)

ELAN tier 4: Apparent Goal*
(New tier)

Definition/
Description

Data entry

Higher-order category of Strategy - Describe whether the strategies
used seem to be following a same goal/solution, a new goal/solution
or are going back to an "unfinished" goal/solution.

* New Goal - Whenever it seems to be a new goal/problem to solve

» Same Goal - Whenever the strategy seems to be following the exact

same goal as the strategy used before (new or previous)
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* Previous Goal - Whenever the strategy seems to be going back to
a strategy used previously in the interaction to solve a previous goal
or one that was left unfinished, but not immediately used before.

New goal: Fill in container

Examples Same Goal: Fill in container
Previous: Brush off sand from spinning disc
ELAN tier 5: Attention Off-task
(modified from eSOCS + LECS)
N The period when the child deviates attention (focus) from the task or
Definition/ . . . . .
o task-relevant items. This could be in a form of visual attention, touch

Description L

or verbalizations.

* Verbal (hands are on-task, but speech is not task relevant)

Visual (hands are on-task, but visual attention is not task-relevant)
Datta *Touch (vision is on task, but hands are touching task-irrelevant
entry _
items).
*Mixed (when more than one modality is off-task).

1.Someone approaches exhibit

Examples 2.They are talking with parents about unicorns.
ELAN tier 6: Enthusiasm/ Positive Affect
(modified from eSOCS + LECS)
Definition . . : S . . _
et ?“0. ! An expression of a positive emotion while interacting with the exhibit.

Description

Describe any expression of enthusiasm:
Data entry . Smlllng, Iaughlng, excitement, enjoying the task; vocalization and/or

facial expression.

* Appearing eager and enthusiastic to try each problem presented

1.Smile while playing

Examples

2.Excited vocalization after successful action

ELAN tier 7: Negative Affect
(modified from eSOCS + LECS)
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Definition/

An expression of a negative emotion while interacting with the exhibit.

Description
Describe any expression of a negative emotion (frustration, sadness,
annoyance, boredom, anger):
* Yelling or tossing elements from the exhibits.
Data entry L . . .
* Loud vocalization with negative emotion
» Expressing feeling a negative emotion
* Tears
Examples 1.Frustration when disc won't stop turning
P 2. Forcefully tries to stop disc
ELAN tier 8: Intrusiveness
(from eSOCS)
Physical and/or verbal events (whether voluntarily or involuntarily) that
Definition/ disrupt, manipulate, or control child.
Description : .
escriptio (Added here whenever there were external factors that disrupted child’s
interaction)
Data entry  Describe event (person/item/situation) that caused intrusion
Examples  Uninvited child walks towards exhibit
ELAN tier 9: Body Movement — GMM (Gross Motor Movement)
(modified from eSOCS)
This definition is grounded on developmental definition of gross motricity,
Definition/  but since Action- FMM always entails movement of arms, it will only track
Description whenever child is moving around the exhibit or in their same place but
changing position significantly (e.g. standing --> walking).
Data entr » Walk
y *Whole body - Whenever a child is crouching/sitting/ standing up
Examples Walking - When child circles around the exhibit

Whole body - when child sits down on stool

ELAN tier 10: Verbalizations
(modified from eSOCS)
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Definition/
Description

Task-related speech, either self-directed or directed at surrounding
members.

Data entry  Transcription of their speech.
Examoles *Child mutters: "will this be full?"
P *Child speaks to adult: "Whoops, it fell down!"
ELAN tier 11: Visuo-Tactile Attentional Mismatch
(New Tier)
Definition/  The periods of time when the head-camera does not match the location
Description of where the hands are being placed, yet it is still task related.
Data entry  Description of what seems to be at the centre of the video.
*Gaze at spinning disc while having hands on sand.
Examples _ o _ _
*Looking away because he is listening to container.
ELAN tier 12: Interesting Moments
(New Tier)
Definition/  Any other behaviours or events that are not considered but that they
Description seem interesting or relevant for the interaction.
Data entry  Description of moment
*Tries to set up the cylinder and can't because of sand on spinning disc
---> Uses his hand to swipe sand off spinning disc
Examples

*Knows what part of container is easier to pour from
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4.3.5.2 Convolution-Deconvolution Method This method by Benedek and

Kaernbach (2010) proposes to use an impulse response function (IRF) that delayed the
EDA wave pattern and uses this algorithm to map the raw EDA data and split the activity into
its phasic and tonic components, making the SCRs more observable. To do this, their
software Ledalab contains a function that transforms the data. Figure 4.4 shows an example,
where the tonic response — in grey colour — can be observed slowly increasing, while the

phasic responses are shown as blue peaks on top of the tonic response.

Figure 4.4

Example of EDA Response After Using Convolution Deconvolution Method
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Note. Tonic activity can be seen in grey colour and phasic activity peaks are shown in

blue.

4.3.5.3 Triangulation Method Once all the data had been captured, it was

prepared and processed by aligning and triangulating it. The data had to be processed in 3
different ways: 1) coding behavioural engagement in videos, 2) processing EDA data to
obtain both phasic and tonic activity, as well as the Skin Conductivity Responses (SCRs), 3)
triangulation method. This meant that the different tools had to be prepared first: video data

(both fixed and head-mounted camera), EDA data, and self-report questionnaire.
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a. Video data. The fixed-camera videos were trimmed and split into the pre-post

guestionnaire and the interaction time, marked by the researcher instructing to start and stop
playing with the exhibit, which also aligned with pressing the EDA button to record an event
for Start/Stop. The head-mounted camera videos had a timestamp and were also edited and
trimmed to start and end at the time the EDA button was pressed on camera. Being able to
observe with one of the cameras the exact time in which the E4 is pressed, along with the
time stamp from both the head-mounted camera and EDA sensor helped to align the videos
with the EDA recording. The video-coding software ELAN (ELAN - Linguistic Annotator, n.d.)
was used again to process and code the behaviours. To do this, both videos, fixed and
head-mounted camera, were synchronised to the same point in time when the E4 sensor
event button was pressed. The video coding was done in 3 different rounds where each
round built on the previous one: 1) Coding and categorising all the touched objects from the
exhibit, 2) Actions- FMM, Attention Off-task, GMM, Positive/Negative Affect, Verbalizations,
Visuo-tactile Mismatch and Intrusions were then coded and described, 3) Goal behind the
Actions and perceived Strategy, for this round it was useful to have the descriptions of the
actions in advance, as it tracks retrospectively where one goal started and finished. The data
was then extracted into a CSV file that contained the beginning, end and duration of each
code in each of the event tiers. Between the different coding rounds, the videos were never
coded in the same order, using a random order generator to avoid any possible fatigue bias.

The videos were not coded by any other researcher so no inter-rater reliability was done.

b. EDA data. For this study’s particular case, all activity peaks were considered non-
specific skin conductivity peaks (NS-SCR) rather than SCRs peaks since there were no fixed
events designed a priori to generate a response. The number of non-specific active peaks
throughout the interaction can also reflect different levels of arousal depending on the
amount found per minute, where having between 1-10 p/min reflects periods of quietness
whilst higher arousal ranges from 20-25 p/min (Malmberg et al., 2019). EDA raw files were

downloaded from Empatica Online Manager and processed through Excel to find the event
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timestamps tagged during the interaction in order to align the data with the time-stamp in the
videos. Data was then processed in MATLAB via the Ledalab interface (Benedek &
Kaernbach, 2016) using Continuous Deconvolution Analysis (CDA). Participant data was
optimised before doing the CDA, relying on a more restrictive threshold of the minimum
amplitude of p0.05 in NS-SCR peaks (Boucsein, 2012; Boucsein et al., 2012), which is
higher than the 0.01 used when EDA is collected in a more controlled environment.
However, since children moved and interacted with an exhibit, the chosen parameter
reduced the possibility of confounding possible artefacts generated by hand movement. This
resulted in a file of selected NS-SCRs that passed the amplitude threshold, with their
respective amplitude and timestamp. The amplitude score was standardized and z-scores

were obtained per participant to make a comparison between participants more accurate.

c. Self Report Data — Once the data from the questionnaires was transcribed, a

change variable was computed for pre-interaction question 8: “Do you like science” and end-
of-study question 24: “Do you think it changed how much you like science now?”. This
change variable was obtained by subtracting the Likert-scale value of question 24 from the
obtained result of question 8, if the outcome was 0, it meant there was no change, and any
positive value meant there was an increase in how much children enjoyed science after the
interaction, whilst negative values meant the enjoyed decreased after the interaction. A
composite variable was created to capture self-report of enjoyment of the exhibit post-
interaction, to do this question 9: “How do you feel about the exhibit?” and question 16:
“What do you think your friends would say about the exhibit?” were combined. To calculate
the reliability of this composite variable a Spearman-Brown correlation was used requiring a
minimum value of 0.8, as recommended by Eisinga and colleagues (2013) for using only two

variables for this.
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4.4 Data Analysis

First, the descriptive statistics were calculated for the three main tools to explore
what each of the tools was showing: a) Self-report questionnaire, averaged composite and
change scores for self-report questionnaire; b) EDA mean amplitude per participant, and
mean count of NS-SCRs; c) for each of the behavioural codes, mean and standard
deviations were computed for frequency counts in total per participant and for each of the
behavioural variables specified in Table 4.1, and the proportional time spent in each
behaviour calculated per participant. The analysis was then divided into two parts to answer

each of the specific research questions from this study.

The research question (RQ3) “What is the relationship between the different
outputs of the tools that measure different components of engagement?” was
answered through two different sub-questions with their respective quantitative analysis. The
first sub-question looks at the results of engagement as an outcome because it uses
measures aggregated by the end of the interaction, whereas the sub-question 2, focuses on
the process of engagement and considers the markers of engagement as well as the time-

point of each of these throughout the interaction.
a. Is there a relationship between the different tools that capture engagement?

It was first hypothesised that the outputs from the tools that captured similar
components of engagement would show some relationship in their outputs. To explore this,
correlations between the different outputs were carried out to evaluate if there was any
relationship between them. The variables used for this analysis were: a) 8 Cognitive-
behavioural markers obtained from the video-coding using the Engagement Codebook

((“Off-task Attention”, “Enthusiasm”, “Action [FMM]”, “Body Movements [GMMY",
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“

“Verbalizations”, “Strategy/Goal” 1°, “Intrusiveness” and “Visuo-tactile Mismatch”) 1, b)

Physiological markers obtained from the EDA sensor as the significant non-specific skin
conductivity responses (NS-SCRs), ¢) Answers on self-reported engagement and enjoyment
of exhibit from the self-report questionnaire. A series of Spearman correlation pairs were
carried out after all the variables failed to pass a Shapiro-Wilk normality distribution test. The
series of correlation pairs were: a) the average mean response from the Likert questions that
evaluated children’s self-reported enjoyment of the exhibit: “What did you think about the
exhibit?” was correlated with, b) the total count of EDA NS-SCRs per participant, c) the
median EDA Amplitude (z-score), and d) the total percentage of time per participant spent in
each of the 8 ELAN categories of interest. Additionally, an exploratory series of Spearman
correlation pairs within the cognitive-behavioural markers was carried out to examine if there
were any underlying relationships throughout the interaction with the exhibit between the
different markers recorded from the combined fixed camera and head-mounted camera.
That is, to explore if any of these behaviours would happen simultaneously (beyond those
that were parent hierarchies — FMM - Strategy), the proportional time spent for each
behaviour was used. The only correlation pairs that were excluded from the analysis were:
Strategy-Use - FMM and Goal-FMM. The correlation pairs were explored with and without
adjustments for multiple comparisons. For family-wise error, a Bonferroni-Holm correction
was used to account for false positive results, whereas a false discovery rate adjustment
was also used (i.e. Benjamini-Hochberg) to account for false negatives and because it has
been suggested as a less conservative measure that is useful for screening analysis and

exploratory hypothesis (Benjamini, 2010; Benjamini & Hochberg, 1995).

10 Since the behavioural codes of Strategy and Goal were always coded simultaneously
(see section 4.3.5.1 or Appendix H), the proportional time was the same for both.
11 Negative Affect was removed due to a low number of observations (see section 4.5.1.2)
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b. Can children’s emotional response be predicted by the onset of cognitive-

behavioural responses?

To explore throughout the process of engagement whether specific cognitive-
behavioural markers of engagement were generating an emotional arousal response
that did not lead to dis-engagement (i.e. emotional engagement) a hierarchical mixed-
effect model was used (y~x+z |1). Nested or hierarchical models considered the effect
from each unique observation of each type of behaviour, but also that each observation
within each behaviour is nested within a unique individual participant (Gelman, 2006).
For emotional arousal, it was used the number of NS-SCRS present within each
observation of any of the cognitive-behavioural markers. In other words, the outcome
variable was the total count of NS-SCRs that fell within the possible response range for
an electrodermal response (1-4 s after an event starts, Boucsein, 2012) present in each
of the behavioural observations per participant. Thus, any NS-SCR that appeared 1s
after the behavioural observation had initiated and up to 4s after the behaviour had
finished was considered. Since the outcome reflecting the emotional component was a
count variable, the multilevel model structure was a Poisson generalised linear model
(Rabe-Hesketh & Skrondal, 2008). The behavioural predictor variables to explore were
Action — FMM, Positive Affect, Strategy/Goal, Verbalization, Attention Off-task, Visuo-
tactile attention mismatch, General Body Movement — GMM, and Intrusiveness'?. The
duration of each observation was also considered a fixed factor for this model since it
was recognised that different behaviours had different lengths due to their nature®®. A
generalised linear mixed effect model (GLMM) with a random intercept was employed to
predict whether the number of NS-SCRs was dependent on the type of behaviours the

children were doing. For this model, the first level considered observations (e.g. starting

12 Behavioural category of Touching was removed from main analysis since it was present
throughout more than 90% of the interaction and it would confound analysis for other touch-
dependent variables like FMM and Strategy. Negative Affect did not have enough observations for the
model and Goal category had the exact same times as Strategy and would confound the model.

13 See section 4.5.2
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time and duration) for each of the behavioural categories, which were nested within the
second level, which were the 27 participants. The random intercept in the model
considers the variance occurred by having repeated measures in the behavioural
categories attributed to the different participants. To find the best model, models were
incrementally built in R (R Core Team, 2021) using the package Ime4 (Bates et al.,
2015). Starting from a null model with a random intercept at participant-level (Level 2)
and incrementally adding the fixed factors: behavioural variables, duration and an
interaction term between these two. Model estimation was done using Maximum
Likelihood. Estimation parameters used for model comparison were Akaike Information
Criteria (AIC), Bayesian Information Criteria (BIC) and log-likelihood. To evaluate
random-effect, the intra-class correlation coefficient (ICC) was used. This statistic
guantifies the proportion of variance explained by a grouping (random) factor in
multilevel/hierarchical data (Nakagawa et al., 2017). The model was built using the
Attention Off-Task variable as the referent level of the group because theoretically it is a
behaviour where children are not completely immersed in what they are doing, and their
attention has shifted (Akshoomoff, 2002). The exponentiated regression coefficients
were presented as Incidence rate ratios (IRR), which also facilitate comparison between

variables.

4.5 Results

4.5.1 Descriptive Statistics

Behavioural Codes - The mean of the total count of behaviours per participant

was M = 537.41, SD=68.07. The distribution of the total amount of behavioural codes per
participant showed a normal distribution, passing a Shapiro test (p = .453), as seen in Figure

4.5 where the red density lines highlight the distribution despite not having a completely
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homogeneous distribution in the histogram. The total count per behavioural tier is described
in Table 4.2, whilst the behavioural code distribution between participants is shown in Figure
4.6 where each colour represents a different behaviour. It can be observed that almost all

variables seem to follow a similar pattern in all the participants.

Figure 4.5

Distribution of Total Behavioural Codes and Total Count Per Behavioural Category

Density Plot
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Note. Distribution is shown with a histogram of total count of behavioural

codes. Density distribution is shown with a red line.

Touching was the behavioural category where the highest percentage of time was
used (>90%), although it was expected considering it is a hands-on exhibit. Since this
category was also present along with all the other variables most of the interaction time and
did not provide any nuanced results regarding touch, this variable was not considered for
future analysis because it could lead to confounding results.The second and third most
recurrent behaviours were Action- Fine Motor Movement [FMM], and Strategy Use -Goal

which were always coded together (as explained in Table 4.1).
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Table 4.2

Descriptive Information of Behavioural Variables

Codes per )
Behavioural Tier Total count participant Tlme(yspent

™ (%)
EDA 6156 228 -
Action [FMM] 2846 105.407 72.4%
Goal 1902 70.444 63%
Strategy 1894 70.148 63%
Interesting Moments 398 14.741 12.7%
Touching 309 11.444 91.3%
Attention Off- task 236 8.741 4.8%
Verbalizations 226 8.37 9.50%
Visuo-Tactile Mismatch 194 7.185 3.58 %
Body Movement [GMM] 170 6.296 5.21%
Enthusiasm / Positive Affect 97 3.593 2.96%
Intrusiveness 40 1.481 2.19%
Negative Affect 16 0.593 0.32%
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Figure 4.6
Distribution of Behavioural Counts Per Participant

Proportional time spent in each behaviour
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Note. Distribution showing distribution of codes per behaviour in each participant. Behaviours

have the same colours across participants shown in the legends at the right.

Electrodermal Activity - Participants had a standardised mean amplitude of p =

.0076 (SD=.032) and a standardised median amplitude of pu = -.306. There was a total of
6156 NS-SCRs that passed the amplitude threshold of p = 0.05 for all 27 participants, with
an average of 228 per participant which, when divided by the average interaction time of 5.5
minutes, gives an average of around 41 NS-SCRs per minute. Table 4.3 shows the

distribution of obtained NS-SCRs and their amplitude per participant. Appendix L also
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contains an image of all the participants' skin conductivity responses and the results of

signal decomposition into phasic and tonic.

Table 4.3

EDA Descriptive Statistics per Participant

Participant Mean (us) Md (pus) count Participant Mean (us) Md (pus) count
S1 p01 -6.18 e-18 -0.446 207 S1 pl6 3.51e-07 -0.23 287
S1_p02 1.06 e-06 -0.385 191 S1_p17 -1.80 e-06 -0.402 169
S1 p03 -3.98 e-07 -0.206 253 S1 pl8 2.33e-06 -0.176 259
S1 _p05 6.71 e-07 -0.368 151 S1 p19 -7.41e-07 -0.169 272
S1 _p06 1.18 e-06 -0.37 257 S1 p20 -3.16 e-07 -0.196 318
S1 p07 2.63e-06 -0.399 192 S1 p21 -4.24e-07 -0.353 238
S1 p08 247 e-06 -0.433 204 S1 p22 -5.78 e-07 -0.508 175
S1 p09 -4.81e-07 -0.254 210 S1 p23 6.55e-06 -0.299 231
S1 plo 4.067 e-18 -0.423 172 S1 p24 1.67e-01 0.003 250
S1 pl1l -2.13e-06 -0.308 237 S1 p25 -1.03e-18 -0.299 241
S1 pl2 1.37e-18 -0.321 212 S1 _p26 222e-02 -0.317 219
S1_p13 3.15e-06 -0.248 256 S1_p27 -2.71e-06 -0.365 223
S1 pl4d -2.74e-06 -0.302 221 S1 p28 -3.64e-18 -0.138 270
S1_p15 -1.67 e-06 -0.359 241

Self-Report Questionnaire - A change variable was obtained for the item “Do you

like science?” considering scores before (M = 4.59, SD = 0.56) and after interaction (M =
4.71, SD = 0.59), however, there was a ceiling effect in the results with no changes
observed in the results due to a similarity before and after the interaction (M = 0.19, SD =
0.57). The composite variable considering whether children enjoyed the exhibit (and what
their friends had also thought), was tested for inner reliability using a Spearman-Brown
approach, which did not show a level above 0.8 needed for reliability (A=0.64), thus it was
decided to use responses to the individual question “How do you feel about the exhibit?” for
the triangulation analysis, where the average answer was also close to ceiling (M = 4.75,

SD=0.51).
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4.5.2 RQ 3.a - Is There a Relationship Between the Tools That

Capture Engagement?

A Pearson correlation between the chosen EDA variables (NS-SCRs total frequency

and median Amplitude) showed these were related to the same construct (R = .70, p<0.001).

A series of Spearman correlations were used to look for relationships between the
EDA Amplitude, the count of NS-SCRs, the self-report item and the proportional percent of
time used for each of the 9 main coded behaviours of interest: Action-FMM, Verbalization,
Attention Off-Task, Strategy, Goal, Body Movements [GMM], Visuo-Tactile Attentional
Mismatch, Enthusiasm and Intrusiveness. Negative Affect had very few observations (16
instances out of 14,484), where not all the participants had at least one event, and for which
the average of time spent in this behaviour was close to zero (0.32%). The low number of
participants restraints the use of this variable for any correlation analysis, and the low
number of events also impact any possible multilevel modelling planned since the total
number does not reach a minimum of 20 observations (Bolker et al., 2009). Thus this
variable was not considered for this or any other analysis from this point forward. An in-depth
analysis of the correlation pairs representing different tools was prioritised and it can be seen
in Table 4.4, with its un-adjusted value, and the adjustments for family wise error and false

discovery rate.

This analysis showed at first a significant negative correlation between both
measures of EDA and the Intrusiveness category. That is, the total count of NS-SCRs and
the proportional percentage time used by Intrusiveness events was R=-.43, p = .026,
indicating that a higher percentage of time used by Intrusive episodes was associated with a
lower count of NS-SCRs. A significant negative correlation was also found between the EDA
amplitude and the proportional time used in Intrusive events R = -.40, p = .037, which shows
that children had a smaller EDA amplitude as total time used with intrusion increased.

However, when accounting for multiple comparisons with adjusting for family-wise-error

162



(f.w.e.) and for false-discovery-rate (f.d.r.), the adjusted p was not significant for either of

these categories.

Table 4.4

Correlation Coefficients Behind Tool Triangulation

Behavioural variable NS-SCR EDA
mean frequency Median Amplitude (L)
R p f.w.e. f.d.r. R p f.w.e. f.d.r.
p adjust p adjust p adjust  p adjust

Attention Off-Task 19 .35 1 A7 .20 3 1 45
Enthusiasm .26 .18 1 .36 .34 .081 1 .25
Action [FMM] -.37 .055 .94 .22 -.39 .047 .84 .22
Strategy/ -.22/ .27/ 1 45 =27/ A7/ 1 .36
Goal -.23 .25 -.28 .16
Movement [GMM] -.02 9 1 .90 -.16 42 1 52
Visuo-Tactile -.20 .32 1 .45 -34 .086 1 .25
Mismatch
Verbalization 37 .056 .94 .22 13 .53 1 .59
Intrusiveness -.43 .026 .52 .22 -4 .037 71 .22
Self -Report -.10 .63 1 .67 14 5 1 59
Post-exhibit

Note: f.w.e was done with a Bonferroni-holm correction, while f.d.r was done using

Benjamini- Hochberg correction.

To understand how some of the different cognitive-behavioural markers appeared
throughout the interaction, a Spearman correlation analysis was also done with the
proportional time spent in each of the behaviours (Table 4.5). Some variable pairs were
excluded since the correlation was expected due to category hierarchy. The excluded pairs
were actions [FMM] and Strategy/Goal, as well as Attention Off-task and Visual Attention
Mismatch!4. These analyses were also adjusted for multiple comparisons using only false

discovery rate, due to the exploratory nature of it.

14 See section 4.3.5 “Data Processing” for more information
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Table 4.5

Correlation Coefficients of Coded Behaviours after FDR adjustment

p (adjust) At Str Go Ent FMM Ver Int Vis GMM
R

Attention Off-Task stime) RGO 01 01 01 01 .19 .84 .84 .19

Strategy (%time)

Goal(%time)

Enthusiasm(%time)

Action [FMM] (%time)
Verbalizations (%time)
Intrusive (%time)

Visuo-Tactile Mismatch
(%time)
GMM (%time)

Note: The table shows in blue negative correlations, in red positive correlations and

in black the remaining correlation and p coefficients.

Results showed significant positive correlations between time spent in Attention Off-
Task with time spent in Enthusiastic behaviours (R = .56, p = .01) and Verbalizations with

Enthusiasm (R= .59, p = .01) which can be seen in Figure 4.7.

Significant negative correlations were found between time spent with Attention Off-task and
time spent doing actions [FMM] (R = -.58, p = .01), and with Strategy-Goal driven episodes
(R =-.56, p =.01), showing that the more time children spent with their attention off-task, the
less time they did actions. Significant negative correlations were also found between time
used in Enthusiastic behaviours and time doing actions [FMM] (R = -.57, p = .01), that is, the
more time children performed any actions, the less time they showed Enthusiasm. Similarly,
significant negative correlations were observed between Verbalising time, time doing actions
[FMM] (R=-.48, p = .04). This indicates that the more time children spent in different actions,

the less time they used talking. These are all shown in Figure 4.8.
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Figure 4.7

Positive Correlation plots between cognitive-behavioural markers

. L - L ]
197 R=056, p=0.0023 191 r=-059 p=00012
10 gm_

&
172
* o
L w *
-] . g
L ] L ] = 5_ *
Ll * .
* & L ]
* s
- . . *
O- :‘. “ - - L . -
ol %
0 5 10 15 0 10 20 30 40

Aftention Off- task (ms)

Verbalizations (ms)
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Figure 4.8

Negative Correlation plots between cognitive-behavioural markers
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4.5.3 RQ 3.b - Can Children’s Emotional Responses be Predicted

by the Onset of Cognitive-Behavioural Responses?

To answer this question, a more detailed analysis was used for simultaneous trace
data. The number of total NS-SCRs associated with each behavioural category is described
in Table 4.6 and Figure 4.9, which shows an expected Poisson distribution for count data:
skewed to the left and with a long tail to the right. Appendix L also shows how the NS-SCRs

are distributed in each participant per variable.

Table 4.6

NS-SCRs Descriptive Statistics Per Behaviour

Behaviour Total count NS-SCR NS-SCR NS-SCR Duration

NS-SCR (freq. mean) (min) (max) (s)

FMM 10209 3.59 0 18 2.23

Strategy 7640 4.04 0 18 2.92

Verbal 889 3.93 0 13 2.18

Attention Off-task 805 3.41 0 11 1.8

GMM 684 4.02 0 12 2.7

Visual Attention 1.64

638 3.29 0 10

Mismatch

Enthusiasm 386 3.98 1 10 2.31

Intrusive 160 4.10 0 11 4,23
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Figure 4.9

Distribution of NS-SCRs Count per Behavioural Variable
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Nested Levels Behind Multilevel Structure
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A Poisson generalised linear mixed effect model [GLMM] was used to evaluate the
observations nested within each of the 8 chosen behavioural codes, which were also nested
within the 27 participants. Figure 4.10 shows the multilevel structure of the data. The model
aimed to determine whether the behaviour children were doing predicted the number of EDA
responses.

Comparison between the four models showed the best-fitting model was the one that
included all fixed factors and random intercept. Table 4.7 shows the estimation parameters
and model criteria for comparison (AIC, BIC, log-likelihood). It can be noted that as each
term is added, the model fit improves significantly. The best model to answer the research
guestion was No. of NS-SCR Present ~ Behavioural Variable * Duration + (1 | PartCode) (X

(7) = 21.495, p = .003).

The model had a marginal R? which explained 16.8% of the variance was due to the
fixed-factors of behaviour type, duration and their interaction (R%s.mmm) = 0.168), whereas
the conditional R? showed a variance of 26.5% due to the combination of the fixed factors

with the random intercept per participant (R%cLmwc) = 0.265) (Nakagawa & Schielzeth, 2013).

Table 4.7

Model Comparison

npar AIC BIC logLike Deviance Chi? Df p

1.Null model 2 22317 22330 -11156 22313
2. Main

predictor:
Behavioural
variables
3. Adding
predictor: 10 20478 20545 -10229 20458 1769.92 1 <.001
Duration

4. Interaction

of both 17 20471 20584 -10218 20437 21.49 7 .003
predictors

9 22246 22306 -11114 22228 84.78 7 <.001
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Figure 4.11

Visualisation of Model’s Results

a) NS-SCRs distribution over duration by Behaviour
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The model shows that the number of NS-SCRS per behavioural variable varied
significantly (x> = 84.78), where considering Duration of behavioural variables contributed
significantly to an increase in NS-SCRs (x?= 1769.92) (Figure 4.11a). Additionally, an
interaction term between the duration and each behavioural variable was significant (x*=
21.49). Figure 4.11c shows the duration range for each variable and how many NS-SCRs
are elicited within this range, thus confirming that duration has a different impact on the
number of NS-SCRs depending on the behavioural variable. Differences in participants'
random intercept showed a variance of 3% (02 = 0.031) and the proportional variance
explained by grouping the participants was 12% (ICCsLmm = 0.12) with Figure 4.11b showing

the distribution of the random effects in each participant.

The model built using the Attention Off-Task variable as the referent level (Table 4.8)
showed that the ratio for the number of NS-SCRs when Attention is off-task increased
significantly the incidence rate by 14% (CI =11-17%) whenever the duration increased by 1 s
(2 =9.32, p<0.001). That is, if 100 NS-SCRs were observed as events of Attention Off-Task
with an average duration of 1.8s, and if the duration of these events increased by 1s, the
expected number of NS-SCRs would be 114. Attention Off-Task only showed a significant
difference in IRR with Strategy. The ratio of NS-SCRs when Strategy had a similar starting
point as Attention Off task showed a significant advantage of 14% (ClI: 3-26%) in the
incidence ratio (Z = 2.45, p = .014), which indicates that the starting number of NS-SCRs
was higher than for Attention Off-task. However, when the duration of the Strategy behaviour
increased by 1s, the difference between them reduced significantly by 3% (CI:0-6%) each
second (Z=  -2.01, p =.443). These results indicated that the rate of NS-SCRs for the rest
of the behavioural variables did not change significantly compared to Attention Off-task, and
the rate associated with an increase in their duration was also not significantly different from

the one reported for Attention Off-task.

Strategy showed to have a longer duration, more observations and a pronounced

slope on the plot (Figure 4.11a), it was the only variable to have shown any effect compared
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to Attention Off-task. Since Strategy is a high-order cognitive process used for exploratory
behaviour (Bdrnert-Ringleb & Wilbert, 2018) and this is a skill needed for inquiry and
scientific reasoning (Van Schijndel et al., 2010) it became of interest how it compared to the
other behavioural variables. Strategy was set as a referent level to compare to other
behaviours. The main model estimates and random effects were not affected when the

referent level was modified (as shown in the table results 4.7/4.8 for both referent variables).

Table 4.8

Model Results for Attention Off-task

Attention Off Task as Referent NS-SCRs
Predictors ngfédsgggs Cl p

(Intercept) 2.52 2.24-2.84 <.001
BehavTier [Enthusiasm] 1.07 0.88-1.31 485
BehavTier [FMM] 1.09 0.99-1.20 .095
BehavTier [GMM] 0.97 0.81-1.16 .736
BehavTier [Intrusive] 0.90 0.66 —1.22 .503
BehavTier [Strategy] 1.14 1.03-1.26 .014
BehavTier [Verbalizations] 1.07 0.93-1.23 325
BehavTier [Vis_Att_Mism] 0.95 0.81-1.12 .559
DUR_sec 1.14 1.11-1.17 <.001
BehavTier2 [Enthusiasm] *Duration 1.01 0.95-1.06 .859
BehavTier2 [FMM] * Duration 0.97 0.95-1.00 .076
BehavTier2 [GMM] *Duration 1.04 0.99-1.09 .160
BehavTier2 [Intrusive] *Duration 1.01 0.96 — 1.07 711
BehavTier [Strategy] * Duration 0.97 0.94-1.00 .044
BehavTier2 [Verbalizations] * Duration 0.98 0.95-1.02 .388
BehavTier2 [Vis_Att Mism] * Duration 1.04 0.98-1.10 232
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Random Effects (Attention Off-task referent)

o’ 0.24
T00 PartCode 0.031
ICC 0.12
N partcode 27
Observations 5701
Marginal R? / Conditional R? .168 / .265
Table 4.9
Model Results for Strategy
Strategy as Referent NS-SCRs
Predictors nggdsgggs Cl p
(Intercept) 2.87 2.66 —3.09 <.001
BehavTier2 [Att_Off] 0.88 0.79-0.97 014
BehavTier2 [Enthusiasm] 0.94 0.79-1.13 .526
BehavTier2 [FMM] 0.96 0.92-1.00 .048
BehavTier2 [GMM] 0.85 0.73-1.00 .044
BehavTier2 [Intrusive] 0.79 0.59-1.06 121
BehavTier2 [Verbalizations] 0.94 0.85-1.04 .249
BehavTier2 [Vis_Att Mism] 0.84 0.74-0.96 .009
Duration 1.11 1.10-1.11 <.001
BehavTier2 [Att_Off] * Duration 1.03 1.00 - 1.06 .044
BehavTier2 [Enthusiasm] *Duration 1.03 0.98-1.09 .185
BehavTier2 [FMM] * Duration 1.00 0.99-1.01 445
BehavTier2 [GMM] *Duration 1.07 1.02-1.11 .002
BehavTier2 [Intrusive] *Duration 1.04 0.99-1.09 115
BehavTier2 [Verbalizations] * Duration 1.01 0.99-1.04 .305
BehavTier2 [Vis_Att_Mism] * Duration 1.07 101-1.12 .013
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Random Effects (Strategy Referent)

02 0.24
t00 PartCode 0.03
ICC 0.12

N PartCode 27
Observations 5701
Marginal R2 / Conditional R2 .168 / .265

The results reported in Table 4.9 show that whenever Duration is increased for
Strategy, the ratio for the number of NS-SCRs significantly increases its incidence rate by
11% (CI: 10-11%) each second (Z = 31.29, p < .001). When the incidence rate for Strategy
is compared to Attention Off-task in a similar duration, the ratio of NS-SCRs significantly
decreases by 12% (ClI: 3-21%, Z = -2.45, p = .014), but whenever duration increases 1s for
both these behaviours, the difference decreases by 3% per second. When compared to the
other behaviour variables under the same duration, the ratio of NS-SCRs decreased
significantly its incidence rate when it was a gross motor movement [GMM] by 15% (CI: O-
27%, Z = -2.01, p = .044), when it was an action [FMM] it decreased by 3% (CI: 0-8%, Z = -
1.97, p = .48), and when the visual attention did not match the action [Vis_Attn_Mism], the
incidence rate of NS-SCRs decreased its ratio by 16% (Cl: 4-26%, Z = -2.63, p=.008).
Whenever duration increased 1s for each variable compared to an increase in 1 s in
Strategy, the incidence rate increased significantly by 7% for GMM (ClI: 2-11%, Z=3.02, p =
.002), and by 7% (CI: 1-12%, Z = 2.45, p = .012) for any mismatch between visual attention

and action, but none for FMM.

These results combined help predict that on average, despite the referent level, the
behaviours would have an NS-SCR count of around 3 (Figure 4.12a), and the duration of
behaviours, in general, would increase the incidence rate of NS-SCRs (Figure 4.12b). It also
shows that each behavioural variable has a different interaction with the NS-SCRs incidence

rate that is modulated by the duration of the behaviours (Figure 4.13).
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Figure 4.12

Plots of Model Predictions

a) Predicted counts of NS-SCRs per
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b) Predicted counts of NS-SCRs per Duration
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Note. Model predictions estimating future distribution of (a) count of NS-SCR for each

behavioural variable and (b) increase in count of NS-SCRs depending on the duration of
any given variable.
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Figure 4.13

Plots Showing Influence of Duration in Significant Behaviours
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Note. Plot comparison of the Duration slope for each of the 4 main variables where
effects were found: Strategy (top-left), Attention-Off task (bottom left), Body

movements [GMM] (top-right), and visuo-tactile attention mismatch (bottom-right).

4.5.3.1 - Illustrative Description of Use of Strategies and Goals

Since Strategy/Goal showed a significant increase in NS-SCRs, the particular use of
these cognitive-behavioural markers was examined to illustrate how children were using
them during their exploration of an open-science exhibit. These categories comprised 63%
of the total interaction time. Both of these categories require deeper cognitive engagement

where children explored new ideas, adapted some of the ideas already tested, or returned to
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previous ideas and repeated them?®. Table 4.10 shows the total count of events within the
Goal and Strategy sub-categories, the total interaction time spent in each (percentage), and

the proportional time spent within each category.

Table 4.10

Description of Interaction Times and Frequency Counts Within Behavioural Categories

Behavioural Type count % Total % Proportional time
Tier interaction time within category
Goal Previous 197 6.42% 10.19%
Goal New 309 9.84% 15.62%
Goal Same 1396 46.7% 74.13%
Strategy Previous 195 6.58% 10.44%
Strategy Adapted 226 7.44% 11.81%
Strategy Repeat 319 13.2% 21.02%
Strategy New 505 15% 23.86%
Strategy Going back 646 20.7% 32.87%

Children used the different types of strategies differently throughout the interaction
(Figure 4.14). Going back to a strategy previously used (i.e. more than 30 seconds from last
use, having other strategies in between) was the most used type of strategy (20.7% of total
interaction time), particularly when compared to the use of Adapted strategies (i.e.
something changed from the strategy used immediately before, 7.44% of total interaction
time), or Previously used strategies (i.e. less than 30 seconds between the last use of the
strategy - 6.58% total interaction time). New Strategies (i.e. a strategy not used so far in this
interaction) were the second most used strategy (15% of total interaction time) with
Repeated Strategies (i.e. the exact same strategy as before) following closely; both of these

strategies were used twice as much as Adapted strategies or Previously used ones.

15 For more details refer to Table 4.1 in Methods section (4.3) of this chapter or Appendix K.
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Figure 4.14
Boxplots showing Proportional Percentage Time Used in Different Strategies and
Goals Sub-categories
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Note. Percentages of time are considered within the total time used in the general

category of Strategy (left) and Goal (right).

Regarding how children seemed to have set their own Goals throughout the
interaction also varied, showing that they showed persistence in a single goal for long
periods of time, with the Same Goal category being the most used one (46.7% of total
interaction time) when compared to the others. Also, children came up with New Goals
(9.84% total interaction time) slightly more than they returned to a Previous goal once this

was finished or interrupted.

4.6 Discussion

This study explored the relationship between the different outputs from the tools
capturing engagement, how these measures related to the components of engagement in a

science centre context, and if particular events could be associated directly to a change in
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engagement markers during the activity. The different outputs matching the components of
engagement consisted of: a) Cognitive-behavioural markers obtained from the different
behaviours tracked using video code derived from the engagement scales and the video
recording (fixed camera and head-mounted camera), b) Emotional markers obtained as the
significant non-specific skin conductivity responses (NS-SCRs) from an electrodermal
activity sensor as well as from answers on engagement from a self-report questionnaire.

The findings from this study suggest the possibility of an underlying relationship
between the cognitive, behavioural, and emotional engagement markers captured by
different tools. This was found when engagement was measured as an outcome, that is,
using the total percentage of time a cognitive-behaviour was used throughout the interaction,
where there was a negative relationship between tools where intrusive events were related
with a lower number of total non-specific skin conductivity responses (i.e. emotional
responses), also showing a standardised lower amplitude; while these relationships were not
significant once multiple comparisons were adjusted for, the high correlation coefficient (R >
.40) could be indicating towards an underlying relationship that was not powered enough
due to the smaller population used or smaller number of intrusive events recorded. Positive
relationships were also observed between the different cognitive-behavioural markers
captured using the engagement codebook, where children showed Enthusiasm more times
whenever they spent time with their Attention off-task, and children Verbalized more when
Enthusiasm was shown. On the other hand, more time used in actions [FMM], Strategies
and Goals was related to less time spent with Attention off task, showing Enthusiasm, or
Verbalizing. It was also observed that children preferred re-using strategies they had tested
before the most, trying new ones next, then repeating strategies and adapting them;
whereas for self-setting Goals, children maintained the same goal for more than 40% of the
interaction, and they enjoyed more changing to new goals once the goals were finished than
returning to incomplete goals.

When engagement was captured as a process, considering the number of EDA

responses throughout the interaction time and triangulating them with coded cognitive-
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behavioural markers at similar times, it was observed that the number of NS-SCRs could be
significantly predicted by some of these cognitive-behavioural markers, particularly more by
the use of strategy and goals, and less so by behaviours showing attention off-task, moving
around the exhibit [GMM] or by visually anticipating events. It was also observed that the
duration of any behaviour increased the likelihood of triggering a psychophysiological

response (i.e. NS-SCRs).

This study answered its main research question (RQ3) by examining two different
sub-questions, each of them capturing engagement differently (outcome vs process),
seeking to understand to what extent the tools capture engagement by the triangulation of

different tools measuring the different components of engagement from multimodal data.

4.6.1 Relationship Between the Different Outcomes of

Engagement After the Exhibit Interaction.

This section considered engagement as the total time percentage used in the
different behaviours, as well as the total frequency of electrodermal events and the averaged
amplitude of it. The relationship between the outputs of these tools was explored through a

correlation analysis to explore whether the outputs showed any pattern of occurrence.

Firstly, there was no significant correlation between the two different outputs used as
emotional markers: the EDA sensor (measuring the emotional state) and the self-report
measure (measuring the emotional experience). One reason could be attributed to the
prevalence of the ceiling effect in the responses from the self-report questionnaire increasing
the difficulty of observing any variations. However, it could have also been because the
specific markers used for EDA (total frequency count of NS-SCRs or median amplitude of
SCRs) and the items from the self-report measured different parts of an emotional
experience (emotional state vs feelings), thus they were not measuring emotion a similar
dimension. This would make sense since the self-report measure from the child requires

them to average out their overall experience by using the Smiley-o-meter to select a specific
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facial expression with a certain intensity, whilst the EDA sensor was a resulting measure
from constantly tracking the physiological arousal of the child, where more nuances and
variance was encountered. Furthermore, Fowles and colleagues (2000) mention in their
research that is possible to have events that could be psychologically relevant which appear
less effective in eliciting a physiological response. When both EDA measures were
correlated with the cognitive-behavioural marker used for positive emotion?® (i.e.
Enthusiasm), a positive relationship was hinted at by the medium effect size (R=0.34) with
EDA amplitude, and low-medium effect size with the number of NS-SCR peaks (R=0.26),
whilst these were not statistically significant, they could still point towards a relationship
between the observed emotional expressions and experienced emotional markers that the

data collected was not powered enough to show.

Relationships between the measures obtained from the EDA sensor and the
cognitive-behavioural measures (camera and head-mounted camera) showed 3 significant
relationships that were no longer significant once multiple comparisons were accounted for,
however, the effect sizes observed could be pointing at an underpowered relationship that
would need more data: Two of these were negative correlations between Intrusive events
and both the electrodermal measures that could be indicating that having intrusive episodes
was not driving the increase in the NS-SCRs frequency (R= -.43), nor with their amplitude (R
= -.40). The third correlation showed a medium-effect decrease in the median EDA
amplitude whenever more time was used performing different actions [FMM] (R = -.39). This
could be indicating that performing more actions could be related with smaller amplitudes or
with a decrease in amplitude from the electrodermal response. This would be in line with
results found by Fowles and colleagues (2000) where they found smaller amplitude
response for positive stimuli, and less SCR responses for stimuli with which participants

were more familiar. Translating this into the results found for this research, the sand exhibit

16 There were not enough cognitive-behavioural markers observed for Negative Expressions
of Emotion as discussed in section 4.5.1.
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allows a limited number of possible actions that can be done throughout the interaction(i.e.
affordances). Thus if more actions were performed it could lead children into either
familiarising themselves faster with these actions, or might lead to reaching the affordance
limit sooner than children who did not perform as many actions. If this were the case, fewer
novelty items and moments would potentially mean fewer emotional reactions from the
physiological system (Davidson & Smith, 1991; Fallahpour et al., 2010; van den Bosch et al.,
2013). Similarly, other behaviours did not show statistical significance when related to EDA
measures, but when examining their effect size in Table 5.4, these could be suggesting a
series of underlying relationships that could be further explored, for example relationships
with medium effect sizes (R > .3) were found between EDA NS-SCR frequency and the time
spent Verbalizing (R = .37), which points to a possible relationship that NS-SCR events
might be more likely to increase when children are Verbalizing more. Also, another
underlying negative relationship of medium size (R = -.34) was observed whenever visual
attention did not match between what is touched and what is observed with the EDA median
amplitude, with a similar yet lower effect size (R = -.20) when correlated with NS-SCRs
events. With more data to power this analysis, this last relationship could be suggesting that
whenever children’s attention is divided, the median amplitude of EDA might be lower, along
with the number of response peaks. Nonetheless, having 27 participants single aggregated
score for each behaviour was not enough to clarify how the outcome of engagement could
show a relationship between the different tools, but it points to future relationships that could

be investigated further.

On the other hand, exploring within the cognitive-behavioural markers to explore how
these could be relating differently to one another throughout the interaction, showed more
fruitful results. It was intriguing to find a significant positive relationship between the amount
of time children spent with their attention off-task, their time spent showing enthusiasm and
the time spent verbalising something. A possible explanation arose when the data was

coded and explored, since it was common to notice through the head-mounted camera
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(child’s perspective) that children looked away from the exhibits to look at parents (or
accompanying adults) as well as towards the researcher, where sometimes they would
make remarks about the exhibit towards any of the adults (shown in Figure 4.15). These
remarks often contained excitement towards something that had just happened at the

exhibit.

Figure 4.15

Example Image of Child with Attention Off-Task Looking at Parent
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Note. Example shows child smiling and looking away from the sand exhibit while still
grabbing a funnel. The panel on the right shows the child is looking at parent while smiling.
In the ELAN code underneath it can be observed the synchronous code of Enthusiasm with
Attention Off-task

It was interesting to observe this naturally emerging behaviour where children
visually and sometimes verbally looked for reassurance to their parents first. These results
align with research findings that younger children tend to gaze more at parents, and where
gender might also be playing a role with girls under 5 year olds relying on and gazing more
at parents compared to boys (Schofield et al., 2008; Vlietstra & Manske, 1981). Moreover,
this could be an already established behaviour driven by the release of oxytocin and other

peptides that help with relationship building when children and parent cross their gaze
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(Heinrichs & Domes, 2008; Wittfoth-Schardt et al., 2012). These synchronicities of events

could also be observed in the effect sizes of the correlations between these behaviours.

Figure 4.16

Example Image of Child with Attention Off-Task Looking Away from Exhibit
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Note. Example shows child looking away from the sand table into the gap between
panels. As shown in the associated ELAN code, it can be observed this behaviour does

not last very long.

Two main factors could be responsible for driving children’s gaze off task: an
unrelated event that shortly distracted them from the task to evaluate what the external
stimuli were (Figure 4.16), or alternatively, children averted their gaze to process cognitively
the events they had observed in a “visually neutral” scene. Similar gaze aversion has been
observed with eye-tracking where participants move their gaze away when processing
cognitive tasks, or when answering difficult questions (Laeng et al., 2014; A. McCarthy et al.,
2008). If the latter was the case, there is a possibility that children might have expressed a
positive emotion during or after processing what they were doing in the exhibit, which could
explain the relationship found between these Attention, Enthusiasm and Verbalizations. It
should be noted that the verbalizations also included exclamations of emotions or emotional

vocalizations, singing and humming to allow for a broader range of emotional expressions.

184



These results would also serve as an explanation for the underlying positive relationships

found exactly between EDA measures, Attention Off Task, Enthusiasm and Verbalizations.

Not surprisingly, negative correlations were found between the behaviour triad of
Attention Off task, Enthusiasm and Verbalizations and the action triad of
Strategy/Goal/FMM, where the more actions and strategies were performed throughout the
task, the less time was invested in looking away, expressing positive emotions or making
any remarks about it. One explanation for this could be associated with children’s age?”’,
children performed more actions and strategies throughout the interaction but of shorter
duration as age increased. Having a simultaneous increase in the number of actions
performed whilst having a decrease in the duration of each of these actions as age progress
could be showing part of children’s development where they turn towards an inner speech
and self-validation, becoming less reliant in seeking external support, validation and
scaffolding (Alderson-Day & Fernyhough, 2015; Brinthaupt et al., 2009). There could also be
an increase in children’s exploratory behaviour due to their age, in comparison to a familiar
and controlled approach of younger children who performed a lesser number of actions and
strategies yet with longer duration. Research has shown age-related differences in the use
of strategies (Bornert-Ringleb & Wilbert, 2018; Siegler & Ellis, 1996). This could be
associated with a decreased use of strategies, whether it is due to a difficulty in knowing
which strategy is more appropriate, or struggle to spontaneously use a strategy, which has
been related to poorer working memory (Dupont-Boime & Thevenot, 2018) and low
metacognitive skills, which are both skills that develop with age(Bryce & Whitebread, 2012;

Moriguchi et al., 2016).

The correlations found within the cognitive-behavioural markers could be used as
evidence that a triangulation of tools can convey more information underlying children’s

engagement and interaction with a science exhibit. These results could also be pointing to

17 An exploratory age analysis was carried out to examine whether age was driving any of the
results, since this was out of the scope of the project it is inly reported in Appendix M
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similar evidence about engagement as outcome of different components as found by Ben-
Eliyahu et al.(2018) when comparing structural equation models regarding the
multidimensionality of engagement. These results also build on evidence provided by the
Going Ape! project (Tisdal & Perry, 2004), whilst their research aim was to compare exhibits
that elicited active prolonged engagement against those that did not, one of their main
predictors was time spent in the exhibit and the emotional engagement observed through
what they call “driving questions” driving their behaviour and the emotional response
observed (in their case it relied on observed facial expressions, self-report and voice
expression). This study contributes to their results by focusing on a single exhibit, and not
only labelling the particular behaviours visitors do, but also recording the amount of time
spent on each of these behaviours. It also contributes by showing some connections
between emotional markers of engagement and the cognitive-behavioural ones, which go
beyond those that are observable. That is, markers that are captured thanks to the addition
of a physiological tool that allow the exploration of possible underlying co-occurring patterns
of emotion-related processes that could potentially be linked to engagement, which involved
more information than a single observational variable would have provided (e.g. facial

expressions).

By capturing the finished product of what happened throughout the interaction, the
results show engagement both as a process, by being coded during the interaction, and as a
resulting outcome, by summarising what engagement looks like after the interaction was
finished. Recalling the high possibility of children being engaged given the high number of
NS-SCRs per minute, would lead to believe that the codes reflected measures that captured
engagement. The findings of this section show that a relationship between some of the tools
was observed once the total engagement was considered, but it was not enough in some
other cases to yield results that were powered enough to make substantial claims. It is also
necessary to explore how these events could be interacting with one another, if at all, during

the process of engagement, that is, when the relationships are explored throughout the
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interaction.

4.6.2 Emotional Engagement Markers Predicted by Cognitive and

Behavioural Responses throughout Exhibit interaction.

Following the direction from the previous research question, a different way of
exploring a data relationship amongst the varying tools was to look at whether events co-
occurred throughout the interaction during the process of engagement, and if so, how. More
specifically, looking at whether events from the different cognitive-behavioural markers of
engagement had any effect on a psychophysiological level (i.e. NS-SCRs) that could be
partially reflecting children’s emotional arousal. This was done by taking non-specific skin
conductivity responses (NS-SCRs), where the amplitude value was above the minimum
threshold of 0.5 ps, and using their time-stamps to look for any behavioural and cognitive co-

occurrences within the EDA response windows of 1-4 s (Boucsein, 2012).

The action [FMM] and Strategy categories had the highest counts of total behavioural
events, which also showed to have the highest counts of total NS-SCRs that fell within the
timing of the behaviours. These outcomes are congruent for a hands-on exhibit since these
are expected to elicit visitors to act with them, however, they also present an interesting
finding since they provide physiological evidence that this particular hands-on, but also
open-ended exhibit, fostered great emotional arousal. This would align with observations
from Gutwill (2008), where he found open-ended exhibits attracted visitors for longer,
eliciting a more active engagement through a playful exploration with more opportunities for
creation when compared to planned-discovery counterintuitive exhibits. Also, Tisdal & Perry
(2004) found that open-ended exhibits enhanced what they called a “complete engagement”
where their interaction had: 1. Beginning — where visitors discover a driving question they
would like to answer with the exhibit; 2. Middle — where strategies and efforts are used to

answer the question; and 3. End — once the question has been answered, and positive
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emotions and information has been obtained as an emotional and intellectual reward. It
could be said that because of the extended interaction time in this research study, the cycle
of engagement could easily have been fulfilled multiple times with different driving questions,
simultaneously recording physiological evidence that could be reflecting the emotional

arousal observed after doing exploratory strategies.

The data from the chosen hierarchical model showed that the number of emotional
arousal markers (i.e. NS- SCRs) per cognitive-behavioural event was influenced by the type
of cognitive-behaviour being done, the duration of each behavioural event, and that this
latter interacted with the type of cognitive-behaviour differently. More specifically, it showed
that the number of psycho-physiological activity peaks elicited (i.e. NS-SCRs) varied
depending on the type of cognitive-behavioural event, and that the number of NS-SCR
peaks would also vary differently depending on the duration of each type of event. This
echoes previous research that has triangulated cognitive markers with some emotional
arousal markers during mental effort tasks using EDA sensors in young children by Sridhar
et al. (2018). This could also be observed in Figure 4.11a, where the slopes and starting
points were different for the different behaviours, showing also variability in the duration axis
dependent on the number of the NS-SCRs of each behaviour. These results could be
reflecting children’s individual differences in psychophysiological reactivity to the different
cognitive-behavioural markers they did, which could also be associated with differences in
emotional arousal elicited due to personal preferences of the chosen actions and behaviours

they did throughout their interaction with the exhibit.

From all the different behaviours, Strategy Use and Goals elicited the most
psychophysiological responses per event, while also being the ones carried out for a longer
duration compared to the other cognitive-behavioural markers. This is not a surprising result
for an open-ended hands-on exhibit that facilitates “engagement” like Sand Patterns has
shown (see section 3.2). These types of exhibits encourage visitors to invest in their own

self-driven inquiry of the space, questioning and hypothesising to connect to previous
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knowledge but also to prepare for future experimentation (Allen & Gutwill, 2004; Gutwill,
2008; Tisdal & Perry, 2004). It has also been shown that another driver behind engagement
with an exhibit, is the visitor choosing to engage instead of walking away (Tisdal & Perry,

2004).

However, it was interesting to find that even though the action category [FMM] had
the largest count of associated NS-SCRs, they did not appear to stand out as significantly
different from other behaviours, except for Strategy, and even then, the effect size was
marginal. It could well be that other behaviours did not have a higher NS-SCRs count when
compared to FMM. On the other hand, it could also be that Strategy/Goals events implied a
higher count of NS-SCRs because they involve higher cognitive processing where planning,
hypothesising and managing self-expectations played a critical role (Gutwill, 2008; Rennie &
McClafferty, 1996; E. Wood & Wolf, 2008). Thus, if the assumption is that electrodermal
activity is the sympathetic response associated with arousal driven by cognitive effort
(Critchley, 2002), then Strategy, being an effortful higher-order cognitive process, aligns well
as the main behaviour eliciting the highest number of arousal peaks. Similarly, following the
somatic marker hypothesis (Bechara et al., 2005), it could be that these NS-SCR peaks
being observed could be a product of children’s decision-making process of choosing some
Strategies and Goals over others, and then these markers would accompany any future-
decisions to re-use them, choose something different or use when the Strategies and Goals
were similar. These findings could also be demonstrating the model proposing the cycle of
engagement (O’'Brien & Toms, 2008), where it is suggested that once a point of engagement
has been established, there will be different attributes, in this case engaging behaviours,
with variation in their intensity levels which are shaping the process of engagement. In this
particular application of the model, the relationship between those NS-SCRs and the
cognitive-behavioural markers could be representing those variation points, while the
intensity could be reflected in the amplitude of each of the NS-SCRs. Moreover, this would

also be supported by the influence of the amygdala’s response to EDA when stimuli (i.e.
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actions and strategies) obtain emotional meaning through learning, learning that in this

scenario would be done through self-inquiry (Antoine Bechara et al., 2000; Critchley, 2002).

It has also been discussed in research that high-explorative level skills, like whenever
children are able to manipulate and add variation to their manipulation, can be compared to
“scientific reasoning in action” (Van Schijndel et al., 2010). Thus it could be argued that the
use of strategy and goal setting in children was evidencing their scientific reasoning by
setting and exploring their own hypothesis. Whenever children engage in these scientific
skills, their skin conductivity potentially reflected an emotional arousal increase the more

they use these skills.

The triangulation model also allowed to look more in-depth at how children were
using the different sub-types of Strategy and Goals throughout the interaction, which
provided a more comprehensive view of the underlying cognitive processing guiding these
inquiry behaviours. The differences found in the style of use of these skills reflected not only
children’s individual differences and ability to plan ahead of the current action (Bornert-
Ringleb & Wilbert, 2018), but also their degree of cognitive, behavioural and emotional
engagement towards preferred actions (and not others) allowed throughout the exhibit
interaction. The most commonly used sub-category of Strategy was children Going back to
previously used strategies, which shows that children preferred returning to successful and
familiar strategies used in the past, whilst also reflecting that certain strategies were more
useful for children to return to them. This specific finding aligns with arguments presented by
Van Schijndel and colleagues (2010), where they argue that particularly repeating
behaviours with variation is part of children’s higher-level exploration process. These authors
also support that children between 4 and 5 years discover how an item works: they rotate,
inspect and transform the item. To further exemplify this argument, evidence from a
participant from this thesis progressing through a series of actions that responded to
different strategies can be seen in Figure 4.17 (For more examples of Strategies and Goals

using different items in the exhibit refer to Appendix N).
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Figure 4.17

Example Image of Child Progressing Through Series of Strategies
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Note. Example shows the progression of most common combination of actions: placing
containers which received sand (top), then grabbing sand from a surface (middle) and
finally depositing sand into container (lower). The codes used are highlighted to show the
progression of the action and the associated use of Strategy and Goal.
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In hand with this, children also performed more New strategies, whether that was
new uses for the same objects or using new objects for the same actions, however, this
exploration tended to be more spaced in time. This could be explained by research
suggesting that children can discover new strategies by just performing a task, even though
these might not be as effective (Boérnert-Ringleb & Wilbert, 2018; Pressley & Hilden, 2006).
This would also explain the high use of strategies that had been previously used, if children
were trying new strategies without testing their effectiveness in advance, it is more likely for
them to return to identified successful/useful strategies Very similar results were observed
for overarching perceived Goals, where children leaned significantly more to remain with the
Same Goal for longer durations of time whilst exploring different actions and strategies.
Children also set new Goals more than they returned to previous/ incomplete ones. Since
the exhibit is an open-ended exhibit, which means there is no particular aim or goal to fulfil, it
provides room for children to explore, test hypotheses about different objects and

consequences and, if successful, repeat them to confirm the results (Gutwill, 2008).

Results from the model showing an increase in NS-SCRs whenever Strategies/Goals
were used, could be linked to an increase in children’s emotional arousal related to the
novelty and familiarity of each strategy. This could be supported by research where arousal
was measured by an event-related P300 wave, after hearing familiar and unfamiliar
percussive events (Ueda et al., 2021; Yanagisawa et al., 2019). In both these studies,
results showed that the uncertainty that comes with novelty encountered, enhances and
raises arousal whilst repetitive tasks tend to generate habituation and reduce that
uncertainty, thus decreasing the emotional arousal caused by any novel stimuli. These
authors have also argued that initial uncertainty depends on the individual’s prior experience,
when this prior knowledge is increased, by continuous exposition, the arousal accompanying
uncertainty generated by new stimuli, decreases. Similar results concerning arousal with
novelty and habituation have been observed with EDA, in a study evaluating the influence of

caffeine when encountering novel and repeated tasks, where it was found that caffeine
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contributed to maintain arousal in non-novel tasks, but most importantly, that electrodermal
activity was higher when related to novelty (Davidson & Smith, 1991). Therefore, there
seems to be evidence that could indicate that the use of novel or familiar strategies could
modulate some of the emotional arousal associated with each of these. In future research it
would be interesting to understand why these events, and not the others, showed a higher
number of psycho-physiological markers of emotional engagement, or which unique actions
also had higher emotional arousal and what other lessons could be abstracted from
discerning between the more emotionally arousing actions and the ones that did not elicit
anything. The preference and use of Strategies and Goals also reflect part of the scientific
thinking children develop from an early age (Gopnik, 2012), mirrored in the observed
preferred choice of strategy and goal shown by children: Returning to previously used, New
strategies and Repeated strategies. These results also align with the suggestions Van
Schijndel and colleagues (2010) gave to parents as a tutorial to increase exploratory
behaviour while visiting a science exhibit with younger children: 1) getting to know the
material, 2) investigating, 3) drawing conclusions. In their study, it was shown that children
with parents who were given this tutorial showed higher exploratory levels than those whose
parents did not have the video tutorial. What is interesting in the findings of this study, is that
children seemed to have followed the recommended steps on their own as they engaged
with the exhibit. Although this may not always happen when they are exploring a science
centre or a science exhibit on their own free time, whether that is because of all the other
competing stimuli and exhibits or due to time restraints on their visit from their parents

(Tisdal, 2004; Tisdal & Perry, 2004) .

Another significant result from the model was that children having their attention off-
task also elicited a high count of NS-SCRs, whereas the probability of having more
psychophysiological responses increased when the duration of these off-task events was
longer in comparison to the increase when the duration of strategies or actions was longer.

One explanation for this steeper slope with Attention Off-task could be related to the
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correlation results found previously, where an association was found between attention off-
task, enthusiasm, and verbalizations. Thus, in this triad, it could be possible that children
looking away and placing their attention off-task seemed to be more rewarding when this
duration is longer. Interestingly, when children were looking and talking to their parents, this
would entail a longer duration of an off-task period and it would also elicit a higher emotional
response in comparison to other events where they placed their attention elsewhere. It could
be likely that children were looking over at parents for support as shown in Figure 4.15, since
it has been reported that when children interact in museums with their parents, these tend to
guide exploration and point to relevant features to children while providing possible

explanations to observed phenomena (Crowley et al., 2001).

However, an alternative explanation is that greater frequency of NS-SCRs could be
attributed to short bursts of mind-wandering, whether task-related or unrelated, particularly
since these had shorter durations and the effects were still observed up to four seconds
afterwards. Research combining both eye-tracking and EDA measures found that mind-
wandering episodes detected by following participant’s visual attention, triggered delayed
emotional arousal (Brishtel et al., 2020). Although for this study mind-wandering was
prompted by music being played while reading a text, finding that having music when
reading prompted more episodes of mind-wandering than not having music. Their results still
evidence that the emotional response to mind-wandering can appear after the episode
happened. It could also be that these results with a higher EDA could be reflecting children’s
self-detection of an error after which they increase their effort in the task to compensate for
it. Supporting this explanation, a study conducted by Smallwood and colleagues (2004)
showed that when adults reported being engaged with a sustained attention to response
task, their errors were higher, but so was their EDA response, whilst they did not observe
this effect in EDA when participants reported mind-wandering thoughts. The authors argue
that having short episodes of reported self-awareness of errors support an “Oops

phenomenon”, where attentional efforts are redirected to the task after the detection of an
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error. This theory again would link well with the somatic marker hypothesis (Bechara et al.,
2005), where the psychophysiological response is a consequence of the decision made and
the result of said decision, which in this case could be the awareness of having made an

error.

Related to changes in children’s attention, another variable that interestingly showed
an increase in NS-SCRs when its duration increased, was Visual Attention Mismatch, which
was coded whenever children’s attention was split between what their hands were holding
and where their eyes were fixated. Research has shown that individuals tend to gaze
constantly at the objects being manipulated for monitoring purposes, however, they also
move in anticipation to the objects or locations that will be needed next in order to plan and
guide the body towards it (Land et al., 1999). Figure 4.18 shows an example of a child
looking away from where his hands are placed, and it can be appreciated that the mismatch
between his gaze and his actions is related to exploration of space and planning for next
action. In this particular example shown in Figure 4.18, the child was visually exploring the
exhibit and after pressing the red button closer to him he directs his attention to the button
farther from him and then explored the other big red button. It can be observed how they
direct their attention to the other disc while pressing the button, already expecting an effect

in the disc that starts spinning.

One unanticipated result was that the observed psychophysiological responses to the
Enthusiasm cognitive-behavioural events were not significantly different from the other
observed behaviours. This could be attributed to the smaller number of observed cognitive-
behavioural markers related to an emotional expression, whether this was verbal or non-
verbal, in comparison with the higher numbers of observations behind actions and
strategies. The few amount of observed events of Enthusiasm (and even fewer of Negative
expression of emotion) was possibly due to not being able to detect many obvious

behavioural changes in the participants whilst they experienced any sort of additional
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emotional arousal, since it is possible that subtle emotional changes are easier to pass

undetected by the human eye while more pronounced emotional behaviours are observed

Figure 4.18

Example Image of Visuo-Tactile Attention Mismatch

" < @

Note. Example shows how the child has his hands in the edge of the table, but his gaze
seems to be directed at the red button in the other side of the sand exhibit (top). He moves
towards that red button without moving his gaze (middle) and when he presses the button,
his gaze is no longer directed at the button but at the expected movement of the spinning
disc beyond the red button (bottom). During this example, the child had previously tested
the other button so he was aware of the effect it had on the disc that was closer to him and
therefore expected certain movement from the opposite disc.
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less frequently (Martinez & Du, 2012; Matsumoto & Hwang, 2011). This could be used as
evidence that not all emotional responses can be easily detected by observational coding of
behaviour (i.e. facial expressions, voice tone), since there was a high number of NS- SCRs
recorded on average per participant (approx. <200) which did not map onto observed
Enthusiasm events. Furthermore, it could also be likely that the NS-SCRs were not attributed
to a positive emotional arousal even if no negative expressions of emotions were observed.
Evidence of this has been shown in research by Hedman (2008) where he used EDA
sensors to capture a child’s emotional arousal when a child played with Lego on their own or
with a help of a parent, where their results pairing EDA with observational analysis reflected
that children’s frustration or stress for building Lego with uncertainty showed certain SCR
peaks if the child was not reassured after looking at the parent. Research, however, has
also found that facial expressions of emotion do not always co-occur with the expected facial
signal, particularly for positive affective expressions (Duran & Fernandez-Dols, 2021).

These results highlight the limitations of using only observable expressions of engagement
to try to determine a child’s emotional state and emotional experience from their interaction
with the exhibit. It leads to questioning how much we should rely on using observable
facial/bodily expressions of emotions as the sole indicators of whether children are enjoying
an experience or not. This would push arguments in favour of automatization of tools that
could capture, recognise and identify the micromovements behind facial expressions of

emotion (Malmberg et al., 2019; Wilhelm & Grossman, 2010).

It is important to emphasize that the NS-SCR count for the associated behaviours all
needed to have passed a specific threshold, reducing the possibilities of noise or artefacts
found, in other words increasing the likelihood that the count of NS-SCR could have been a
consequence of each of the specific cognitive-behavioural markers considering the response
window. However, one alternative result that could be driving the results observed between
the number of NS-SCRs could be due to the constant movements during interaction with the

hands-on exhibit. Movement has been shown to correlate with bursts or peaks of NS-SCRs
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in EDA sensors, which if it were the case, when pairing hands-on exhibits that heavily rely on
movement could lead to an artificial increase in NS-SCRs (Garbarino et al., 2014; Taylor et
al., 2015). While this has hopefully been controlled for by having a higher threshold for
considering significative NS-SCRs, the possibility remains and using data from an additional
accelerometer and hear-rate monitors could provide additional information to clarify whether
the EDA markers observed were due to movement or emotional arousal. Alternatively, EDA
sensors can also capture temperature regulation in the body coming from the autonomic
nervous system, however, this might be measured more through slow-response tonic

activity, which was not used during this research project.

Overall it could be said that the answers to this question demonstrate that a
triangulation method can capture some of the relationship between cognitive, behavioural
and emotional markers behind early years children’ science engagement. Particularly it has
revealed that the emotional arousal measured by the EDA sensor (i.e. defined in this
research as part of the emotional component of engagement) seems to be more likely
influenced by cognitive-behavioural markers related to exploratory inquiry, such as using
strategies and self-determined goals to achieve. While these findings are limited to EDA
outputs, this could be highlighting some of the underlying reasons behind the prominent role
emotion plays with engagement has when it comes to science learning, which mainly

encourages exploration and curiosity.

4.6.3 Reflection on the Tools Capturing Engagement

Since this was an exploratory study, it was important to ensure there was reliability in
the different behaviours and interaction patterns across all children since there was no full
inter-rater reliability done. According to Rothman, (2007) reliability ideally should reveal
similar scores using the same procedure, this is particularly important for coded data that is
acquired after a level of interpretation, since the difference in the results are expected to be

due to random error (e.g. individual differences). Reliable data should approach a normal
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distribution, if the distribution is too flat it would be pointing to unreliable results that have an
equal probability as chance. Overall, a total count of behavioural codes per participant
(regardless of the type of behaviour) showed a normal distribution of the number of
behaviours done per child, reflecting reliability in the engagement codebook potentially
showing individual differences in behaviour patterns of how children interacted with the
exhibit. Once the type of behaviour was considered, the different behaviours showed similar
distribution patterns, a possible indicator of the nature of how each of the behaviours coded
was working for this particular hands-on open-ended sand exhibit. Understandably, touching
behaviours and those that involved object manipulation, like actions [FMM], strategies, and
goals, were the most frequently found. On the other hand, behaviours like attention off-task,
verbalizations and enthusiasm expressions showed more variability across the participants,

which could be an indicator of the participant’s unique style of exploring the exhibit.

EDA markers per participant'® showed variability in their times of arousal, some had
constant NS-SCR peaks throughout the interaction, others showed increasing patterns of
both phasic and tonic activity, and others showed a decreasing pattern of activity. The mean
number of NS-SCR peaks per participant was 41 NS-SCR peaks per minute, confirming that
in average children were experiencing high arousal during the interaction, which according to
Malmberg et al. (2019) can be marked from 20-25 response per minute. Little research
exists on young children’s EDA parameters in the last decades (Cole et al., 1996; Fowles et
al., 2000; Scarpa et al., 1997), whilst the oldest research with children and skin conductivity
dates between 70-90 years back (Jones, 1930, 1935, 1950, 1960), which hinders the
interpretation of the variability in EDA responses from being attributed to one single reason.
However, there are some possible reasons that could explain the variability. For example,
variability could be reflecting young children’s personality traits or temperament (Fowles et
al., 2000; Jones, 1950, 1960), as research has found that when children are more anxious or

inhibited their electrodermal reactivity tends to be higher. It could also be attributed as a

18 Individual images per participant found in the Appendix |
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response to the different stimuli being experienced, both the ones used in the exhibit as well
as some of the science centre’s intrinsic ones (e.g. loud constant noises), since children
could have responded with large peaks for louder sounds and smaller yet significant ones for
positive visual stimuli (e.g. spinning disc or watching sand fall). This is supported by
research that has found that children between 2-4 years old, have responded more strongly
to loud sounds (e.g. doorbell or car’s horn) and less strongly to turning lights on/off or to
hearing minimal verbal stimuli (e.g. “look there”) (Wechsler et al., 1930), which was also
confirmed in other research showing that 4year old children show large SCRs with loud and
moderately loud noises and smaller yet significant SCRs found with positive visual stimuli
(e.g. glow in the dark stickers) (Fowles et al., 2000). Some of this variability could have also
been caused by different levels of hydration in their skin at the beginning, which probably
increased throughout the interaction. Fowles, and colleagues (2000) hypothesise that higher
resistance in the skin when it is not hydrated could be related to a notable increase in the
course of the research session as the skin gets more hydration. Lastly, movement has also
been found to influence artifacts in SCR (Garbarino et al., 2014; Taylor et al., 2015), and as
discussed in section 4.6.2, this could have been heavily influencing the NS-SCRs given that
the exhibit used was hands-on. However, the E4 sensor used, was designed to be used as a
mobile research tool, which would have been designed to account for mobile artifacts,
whereas research pointing out at movement artifacts has used wired EDA sensors that
require the participant to stay as still as possible. Furthermore, since the scope of the study
was not to compare EDA activity before or after the interaction but to triangulate EDA
information during the interaction with the rest of the tools, a baseline was not considered
and instead measures were used using individual standardized scores. All the different
applications presented here where mobile EDA has been used speaks to the potential this
tool has for providing a glimpse into the unobservable emotional processes an individual
goes through and might be using as a ‘gut-feeling’ reference for deciding how to engage
while interacting with a learning activity. Thus, while EDA seems to be a valuable

psychophysiological source that can track some markers of children’s emotional
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engagement throughout the interaction, it is still not enough on its own to explain what
happens throughout the interaction. Therefore to understand what could be driving these
arousal peaks it is necessary to complement with observed behavioural data and additional

psychophysiological tools.

Regarding the self-report questionnaire, all answers scored with the visual analogue
scales of enjoyment (i.e. Smiley-o-meter) reached ceiling effects. In general, self-report
guestionnaires in children are not very common, the one found for children in science
centres (Ben-Eliyahu et al., 2018)seemed to be inadequate at capturing younger children’s
engagement, particularly since it was designed for older children, and does not consider as
much younger children’s tendency to agree with the researcher (Hernandez et al., 2014).
This led to include in the questionnaire the Smiley-o-meter evaluation, which like the Fun
Toolkit, was designed to compensate for the verbal component weight by helping children
identify feelings or opinions using a visual depiction of inner states (Read et al., 2001; Read,
2008). However, the elevated results for the smiley-o-meter items could be suggesting that
this style of self-report measures tends to generate the opposite effect by overcompensation,
supported by previous research where younger children tend to choose the highest score on
the scale when asked about single opinions about a topic (Read et al., 2002). The smiley-o-
meter has also been criticized for facilitating the agreeability bias children are already prone
to, which has also been discussed in other studies that use similar tools (Delprino et al.,
2018; Sridhar et al., 2018). The latter could have been enhanced when the researcher
helped read and explain the items out loud to the participants before the interviews, which
could have led to children choosing happier faces to please the researcher afterwards. Other
researchers have also argued that this tool does not help or allow for an accurate reflection
of children’s emotions or attitudes (Huan, 2020). The lack of huance found in the self-report
scale could also be related to providing children with too many “emotive” options to choose

from, when a different narrower approach (e.g. “Yes/No/ Maybe”) could have captured that

nuance better by simplification (Read, 2008). Nonetheless, the current research project was
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aimed at using and/or adapting tools and measures that have been previously used in
research, allowing a critical reflection of the tools once the study was done. The
guestionnaire used was accompanied by open-ended questions that allowed children to
explain their intentions and experience with the exhibit which informed the retroactive coding
of some of the self-set goals. A difference as well in this questionnaire when compared to
the fun Toolkit (Read, 20002), is that it captures single open-ended experiences, contrasting
the Fun Toolkit which measures and compares children’s fun with different objects/activities,
the latter having a specific goal to be achieved and more than one experience. Also, to
circumnavigate children’s agreeability bias, an item was added were children had to self-
report what a friend who was not in the room would think/feel. Nonetheless, this self-report
guestionnaire could be improved by limiting the emotional options available in the smiley-
faces and adding specific depiction for more accurate image of “like/dislike”. While the
visual analogue scale fails to provide nuance, it still captures children’s expectations and

feelings of this particular experience.

Answers to this study’s research question also encompass how the same tools can
capture the temporality of the continuum of engagement proposed in section 2.2.5, where
engagement is captured as both a resulting outcome and the process of engagement. The
outcome was captured in the interaction by considering the total time spent used for certain
behaviours and the total frequency/amplitude of electrodermal responses, whereas the
process of engagement considered the same outputs from the tools but in the shape of
trace-data throughout the interaction with the exhibit. Particularly since the same behaviours
showed a similar relationship when the data was averaged and when this was analysed as
continuous data. Furthermore, following the co-occurrence of single events throughout the
interaction rather than the total sum of these events provides more detailed information that
facilitates the identification of specific behaviours that could be key drivers of engagement,
like the use of strategies and goal-setting and its likelihood in eliciting an emotional arousal

via SCR.
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4.6.4 Limitations and Future Directions

This research study also has its limitations to be considered. The absence of
additional relationships between the different tools’ outputs could be attributed firstly to a
lack of influence of the cognitive-behavioural markers on emotional arousal. Secondly,
limitations in the coding process of the video data, in how the data was processed for the
analysis, such as proportional percentage of time which sums the events driving the process
of engagement, or to a relatively small sample underpowered to compare between total
averaged outcomes (n=27). On the other hand, the absence of significative relationships
between the tool’s outputs could be pointing towards a limitation of the different measures
being used, such as using the proportional percentage of time spent in the exhibit, total
frequency count of NS-SCRS or median amplitude as reliable measures for tracking overall
cognitive/emotional engagement on their own. It could also have been because the
measures used for EDA could potentially be driven by all the different behaviours

simultaneously and not by a specific one, thus leading to confounding results.

Additionally, since the E4 does not provide its own analysis software while, it could
be possible that some of the parameters used to extract the raw data with Ledalab were not
ideal for the type of data obtained with children in a hands-on scenario that has no specific
SCR events, which could be increasing noise or failing to detect artefacts related to
movement as it has been suggested before (Garbarino et al., 2014; Taylor et al., 2015). If
these were wrong, they would have impacted the number and amplitude of NS-SCRs per
participant. Moreover, since there are no existing parameters of children’s skin conductivity,
the amplitude was z-scored to facilitate comparison between participants. However, because
standardisation centres data around O as the mean, a lack of variance in the standardised
amplitude complicates statistical analysis when it comes to working with number values
closer to zero and requires more complex solutions outwith the time-frame of this project to

be considered. There may also be a limitation in using only the frequency of NS-SCR peaks
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and not the amplitude of each of these peaks, since these could have provided more

information about the intensity of the events.

Along these lines, future work could use not only the EDA phasic peak activities but
complement it with the skin conductance level (tonic activity) which might be less prone to
movement artefacts. Tracking tonic electrodermal activity during an interaction has been
shown to have the potential to deliver an automated longer-term perspective on children’s
emotional arousal as shown in Hernandez et al.(2014). However, Hernandez and colleagues
(2014), investigated the automatic recognition of EDA parameters using machine-learning
algorithms to detect whether children can be engaged during social situations, which was not
done for this project since the aim was to explore an already engaging exhibit and
triangulate results between tools. While there is no normative data on children’s SCL, using
tonic data could show the gradual change of SCL throughout the interaction time, which can
then be standardised to account for children’s individual variability'® allowing a more
appropriate comparison of SCL change over time between the different children.
Nonetheless, the challenges associated with using a mobile EDA sensor and the multiple co-
occurring factors that come with examining a context “in-the-wild” should still be considered

when interpreting the data.

The E4 sensor used also captures other psychophysiological markers like
temperature, heart-rate and accelerometer data, while adding these additional measures
was beyond the scope of this project, future research could consider how these other
markers could track behaviour and emotional arousal and how they relate to the data
obtained from EDA sensor. Particularly since research has shown, for example, that
although electrodermal activity increases with task engagement, heart-rate increases with
mind-wandering or dis-engagement episodes (Smallwood et al., 2004). An accelerometer
could also be useful in hands-on scenarios where the data obtained from it could help

account for sudden abrupt movements and decrease even more the likelihood of noise or

19 as shown in Appendix L “Electrodermal Decomposition per Participant”
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artefact interference (Blanchard et al., 2014). Thus, it could be possible that a constant
coupling of simultaneous behaviours that probably influence one another cascading into co-
occurring simultaneous psychophysiological changes reflects more accurately what is an
average experience in a science centre. For example research by Wass et al. (2016) found
that some psychophysiological signals can predict another physiological response that takes
longer to act. In their findings, they show heart-rate predicting an onset of EDA responses in
infants. Then, caution should also be placed on the possible causality driving the NS-SCRs
since one of the limitations of working in a science centre context is having uncertainty over
the causality of chained events, particularly if overlapping stimulating events could all be

enhancing the captured arousal as discussed earlier in section 4.6.3.

The triangulation method presented here, using trace data of the interaction can be
an efficient method to keep track of co-occurring cognitive-behavioural markers happening
during the process of engagement, but also to triangulate how these cognitive-behavioural
markers could be reciprocally influencing a child’s emotional arousal. Nonetheless, the
triangulation presented here could be further enhanced if, like in cognitive-behavioural
markers, more co-occurring psychophysiological markers were included to clarify the role of

emotional arousal in emotional engagement.

Regarding the statistical analysis, different analyses could have helped find
additional relations between the cognitive-behavioural markers and the psychophysiological
time-series from the different tools, such as cross-correlations between the different outputs,
or creating time epochs or trend-analysis throughout the whole interaction as observed in
Wass et al. (2015, 2016). However, these types of analysis have been used with more fixed
scenarios that involve a controlled change of activities and events happening in a laboratory
that could not be established due to the exploratory nature of the science exhibit. Whereas
the generalised hierarchical model takes into account the type of data (i.e. count data with
Poisson distribution) and facilitates the explanation of variables that are not equally

distributed (Boucsein, 2012; Rabe-Hesketh & Skrondal, 2008), also accounting for the
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different hierarchies in the behavioural categories and presenting a novel method to analyse
triangulated data. Moreover, the hierarchical model used as an analysis method for the trace
data presented an advantage in untangling some of the confounding factors, like considering
different behaviours might have similar patterns, but also accounting for those different

children that would present similar patterns within their own behaviours.

Lastly, behavioural in-depth coding can be time-consuming and prone to human
error, especially when using a newly developed tool, like the engagement codebook
presented here. However, both the in-depth version revision done while developing the
code, and the results obtained can confirm that the method and codes used seem to point to
findings that have also been supported by research regarding engagement. Whilst having a
time-consuming method could also be a limitation moving forward with other science
exhibits, a method like the triangulation approach discussed here provides not only the
successful feasibility to capture a multimodal approach to engagement in younger children
but would be useful as an in-depth tool used for evaluation. For future work, partnering with
human-computer interaction researchers and computing engineers who are more
experienced in automation and detection of specific events, such as facial and voice tone

expression, could reduce the coding workload and enhance coding accuracy.

4.7 Conclusion

The findings from this study highlight the importance of considering both the
multicomponent of engagement and the temporality of engagement (i.e. engagement as
process/outcome) within a task when designing research to understand what drives it. This
study has shown that, as proposed by Azevedo (2015), a triangulation approach with a
multimodal perspective on engagement is a method that can help navigate a complex
scenario, such as a science centre, by unpicking and separating some of confounding

variables that normally impact engagement in science learning. In particular, this study found
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that cognitive-behavioural markers of engagement, such as goal-setting, use of strategies or
planning of next actions, are more likely to elicit an emotional arousal response, such as an
increase of NS-SCRs, during interaction with a science exhibit. This likelihood of eliciting
electrodermal NS-SCRs increases the longer children do a behaviour. Children also showed
higher use of New strategies when compared to strategies previously used or adapted.
Children showed persistence in keeping a goal until this was appeared to be fulfilled. There
might also be an indication of an underlying relationship worth exploring between children’s

engagement and parents’ facilitation.

The overall results of this study showed that having both a triangulation of different
measures but also a conceptualisation of engagement as a process, can provide richer
information about the specific processes that are relevant to engagement. It can provide
enough fine-grain detail to understand in-depth particular activities of interest to science
learning, like exploratory behaviour, that could help identify the most common interaction
patterns of said activity as shown in the results. Furthermore, this study also found that the
method evaluated here is also feasible to use with children as young as 3 years old, adding
to the literature of a group that has been understudied when it comes to science learning,
and even more when it comes to engagement (Andre et al., 2017). While there is still work
to be done to improve the accuracy of the tools used within the triangulation model, the
overall proof-of-concept shows that the combination of different tools broadens the

perspective behind how engagement might look like.

These types of results can contribute to museum and science centre practice by
providing a new conceptualisation and method to capture engagement which can help guide
design and evaluation as suggested by Allen (2004), and E. Wood and Wolf (2008), whether
it is of science exhibits, science visits or learning activities that can identify beneficial or

detrimental features that could be misguiding children’s interactions.

Taken together, the implications of conceptualising engagement as both an outcome,

the summarised result of all the time and behaviours elicited by the end of the interaction,
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and as a process, the time-series of event co-occurrence, lead to pondering whether this
concept can lead to differences in capturing engagement through simplified methods. That
is, would there be differences in results when engagement in an activity is specifically asked
to be evaluated as a discrete summative score, or whether there would be differences when
asked to be conceptualised as a dynamic process. This guides the aim of the next chapter

evaluating expert practitioner’s dynamic perceptions of engagement with a science exhibit.
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Chapter 5
Science Practitioner’s Perceptions of

Engagement

5.1 Overview

By applying the triangulation multimodal approach, the previous chapter contributed
to our understanding of the conceptualisation and evaluation of engagement as both a
process and a short-term outcome. This previous work highlighted the importance of
distinguishing between evaluations focused on summarising engagement, often
unidimensionally, at the end of interaction and evaluations that attempt to capture the
dynamic and multifaceted dimensions of engagement throughout an interaction. It
particularly emphasized the need to consider dynamic changes when evaluating
engagement as this could help identify how the physical and social context could be shaping
children’s experiences during their interaction with a science learning activity. This also
highlights the limitations of summarising engagement post-interaction, since it prevents the
documentation of how these factors might be influencing engagement and the learning
experience. Museum and science practitioners rely heavily on capturing engagement during
summative evaluations of exhibits or activities, which makes them experts in acknowledging
and identifying how engagement with the environment could be shaping children’s
experiences. Therefore it would be valuable to explore differences when these experts are
asked to judge engagement dynamically throughout the interaction or when asked to rate it

at the end of it.
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This chapter addresses this exploration with a study relying on expert science
practitioners who are experienced in detecting and judging daily engagement with visitors.
They watched videos with different levels of engagement and were asked to rate
engagement with a tool specially developed for this study to capture the dynamic scoring of
engagement as well as a discrete score at the end. Also, to capture their understanding of
the term engagement, they were asked to define engagement along with markers they used
to track it. Finally, the chapter discusses the benefits and limitations of these differences in
capturing engagement, whether practitioners agree on their ratings of engagement between
them and what new directions this capturing conceptualisation of engagement could entail.
This study adds an additional view to the triangulation method by aligning findings from the
previous chapter to practitioner’s perceptions by evaluating whether there was agreement
between their perceptions and some of the results obtained from the triangulation method,
which could help consolidate whether the triangulation method is capturing and measuring
similar processes to those of the experienced practitioners and how useful it can be in the

future.

5.2 Study of Practitioners’ Perceptions of Children’s

Engagement

Informal Science Education institutions are required by their funders and
stakeholders to provide summative evaluations of their spaces, exhibits, visitors and
activities (Callanan, 2012). According to a review of designs and methods used in Informal
Science by Fu et. al (2016), summative evaluations are concerned with producing practical
knowledge that informs decision-making and improvements. These evaluations contribute on
three different fronts to the community: 1) they show the impact these activities or exhibits

are having on visitors and help justify the value of informal education to society, 2) they
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contribute knowledge to the informal education field, and 3) when having high-quality
standards, these evaluations can build theory and inform practice (Fu et al., 2016). One of
the evaluation purposes is to describe specific events, activities, exhibits or programs,
contributing also to identify the characterization of specific programs; for example the Going
Ape! project was about finding active prolonged engagement in certain exhibits (Tisdal &
Perry, 2004). Another purpose is to find relationships across variables involved in these
activities, preferably relationships that can lead to discovering causal mechanisms that can
also link back to the theory (Fu et al., 2016). Informal science institutions also carry out
internal evaluations and use them to improve their practice and design of activities and
exhibits Observation is one of the main methods used to carry out these evaluations (Fu et
al. 2016). Observation used in museums can be unstructured, where notes are taken in-
depth of what practitioners are observing without any particular set of guidelines (Grack
Nelson & Cohn, 2015), for example, a researcher that sits close to an exhibit during a school
visit and registers all the behaviours observed (Shaby et al., 2019). Observation can also be
structured, identifying specific behaviours to observe and using a protocol or checklist for
this, for example using scales or questionnaires that can help guide an observation
regardless of this observation tracking the amount of time spent in an exhibit, the population
that approaches the exhibit, or the behaviours displayed when being at the exhibit (Allen,
2004; Falk & Dierking, 2000; vom Lehn et al., 2002). Observation can be used in a live
scenario either by following visitors through a museum or by unobtrusively observing from a
distance and keeping a record of the main variables of interest. It can also be used through
video-analysis, although this requires more time-allocation when researching visitor’s
behaviours in a museum/ science centre setting (Allen & Gutwill, 2004; Barriault & Pearson,
2010; Schneider & Cheslock, 2003). For example, observation could be used to evaluate
how visitors engaged with videos in a museum (Serrell, 2002), or to detect whether visitors
were engaged with a science exhibit and how (Barriault & Pearson, 2010). However, E.
Wood and Wolf (2008) have also acknowledged that practitioners’ interpretation of visitors’

observed and measured behaviour (including engagement) is guided by their own
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preconceptions and values of engagement, along with institutional goals and by the visitor's

own attitudes.

Furthermore, the result of these guided observations is a discrete score (or a sum of
scores) that summarises the perceived intensity of the selected cognitive process during the
interaction. Following the previous example, the Visitor Engagement Framework (Barriault &
Pearson, 2010) is a scale with a set of behaviours that capture whether a child goes through
3 different stages of engagement, from initiation into a breakthrough. However this scale is
scored in the number of behaviours present of each of these three categories by the end of
the interaction, with one of the specific items called engagement where the observer decides
whether children were engaged or not. This type of summary blurs the evaluation of time-
dependent variables, such as learning or engagement, since it reduces them to a final
discrete score that relies heavily on an average of the child’s interaction throughout the
activity, which would encumber the exploration and contribute little to an understanding of
their underlying processes. There is a need from the museum and science centre practice to
be able to quantify visitors’ behaviours in order to compare experiences in different exhibits,
or with the same exhibit over time (Serrell, 2020). But it is proposed in this section that the
comparison of these different experiences should account for the temporal dynamics and the
variability of the process of engagement that is associated with each type of exhibit. This is
important as Wolf (2002 in E. Wood & Wolf, 2008) states that more precise measures of
engagement can clarify differences between features that attract the most visitors versus the

ones that can promote or elicit higher measures of engagement.

As argued previously in this thesis, engagement being both an outcome and a
process?, it would be important to have tools that can be used by practitioners in messy
contexts to capture more information about the process of engagement. Mainly because

these summative and practical evaluations have the potential to examine plausible causal-

20 See section 2.2.5 “Continuum of Engagement”
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effects mechanisms behind engagement related to science learning. This can inform
practice and help build theory for science engagement in a science centre, as proposed by
Fu et. al (2016). However, as recognised in the previous chapter, in-depth methods of
evaluation, like the triangulation method, can also be a time-consuming process that
requires resources museums might not always be able to spare (Callanan et al., 2017; Fu et
al., 2016; Grack Nelson & Cohn, 2015). Despite these limitations, the findings obtained from
this method regarding the importance of capturing the dynamic variability of changes behind

engagement remain of value.

A solution for this would be developing a tool that demands less time, or less training
but still allows practitioners or researchers to monitor the process of engagement, tracking
the continuous subtle changes in the intensity of engagement. Whereas tools that capture an
intensity rating from an observer have been used in the field of human-computer interaction
(Laurans et al., 2009), these have not been found in the literature for museum or learning
studies. One of the tools found in the literature is the emotion slider, which allows
participants to rate with a slider how intense they felt an elicited emotion (positive/negative)
after looking at a photograph. Tools like this could be a foundation for developing other tools
that work with interactive systems in dynamic intensity ratings. Commercially, marketing
tools have been developed, such as the Dial Perception Analyzer (Schlesinger Group, n.d.)
to help companies measure the “enjoyment” of a live audience after watching a specific
advertisement or show, however, costs for marketing research rend to be higher and less
affordable for smaller research-practices. Using a slider as a tool has the potential to
enhance live observation, providing a more detailed assessment of what is being observed.
This could go from accessing more information about an event or capturing dynamic
changes throughout the interaction. Even more so, if this data capture method were
combined with video-observation it could generate triangulation markers based on science
practitioner’s expertise and detect if there are possible points during an interaction where

engagement varies for all visitors. It could also provide a more quantifiable method to reflect
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individual differences in interaction patterns as expressed by Gutwill (2008) to be relevant

when it comes to visitor's engagement.

Considering the expertise science facilitators have when it comes to monitoring
children’s engagement and interest at a science exhibit it would be valuable to compare their
appraisal of children’s engagement when asked to evaluate engagement as a continuous
process versus being asked to consider a summative score by the end of the interaction.
Their judgements have the potential to illustrate a common understanding in practice of
engagement (E. Wood & Wolf, 2008) and the different markers used in practice to track
children’s engagement. This could help consolidate whether the triangulation method
evaluated in Chapter 4 is capturing and measuring similar processes to those of the
experienced practitioners. For this, a real-time dynamic rating tool that measures continuous
engagement was developed in order to address the gap lacking practical tools that can
capture the dynamic intensity of a variable (i.e. engagement) in a science centre. Using this
tool with practitioners adds further value to this study by capturing a more nuanced
perception of expert practitioners and contrasting these with their own summative perceived

outputs.

This chapter examines science practitioners’ judgements when engagement is rated
dynamically versus as a discrete score, and whether practitioners showed any agreement in
their perceived engagement using videos selected from the triangulation method. This was
done through the developed slider tool that captures continuous and summative scores of
engagement was used. Data was also captured around practitioners’ views where they were
asked to define engagement and the behaviours they used to detect and track engagement
in the videos. This chapter also aimed to evaluate whether there was an agreement between
practitioners’ appraisal of children’s engagement from what was observed in Chapter 4 and
whether this could be influenced by using a tool that allows a continuous evaluation of

children’s engagement that is time-sensitive.
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This chapter seeks to answer RQ4: Do science practitioners’ perceptions of
engagement align with results from the triangulation method? by exploring the following

sub-questions:

a) Are there differences in practitioners’ perceived ratings of engagement as a
dynamic process vs engagement as an outcome (mean dynamic and overall discrete

score)?

b) How much agreement is there between practitioners’ perceptions of engagement?

5.3 Method

5.3.1 Participants

Six science practitioners (3 male;3 female) from 3 different institutions related to
informal science learning took part in this study (National Museum of Scotland, Glasgow
Science Centre and Edinburgh Science Festival). The main inclusion criterion was to have

working experience as a science facilitator in a UK science centre.

Ethics - Participants were all asked for signed consent for participation. The study

followed ethical guidelines from the British Psychology Society and was approved by the

Research Ethics Committee of Moray House School of Education.
5.3.2 Tool- Slider for Tracking Engagement

Development - Since the aim was to work with practitioners in different locations, the

tool needed to be non-intrusive and as mobile as possible. Using a hand-held slider
presented a good opportunity to become an embodied tool for which users could off-load
some of their cognitive thinking into a natural increase-decrease hand movement. This

would avoid constant monitoring while using it or adjusting a particular value, and potentially
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missing key information. The developed slider is intuitive to use, sliding only in two possible
directions, from left to right (or up-down depending on how the observer positions it),
representing an increase of intensity like that displayed in other common devices

(e.g. volume symbol). The slider tool works along a computer-screen interface where
different videos can be uploaded and rated, but only allows playing the videos once and
without pausing to simulate some of the restraints with live-observation. Lastly, the slider tool
is meant to be used with a screen to allow synchronisation of the continuous score with the
video and to compensate for and reduce distracting factors that could be impacting if done

in-the-wild.

Description - The slider is a screen-based but hand-held tool that was developed

specifically for this research to continuously measure the variability in the intensity of
engagement while observing a recorded video (Figure 5.1). It is a tool that combines a

computer interface with a Phidget® slider, a linear sensor (or potentiometer) that measures

Figure 5.1

Composition of Slider Tool

Note. Left: Phidget slider and Phidget VINT hub. Right: Box used to hold and use slider.
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the movement of an object within two points and transforms it into an electric signal that
ranges from 0 to 1. The slider is connected to a Phidget® VINT Hub that allows the
analogue information from the slider to be stored and relayed digitally onto a computer as an
output. The open-source interface was programmed using Python (Revueltas Roux &
McClure, 2020). The interface allows a user to choose a video, calibrate the sensor to test is
working, and then record the user’s continuous perceptions of engagement for the duration
of the chosen video. Once the video finishes, it requests the user for a discrete score of the

engagement observed and any additional relevant feedback that should be considered.

5.3.3 Engagement Videos

Three videos were selected using the results from chapter 4 for use in the present
study. The videos showed children interacting with the Sand Patterns science exhibit and
three were chosen to show variability in engagement depiction because they represented a
low (V1), moderate (V2) and high (V3) engagement according to the previous chapter, using
the proportional time spent in each of the relevant categories: Strategy, Actions and
Attention Off-Task. To do this the 28 videos were rated from highest to lowest proportional
times. The highest engagement level had a 76.08% of time spent using Strategy, 81.65%
using Actions and only 4.49% time spent off-task, whereas the lowest level had 29.72% of
time spent using Strategy, 47.22% using Actions 9.88% time spent off-task. To decide on the
moderate level of engagement, the mean and the median for each category were obtained:
Strategy M = 60.46%, Md = 62.76%, Actions M = 69.46%, Md = 72.83%,; Attention Off-Task
M = 10.58%, Md = 4.27%, and the participant’s video who was closer in all three behaviours
was selected. Thus, the moderate engagement video had 62.19% time spent using Strategy,

72.97% using Actions and only 5.66% time spent off-task.
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5.3.4 Procedure

The participants were asked to rate the three engagement videos These were
counterbalanced for each participant to minimise bias. In order to familiarise participants with
the slider, they were initially shown a 1-min video of rain falling with different intensities
which they had to score using the slider. This demonstrated participant testing and
understanding of the tool before evaluating the videos. Participants were then asked to “‘use
the slider tool to continuously evaluate how engaged you consider the child is throughout the
interaction video”. They were not provided with a working definition of engagement
intentionally to minimise priming, since part of the aim was to understand what different
science practitioners understood as engagement. Participants were then seated in front of a
laptop ASUS ZenBook where the slider was connected, and the program started running

(Figure 5.2).

Figure 5.2

Examples of Practitioners Using the Slider Tool While Watching Interaction Videos

The interface registered the participant and their general information, then it allowed

videos to be selected. Before starting the recording, the program had a "Calibrate" button,
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which checked if there was an input from the slider and showed how the intensity in the
sensor shifted, depending on the direction the user will move it ranging from (0-100% or 100-
0%). Once the device had been calibrated and the video was chosen, the interface
synchronised the data recording from the slider with the beginning of the video. The video
played without being able to pause in order to emulate attentional demands during real-time
observation. Once the video finished, a screen asked the participant to enter an overall
score for the intensity perceived throughout the video. When all the videos were shown, a
final screen asked participants to describe what they had understood as engagement, the
cues they relied on to grade children’s engagement, their definition of engagement, and any
additional feedback they might have had. A csv file was saved as an output for each video
observed which contained the video time stamp and the corresponding measure from the
slider every 4Hz to match the EDA sensor sampling frequency; it also showed the assigned
discrete score and the answers provided at the end. Table 6.1 shows the engagement

measures the slider captured.

5.3.5 Data Processing

The slider tool provided 3 different outputs: dynamic rating per video, discrete score
per video and written feedback from the overall experience. A more detailed
description of the obtained measures is shown in Table 5.1. The measures were all
extracted using a .csv file and then exported into RStudio for cleaning, processing

and analysis using R version 4.1.1 “Kick Things” (R Core Team, 2021)
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Table 5.1

Measures Obtained from Experts’ Observation

Measure o )
Obtained Description Output Rationale
A continuous measure of -One continuous Capture a continuous
Dynamic perceived engagement rating from 0-100%  measure throughout the
Rating from the expert, obtained of the perceived length of the process of
through the slider device engagement for engagement
for the duration of child’'s  every 0.25s
interaction with exhibit. throughout the
duration of the
video.
-one averaged score
of the continuous
dynamic rating
Discrete At the end of the video a  One score per A perceived average of
rating single discrete score is participant between  the child’s engagement
asked from practitioners ~ 0-100% experience, which when
to summarise the correlated with the
perceived engagement dynamic report allows
throughout the evaluation of differences
interaction. in how engagement is
perceived depending on
the moment of the
interaction.
Experts’ Experts will be askedto ~ Small definition of Understanding what
Definition of  describe the markers engagement practitioners define as
Engagement they look for when engagement can provide

identifying engagement

during an interaction

grounding for future
understanding of
conceptualization of
engagement from their

perspective
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5.4 Data Analysis

To answer the RQ4: “Do science practitioners’ perceptions of engagement align
with results from the multi-modal approach?” It was important to first explore the

specific sub-questions.

(4.a) Are there differences in the practitioner’s perceived rating of engagement as
a dynamic process vs engagement as an outcome (mean dynamic and overall discrete
score)? Given the small sample of participants, a non-parametric repeated measures test

(i.e. Wilcoxon signed rank exact test) was used to compare the practitioners’ averaged
dynamic score with their discrete score. The dynamic rating was averaged here to examine
whether the averaged score of the continuous rating was similar or different from their self-

perception of an overall discrete score for engagement.

(4.b) How much agreement is there between practitioners’ perceptions of
engagement? To understand if practitioners’ perception of engagement aligned when asked

to judge a child interacting with an exhibit, it was important to account for each of the types
of data obtained from the slider and whether practitioners were both consistent in their rating
and whether they agreed in what they were all observing. It was also of interest to explore
whether practitioners’ perceptions of different types of engagement aligned with the

classification of the three videos using the triangulation model.

1) Inter-rater agreement was analysed between participants to evaluate whether
there was absolute agreement and consistency in how they had rated the three videos — this
was done using their discrete scores, their averaged dynamic scores, and the continuous
dynamic scoring data for each video. The latter was done using every 0.25 data captured as
multiple examples cases where practitioners had to agree on what they were observing, as
an equivalent of observing many different subjects. As a measure of inter-rater agreement

between the scores from the 6 practitioners an intra-class correlation (ICC) analysis was
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used (this was chosen because the data used is metric rather than nominal or ordinal). The
ICC compared their scores for the three videos in the aggregated dynamic score and the
discrete score. Then the agreement was analysed separately for each video using all the
trace dynamic data, looking for agreement within the process of engagement. Absolute
agreement and consistency between the practitioners’ scores are reported. Following the
guidelines to select and report ICC for reliability by Koo & Li (2016), each of the ICC
analyses was done using a two-way random model, because it was the same set of raters
who had been selected randomly from a specific population. The type of inter-rater
agreement used averaged data since the comparison between raters’ scores was sought
rather than having a single rater as a base-measure. Absolute agreement was used to
evaluate agreement among raters, while consistency was used to evaluate scoring
consistency within the raters. Scores range from 0-1, O being no agreement and 1 being
absolute agreement. ICC was interpreted according to Koo & Li (2016), who suggest that
scores below 0.50 are poor, between 0.50 and 0.75 are moderate, between 0.75 and 0.90
are good and anything above 0.90 is excellent. ICC estimates and their 95% confidence
intervals were calculated using the ‘7cc’ function from the ‘7 rr ‘package (Gamer et al.,

2019) was used in R.

2) Analysis of inter-rater agreement between participant’s assignment of the highest,
moderate and lowest engagement score to each of the videos, considering single dynamic
and discrete scores and whether this aligned with the selection from the triangulation model.
For this analysis, a contingency table was created where it was recorded whether each
practitioner’s score aligned with the classification of the engagement videos using only
“Yes/No” categories. To analyse this nominal data, a Fleiss Kappa?! was used for inter-rater
agreement on whether they had agreed or not with the triangulation model. To interpret the

results of this analysis, Fleiss et al.(2003) were used as guiding values.

21 This was chosen rather than Cohen’s Kappa because agreement was being sought among
more than two raters (i.e. 6 practitioners)

222



5.5 Results

Descriptive results were obtained for each engagement video (low, moderate, high)

within each type of scoring (dynamic vs discrete) and are shown in Table 5.2.

Table 5.2

Descriptive Results for Three Levels of Video-Coded Engagement

Engagement Discrete (outcome) Dynamic (process)
level
Mean SD Median Mean SD Median
Low 64.83  (26.47) 69.5 58.76 (8.5) 58.38
Moderate 53.66  (23.60) 62.5 46.63 (9.5) 44.84
High 715 (18.53) 745 60.26 (14.55) 62.21
Total 63.33 (22.98) 68.5 55.21 (12.23) 54.60

The process of engagement implies a continuous set of scores throughout the

interaction time rather than as a single score, a visualization of the practitioners’ complete

dynamic score was plotted across time for each of the engagement videos to describe the

practitioner’s perceived judgement for engagement and to examine whether there were

differences in practitioner’s pattern for perceiving engagement throughout time (Figure 5.3).

This visualization also compares whether these patterns of perceived engagement change

depending on the different engagement levels for each practitioner shown in the same

colour. There were no specific patterns that stood out from the visualization, however,

practitioners did not seem to rate the high-engagement video below 25% intensity, whereas

the other two levels present more variability in the ranges considered. Additionally, in low-

engagement, most participants seem to show similarity in a perceived gradual increase of

engagement in the first half of the interaction.
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Figure 5.3

Visualization of Dynamic Scores in Each Engagement Level
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5.5.1 Differences in Dynamic vs Discrete Scoring

It was of interest to compare whether practitioners scored engagement similarly
when they were able to capture a fluctuation of engagement intensity throughout the
interaction (i.e. dynamic scoring) in comparison to when they were required to give a
discrete overall score by the end of the task. Discrete engagement was rated on average at
about 63.33% of intensity (SD = 22.978) with a median of 68.5%, whereas Dynamic
engagement was rated on average at 55.219% (SD = 12.233) with a median of 54.606.
When both types of overall scores were compared using a Wilcoxon paired test, no
differences were found between the scoring (V = 129, p = .059), although this did approach
conventional levels of statistical significance. Figure 5.4 shows a comparison between the

range of overall discrete/dynamic scores, and how this looks for each of the videos used.

Figure 5.4
Plots Showing Engagement Scores Depending on Type of Scoring
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Type Type

Note. Plot showing the difference between total discrete and dynamic single score, both

for all videos (left) and for each of the videos (right).
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5.5.2 Participant’s Agreement Scoring Engagement

Agreement and consistency between the 6 practitioners were sought between their
three types of measures from the engagement videos: averaged dynamic scores, between
their discrete scores, and between all their scores. Table 5.3 shows the ICC coefficient for
absolute agreement and consistency, their lower and upper bounds, as well as their

statistical significance.

Table 5.3

Interrater Agreement and Consistency for Single Scores

0 .
95% Confidence F Test with True Value 0

Interval

Intraclass Itgms Lower  Upper

Correlation  Raters Videos  Bound Bound Value dfi  df2  Sig
Agreement
Discrete .404 6 3 -.096 .973 3.9 2 761 .068
Dynamic .66 6 3 -.244 991 3.6 2 13.8 .055
Overall 442 6 6 -.196 .89 24 5 179 .078
Consistency
Discrete 744 6 3 -.399 .993 3.9 2 10 .056
Dynamic 722 6 3 -.517 .993 3.6 2 10 .067
Overall .584 6 6 -.302 .934 24 5 25 .065

First, to examine whether the 6 practitioners had shown absolute agreement in their
discrete scoring of the three videos, the computed ICC of a 2-way random effects model with
mean-rating (k=6) showed poor agreement between the raters (ICC = .40), however, this
was not statistically significant (p = .068). Consistency was computed using a 2-way fixed
effects model with mean-rating between the practitioners’ discrete scores, which showed

moderate reliability (ICC = 0.74), but again this was not statistically significant (p = 0.056).

For the dynamic averaged single score, the mean-rating 2-way random effects model

showed moderate agreement between the raters (ICC = .66), however, this was not
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statistically significant (p = .055). Consistency between the averaged dynamic scores of the
6 practitioners using a 2-way fixed effects model with mean rating also reflected moderate

consistency (ICC = 0.72), however this was also not statistically significant (p = .067).

When all the practitioner’s scores were considered, regardless of these being
discrete or dynamic, their ICC showed poor reliability (ICC = 0.442) which was not
statistically significant (p = 0.078). Consistency within the 6 ratings of the 6 practitioners
showed moderate reliability (ICC = 0.58), but this was also not significant (p = .065). Figure

5.5 shows the discrete and dynamic for the three videos per participant.

Figure 5.5

Plots Showing Practitioner’s Dynamic and Discrete Scores

Practitioner's Engagement Score
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Note. Plot showing the individual discrete (red) and dynamic (blue) ratings for each video

per participant

Since the dynamic scoring represents practitioners’ continuous perception of
engagement, the absolute agreement between the 6 practitioners for the complete trace

data of each video was computed, but only within each of the videos. Table 5.4 shows the
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ICC coefficients, the lower and upper bounds fand the statistical significance for each of the
videos. For all the videos, the same 2-way random effects model with mean-average was
used when looking for absolute agreement. Consistency was not computed here because
the nature of the data was continuous and variable. Practitioners showed significant
moderate reliability for video 1 and video 2 with ICC scores ranging between .50 and .75,

whereas video 3 showed significant good reliability with their score >.75 but lower than .90.

Table 5.4

Interrater Agreement of Dynamic Scores Between Practitioners for Each Video

0 .
95% Confidence F Test with True Value 0

Interval
Intraclass ltems Lower  Upper
Correlation Raters  0.25ms  Bound  Bound Value dfl  df2 Sig
Video 1
.67 6 1449 .62 712 3.26 1448 510 <.0000
(low)
Video 2
571 6 1301 .456 .655 2.68 1300 135 <.0000
(moderate)
Video 3
(high) 781 6 1337 .624 .858 7.34 1336 27.3 <.0000
19

Lastly, Fleiss kappa was computed to assess the agreement between practitioners
and researchers showed was analysed by recording whether practitioners’ score (both
dynamic and discrete) matched the classification of the intensity of the engagement videos.
That is whether practitioners’ lowest score matched with the triangulation’s classification of
the lowest engagement video, the middle score with the moderate video and the highest
score with the high engagement video (Table 5.5). Practitioners' discrete scores showed
poor agreement beyond chance on the intensity of the videos (kappa = 0.0182, p = .903),
but this was not statistically significant. When using their discrete scores, only 17% of
practitioners agreed that the lowest video reflected the lowest engagement, 33% that the
moderate video was not the highest nor the lowest score, while the majority agreed (67%) on

the highest rating given to the video classified as “high engagement”. Interestingly, this
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changed when the averaged dynamic score was considered, where practitioners showed a
fair to good agreement (kappa = .486, p = 0.0012), but there was no agreement at all on the
video classified as the lowest, nor on the video classified as moderate, but the majority
(67%)) still agreed on the highest video being ranked the highest. Thus, when a dynamic
score was used, practitioners unanimously agreed that the video classified as “low” or
“‘moderate” engagement did not represent the lowest and middle scores respectively. This

can also be observed in Figure 5.5

Table 5.5

Practitioner’s Score Versus Score Assigned from Triangulation Model

Discrete Scores Match Dynamic Scores Match
Engagement Videos Engagement Videos

Practitioners V1 V2 V3 V1 V2 V3
Choice Low Moderate High Low Moderate High
pl Low Moderate High Moderate Low High
p2 Moderate Low High Moderate Low High
p3 Moderate Low High Moderate Low High
p4 Moderate Low High Moderate Low High
p5 High Moderate Low High Low Moderate
p6 High Low Moderate High Low Moderate
Total Matches 17% 33% 67% 0% 0% 67%

5.5.1 Practitioners’ Written Answers

Two main questions were asked to capture the differences in practitioners’
understanding of engagement across the informal science learning field. Answers to the first
guestion explored how each practitioner understood engagement and are shown verbatim in

Table 5.6. Whereas the second question examined what practitioners considered as key

229



markers of engagement which they relied on for detecting engagement throughout the three
exhibit interactions. Answers to these questions are also shown verbatim in Table 5.7. It can
be observed that practitioners vary in their definitions of engagement, where some have
more abstract conceptualizations of it (e.g. p3J), and others use more practical observable
behaviours (e.g. p4A). Moreover, the markers provided by practitioners revealed a diverse
variety of indicators that sometimes rely on observable behaviours (e.g. “trying different
ways of using something” / “looking at their gaze”), whilst some other markers relied more on

subjective appraisals from the observer (e.g. “concentration” / “how engrossed they are”).

Table 5.6

Practitioner’s Conceptualization of Engagement

Participant Q1. What does engagement look like/mean to you?

S6_plC Active interest in the task or activity at hand

Using your imagination, senses, language and losing yourself in a

S6_p2F
task/activity.
Interacting with an exhibit in a focused way so that most outside
distractions are ignored. Engagement can be short but often goes on for
S6_p3J
longer and involves enjoyment, either of using / playing with an exhibit or of
discovering (learning) something new through using it.
S6_p4dA Participants asking questions. Moving and exploring an exhibit.
S6_p5F Continuous 'play’', i.e. not distracted by external noises or humming.
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Engagement is an active process, where you feel motivated to

S6_p6C
discover/explore/learn something new about the world.

Table 5.7

Practitioner’s Markers of Engagement

Participant Q2. What particular signs did you use to determine engagement?

Concentration, focusing on manually dextrous tasks, creative thinking -

S6_p1C making the pizza, problem solving around why the button did or didn't work
S6 02F Experimenting, asking questions, looking for permission, singing and
P imaginative play, dialogue.
Focused on the exhibit, ignoring outside distractions, trying different ways of
S6_p3J using something, asking specific questions about how something works or
how to make it do a certain thing.
S6 D4A How engrossed they are. If they are fully immersed in the experience and
P not noticing anything other than the activity.
Eye / gaze if the child looked up.
S6_p5F If the child makes hypothesis "what will happen if* - these can be verbal or
not (e.g. one of the children was looking underneath the table.
- Asking questions aloud e.g. how does this not stop? Why is it moving?
S6 b6C - Moving beyond simple observations towards concrete explanations ("It
_P

must have batteries")

- Depth of exploration (playing with all the items, pressing all the buttons etc)

231



- Evidence of trying to get others (Mum) involved as well to share in the
experience

- Lack of/prevalence of distraction e.g. looking away from the activity

- Levels of energy exhibited by children engaging with the exhibition (child
#3 had way more energy than children #1 and #2)

- Explicit use of imagination e.g. Making Pizza.

5.6 Discussion

This study aimed to explore whether the expert practitioners would judge a child’s
engagement differently if they were asked to give a discrete overall score (i.e. outcome),

compared to having a tool that allows them to rate engagement continuously (i.e. process).

When comparing score differences depending on whether practitioners had judged
engagement as an outcome (discrete score), or as a process (dynamic score), no significant
differences were observed. The visualization of the data seems to indicate that discrete
scores show more variance in the range of answers, which could explain the lack of
differences found. It could have also been that there were not enough sample videos for
practitioners to rate, which could be contributing to the analysis being underpowered to
detect differences. However, it can be appreciated that discrete scores were perceived as
higher than the averaged dynamic score. This score difference can also be observed in
Figure 5.4 showing each participant’s score for the three videos, showing a variability in
practitioner’s rating for the different videos, while also portraying dynamic scores lower in
average than discrete scores. However, dynamic scores showed less variance in the range
of answers provided, both overall and for each of the videos used. In the agreement
analysis, it can also be observed that practitioners’ averaged dynamic scores showed higher
interrater agreement (ICC = .66) with a lower probability coefficient than the discrete scores
(ICC =.404). Contrarily, the consistency of practitioners’ ratings was similar for discrete and

dynamic scores, thus it is unlikely that practitioners are being inconsistent in their rating,
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rather it could be that is the nature of the conceptualization of engagement driving their

perception variance.

Another explanation for the lack of differences is that given that the nature of the
continuous score is inherently different from the summative outcome, it erases the nuances
observed throughout the interaction. This was echoed when examining practitioners’
agreement, since the interrater agreement scores obtained for the continuous dynamic data
for each of the videos showed higher reliability and statistical significance than the single
score. This could possibly be explaining that having more items (i.e. 0.25 ms events) that the

practitioners can rate, increases the reliability of the data.

The second aim of this study was to evaluate whether the results observed here would align
with the classification of engagement obtained from the triangulation method. Firstly, looking
at their agreement on how they scored the continuous videos, they showed a higher
agreement (ICC > .75) for the video classified as “High” engagement (ICC = 78), meaning
that practitioners agreed on the ratings they had been assigning for this video. While the
other two videos showed the same moderate reliability (50 < ICC > 75) in practitioners’
agreement, the amount of agreement was different for both videos. The second video were
practitioners showed more reliability on their scores was the video classified as “low” (ICC =
.67), while video 2 classified as “moderate” showed the lowest reliability of the three (ICC =
.57). When comparing this agreement to the classification made from the triangulation
method to capture and measure engagement, a high number of participants (67%) agreed
on giving their highest score to the highest engagement-level video. However, practitioners’
scoring of the low and moderate engagement intensity was not similar to the classification
obtained from the triangulation method. There was little to no agreement on the low and
moderate videos being respectively the lowest and middle scores. While practitioners
showed slightly more agreement with the model for the lowest (17%) and middle (33%)
scores when they provided a discrete score, this changed to no agreement (0%) when the

averaged dynamic score was considered. Interestingly, the classification for these two
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videos was often swapped, giving the lowest score to the video classified as moderate
engagement by the triangulation method and vice versa. When dynamic scores were
considered, there was 100% agreement on giving the lowest score to the video classified as
moderate from the triangulation method. However, in some cases the difference between the
lowest and moderate scores was minimal (refer to Figure 5.5). Interestingly, two participants
gave the highest score to the video classified as low from the triangulation method. Thus, the
agreement shown in the ICC for the continuous judgement of engagement reflects
practitioners’ agreement on the intensity of engagement being perceived, which does not
necessarily match with the classification obtained from the triangulation method, particularly

for those classified as low and moderate engagement.

This result potentially highlights the subjectivity used by the different participants to
score more nuanced levels of engagement. This echoes the suggestion by E. Wood and
Wolf (2008) who emphasize practitioners’ observations will be guided by their own
assumptions and values, and that there is no guarantee of a shared understanding of
features of engagement just because everyone uses the same term. The dynamic nature of
the process of engagement and how this can vary throughout a single interaction is well
represented in Figure 5.3, which again highlights the variability in practitioners’ scoring
throughout an interaction even when the same level of engagement is being observed. It
also highlights the need for measures that can help detect whether these differences can still
align in particular points of the experience, or provide a base for future automated analysis
methods using machine-learning algorithms like the ones observed for automated detection
of EDA in (Hernandez et al., 2014). In Hernandez'’s research, young children interacted with
the researcher during a social task, where their engagement was recorded and rated by a
human video-coder, post-interaction, characterising how easy to engage children were. Then
a machine-learning algorithm was trained using children’s EDA outputs and the classification
from observers, which lead the algorithm to search and automatically detect patterns that

could be associated with each of the classification levels provided. When applied to the
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outcomes of this tool, this could mean that enough sessions where engagement is evaluated
by practitioners for different levels of engagement previously classified could be to test and
train a machine-learning algorithm that potentially detects if there are any underlying

patterns in the data captured of engagement.

The results from Table 5.7 show variability in the markers that practitioners rely on
when looking for engagement in children. These findings could be reflecting that the
detection of different levels of engagement via some specific markers, particularly when the
intensity is lower, would be more challenging than when the intensity is high. Similar results
have been observed when facial expressions are rated by external observers, where high-
intensity expression of emotion is easier to recognise whereas a change in the intensity
makes the markers more subtle and requires more training to improve their detection (Duran
& Fernandez-Dols, 2021; Matsumoto & Hwang, 2011). Practitioners’ answers in Tables 5.6
and 5.7 show that some of the behaviours mentioned by practitioners as relevant markers to
track engagement were similar to the behaviours detected as relevant in the triangulation
model. For example, Attention to the task, where participants mentioned: “active interest in
the task”, “losing yourself in the task”, “Most outside distractions are ignored”, “not distracted
by external noises”, and “lack of distraction” whereas Attention off-task was considered in
the triangulation model as the referent point for children being dis-engaged following
research by (Akshoomoff, 2002). Regarding the use of high-end exploratory behaviours,
such as Strategy or Goal Use based on (Bérnert-Ringleb & Wilbert, 2018), participants
mention that engagement “makes you feel motivated to discover and explore”, “moving and
exploring the exhibit” and “using your imagination”, where more specific markers related to

LTS ”

this behaviour were: “problem-solving situations”, “experimenting”, “trying different ways of
using something”, “the child hypothesising what will happen if..(verbally or physically)”, and
“depth of exploration”. At least two practitioners referred to observing imaginative processes

as a marker of engagement while interacting, where practitioners mentioned: “explicit use of

imagination” or “using your imagination” which could be related to an equivalent of “self-
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setting” goals as proposed by Renninger and Bachrach (2015) when studying triggers
behind interest and engagement. These findings seem to reflect that the definitions used in
chapter 5 for the engagement codebook encompass a broader categorisation of relevant

engagement markers.

One of the key strengths of this study was the development of the slider tool which is
the first study to capture the nuanced variation of practitioners’ perceptions of different levels
of engagement, which could become a solid starting point for future tools aimed at capturing
time-related process in education, particularly in informal learning contexts. The findings
here emphasized the need for practical accessible methods that capture the continuity
behind engagement. The slider tool has the potential to be used in practice as a screening
device that allows practitioners to identify key features in a series of recorded exhibit
interactions and increase understanding of visitors’ engagement. This tool could also be
used during the design and evaluation of science exhibits or experiences as a first
evaluation that could identify specific moments that appear beneficial or problematic, which
then could be analysed in depth by the use of the engagement codebook developed for the

previous study.

Also, the additional benefit of being an open-sourced interface (Revueltas Roux &
McClure, 2020) that can be built with components available online is that it allows input and
room for improvement from a wider community. This has the potential of being adapted into
other useful tools, for example integrating live-video from a remote connection to a head-
mounted camera; or to be used in different scenarios, for example following children’s day
visit in an informal learning scenario. Thus, the slider tool could benefit practitioners’ training,
highlighting the hues underlying the process of engagement, and refining practitioners’

perceptions of engagement or any other continuous unidimensional variable (e.g. learning).

This study has limitations, the key one being the number of participants and the
number of videos used, which added more variability to the data, potentially obscuring

patterns that could be more pronounced with a higher pool of participants and with a larger

236



sample of videos. However, a smaller number of participants and videos permitted
evaluating the feasibility of the bespoke slider tool while also exploring more in-depth the
variability in the results obtained from it, similar to a focus group. Moreover, analysis of the
dynamic time-series could have revealed unobserved statistical differences (or lack of) in the
patterns of interaction that could not have been fully appreciated with just the visualization,
Future research should consider comparing the dynamic results from the practitioners
throughout the interaction without averaging it. It is also recommended to recruit a higher
number of participants and ideally an equal number from different institutions, to evaluate
whether their background institution influences their understanding and scoring of

engagement.

The observed differences between the practitioners’ definitions and their scores of
engagement, both in dynamic and discrete scores, lead to the conclusion that the use of a
single summative score is not ideal for capturing nuances around engagement. There is a
need to develop and refine methods that can be used by practitioners to address time-cost
limitations found in current methods like observation-in-the-wild or a unique reliance on
summative scores. Therefore tools that can accessibly capture and measure intensity
variation as part of the process of engagement could improve current museum practice
when it comes to internal research, for enhancing training and facilitation, as well as

enriching science exhibit design.
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Chapter 6

General Discussion

6.1 Overview

Engagement has been shown to influence and enhance science learning for children
(Dancstep née Dancu et al., 2015; Halliday et al., 2018; E. Wood & Wolf, 2008), and is
particularly valuable for children in the early years to establish solid foundations for their
future cognitive skills (Cabe Trundle, 2010; Falk, 2005; Shwe Hadani et al., 2018). During
the early years, children have minimal if any contact with formal school learning, which
makes informal learning contexts ideal places for them to connect with science. However,
researching engagement with science learning has not been widely studied with young
children in science centres (Fu et al., 2016). One of the reasons behind this scarcity could be
because the conceptualization of engagement itself presents a lack of agreement upon its
definition, even when narrowed to the learning sciences field (Boekaerts, 2016; Christenson
& Reschly, 2012; E. Wood & Wolf, 2008). This lack of agreement also hinders how
engagement is measured, which consequently limits both our understanding of the concept
and our ability to evaluate how different pedagogical and design interventions can enhance
children’s engagement (Boekaerts, 2016). This thesis addressed this challenge by
investigating engagement as a multi-component construct where its cognitive, emotional and
behavioural components are at a constant interplay, driving what is overtly perceived as
engagement as proposed by Fredricks et al. (2004). This thesis also expanded the definition
of engagement to consider the situated context and the intended learning outcome of the
activity to be examined. In the particular context of interacting in a science centre, this
research proposes that engagement is defined as a process that results from an active
interplay of interest, curiosity, sustained attention, situated thinking and emotional

attachment that allows an individual to ground themselves physically, mentally and
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emotionally during the time and space of an activity. Moreover, after examining some of the
differences in the literature behind the term engagement this thesis also proposed a dual
continuum underlying the functionality and conceptualization of engagement: an intensity
continuum to capture subtle hues regarding how a learner moves between engagement and
disengagement, and a temporality continuum, where engagement can be examined as the
process elicited throughout the duration of an activity or as a resulting outcome from an
activity. Either the process or the outcome of engagement could also be examined with a
short-term lens for engagement, for example, whether a particular object in a science exhibit
enhanced engagement during an interaction, or a long-term focus where engagement is
measured as a result of a longitudinal activity, such as engagement of visitors over a day
visit in a science centre.

This thesis presents a body of work that thoroughly explored the process of
engagement in early years children while interacting at a science centre. Four studies were
carried out to increase understanding of methods that could improve the capture and
measurement of engagement in early years children whilst they interact with science
exhibits. Each of these studies helped to address the main research question of this
research project: How could a triangulation multimodal approach capture engagement for
early science learning at a science centre exhibit? Study 1 observed children’s natural
behaviour when interacting with science exhibits and showed that younger children
gravitated more and for longer periods to an open-ended exhibit when compared to a
planned-discovery exhibit. Study 2 demonstrated the feasibility of using current and new
tools to capture young children’s engagement during interaction with a science exhibit. The
study showed it was feasible for early years children to comfortably wear a head-mounted
camera and an electrodermal sensor as they freely interacted with a science exhibit, neither
of which obstructed their play. This study also showed it was feasible to combine the
sensors with video to capture multiple sources of data on children’s interaction which were
then synchronised to portray engagement from different angles. The key contribution of this

study was demonstrating it was feasible to triangulate data from all the tools capturing
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engagement in early years’ children while they interacted in a science centre context.
Findings from Study 3 showed there is a relationship between the outputs from tools
measuring the different components of engagement, particularly between tools that
measured trace data throughout the interaction. Findings also revealed that cognitive-
behavioural markers, such as using strategies and self-setting goals, are more likely to elicit
an emotional arousal response (i.e. skin conductivity) during interaction, particularly the
more that children use these cognitive-behavioural markers. Study 3 also demonstrated that
capturing engagement as both a process (using data reflecting the temporality of events)
and an outcome (using scores summarising the events of an interaction) provided a more
complete overview of what factors could be influencing engagement and how these
interrelate, particularly when compared to representations obtained from an individual use of
each of the tools. For example, the findings showed that overall, emotional facial and vocal
expressions tend to appear more frequently and intensely when children looked away from
the exhibit and looked at one of the adults present. On the other hand, this study also
showed that the use of different strategies and goals throughout the interaction (i.e.
engagement as a process) influenced children’s emotional response (i.e. EDA). Finally,
Study 4 showed variability in how expert practitioners perceived different levels of
engagement classified by the number of strategies/goals, particularly when they judged
engagement dynamically using the slider tool. Although this study did not reveal any
differences between practitioners’ judgements when scoring engagement dynamically or
discretely, it still showed differences in the variability and nuance of judging engagement
when practitioners rated dynamically as compared to discretely. Also, practitioners’ scores
showed more agreement in their continuous dynamic score than in their discrete assigned
score. Practitioners’ perceptions aligned when engagement was classified by the
triangulation model as high, this did not stand for videos classified as moderate and low,
demonstrating that scoring of engagement cannot be identified solely on subjective

judgement, even if these come from experts. These results highlighted the need for tools
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that can capture less evident levels of engagement in order to support engagement in those

learners that might not be as evident.

6.2 Capturing Engagement

Understanding engagement in depth, whether it is conceptualised as a natural single
occurring phenomenon, as a composition of independent phenomena that are often
observed together, or somewhere in the middle, requires addressing first what is known of
engagement and the event, and what is observed or captured from an event. A triangulation
method of multimodal tools for capturing and measuring engagement was theoretically
proposed by Azevedo (2015) which presented a promising solution to examine what is
known of engagement more thoroughly. Aligning different data sources that are commonly
used to capture separate cognitive, behavioural and emotional processes can potentially
capture some of the causal mechanisms behind engagement by conceptualising
engagement as a process, while it can also provide alternative explanations of what is being
observed and captured.

This thesis captured engagement using this triangulation method for the first time in a
science centre context with early years children. It also employed two key features : it
considered the multi-components of engagement and it captured engagement during an
interaction. Addressing the multi-component of engagement provided a good rationale for
attempting to use tools that can capture each of these components separately. This meant
reaching out for new tools that are not as commonly used in the science learning field, but
that could be more sensitive to illustrate the intrinsic nature of each component and capture
data that cannot be typically detected through observation. Exploring a possible underlying
continuum of engagement, justified the value of using a method that captured the temporality
of the process of engagement with trace data when using a science exhibit. Significantly, this
work also emphasized the evaluation of this approach with early years children, which is an

under-explored population in science learning research in this context due to methodological
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challenges (Yarosh et al., 2011), despite evidence of the importance of improving science
engagement and learning at this crucial developmental period (McClure et al., 2017; Tisdal &
Perry, 2004). The findings from this thesis have also demonstrated the value of
implementing a triangulation of multimodal tools capturing the different components of
engagement as a method that more comprehensively represents the interplay between
different factors influencing engagement, as theoretically proposed by Azevedo (2015).
Although similar attempts have been tested before focusing on self-regulated learning when
playing a science videogame on a screen (Taub et al., 2017, 2018), these relied on adult
participation and more costly equipment like eye-trackers. This thesis adapted the proposed
method using tools that are more accessible and affordable for researchers and museum
practitioners to use for evaluation such as a head-mounted camera or an EDA sensor. This
method also proved to be feasible for use in the early years since, a key developmental age
when it comes to science learning (McClure et al., 2017; Shwe Hadani et al., 2018). Since
this method relies more on children’s behaviour rather than their verbal communication it
reveals a potential for a more in-depth understanding of how children choose to engage with
particular science learning activities or which factors are relevant for a specific learning goal
(scientific skills or activity features).

The research presented here evaluated a novel method for capturing engagement in
an understudied group (i.e. early years children) while they interacted in a science centre
context. It particularly highlights the benefits of considering engagement as a temporal
continuum to define the research design, the tools and the analysis of the outputs obtained.
In this thesis, this continuum of engagement was observed throughout Chapters 4 and 5
using two different techniques: the triangulation method of different tools and the slider tool.
Both these studies highlighted the existing differences that arise when the conceptualisation
of engagement changes from a static single measure to a dynamic and continuous
evaluation of the process of engagement. Focusing on the process of engagement revealed
more information about how the different cognitive, behavioural and emotional markers of

engagement could be interaction, driving children’s different steps through their interaction
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with an exhibit, but also showed practitioners' judgement of the perceived engagement of an
exhibit interaction changed depending on whether they evaluated engagement as an
outcome or as a process. Thus, it encapsulates the advantages of considering both the
process and the outcome of engagement for a more rounded understanding of the observed
engagement.

One of the main aims of this thesis was to evaluate existing tools that were used in
common science centre/museum practice — such as time tracking, observation, behavioural
coding, self-report measures and the use of engagement scales; as well as tools that
already exist in other fields, but which are new to the science centre research context —
electrodermal activity sensor, and head-mounted camera. Evaluation of these tools meant
examining their strengths, their limitations, the unique contribution each tool could potentially
make and whether they would capture nuances in engagement, capture different information
between them or whether they would provide sufficient information about children’s
engagement when working with a) early year’s children, b) uncontrolled interaction of a child
with a science exhibit. Table 6.1 shows all the tools used with each of their strengths,
limitations and unique contribution each of these can provide when capturing engagement
with children. While there is still work to be done with each of the independent tools when
using them for research and adapting them for a triangulation model, the findings from this
research project are a good starting point for broadening the use of combined tools for

capturing a construct from different perspectives in-the-wild.

Table 6.1

Evaluation of Tools to Capture Engagement in Children

Tool Strength Limitation Unique Insight into
Engagement
Self-report -Easy and fast to - Young children might -Window into
Measures administer. not be able to fully children’s self-
articulate or be self- perception of their
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-Children can highlight
what they considered
important in their
experience.

-Visual Analogues for
Emotional Report reduce
children’s cognitive load
and agreeability bias

- It can be modified
according to the research
aims.

-Multiple ways to
administer, child can do it
on their own, with a parent
or the researcher next to
them.

-Does not require
additional training to
administer

aware of their own
engagement.

-Heavily relies on
children’s verbal skills

- Smiley-o-meter might
not adequately capture
children’s appraisal of
specific statements.

-Relies on children’s
memory of their
experience and is
susceptible to recency
effect

-Prone to agreeability
bias with researcher

engagement,
learning and
enjoyment

-Open questions
give room for
children to explain
some of their
thoughts, feelings
and actions during
their interaction.

Time-tracking

-Simple and easy to use

-Used along affordable
tools (i.e. chronometer)

-It is malleable to suit
different research designs
(e.g. follow complete visit
of 1 participant, or track
multiple visitors in a single
exhibit)

-Non-obtrusive

-Good for screening
engagement

-Limited input in
underlying behaviours of
time spent in an exhibit

-Easy to jump to
assumptions behind the
use of time spent in an
exhibit

-Requires supporting
details to understand
what was happening
throughout the learning
experience.

-Hard to “re-do” if there
is any mistake
throughout

-Shows screening
results about
attraction (i.e.
number of times
someone visited
something) and
holding power (i.e.
length of time spent)
of exhibits

Engagement
Codebook

-Multiple cognitive skills
and behaviours related to
engagement that can be
tracked

-Time consuming

-Requires video
recording to analyse
more in-depth data.

-Comprehensive set
of cognitive and
behavioural markers
of engagement that
offer rich detalils to
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-Specific definitions and
coding instructions of the
different behaviours.

-Allows for simultaneous
tracking of behaviours.

-Observed Markers can be
chosen according to
research design

-When used with video-
coding software can
provide in-depth rich data
from milliseconds to
minutes

-Can be used
independently

-Video-coding software
enhances accuracy

ground other trace
data.

Fixed Video
recording

-Provides detailed
information about what the
child is doing throughout
the interaction from a third-
person perspective

-Shows what else is
happening around the child
and their interaction

-If a microphone is
incorporated can record
detailed audio from the
child during the interaction

-Output can be seen many
times

- Prone to interference if
other people are around

-View is limited and can
be obstructed when
participant moves or
changes position.

- Audio is not always
reliable and might be
dependent on the
distance from the
camera

- Provides a visual
overview of both the
participant as well as
their environment.

Head-Mounted
Camera

-Provides first-person
perspective of how an
activity is experienced by
the participant

-Shows participant’s field of
vision and when angled
also tracks the participant’s
hands.

-Insight into participant’s
visual attention patterns

- Not suitable for
detailed information of
visual cognition on
specific scenes

-Cannot track eye-
movements

-If head-mount is not
secure or hair is long, it
can slip off the head or
visual angle can be
modified or interfered.

-Provides first-
person perspective
of how the child is
experiencing an
activity
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-Takes advantage of head-

eye reflex movement for
attention in large spaces

-Children have not fully
developed control of
operating eye-movements
separate from head-
movement.

-Can be used in any
context and on its own

-Freedom of movement
and action while using it

-Affordable

-Needs researcher to
define how this camera
will be used and whether
additional measures will
be incorporated to the
video (e.g. field of vision

grid).

-Easy for children to
remove

Mobile
Electrodermal
Activity Sensor

-Insight into unobserved
details of psycho-
physiological arousal

-Captures emotional-
arousal associated with
decision-making

-Slow-response waves pair

better with uncontrolled

behaviours that are longer

lasting.

-Captures response from
the sympathetic nervous
system

-Freedom of movement
and action

-Not fixed to particular
context

-Requires training to be
analysed and interpreted

-Requires special
software to process the
data

-Cannot be used on its
own

-Does not distinguish
between
positive/negative stimuli

-Prone to artefacts due
to movement or other
psychophysiological
regulation processes

-No standardised data or
reference values for
children

-Expensive

-Children can easily
move it and uncalibrated
it

- Results are limited to
what the sensor may (or
may not) capture

-E4 specifically has
4 sensors that
measure
sympathetic nervous
activity. This can
provide greater
insight into the
different psycho-
physiological
responses from
participant to
evaluate emotional
arousal.
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-Captures the dynamic
process of engagement

-Can capture an overall
description of engagement

-Requires Windows as
Os.

-Displaying of the slider
needs improving

A tool that can
capture a single
continuous measure
of someone’s
perception of

process of
-Uses common and -Requires python engagement
affordable programming programming skills to throughout an
devices such as Arduino make any changes to interaction.

and Phidget

the interface design

Slider Tool

-Open-access
-Reproductible
-Easily transportable

-Can be used with any
desired video

-Clear data outputs

In sum, the findings from this thesis cannot provide a verdict on whether engagement
is a “real” construct, a meta-construct, or an umbrella term for different processes, however,
the findings did show that having tools that can capture trace-data allows concepts to be
explored more as processes which can point to a more comprehensive view of the observed
phenomena. Whether what was observed was a “real” engagement, or a different latent
process that arises during an interactive learning experience, there seems to be agreement
between researchers and practitioners that there is an additional factor influencing learning

that drives children to initiate, remain and finish any learning activity.

Furthermore, the results from this thesis also confirm it was feasible to use more
complex methods for data capture within a challenging context (i.e. a science centre) by
closely collaborating with practitioners within the context that can help plan and co-design
the research process from the beginning. Whilst the triangulation method would not be a
method recommended for screening diagnostic research in-the wild, rather it would be

suggested as useful for in-depth summative evaluations and exhibit design because of its
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potential to identify key features and behaviours related to engagement. Contrarily, for short
screening or training on evaluation of engagement, the slider tool shows potential for
development as a tool that captures nuances of engagement with a more accessible
equipment and less time-consuming requirements. Improving science engagement in
science facilitation, activities and exhibit design could enhance and tailor the overall science
learning of children, which has been shown as relevant for impacting long-term on their

interests, attitudes and aspirations towards science paths, (DeWitt et al., 2013).

Overall, this body of research provides strong evidence of the potential of
triangulating different sources of data for understanding engagement in the early years while
interacting at a science centre. It particularly highlights how multiple sources of data provide
a more comprehensive portrayal of engagement compared to subjective judgements. Doing
this has the potential to improve practice, both in facilitation and exhibit design, by
understanding engagement processes and tailoring them specifically to different age groups.
It also focuses on a key developmental age for science learning that is relevant for future
contact with science content, for developing a positive attitude towards science and

contributing towards aspirations of children with science careers.

6.3 Contributions

6.3.1 Methodological

This thesis contributes methodologically by demonstrating the feasibility of using a
triangulation method that allows the thorough examination of a multicomponent construct,
such as engagement, as proposed by Azevedo (2015). More importantly, this thesis
contributes with the design, implementation, and interpretation of a multimodal triangulation
approach that captures detailed markers of engagement in early years science learning and

discusses the advantages and disadvantages of using this method. This meant the research
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had to address three significant methodological challenges that when combined, increased
the complexity for design, implementation and interpretation of results. First, the challenge of
adapting, testing and evaluating a new methodology, as the triangulation of multimodal tools
proposed, which involved using tools such as a head-mounted camera or an electrodermal
sensor not commonly used in a science centre context nor with early years children. This
challenge also involved adapting to work with a concept like engagement that encapsulates
the interplay of its different components and with variables that could influence it.

Second, testing a new method while working with an early years population involves
constraints surrounding the ethics and participation invitation, since it needed to account for
children’s verbal comprehension (Forrester, 2017). This also helps ensure their consent is
real and not biased by noticing non-verbal cues and being aware of the dynamics that arise
between children and the researcher (Einarsdottir, 2007). Moreover, the interaction required
careful planning to account for their shorter attention spans (Akshoomoff, 2002), as well as
considering methods of facilitating gathering feedback from them while avoiding biasing
children in a specific direction pre-set by the researcher (Yarosh et al., 2011). One of the
advantages of the triangulation method to address this challenge is its limited reliance on
children’s verbal skills and more on children’s non-verbal behaviour.

Thirdly, the challenge of researching in-the-wild scenarios (i.e. the science centre), in
contrast to a controlled context like a designated space in a laboratory, since it increases the
complexity by acknowledging there will be many uncontrolled confounding variables which
may influence engagement (Chamberlain et al., 2012; Chamberlain & Crabtree, 2020). For
example, in a science centre some of these confounding variables could be multiple visitors
interfering with each other in the exhibit space; visitors who have paid to visit and expect to
use all the exhibits in the space; noise levels higher than in a laboratory which can both
influence participation and prevent some data to be captured; or controlling when video
recording that other visitors who are not participating in the study do not get recorded,

particularly if they are children.
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Previous literature had only addressed either one of these challenges, for example:
Lee-Cultura et al. (2021) evaluated the use of sensors with children; Ben-Eliyahu et al.(2018)
evaluated science learning in-the-wild in science centres and schools; and Halliday et al.
(2018) evaluating engagement in preschool age children, or two of these challenges, such
as the research done by Sridhar et al. (2018) where they also triangulated behavioural
coding and psychophysiological tools in kindergarten children - this, however, was done
researching mental effort in a quiet space. Therefore, this thesis is the first research to
embrace the complexity of these three methodological challenges while researching
engagement.

Furthermore, this thesis also presents feasible tools that can be used with a very
young population while interacting in an informal science learning scenario. It also
contributed by presenting a method to extract the co-occurrences of events that represent
the temporality of the process of engagement. Along with this, it contributes methodologically
by using non-specific skin conductance responses (NS-SCR) as markers that can provide a
proxy measure for emotional engagement, tracking how emotional arousal occurs in
contexts where there are no pre-design events throughout an activity, facilitating the
identification of these. Finally, this thesis demonstrates two unique tools that can help guide
future research: a codebook for tracking engaging behaviours and an open-source slider tool
that captured the dynamic rating of recorded interactions. The engagement codebook can be
used by researchers and practitioners who need an in-depth exploration of children’s
nuanced behavioural patterns associated with engagement during an interaction with a
science learning activity. This codebook builds on previous engagement scales such as
eSOCS (Deater-Deckard et al., 2011) and LECS (Halliday et al., 2018) that consider the
multicomponent of engagement and behaviours needed for the early years, but it adds
categories to track higher-order cognitive skills such as goal-setting and strategy use that
are not context or activity-dependent. An in-depth exploration of these engaging behaviours
offers value as a guide to improve engagement while designing science exhibits and

activities. On the other hand, the slider tool is based on the combination of previous tools
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that measure the self-reported intensity of a process in a screen (e.gf. an emotion) or the
self-reported intensity of an experience during a live event (e.g. enjoyment of a movie). The
novelty of the slider tool, however, is that it combines the capacity to rate intensity of a
process with the capability of an interface that allows the synchronisation of the score to a
desired video. This makes it a tool that can capture a continuous measure of the intensity of
a unidimensional variable, in this case engagement. This tool is unique because itis a
Python-based open-source interface that uses affordable components that only need to be
assembled and that can be adapted by other researchers to fit in their design with other
dynamic unidimensional variables. Using this slider tool in a science centre can help identify
key moments of engagement during a recorded interaction that may need detailed
exploration and can be complemented with the engagement codebook or tested in depth

with the triangulation method.

6.3.2 Theoretical

This thesis contributes to the development of a theory regarding learning
engagement as called upon by Boekaerts (2016) by proposing a conceptualization of
engagement as a continuum. This continuum should consider the intensity and the
temporality of an event, seeing engagement as both a process and an outcome, that can
also be determined by the short or long-term focus of the research. Sinatra and colleagues
(2015) had already proposed engagement as a continuum of engagement, but their model
depended on the grain size of unit of analysis, ranging from person-oriented to context-
oriented. This means engagement would be different when focusing on what influences a
person when interacting with an activity, than understanding engagement when considering
a context, such as a science centre. The continuum presented here complements Sinatra’s
model by adding a temporality and an intensity axis to each of the units of analysis, which
can help researchers track whether engagement is being measured as a process/outcome in

a short/long-term view.
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Findings also support the conceptualization of engagement as a process since most
of the literature has focused on engagement as an outcome (as discussed in section 2.2.5),
which could be reflecting the tools available to capture engagement as such. Thus, an
increased availability of tools that can capture the dynamic process of engagement, as
shown in this thesis, may help to reframe and reconceptualise engagement as a process as
well as an outcome. Furthermore, evidence from the countless cognitive-emotional markers
(i.e. NS-SCRs) found in Study 4 and from the dynamic variation of engagement perceived
from practitioners in Study 5, supports the model observed by O’Brien and Toms (2008).
This model proposed that during a cycle of engagement there would be multiple points of
engagement, all of which would have a similar starting point, and at some point, might finish
naturally or abruptly. In the findings from this research this interruption was observed by the
attention-off-task events, and it was also observed that engagement with the interaction was
also recaptured on multiple occasions. Therefore, this study strengthened the theory of
engagement as a dynamic process that can be found and captured outside of user
experience with digital platforms. Also providing evidence that this cycle of engagement can

also be found in children’s engagement experiences with science learning.

The findings of this research also provide evidence to the framework established by
Fredricks et al. (2004) and Tisdal and Perry (2004) that considers engagement as a multi-
component construct where the interplay of its emotional, behavioural and cognitive
components need to be examined to increase understanding of the overall result. Ben-
Eliyahu et al. (2018) also evidenced that according to their structural equation model,
engagement in science learning is a construct that is more than just the sum of the outputs

from each component.

This thesis also contributes to the field of informal science learning by increasing
understanding of engagement during science learning in a science centre for the early years,
which is a construct that has not been as studied as much as other age groups in childhood

(Fu et al., 2016) or as in other learning contexts, such as formal student engagement
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(Mahatmya, Lohman, Matjasko, & Feldman Farb, 2012). Specifically, this thesis showed that
early years children were more inclined towards and interacted for longer with an open-
ended exhibit compared to a planned-discovery one which echoes results observed by
Gutwill (2008) when examining counter-intuitive and open-ended exhibits at the
Exploratorium in San Francisco. It also supports views about open-ended exhibits fostering
more engagement as found by Tisdal and Perry (2004) who found that exhibits that promote
what they called active prolonged engagement (APE) were more open-ended and allowed
visitors to explore more freely. It also showed a connection between children’s age where
younger children used less variety in the number of different higher-order cognitive functions
such as actions, strategies and goals, compared to older children, however, these
behaviours in older children had a shorter duration than those done by younger children.
This mirrors arguments from Pressley and Hilden ( 2006) where they mention that children
could discover new strategies performing a task although they may be deemed ineffective
because they have not been practised and the outcome is unknown, which potentially also
explains the lower duration of these. Thus, as children get older, they could test more
strategies. Finally, the findings also evidence a support role parents could play with children
in the early years even when children are interacting individually. Since children looked for
parents during interaction, facilitation from the adult to the child can support their
understanding according to Van Schijndel et al.(2010). They argue that at this early age,
facilitation could be shaped by prompting the child by asking them questions about the
activities, pointing them to key actions or events, encouraging children to ask questions and
providing them with guiding answers. This would drive children into making their own
predictions of what could happen before/after some key event, modelling their actions in
advance or helping them in see some causal relationship between certain. Research has
shown that when teaching parents how to guide their children’s interaction significantly
benefitted children’s high-level exploratory behaviour, related to scientific inquiry (Van

Schijndel et al., 2010).
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6.4 Implications and Future Directions

6.4.1 For Research

The methodology tested here responds to a call from a review of museums’ last
decade on research by Andre et al. (2017) on how to support learning, particularly for
preschool-aged children in museums, a population which has not been as studied. The
evidence for triangulating information from tools that capture the different components of
engagement presented here has significant implications for studying other complex
constructs that require multiple points of data and less reliance on verbal communication.
One concept strongly related to engagement that can benefit from this approach would be
learning, which has been recognised to be both an interplay of different factors and to have a
duality of conceptualization as process/outcome (Falk, 2005; Falk & Dierking, 2000). That is,
this method could better capture the social, affective and cognitive dimensions associated
with learning while also detecting additional variables of interest such as curiosity. There is
evidence of attempting the use of this triangulation method with self-regulated learning of
adults as used by Taub et al.(2017), as well as triangulating psychophysiological markers for
learning using EEG and eye-tracking during a learning game on a screen (Cowley & Ravaja,
2014). Therefore, an implication of this research is the possibility of incorporating additional
mobile psychophysiological tools to the triangulation method, such as accelerometers, heart-
rate monitors or EEG, to the study of both engagement and learning in-the-wild. This would
also provide additional psychophysiological markers which would be of assistance in
evaluating the relationship with video-coded cognitive-behavioural markers as was done with
EDA and other emotional expressions or cognitive-behavioural markers. Using a
triangulation of an EDA sensor with cognitive-behavioural markers of engagement provided
additional evidence with respect to the use of emotional arousal observed by skin
conductivity (i.e. phasic and tonic activity) as one of the possible markers for emotional

engagement in early years children interacting in-the-wild. While EDA sensors had been
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used before to measure either emotional arousal in adults interacting with museums (Mitas
et al., 2020); emotional arousal of children in different controlled scenarios (Hedman, 2008),
cognitive effort in children (Nourbakhsh et al., 2012; Sridhar et al., 2018), or the more recent
use for capturing engagement in older children interacting with an augmented reality learning
activity (Lee-Cultura et al., 2021); none of these had used EDA sensors to explore emotional
arousal as a dimension of emotional engagement with young children in a science centre
context. Findings showed that using an EDA sensor provides an informative account of
emotional arousal peaks that could be the results of specific explorative behaviours done,
however, NS-SCRs are also prone to artefacts, and EDA can be influenced by additional
factors beyond decision-making (such as temperature regulation). Thus, using an EDA
sensor is not enough, but it can be complemented by additional layers of
psychophysiological markers that are also captured by the E4 sensors. Most importantly, the
findings from this body of work help establish a methodological foundation for the integration
of tools that can capture complementary processes from internal and external sources in a
real-world context that could account for some of the varied factors normally encountered in

this type of context (Chamberlain & Crabtree, 2020).

Future work is needed to fully understand the implications of conceptualising
engagement as a process and as an outcome when designing research. There are three
main suggestions for further research to improve the triangulation multimodal methodology
around engagement: Firstly, more exploration of engagement using this method with early
years children using: a) different science exhibits, since research has shown that interaction
can be different depending on different types of exhibits(Allen, 2004; Dancstep née Dancu et
al., 2015; Gutwill, 2008); b) interacting in different informal science learning scenarios such
as zoos, aquariums or art museums, since behavioural engagement might be shaped
differently due to the intrinsic nature of each of these (National Research Council, 2009;
Schwan et al., 2014); ¢) adding a social component to their exhibit interaction, whether this is

interacting with parents, a science facilitator, or peers, since research has also pointed to the
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relevance that social interaction adds to a museum visit (Allen & Gutwill, 2004; Falk et al.,
2004; Shaby et al., 2017). Secondly, the use of this methodology with older children and
teenagers while exploring a science centre scenario would be particularly valuable to identify
and extend our knowledge on any developmental patterns of engagement with science
exhibits. Thirdly, adapting the triangulation method and/or the slider tool to use in complete
museum visits and not restricted only to a single science exhibit. For example, incorporating
the use of the head-mounted camera and an E4 sensor to record the process of
engagement with the exhibits in both short and long-term throughout the visit. This video
could then be evaluated using the engagement codebook with limited behaviours or the
slider tool could help screen for key moments of engagement throughout the visit. These
suggested studies would shed more light on the different aspects of the continuum of

engagement that could be influencing a child’s visit to the science centre.

6.4.2 For Theory

This thesis builds up the theoretical definition of engagement by illustrating the
conceptualization of engagement as a multicomponent process during learning experiences
as much as an outcome of them. It expands the conceptualization of engagement to
consider how its temporality can accommodate the different, and sometimes conflicting,
definitions of engagement (Azevedo, 2015; Boekaerts, 2016), to be understood with a more
nuanced framework in different learning contexts. The continuum proposed here, paired with
the continuum that considers grain-size of unit of analysis by Sinatra et. al (2015), raise
important theoretical issues that bear on the understanding of the construct of engagement
from multiple perspectives. A theoretical implication if both of these continuums were to be
considered, would open new paths for researchers to explore and explain underlying
processes of engagement considering both the grain-size of a learning activity and the
temporality in which this is happening. Further research is needed to better understand the
extent to which these continuums of engagement can accommodate the complex interaction

between engagement and the different contexts where it occurs. This means a better
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mapping of the temporal, intensity and person-context positioning of different states of
engagement when it comes to science learning experiences. When working with a complex
construct like engagement or learning, having more information regarding the captured data
can facilitate the delimitation of some depictions of engagement. By doing this, there could
be an implication for reducing the notion of engagement as an umbrella term, since clearer

definitions bring with them better accuracy in measuring and representing of a complex idea.

Moreover, understanding the temporality of engagement combined with its
multicomponents could prove to be a key factor to understand how engagement influences
learning experiences and prompt future research into exploring how to influence and
modulate engagement in science learning. This can be particularly advantageous for
underserved populations with limited access to some informal science learning experiences,
because it can shape their future engagement with science as shown by research from
Essex and Haxton (2018) who researched different levels of engagement taking into account
participants with different levels of science capital. This potential improvement in science
learning experiences can also lead to increasing their individual and community science

capital (DeWitt et al., 2013, 2016).

One unexpected additional result from this thesis hinted at the prominent role
children give to parents, even if just for emotional support throughout an individual
interaction and the positive reaction that doing this elicited in children. This finding builds on
evidence from Van Schijndel et al.(2010) regarding the prominent role adults could have in
supporting children’s exploratory behaviours. However, what creates interesting questions
for future work is that children searched for parents’ support even during an engaging
interaction. This could guide future studies that examine whether children can identify how to
support their exploration with science learning by including their parents, or if this
characteristic would be attributable to a particular parenting style and typical interaction

during learning experiences.
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Future studies of the triangulation method could integrate the role of social interaction
to increase understanding of how and to what extent it impacts the interplay of the individual
components of engagement. This would provide a comprehensive assessment of
engagement in a science centre that facilitates comparison of how different social agents

can influence and shape engagement throughout an interaction with a science experience.

6.4.3 For Practice

The evidence from this thesis can support how practitioners capture and measure
engagement. Since practitioners need to evaluate engagement to improve their experiences
and exhibit designs, developing methods that improve a nuanced representation of
engagement could contribute to enhancing these experiences. Firstly, the feasibility of use of
a head-mounted camera and a wearable sensor that can capture up to four different
measures (EDA, HR, accelerometer and temperature) demonstrated here for early years
children during a hands-on interaction with a science exhibit. The use of wearable devices
for practice that are becoming easier to use and analyse opens the possibility of increasing
richer multifaceted explorations of complex constructs, like engagement, in real-world
contexts. The triangulation method can be used in summative evaluations, contributing to
detailed descriptions of a specific exhibit or activity, as it has been needed for research like
the APE! project looking to characterise features that promote engagement (Tisdal, 2004;
Tisdal & Perry, 2004). This method could also unveil potential causal-mechanisms for
engagement and science learning, which could lead to evidence-based changes, whether in
facilitation or exhibition design. This would address one of the main needs raised in the
review of designs and methods in Informal Science Education Evaluation by Fu et al. (2016)
to “develop better measures, particularly those that are direct measures of outcomes,
embedded in the informal experience” (p.33), where they also ask researchers to go beyond
descriptive studies and address causal questions. Therefore, the findings from this research

address the need by capturing direct outcomes within the science centre context from the
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participants and using markers of emotional arousal (i.e. proxy for emotional engagement)

as the leading measure to guide cognitive-behavioural markers.

However, this in-depth method would not be suggested for smaller evaluations
where the focus is to provide a quick descriptive overview of how a visitor interacts with a
specific activity or throughout a visit. Particularly since findings from Chapter 6 showed great
variability in the subjective scoring of children’s lower levels of engagement by expert
practitioners. Instead, it is suggested that the bespoke slider-tool is used, which is a new
hand-held device that can capture the dynamic temporality and variability of intensity of
engagement with less time-constraints. The slider tool can be very useful in practice since it
can serve as a screening instrument that helps identify how and why engagement is varying
during a recorded interaction or that can be used in practice for training other staff to detect
dynamic engagement in visitors. Further research should focus on the improvement of the
hand-held slider tool and assess whether it is possible to combine with recording from a
head-mounted camera an electrodermal sensor to measure engagement during a live-
interaction. This could provide practitioners with a device that can monitor the first-
perspective of the child’s, or the visitor’s, point of view and triangulate with emotional arousal
along with the practitioner’s judgment of engagement peaks. Doing this can help tackle the
additional constraint of doing controlled or recorded research in science centres, resulting in

more ecologically valid results and better understanding of the real-world context.

Although in order to achieve this, communication between researchers and
practitioners is key to understanding how best these findings can be put into practice
(Ghazai-Mohammed & Meikleham, 2020). A better communication about this body of work
would also entail greater knowledge regarding engagement, the importance of considering it
a process and also gaining a perspective from practitioners around the practicalities of the
methods proposed. The potential benefits of this research could lead to improving and
tailoring informal learning experiences in younger children, which can lead to enriching their

overall future engagement with science ideas (DeWitt et al., 2013; Essex & Haxton, 2018).
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6.5 Limitations

While this thesis provided greater insight into engagement by examining it thoroughly
from multiple perspectives, demonstrating the value of the triangulation method approach
used in science learning scenarios, some limitations need to be acknowledged. First,
although this research method can provide rich detailed information about some of the
markers behind engagement, the process needed to obtain that information is costly in time.
This type of limitation echoes criticism made towards research that involves video-

observation (Grack Nelson & Cohn, 2015; Rennie & McClafferty, 1996).

A second limitation regarding the triangulation method is limiting the
psychophysiological marker to EDA only and not the additional 3 sensors, temperature,
accelerometer and blood volume). Moreover, the ease of use of the E4 sensor, which
although easy to use for recording data, entails a higher-level of expertise in the processing
and analysis than the marketing proposes, along with a lack of straightforward directions
from the sensor’s providers on what type of software or parameters might work best for the
analysis. This could limit the future use of the device in less controlled scenarios, or with
researchers with less expertise in psychophysiological devices.

Thirdly, since this thesis project grounded all the results upon a single exhibit, this
might limit the generalizability of the obtained results. Although the selected hands-on open-
ended exhibit showed similar results regarding longer interactions when compared to a
planned-discovery exhibit as argued previously by Gutwill (2008), as well as finding the
chosen exhibit promoted self-guided exploration and inquiry as found in previous research

for this type of exhibit (Dancstep née Dancu et al., 2015; Tisdal & Perry, 2004).

A fourth limitation questions the validity of the set-up used within the science centre
as being truly “in-context”, it is acknowledged that the context it lacked the availability of
other exhibits competing for attention that guides science centre visitors’ free-choice

learning, although the feel of the set-up was controlled by it being on the museum floor with
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semi-closed walls as some exhibitions have. However, since this triangulation method had
not been done before with early years population and within a science centre, it was
necessary to first explore and set a precedent for what interaction in young children would
look like in a science centre when there are no competing stimuli and children were able to
interact individually and without disruptions. A future study could use these findings as a
base and follow a child on a visit to a science centre using the head-mounted camera or
while interacting freely with an exhibit but with fewer restrictions in time and allowing other

visitors to also interact with the exhibit.

This leads to the final limitation of not examining any social interaction during the
encounter with the science exhibit, which has been argued to be a key factor influencing
children’s engagement in a science exhibit (Allen & Gutwill, 2004; Falk & Dierking, 2000;
Gutwill, 2008; Schwan et al., 2014; Shaby et al., 2017). Since the main aim was to first
understand children’s individual engagement, this would be out of the scope of the main
research, however, the most important next step would be to research how the influence of
peers or parents interacting along with the child could shape engagement and whether the
cognitive-emotional markers found in this thesis would show a similar relationship when the
interaction is not individual. Therefore, future directions of this research would lead to an in-
depth inspection of social influence over engagement using the triangulation multimodal

method.

6.6 Conclusions

The aim of this doctoral thesis was to examine how and to what extent the process of
engagement can be captured by a triangulation multimodal method for children in the early
years interacting at a science exhibit. This thesis confirms the possibility proposed, but not
tested, by Azevedo (2015) of capturing engagement by using a triangulation approach and
builds on this work by extending it into a real-world context, a science centre, with a different

population, the early years. The findings from this body of work indicate that engagement
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can be captured both as a process and as an outcome through the triangulation of different
tools measuring markers from the cognitive, emotional and behavioural components of
engagement. Evidence from this research shows that this method can capture the process
of engagement by considering the temporal co-occurrence of cognitive-behavioural events
with a lagged response from the emotional arousal component. The obtained results from
the triangulation method showed that engagement in children in the early years is more likely
to be driven by the emotional arousal caused by inquiry exploratory processes. The
triangulation method allowed a capture of not only the interplay between the three
components of engagement but also indicated some underlying relationships surrounding
children’s engagement and their interaction with their parents. The results from this thesis
also point to the importance of asking observers to conceptualise and capture engagement
as a dynamic process, since it provided a more nuanced view of how engagement varies
throughout an interaction. Although the triangulation method proposed is a time-consuming
method to use in everyday research, it is a method that can yield strong results when in-
depth detail is needed of how engagement is working in a particular context or activity. On
the other hand, the slider-tool developed for this research shows potential as an immediate

application to screen and identify triggers of engagement during an interaction.

Finally, given the importance of incorporating science learning during the early years
to positively impact children’s future outcomes, enhancing engagement in science learning
experiences is critical. The results from this thesis broaden the understanding of
engagement and provide an approach to capture engagement more efficiently in a science
centre context that can be used in both research and practice. This body of work lays the
groundwork for future research that can ultimately enrich science learning experiences
through engagement and ultimately improve science learning during key influential stages,

such as the early years.
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Appendix

A - Engagement Observation Tools in Children

Name of scale:

Engagement states Coding system eSOCS

Authors:

Deater-Deckard, Chang, Evans

Where is used?

How is it used? In game learning

Population aimed at: | Children

1. DIST/ATT: Distraction/Attention

(“off task” or “on task”)

1) Constant distraction (DIST) throughout task

2) Substantial DIST, with only one or two instances of ATT

3) DIST for more than half of task, with several instances of ATT
4) DIST for about half of task, ATT for about half of task

5) ATT for more than half of task, with several instances of DIST
6) Substantial ATT, with only one or two instances of DIST

7) Constant ATT throughout task

2. PA: Positive affect (smiling, laughing, excitement,
enjoying the task; vocalization and/or facial

expression)

1) no instances of PA

2) one or two instances of PA

3) several instances of PA

4) PA for about half of the task

5) PA for more than half of the task, several instances of non-PA
6) Substantial PA, only one or two instances of non-PA

7) Constant PA throughout the entire task

3. TCH: Touching of device and/or task materials
1) No instances of TCH

2) One or two instances of TCH

3) Several instances of TCH, for less than half of task

4) TCH for about half of task

5) TCH for more than half of task, with several exceptions

6) Substantial TCH, only one or two exceptions

7) Constant TCH throughout task 3

4. PERS: Persistence (begins and completes task
without breaking away, stopping, or giving up)

1) no PERS; does not begin task

2) Substantial non-PERS, begins task but stops soon after
initiating

3) PERS for less than half of task, with several instances of PERS
4) PERS for about half of the task

5) PERS for over half of the task with several instances of
stopping

6) Substantial PERS, only one or two instances of stopping

7) Constant PERS, completes task with no instances of stopping

5. A/F: Anger/Frustration (vocalizations and/or facial

expressions)

1) no instances of A/F

2) one or two instances of A/F

3) several instances of A/F

4) A/F for about half of the task

5) A/F for more than half of the task, with several instances of non-
AIF

6) Substantial A/F, only one or two instances of non-A/F

7) Constant A/F throughout the entire task

7. A/N: Anxious/Nervous (vocalizations and/or

facial expressions)

1) no instances of A/N

2) one or two instances of A/N

3) several instances of A/N, for less than half of task

4) A/N for about half of the task

5) A/N for more than half of task, with several instances of non-
A/N 6) Substantial A/N, only one or two instances of non-A/N
7) Constant A/N throughout task

8. FMM: Fine motor movement (fine motor

movements involving the device or task materials)
1) no instances of FMM

2) one or two instances of FMM

3) several instances of FMM, for less than half the task

4) FMM for about half of the task

5) FMM for more than half of the task, with several instances of
inactivity

6) Substantial FMM, only one or two instances of inactivity

7) Constant FMM throughout task

9. AGG: Aggression (physical and/or verbal) In
INDIVIDUAL CONTEXT: AGG directed at device
In DYADIC CONTEXT: AGG directed at device or

partner

1) no instances of AGG

2) one or two instances of AGG

3) several instances of AGG, for less than half the task

4) AGG for about half of the task

5) AGG for more than half of the task, with several instances of
non-AGG

6) Substantial AGG, only one or two instances of non-AGG

7) Constant AGG throughout task 5

10. VERB: Verbalizations during task (task-related
speech)

In INDIVIDUAL CONTEXT: self-directed speech
In DYADIC CONTEXT: self-directed speech
and/or partner-directed speech

1) no instances of VERB

2) one or two instances of VERB

3) several instances of VERB, for less than half of task

4) VERB for about half of task

5) VERB for more than half of task, with several instances of
non-VERB

6) Substantial VERB, only one or two instances of non-VERB
7) Constant VERB throughout task

11. INT: Intrusiveness (physical and/or verbal
attempts to disrupt, manipulate, or control partner)




6. GMM: Gross motor movement (minor body
movements [moving arms, pointing to stimuli] and
major body movements [jumping, getting up and
sitting down])

1) no instances of GMM

2) one or two instances of GMM

3) several instances of GMM, for less than half the task

4) GMM for about half of the task

5) GMM for more than half of the task, with several instances of
inactivity

6) Substantial GMM, only one or two instances of inactivity

7) Constant GMM throughout task 4

12. RESP: Responsiveness to partner (contingent
responding to partner’s verbalizations and actions)
CODE ONLY in DYAD CONTEXT n/a: not coded

(individual context)

1) no instances of RESP

2) one or two instances of RESP

3) several instances of RESP

4) RESP to about half of partner's questions/comments

5) RESP to more than half of partner’'s questions/comments, with
several delays

6) Substantial RESP, only one or two instances of delay

7) Constant RESP throughout task 6

CODE ONLY in DYAD CONTEXT n/a: not coded

(individual context)

1) no instances of INT

2) one or two instances of INT

3) several instances of INT

4) INT for about half of the task

5) INT for more than half of the task, with several instances of
non-INT

6) Substantial INT, only one or two instances of non-INT

7) Constant INT throughout task

13. IND: Independence/Autonomy (leads and
controls task; does not include off-task
behaviours) CODE ONLY in DYAD CONTEXT

n/a: not coded (individual context)

1) no instances of IND; relies on partner throughout task
2) one or two instances of IND

3) several instances of IND, for less than half of task

4) IND for about half of task

5) IND for more than half of task, with several instances of
following partner’s lead

6) Substantial IND, only one or two instances of following
partner’s lead

7) Constant IND throughout task, controls task from beginning
to end




Name of
scale:

Observable indicators of learning engagement

Authors:

(Halliday et al., 2018)

Main
criterions it uses:

The tool for learning engagement observation has seven

indicators of engagement:

1.

2.

attention to instructions — how attentive children are during the
initial task description and other interactions with experimenter
on-task behaviour — children’s maintained focus on task
materials, task-relevant actions and the amount of time children
remained task oriented. Success of task is not required to be
considered “on task”.
-Focus: visual attention to materials and to the

examiner if he/she is talking or the child is requesting help.

- Engagement with task: manipulation of materials in a
way that would result in completing the task.
persistence — Whether children maintained engagement even
when the task became demonstrably difficult
monitoring progress and strategy use — How flexible children
were in their strategy use and how aware they appeared to be of
specific problems or progress. Strategic behaviour - focusing on
specific problems rather than aimlessly moving task materials
around the table, checking work before claiming completion,
asking for help on specific problem, using feedback in
constructive ways.
enthusiasm and energy — How interested or eager children
appeared to be in the task/ how energetic vs passive while
engaging. (sitting up straight or expressing eagerness)
positive affect — Assessed the amount and intensity of physical
and verbal cues of pleasure and enjoyment
negative affect. (sadness, anxiety and frustration — arms
crossed or complains)

Population
aimed at:

Children

Where is
used?

In a lab-context

How is it
used?

It is used in a laboratory environment to test engagement in younger

children. They are presented with a Tangram task

They have descriptive rationale of why each of these labels are important. The rating was a 5-
Likert Scale. 1(no indication of behaviour) to 5 (high indication of behaviour)

They describe affective-behavioural component: (enthusiasm)




Name of Visitor Engagement Framework (+ 2 additional
scale: learning behaviours)
Authors: Shaby, Assaraf & Tal, 2017
Where is Science centre
used?
How is used? Observed by the researchers to explore learning in science
museums through interaction. What makes people engage?
Aims: To assess the behaviour of school students, determining what
sorts of behaviours they engage in and whether different exhibits elicit
different behaviours

Initiation behaviours
1. Doing the activity - BEHAVIOURAL
-In passing, not done completely
-Doing the activity somewhat completely
-Doing the activity without further exploration or testing of variables
-Looking at the exhibit working, or someone doing the activity
2. Spending time watching others engaging in activity or observing the exhibit — COGNITIVE?
-Watching the exhibit or person using the exhibit with expressed interest in the activity
(facial expression or verbal)
-Interested in learning outcome or in learning the activity; visitor does the activity after observing
3. Expressing negative emotional response in reaction to engaging in activity — EMOTIONAL?
- Displeased with the exhibit, making negative remarks
-Leaving the exhibit after a short experience or after watching others engage,
showing marks of displeasure

Transition behaviours

4. Repeating the activity

-Doing the activity two to three times to attain desired outcome, to master the exhibit’s function.
-Enjoyment of outcome

-Changing the variables once looking for a difference in outcome; becoming involved/engaged
5. Expressing positive emotional response in reaction to engaging in activity

-Smiling, pleased with exhibit

-Stronger signs of enjoyment such as laughter; verbal references to enjoyment

-Obvious signs of eagerness to participate, excited disposition

6. Asking others, consulting

Asking questions regarding the operation of the exhibit or the outcome

Making general comments about the operation

Not necessarily waiting for an answer

Breakthrough behaviours

7. Referring to past experiences while engaging in the activity

-Reference to past experience with exhibit or science centre

-Simple reference to comparable experience in visitor’s life

-Reference to comparable experience in their life as well as making comparisons and deductions
based on observations of similarities and differences

8. Seeking and sharing information

-Calling someone over to look at exhibit, or to ask them to explain an exhibit, asking a question of
staff or family member without lengthy discussion or exploration of topic

-Reading signage; having conversations about exhibit and related science with staff or family
member

-Sharing experience and information with others by explaining the exhibit to them, giving them
details about gained information and observations; discussions and questions about exhibit with
staff or family member/friend

9. Engaged and involved: testing variables, making comparisons, using information gained from
activity

-Engaging in inquisitive behaviour, exploratory actions such as repeating the activity several
times, reading sighage, and asking questions; remaining on task for 2—3min




-Concentration and motivation are obvious; doing the activity as a means to an end, or meeting a
challenge; length of interaction significant, 3 to 5 min; outcome or result of activity important
-Experimenting, testing different variables, looking for different outcomes; engages in discussion
with others (visitors or staff) about the various outcomes; experience— ‘flow’; involved in activity
for long period of time, i.e., more than 5 min




Name of Engagement Quality Observation system (E-Qual III)
scale:
Authors: Aguiar & MacWilliam, 2013 (Aguiar & McWilliam, 2013)
Where is Kindergarten
used?
Population Toddlers (1-3 yrs.)
aimed at:
How is it
used?

Momentary time sampling procedure in which child engagement is coded every 15s during 15
min observation sessions. (the aim is to have 60 intervals at each session)

In each observation, two codes are entered: ‘
1) acode for the engagement level (the quality of the child's behaviour)
2) acode for the engagement type (the target of focus of the child's behaviour)

At the end of each observation session, frequencies of each code are summed, and the result
is divided by the total number of observations,

Nine mutually exclusive and exhaustive engagement levels (From very engaged (1) to non-
engaged (9):

1. persistent behaviour: i.e. problem solving

2. symbolic behaviour: decontextualized behaviour, pretend play and referent-free language

3. encoded behaviour: use of understanding language

4.constructive play: manipulation of objects in an intentional manner to create or build

5. differentiated behaviour: active participation that does not meet criteria for higher or lower
sophistication levels

6. focused attention: sustained attention at one feature of the environment for at least 3s

7. undifferentiated behaviour: repetitive behaviour

8. casual attention: attention to a sequence or range of events, object, people

9. non-engagement: passive or active undesirable behaviour such as lack of occupation,
crying or aggressive or destructive acts.

Although it was based on the 9 scales, this study only used Sophisticated Behaviours
(sum of 1,2,3,4) and non-engagement

Rationale for not using it: This scale although it is aimed at children it is being discarded
because it is mainly aimed at toddlers rather than younger children, and it more focused on
play/free play, which could not hinge so well with science centre activities.

| Name of scale: | Child Behaviour Rating Scale

VI



Authors: Mahoney & Wheeden, 1999

Where is used? School with special learning needs
Population aimed at: | Children
How is it used? Examine effects of different styles of teacher interaction on engagement

of preschool children through videotapes.

It is a combination of diverse scales: scales reported by Meisels, Plunkett, Roloff, Pasick & Stiefel, 1986
and Egeland & Sroufe, 1981

1. Persistence. The degree to which the child attempts or repeats actions and vocalizations.

2. Attention to Activity. The extent to which the child attends to the activity, independent of the quality of
the child's participation or satisfaction.

3. Involvement. The degree to which the child participates in play activities

4. Initiation: Activity. The extent to which the child initiates different activities during the course of the
observation

5. Compliance/Cooperation. The degree to which the child attempts to comply with the requests or
suggestions of the teacher.

6. Initiation: Teacher. The extent to which the child initiates interaction with the teacher.

7. Affect. The child's general emotional state during the interaction. ‘

Rationale for not choosing: This scale is being discarded because it is mostly aimed at preschool
children behaviour in a classroom, where they have more than one activity, they can take part on
and where there is more interaction with other children and the teacher.

VIi




Name of scale: Activity Engagement Survey

Authors: (Ben-Eliyahu et al., 2018)

Main criterions it

uses:

Population aimed at: | Children (older 5/6" grade)

Where is used? Science centre and classes re science

How is it used? 17 items that encompass “affective-behaviour and cognitive
engagement”

Durlng today’s activity
1. | felt happy or excited

. | felt relaxed or calm
. | felt frustrated or annoyed
. | felt tired or sad

. | felt bored

. I was thinking during the activity

. | explained things to others

. | tried out my ideas to see what would happen

. I thought about how ideas in the activity related to other things
10. | was paying attention during the activity

11. I was doing what | was supposed to be doing

12. 1 did more than was required of me

13. I worked hard on the activity

14. |1 asked questions or talked with an adult

15. | asked questions or talked with another student

Did you do any of these things during today’s activity?

16. | figured out something about science

17. | checked to make sure | understood what we were doing

OCoO~NOOUOPM~WNE

Rationale: This tool could be useful as an interview once children have finished their interaction
with the exhibit. - [ still think this has to be adapted to a younger children’s language/behaviour

Vil




B - Rationale: Logic Model

Context

Theory/Assumptions

Intervention

Outcomes

I. Engagement is an important part
of science learning, but it is unclear
how the process of engaging
seems to occur in this context and

in the early years.

To improve science learning for
children it is important to
understand how engagement can

play a role with it

Science centres are designed to be

engaging so it makes them an ideal

place to study and elicit engagement.

1. Invite younger children to take part
in an interactive exhibit from a

science centre

2. Select from science centre the

exhibits which are popular/ engaging
for younger children (4-7) but that do
not manage to attract them fully or all

the time.

Increased understanding on
how engagement might be
working in different contexts

during the early years

Il. There is no established
agreement on how to define
engagement, the number of
components nor on the definitions
of the components of engagement.
This leads to a difficulty of creating
appropriate measures that are

replicable.

Main agreement about engagement
is the three internal components
(behaviour, emotion and cognition)
that interplay during an event with an
external component (environment —
place and people around) (Fredricks,
2004).

Use different tools to measure and
triangulate the information about
situated engagement when a child is

interacting at an exhibit

A more reliable and complete
approach to measuring

engagement in young children.




Context

Theory/Assumptions

Intervention

Outcomes

Ill. Engagement can be both a
process and an outcome, it will
depend on the time-frame and the
research aim to measure/define it.
However, when it comes to
learning, engagement becomes the
process that is helping learning to
happen (that is, having learning as

an outcome).

A science centre has an underlying
goal of learning about science, thus it
is assumed some kind of learning will

be achieved in any exhibit.

A multimodal approach that allows us
to detect what could be triggering
engagement and how that might be

relating to learning.

Evaluation of efficacy and
viability in using a triangulation

method

IV. Most of the tools used currently
in real-world context are
observational methods and

psychological reports.

Research has suggested a combined
approach which triangulates tools
that measure psychophysiological
and cognitive responses
(EDA/EEG/Eye-tracking) with
observation tools could lead to a
better understanding of how

engagement is working.

Use tools that are compatible with
engagement’s components. That is,
tools appropriate to track ongoing
cognition, emotion and behaviour

during a particular moment.

Having a method that benefits
the most from unique
contributions of tools, but that
also compensates for some of
the individual limitations of

each of the other tools.

V. Different tools provide unique
perspectives on different
components of engagement,
whether these are behavioural,

emotional or cognitive

Current tools:

a) Current observation
measures of engagement
(e.g. engagement scales/

observation notes) from a

Using a fixed video recorder to
capture the child’s interaction with an
exhibit from an external perspective

and use an engagement scale to

To find if there is a correlation
between the self-report
measure, the observation

scales and the practitioner

observation scores.




Context

Theory/Assumptions

Intervention

Outcomes

live or recorded process that
provide information about
children’s behaviour from an

external perspective.

measure children’s engagement and

the attracting power of the exhibit.

To identify the triggers or
factors that affect engagement
and how to design to influence

them

b) Interviews and self-
reports can be used to
capture insights of cognitive
and emotional engagement
triggers that were conscious
and remembered in children
after the learning
process/activity has

happened

Use a self-rate questionnaire along
with a semi-structured interview to
get an insight into the children’s
experiences and impression about
the exhibits, their favourite parts and
what they liked/disliked the most

A rating from the child’s
perspective of the experience
as well as some details of what
and why they enjoyed about

the experience.

VI. Some informal learning contexts
have started using
psychophysiological tools to
capture unobservable inner
processes related to cognition and

emotions.

Psychophysiological tools:

a) Mobile eye-trackers
are devices that do not work
as accurate with younger
children under 6 years old.
Head-mounted cameras as a
proxy of eye-tracking tools.

Their aim is capturing visual

Use a head mounted camera that
captures where a child might be
looking when interacting with a

science exhibit.

A first perspective video of a
child’s interaction with an
exhibit: length of attention,
items within a scene they are
looking at, what items drive
their visual attention, and items

with which they interact and
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Context

Theory/Assumptions

Intervention

Outcomes

attention and its correlation
with behaviour (an additional
measure of cognitive
engagement). They capture
where a person is looking at
and what they are doing from

the 15t perspective.

b) To measure
physiological arousal as a
proxy for emotional
engagement use
electrodermal sensor.
Electrodermal activity
responds better to central
emotional arousal and
cognitive effort than only
heart-rate, which can be
modified and altered by
autonomous physiological

activity.

Use an electrodermal sensor that
captures skin conductivity, heart rate,
and accelerometer and allows

tagging for events.

how.

A measure of how a child’s
emotional response could be
affected by the process of

engagement.
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C - Exhibit Selection From Engaging Exhibit Criteria

Criteria Perception Ball through | Vital organ |Water table Thermal Dino-Sand Building Sand table Cycloid
/lllusion air hoop matching Imaging genetic chains Collision
Camera Physics
Exhibit Aim Experience |See how a Understand Understand Experience Experience Discovering what | Experience how | Experience and
perception | constant air where the how water and what it feels like | genes are, how | fluids work. understand what
alterations/ | current can organs are moves in understand to be a they are arranged | Learning about | happens when
wonder why | maintain positioned different ways |that some palaeontologist |together and particles. two objects
it works like |something a and the items are and discover maybe what they | Cause-effect moving at the
that float? effects this warm or cold | fossils can do. genes same speed
movement even if they are built. collide at the
can have don't look like same time
it
Engagement
Levels v v v v v v v v v % % v
(high/low)
Location v v v v X v v v X v v v
Type of exhibit X X v v v v v v v X v v X
Theme v v v v v v X v v
Interaction v v v v v v v v v v v v v v v v v
Labelling / v v X X X X v X v
Instructions
Inquiry allowed v v X v v v X v v v
Attraction
Power v v v v v v v v v v v v v v v
(Look and Feel)
Exclusion v v % % X v v v v v v v vV
criteria.
Capacity v v v v v v v v v v v v v v v
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D - Testing Feasibility of Engagement Scales and

Fixed Video Camera

Engagement scales paired with observation have been developed and used in
museums and science centres to assess visitors’ engagement whilst they are at an exhibit
(Barriault & Pearson, 2010; Dancstep née Dancu & Sindorf, 2018). Different engagement
scales have been created lately to capture engagement when learning about science (see
Chapter 2.3) where their advantages and disadvantages have been discussed (also
Appendix A shows comparison table with all the engagement scales found in the literature
so far), however only a few have been designed for a science centre and with young children
in mind. For the purpose of this study only two will be considered: VEF (Barriault & Pearson,
2010), and eSOCS (Deater-deckard et al., 2011). Each of these engagement scales capture
the components of engagement during an interaction and have been used either in a
science centre/museum context or with young children, which makes them ideal tools to use
with the triangulation method proposed by Azevedo (2015). Furthermore, the use of these
scales could address capturing engagement directly while children interact with the exhibit
and without needing any verbal communication, which is an advantage when working with
early years children (Forrester, 2017). However, since none of the engagement scales
above has been used both in a science centre and with a population of young children, their

feasibility needed to be evaluated.

The current study aimed to evaluate the feasibility of using engagement scales with
younger children during live observation and during video-observation of them interacting
with a science exhibit. The data was collected to evaluate and compare how informative and
useful two different engagement scales are when used in museum contexts with children in

the early years interacting with different exhibits.
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D.1 Method

Participants - Twelve children between 4 and 5 years old were recruited from a

nursery in Glasgow. They visited the Glasgow Science Centre (GSC), accompanied by their
teachers. Children were divided into four groups of three children and each team was given

a specific colour for identification purposes.

Ethics - The study followed ethical guidelines from the British Psychology Society

and was approved by the Research Ethics Committee of Moray House School of Education
and Sport, University of Edinburgh. This study was carried out with the children who were
taking part in a distinct study for the Move2Learn research project. To minimise demands on
museum and children, this study used the same space and exhibits. Written and verbal
assent of each child, and the accompanying adult was sought on every encounter, paying
careful attention to any verbal or non-verbal signs of inhibition, reluctance, or discomfort.

Parents were also asked to provide written consent prior to the visit.

Location - The study was located at GSC’s ‘Space X' — a separate space within the

museum floor where exhibits can be moved into. This separate space was chosen to enable
video recording without capturing other children. Whilst this space is separated and slightly
guieter than the shop floor of the museum it is similar and arguably authentic of the museum
context. The exhibits used were: (1) a Balance Board (BB) which requires collaboration to
balance the circular board using 5 blocks. The balance board includes a spirit level with a
spirit in the centre of the balance board. (2) a Thermal Imaging Camera (TIC) which shows
the temperature of anything that is being captured by the camera, this could be either
objects or people. Hand-warmers and frozen bottles of water were provided for children to
explore the extreme temperature properties. This exhibit allows individual or cooperative

exploration.
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Tools - Two different engagement scales were chosen out of ten other scales that

have been used or related to different research studies related to situated engagement (see

Appendix 1 a table described the rest of the scales considered that capture engagement and

the rationale for which they were not chosen). These were considered the best option to use

in a science centre live-observation because they can be used in a science centre context.

Visitor Engagement Framework - VEF (Barriault & Pearson, 2010). The VEF counts

seven learning behaviours, divided into three categories that are thought of being
progressive from one to another: (a) Initiation Behaviours - 1. Doing the activity, 2.
Spending time watching others engaging in the activity. In this category participants
gain some information through interacting with the exhibit potentially leading to
further learning. (b) Transition behaviours — 1. Repeating the activity, 2. Expressing
positive emotional responses in reaction to engaging in the activity. At this stage,
participants are enjoying the exhibit and are showing signs of willingness to continue
interaction. (c) Breakthrough Behaviours — 1. Referring to past experiences while
engaging in the activity, 2. Seeking and sharing information with others, 3. Engaged
and involved. For this final category, visitors have solidified their new obtained
knowledge by making links with previous experiences and creating a meaningful
experience. The rating of this framework of observed behaviours is done by an
external observer through coding a paper sheet which tallies whether a behaviour
was present or not. No information around validity/reliability was found for this

framework.

Engagement Scale Observation Coding System — eSOCS (Deater-deckard et al.,

2011; Deater-Deckard et al., 2013). eSOCS contains 13 items used individually,
whether a child is interacting alone or in a dyad. The items are: 1.
Distraction/Attention, 2. Positive affect, 3. Touching of task materials, 4. Persistence,

5. Anger-Frustration, 6. Gross motor movements, 7. Fine motor movements, 8.
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Aggression, 9. Intrusiveness (only when another person is present), 10.
Verbalizations during the task (to himself or others nearby), 11. Anxious, 12.
Responsiveness to partner and 13. Independence/Autonomy. This scale also has
four additional items that rate a children dyad interaction which will not be used here
because the study focuses on individual interaction. This coding system uses a 7-
point Likert scale of how frequently each behaviour is happening, ranging from No
instances to Constant instances. No information around validity/reliability was found

for the full coding system (Deater-Deckard et al., 2014).

Procedure- Children were divided into four teams, each team was given a colour as a

name. The groups visited three different exhibits in total and had 5 minutes of interaction
with each exhibit after which they were interviewed by researchers from the M2L research
project. All groups of children were led by a museum facilitator who would stay with them
while they interacted with the exhibit and trying to facilitate as little as possible. Each group
of children was only observed once. Children were first observed during their live
interactions using the two engagement scales until their turn had finished and before the
next team was observed. After the visit, the video recording of children’s observation was
coded using the same engagement scales. Due to a technical difficulty, the video-

observation was only done with one of the exhibits.

D.2 Results

Feasibility during Live-Observation

During observation of the first group with the Thermal Imaging Camera it became
evident that attempting to code the eSOCS and the VEF during the interaction risked
information being missed since parts of the interaction were not observed while looking for
items in scale and deciding what scoring criteria aligned better. Instead, a decision was
made to collect data during the interaction about the relevant behaviours observed from

each of the three groups. Relevant behaviours were considered as all those actions that
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involved either exploring the cause-effect of their actions in the TIC, any verbalizations of
their reactions, questions/comments they made to their facilitator/ peers about the TIC, and
markers of any expressing emotion. Data collection of relevant behaviours was used
throughout the whole study with the other children’s groups. By the end of each observation
the relevant notes were matched with the different criteria from the engagement scales.
During the observation of children with the Balance Board exhibit, children relied more on
the facilitator to guide them on their interaction, whilst they also began addressing the

researcher to help them with questions or additional guidance about the exhibit.

Filling in the Visitor Engagement Framework after every observation was a fast and
easy process that needed only a tick in each of the behaviours if they were present/absent,
whereas filling the eSOCS after each observation required more time considering the
proportion of time each behaviour had been presented. Thus VEF is a feasible tool to use
during live-observation, although filling it in after an interaction still relies on observer’s
memory. On the other hand, eSOCS was not a feasible tool to use during live-recording due
to the larger number of behaviours it contains, as well as requiring an estimation of the

number of times a behaviour was present.

This live observation also emphasized that the context in which data is obtained is
susceptible to alterations and last-minute changes, such as interruption of observation by
interaction with children when they are not clear on what needs to be done in the exhibit, or

by helping colleagues interact with children.

Feasibility during Video recording report

Due to technical difficulties videos were only available for interactions with the
Balance Board exhibit. Using a video recording for capturing data with both engagement
scales confirmed the potential to capture a richer data, which is less dependent on

researcher’s memory / ability to code everything happening in the moment. Naturally,
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because videos allow observers to pause, rewind and play, video observation was a more
time-consuming method than live-observation. Although both scales provided information
regarding engagement during a science exhibit, eSOCS captured more instances present of
the behaviours, showing more detail about the interaction than when used live, where the
VEF only records Present/Absent for a behaviour, while still keeping record of whether these
behaviours developed from initiation into breakthrough behaviours. Moreover, in the VEF,
some items like “Seek/share information”, relied on conversations happening between the
participants, which were not captured in the recording. Although this behaviour could then be
coded when the child was interacting, or when they asked the facilitator about clues or hints
on how to interact with the exhibit. However, the larger number of details obtained from
coding the scales relying on video shows a good trade-off to overturn the sound limitation
presented with live-recording. That means that video recording also enabled researcher to
pause and code more behaviours while live-observation provided sound and tracking of
conversations, however, some information would be missed while observing and coding the

behaviours. Both scales used were feasible to capture engagement using a video recording.

Data captured by tools

When VEF was scored, it showed that most of the participants had achieved all three
types of possible behaviours (initiation, transition and breakthrough), but unless additional
observation notes were being kept, tracking the exact point in which the breakthrough
behaviours happened would not be as easy to detect. Moreover, it contained an item called
“‘Engagement” that was opaquely defined, and which could only be scored as
present/absent, complicating the coding of engagement and muddling what construct was
being measured by this scale. and also provided redundancy with the coding framework
since the scale was called “Visitor Engagement Framework” and did not contribute much to
the understanding of engagement. On the other hand, eSOCS was more useful during

video-observation, while it also captured a wider array of behaviours but also tracking the
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intensity of use of each of these behaviours. Regarding children’s engagement, most of the

children did not show a clear expression of emotions, neither positive nor negative.

D.3 Discussion

This feasibility study evaluated the use of the most prominent engagement
assessment tools in a science centre, Visitor Engagement Framework, and compared it to a
tool that was designed to capture the three engagement components although not
specifically designed to use with science centres (eSOCS). The results showed that when
comparing between scenarios (live and recorded) relying solely on the observer memory, to
recall all the actions, and have a divided attention while filling in the scale and
observing/interacting with the children during the activity impacted on missing information
about the children’s interaction patterns. Although the video was more time-consuming, it
provided the advantage of going back multiple times and register with more detail the
interaction and code the engagement scales. Also, important to keep in mind remarks from
Sparrman (2005) who has used video recordings with 6-8 years old and acknowledges that it
allows to see what children focus on but acknowledging that the observation from a video

recording comes out of the interaction of child with technology and researcher.

Even though the VEF tool was practical, easy to learn and use rapidly, it was
observed that after five minutes of interaction the VEF tool had already captured the highest
engagement levels of the tool (i.e. breakthrough behaviours) both in live and recorded
observation. This could potentially be since the tool was designed to capture participants’
natural interaction which in an average visit would not typically go above 3 minutes (Tisdal &
Perry, 2004; Serrell, 1997). The obtained results between contexts were similar, recording a

behaviour as present/absent fails to provide details about the nature of the behaviour

observed beyond its achievability, nor about the tracking of any relevant timestamps where
there is a fluctuation of the varying levels of engagement. Although the latter could be

achieved by using accompanying notes, it would become a combination of methods for data
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collection. This tool was developed to be used in the science museum’s floors to screen and
understand visitors’ behaviours throughout a whole-day visit. This result is similar to the
reasoning behind the use of timing and tracking of holding time observed in Serrell, 2020,
although this tool gathers an additional level of cognitive-behavioural engagement and

progression into deeper levels of engagement after initiating contact with the exhibit,

In contrast, the eSOCS tool, which was developed with consideration of the three
components of engagement, became more useful when videos were used for attention to
detail, which in addition to the option of pausing and going back within the video helps to
annotate and keep better track of anything happening and to get a better sense of the levels
of the behaviour throughout the interaction. If this tool were to be used in live observation it
would become very time consuming and the details dependent on the researcher’s
impression, memory and inhibitory control to focus only on one of the children or dyads at a

time.

In conclusion, while both tools were feasible to use in a videorecording, they did not
provide the same level of detail regarding engagement. VEF is not recommended for
analysing a longer interaction of an exhibit since it reaches a point of saturation when open-
ended exhibits are used. The use of eSOCS or an alternative scale is recommended for

video recording.
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E - Testing Feasibility of Head-Mounted Camera

In informal science centre environments, having a camera that records the person’s
point of view has been evaluated by Burris (2017) who placed an action camera to the
participant’s chest, however, after her findings revealed limited understanding of participant’s
field of vision she recommends using head-mounted camera to gather better evidence of
where exactly a participant might be focusing their attention, since a chest-focused camera
does not account for occasions where a visitor might be turning their head. A head-mounted
camera has been suggested as a more appropriate tool for recording both looking behaviour
and the potential visual environment around, particularly when the activity is related to free-
play, where it is more useful to gather information from the surroundings of the child by
letting them direct their attention and explore (Schmitow et al., 2013). Therefore using this
method can contribute to capturing the process of engagement by providing the child’s first-
person view of their interaction pattern, along with the third-person view captured by a fixed
video recorder, which can be triangulated to show possible triggers within the exhibit or

outside the child’s point of view that could be influencing their engagement.

However, literature using head-mounted cameras with children is still scarce, thus,
the current study aims to test the feasibility of younger children wearing a head-mounted
camera while they are exploring an interactive science museum, in particular, the study
evaluates children’s comfort in wearing it, the amount of information that can captured in a
frame from this type of camera and whether it is a useful proxy for mobile eye-tracking as

evidenced by Burris (2017).

E.1 Method

Participants - Two siblings, one 3-year-old female and a 7-year-old male were

invited to take part in this study since they covered both the higher and lower end of the
chosen age range for the early years population. Both children were recruited using

convenience sampling.
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Ethics - The study followed ethical guidelines from the British Psychology Society

and was approved by the Research Ethics Committee of Moray House School of Education
and Sport, University of Edinburgh. Written and verbal assent of each child, and their
parents was asked, paying careful attention to any verbal or non-verbal signs of inhibition,

reluctance or discomfort.

Tools - An action camera (Yi Action 4k+°) was mounted onto the child’s head using

an adjustable head-band strap. Figure 0.1 illustrates what the camera looks like and how it
fits a participant. Two hats were also used to test comfort and camera obstruction, the first
one was a cap, which is more commonly used by children, and an explorer-like hat, which is
assumed to be more comfortable and has a flatter top. The camera was connected

wirelessly to an iPad that displayed the same image as the action camera.

Figure 0.1

Head-Mounted Camera

Note. Head-strap elastic band with camera (/eft).

Example of child wearing it (right).

Procedure - This study was conducted on the ground and third floor of the National

Museum of Scotland, since these floors have more interactive exhibits in contrast with the
other floors that are more object-based. Each participant was asked to wear the head-
mounted camera for 5-10 minutes while both of them walked and interacted freely around

the museum. First both children were asked to put the head-camera with the head-strap only

XXIII



to test the comfort and grip of the headband, whether it would slide onto the forehead or to
the sides/back of the head. They were also asked to wear it on top of two different hats (an
explorer-like hat and a cap) to test both the comfort of the camera and the grip on top of
another surface. This would also help to test if any parts of the hat would be visible or

interfered with the recording frame.

After the visit to the museum, the video obtained from the head-mounted camera was
edited by using a 3x3 grid to mark different locations within the frame. This was also used to

look for focus of attention (Figure 0.2).

Figure 0.2

Example Grid Used on First-Perspective Video

Note. Grid was superimposed on video, leaving two clear squares simulating focus
of attention

E.2 Results

Wearability of head-mount

The main things evaluated regarding the head-mounted camera were the grip, camera angle
and comfort while using it. While both children interacted with the different exhibits, the
head-mounted camera with only the head-mount remained in its place. However, when it
was placed on top of the explorer-like hat, the head-strap was less stable as the hat would
move and slide slightly. When children wore the cap with the head-mount, the head-mount

had a better grip, however, the screen of the cap would be within the camera frame.
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According to the participants, the camera felt more comfortable when it was on top of
a cap as they could not feel the strap around their forehead. However, the size of the cap
peak was large and interfered with the image frame. Even if the cap was reversed to avoid
the peak this would impact on children’s comfort by having the head-strap on their forehead.
The camera angle could also change depending on size and type of cap and whether the

top involved angling the camera to capture the scene better.

Performance of head-mounted camera

The angle of the camera was also found to be important, requiring an angle towards
the floor in order to track where the child was looking at and capture how/where they were
interacting. It was ascertained that if the remote-app disconnected between the mobile
device and camera, the recording remained intact. The quality of the recording was high, the
audio was crisp and clear, potentially not requiring any additional microphones, and the
image was highly defined, stable and clear. The camera recorded good quality audio,
particularly from the first-person perspective. Albeit was observed that light must be
considered when positioning the child, as the camera could project a shadow on top of the
activity and interfere with the observation analysis. Additionally, the head-mounted camera
did not cause interference from other observing children, some glances were observed, but
no interruptions nor pointing to the child nor the head-camera occurred. Figure 4.3 illustrates
an example of a scene from the head-mounted camera, particularly highlighting how the
first-person perspective provides a better idea of how the child is directly experiencing an

exhibit when at the science museum. It can also be observed that the wide-angle lens from
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the camera includes more of the environment where the child interacts, as well as showing

how the angle of the camera has the potential to observe how children are using their hands.

Figure 0.3

Example Snapshots From Head-Mounted Camera at National Museum of Scotland

Note. Snapshots taken from a video recording whilst child explored ground floor of the
National Museum of Scotland.

Head-mounted camera markers for visual attention

The head-mounted video demonstrated how the first-person perspective could
captured in a comparable way to eye-tracking tools, particularly those that allow tracking
where visual attention is placed and for how long (i.e. fixations) and where and when this
attention shifts (i.e. saccades). With the obtained video a 3x3 translucent grid was
superposed on top of the video to serve as visuo-spatial referent, a highlight for only the
middle and lower centre squares was used to simulate the focal point of attention in what
children were observing (Figure 0.4). From this grid particular markers of visual attention

were proposed as a proxy to some measures used by eye-tracking measures (Table 0.1).
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Figure 0.4

Comparison of Head-Mounted Camera Video With and Without Grid

Table 0.1

Head-Mounted Camera Cognitive Markers

Marker Description

Type of measure obtained

Rationale

Focus of Attention
Length of the scene
directed at task- relevant
activities in exhibit.

The centre defined as the
middle section from a 3x3
grid divided into thirds.

-Quantitative:

Proportion of time looking at

different objects in exhibit

Qualitative:
Descriptive data of objects
of interest and actions

performed with them.

Duration of focus of attention
could provide reference to
where visual attention is being

guided within an exhibit.

Marker Description

Type of measure obtained

Rationale
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Shift of focus of
attention

When the centre of the
scene is shifted rapidly to
left or right third.

Quantitative:

1. Amount of task-relevant*
changes

2. Amount of task-
irrelevant* changes

3. Length (ms) of changes

4. Number of objects

Qualitative:

Descriptive data of objects
that shifted attention.

It is a potential proxy for eye-
movements, particularly when
focusing on the centre of the
scene helps narrowing the

focus of attention.

*Task relevant: Any shifts
within the physical space of
the exhibit, directed to
different objects or agents

interacting with the exhibit.

*Task irrelevant: Any shift that
moves away or is not directed
at the exhibit or someone
interacting with the exhibit.

E.3 Discussion

The head-mounted camera was a feasible tool to use with young children from the

age of 3 and 7 years old. This indicated that children within that age range should have no

significant difficulties wearing the head-mount while moving freely around a science exhibit.

Whilst children reported using a hat as the most comfortable option when wearing the head-

mount, this might not be recommended for future use given the reduced awareness of

wearing the camera, which could lead to a child removing the hat and accidentally damaging

the equipment. Furthermore, a reversed cap would impact the angle of the camera, the

stability and visibility of the image, and for sanitary reasons, it would not be possible to share

a cap continuously on the same day with different children. However, children still reported

wearing the head-mount as comfortable, not applying much pressure to their head and not

feeling the head-mount was too intrusive as they interacted, which was behaviourally
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evidenced by none of the children touching the camera while they interacted. Furthermore,
the superimposed grid helped to separate the scene into different planes that help as a
visual scene- referent of where the child’s attention is located. The spotlight section of the
grid also acts similarly to the 2-5 degrees focal point found in eye-tracking foveal and
parafoveal vision measures, outside of which images start losing sharpness and quality

(Rayner, 2009).

The video from the head-mounted camera allowed tracking the focus of attention in
the centre of the image and the shifts in focus, which was confirmed when the grid was
superposed on the video and the clear centre of the video was followed. Although the grid
facilitated following the focus of attention over a visit in a science museum, it still should be
considered similar to eye-tracking, though not as precise and should be used with purposes
that do not require in-depth tracking of the visual scanning pattern of a particular scene (Lai
et al., 2013). The video also captured the perspective from the environment where the child
was interacting. This aligns with the suggestion from Burris (2017) regarding the potential of

using head-mounted cameras to track visual attention.

Overall, this tool is feasible to use with children in the age range of 3-7 years old

whilst they freely interact with different science exhibits.

F - Testing Feasibility of Electrodermal Sensor

There is little literature around ambulatory devices with early years children
(Hedman, 2008; Malmberg et al., 2019; Sridhar et al., 2018), that would help in evaluating
whether the sensor would be comfortable while performing tasks, if the quality of the data
recording would be sufficient for analysis, or how much movement would it allow children
to do whilst using/playing hands-on items. There is also a lack of research when it comes

to electrodermal activity and early years children, as addressed in Section 2.3, for which
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there are no established parameters of skin conductivity in children, less so in ambulatory
or wearable devices that measure EDA from the wrist in comparison to the fingers or palm.
Therefore, a feasibility study was needed to examine whether an EDA sensor can
be used with the youngest age from the early years age group (i.e. 3 years old) as well as
the feasibility of use while interacting with hands-on tasks. If this can be possible, then it is
assumed that the device would also work well with older children within the early years.
The current study aimed to test the feasibility of a child using a wearable
psychophysiological sensor while interacting with a science programming game. That is,

evaluating fit, comfort and data quality recording and processing.

F.1 Method

Participants - A 3-year-old girl was invited to the University of Edinburgh to take

part in this study. She was conveniently sampled from a child of staff within the University of

Edinburgh.

Ethics- The feasibility study was approved by the Research Committee Ethics of

Moray House School of Education and Sport, University of Edinburgh. Written and verbal

assent and consent was sought from both parents and the participants.

Tools — An electrodermal activity sensor and the software needed to process the

data were evaluated.

e Empatica E4® Sensor — Wearable wrist-band device. (Figure 0.5) — This device

contains four sensors to track 5 different psychophysiological markers: galvanic
skin response sensor to measure electrodermal activity, accelerometer to
measures movement, photoplethysmography to measure heart-rate variability
and blood-volume pulse, infrared thermophile to capture peripheral skin
temperature and movement using an accelerometer. The device also contains a

button in the centre that when pressed this is recorded it as an event marker.
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The E4 sensor can also connect to a mobile device via Bluetooth and stream the

real-time data acquisition to the screen.

Figure 0.5

Empatica E4 Sensor

e Ledalab V3.4.9 — MATLAB- based open-source software for skin conductance

analysis that allows importing, cleaning and processing of the electrodermal raw
activity using a Convolution-Deconvolution method that separates the phasic

from the tonic data (Benedek & Kaernbach, 2010b, 2016).

Procedure - The participant was asked to wear the electrodermal sensor for 12

minutes while playing with a hands-on programming robot game for children. First, the
sensor was fitted, testing if the band closed comfortably without being too tight nor too loose.
To do this the child was asked to move her hand, shake it and close into a fist. To capture a
baseline of her electrodermal activity, the child chatted to the researcher for five minutes
before playing the game. The sensor was placed from the beginning of the child’s
participation and taken off at the end of the interview. After the calibration period was
finished, the child had to solve a maze using an electronic toy that was programmable by
pressing buttons on its back to move in the direction of the arrows. The E4 sensor was also
connected by Bluetooth to a remote tablet to test the live-recording screening that showed
what the sensor was recording. Finally, after the recording was done, the data was

downloaded and the Ledalab software was used to process the electrodermal activity data.
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Figure 0.6

Empatica E4 Sensor Fitted on Child’s Hand

,/(V‘

F.2 Results

Wearability of Electrodermal sensor. The E4 Empatica device can be worn by

children from 3 years old. The size of the child’s wrists did not hinder the sensor’s grip,
allowing a comfortable fit on the wrist without the device sliding off. When the child was
interacting with a hands-on toy robot, the sensor remained on the wrist and did not intrude
even when another child came into the room. When removing the sensor, the metal heads
although harmless, could leave a small mark on the wrists that fades away over minutes.

Figure 4.6 illustrates how the wearable sensor was positioned in the early years’ child.
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Visualization of Data Obtained from E4 Empatica Sensor
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Evaluation of Data Collection. The sensor captured quality data, particularly

since the visual inspection did not show missing data, nor pronounced activity peaks with

sudden drops to negative values, which would indicate the data was noisy. The results also

showed a user-friendly interface to visually inspect the data after capture. Having the device

connected via Bluetooth did not interfere with the recording process. There was also no

interference in the data recording when the device button was pressed to “mark” an eventful

event during her interaction. Figure 0.7 shows the overall data obtained from the interaction

and how the events are shown within the interface.

Measures to consider for future use. After visual inspection of the data, the

measures presented in Table 0.2 were selected to use for their potential to inform emotional

engagement in a larger study.

Table 0.2

Markers for Electrodermal Activity

Measure Description Output Rationale
Obtained
Baseline 5 minutes of rest An average It is important to have a

prior to any tasks — level of Micro-
sit comfortably Siemens
while doing a activity

relaxing task.

Skin Sudden peaks of Values of
Conductance electrodermal electrical

Responses activity throughout activity peaks

(phasic the task. (Highest  (above
activity) values every baseline) in
amount of time) specific

periods of time

baseline level to
compare to any other
events during the activity
and evaluate if there

were significant changes.

These tend to be sudden
event-related responses
that could point to
specific important events
happening throughout

the interaction.
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Measure Description Output Rationale

Obtained
Skin
Conductance Level of skin Numeric In the scenario where
Level conductivity in values of there were no sudden
(tonic activity) absence of any electrical peaks, but a slow smooth

significant phasic activity over 5 increase, could also be
activity minutes of an indicator of total
activity affective engagement.

F.3 Discussion

This feasibility study showed that the E4 sensor is feasible to be used in children as
young as 3 years old even if they are using their hands while interacting with a device (i.e.
programming robot) and they have to walk around while wearing it. Asking the child to last
five minutes without moving or doing much was not easy, however, this task was easier
when the child was able to see the live recording of the EDA sensor. For future studies a
shorter baseline time is recommended, which could then be similar to the calibration time
(~1min) required by the sensor to set an internal baseline. Whilst interacting with their toy
the child also did not try to remove or touch the device which could indicate how it was
comfortable enough to ignore after the novelty of wearing the sensor has passed.
Furthermore, when the data was analysed using the E4 manager visualization, the
visualization did not allow phasic and tonic to be easily separated EDA activity, thus the
visualization is only recommended for short inspections of the data and more in-depth
analysis is recommended. The analysis software Ledalab provided an initial overview that
divided both types of EDA activity and allowed for separate inspection. The Ledalab software
also provided a list with the amplitude and time-stamp of each of the SCR peaks after
adjustment for a significant amplitude threshold where peaks needed to have more than 0.1

to 0.5 us to be considered (Boucsein et al., 2012) since the sensor is used in a hands-on
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setting, the threshold used was higher than the average 0.1 recommended to avoid noise
data due to movement. The obtained time-stamp will facilitate triangulation of events with the
time-stamp from video recordings in the main study. This software also provides the
amplitude scores in a standardised scale, which could help when comparing between
participants by homogenising the range of values for each participant. Furthermore, the
other three sensors included in the E4 device do not provide information that could be
informing the process of engagement, for example, the accelerometer provides information
about wrist movement, however, when interacting with a hands-on exhibit it is likely this
measure would not uncover any additional information from the movement observed from a
fixed camera or tracked during behavioural video-coding. As a conclusion, since a child from
the youngest age range was able to comfortably wear an E4 device while interacting with a
tangible object, it can be a good indicator of the feasibility of use by children that age and

older for the main study.
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G - Self-Report Questionnaire - Item Rationale

knowledge

Pre-exhibit interaction — Before any type of interaction
To evaluate any type of pre-cursor of engagement: Interest, curiosity, expectations, previous

Question

Why ask this?

Have you been here before?

Do you come often?

To find out of it is a first visit or a repeated

experience

What do you think/know about

science?

To know about their understanding/ feelings or

opinion about science

What are your favourite things you like

learning about?

Try to map their interests

How do you feel about coming/playing

in the science centre?

Are they excited or have positive feelings

towards the experience?

What do you want to see in the
science centre today?

Try to map their interests and expectations of

the science centre

What do you think is going to happen?

Know about their expectations

Do you like science?

Know about their feelings towards science

Post-exhibit interaction - After each exhibit.
This section is to measure “engagement” as perceived by the child. It involves child’s self-
perception of their experience during the interaction but under a guided structure.

Question

Why ask this?

How do you feel about the exhibit?

To capture their self-perception of enjoyment or

not towards exhibit

Do you think it was:
o Interesting or boring?
. Easy/hard?

To record child’s self-perception of own
experience similar or relevant to engagement (at
least cognitive-behaviourally) as well as to self-

perceived challenge

What were you trying to do with the

sand?

To detect the intentions behind observed actions

What was your favourite part?

In case they have a particular preference
different or in case they were not as specific as

previous item
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What was your least favourite part?

To detect which parts of the exhibit they are less
interested about and see if that correlates with

lack of engagement/learning

What would you tell your friends about
it?

Knowing what they would say to a 3™ person

reduces agreeability bias of participant’s opinion

What do you think your friends would

say about the exhibit?

To know what emotions or perception of the
exhibit. Again, to reduce agreeability bias,

referring to a 3rd person may capture a more

honest answer from participants.

Post-experience - After transfer task

test (and after earned sticker)

To evaluate what the outcomes of the experience could have been and if they changed in

comparison with their expectations and opinions at the beginning

RELEVANT INFORMATION ABOUT EQUIPMENT

Head strapped camera

Do you feel wearing the hat was...
J comfortable/annoying?
o Light/heavy?

Do you think it made it harder to play?

To evaluate what the child felt about using the
equipment and to decide how viable or feasible

is to use it.

E4 sensor

O you feel wearing the sensor was...
J comfortable/annoying?
o Light/heavy?

Do you think it made it harder to play?

To evaluate what the child felt about using the
equipment and to decide how viable or feasible

is to use it.

OVERAL

L EXPERIENCE

Question

Why ask this?

Did you enjoy taking part in this study
today?

To know their overall experience in the exhibits

After being a part of this, do you think
it changed how much you like

science?

To evaluate if they developed further interest

from their interaction in a longer term

Do you want to know more about what

is happening in this exhibit?

To explore how much curiosity is left after

interaction with the exhibits
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H - Behavioural Codes for Triangulation Feasibility

Behavioural labels

gl?tzsig(ra?j Description Output Type of measure Rationale Notes (considerations)
eSOCS eSOCS Quantitative: A percentage of how *Time on task —
-Total amount of . Time stamp 1. Number of much of the total time observing the exhibit,
time children doing when it starts and events in 5 min for | they did task-related walking around it,
task-relevant when it ends. on/off task activities as a proxy for | touching the materials in
activities. . Length of 2.  Length of “total engagement” order to understand
periods of on- task / each event. cause-effect of what can
Time on task/ | LECS off-task 3. Timestamp |- Itis alsoabehaviour | happen in exhibit

off- task
(cognitive)

Distraction
/attention -
(eSOCS)

On-task
behaviour -
Learning
engagement
coding
scheme
(LECS)

-The extent to which
the child maintains
focus” on task and
active productive
engagement with
the task™ throughout
the session.

* Focused -
involves visual
attention to
materials and to the
examiner if he/she
is talking or if child
is requesting help.

** Engagement with
task =2 involves
manipulation of
materials in a way

o Descriptive
label of on/off task
matching periods of
time stamps

LECS
o Time stamp
when period starts
and when it ends
according to their
definition.
o Code from 1-5
that matches the
description of
intensity of activity
(see LECS). It will
vary on intention of
focus and
engagement with
task relevant or

4.  Proportion of
time of on/off task
behaviour = Level
in 1-7 scale for
eSOCS.

5. Code from 1-
5 matching the
description for
LECS

that has been
established in two
different behavioural
engagement scales
and commonly used
when measuring
engagement.

The time stamps can
help triangulate
guantitative information
with EDA or qualitative
description with Head-
camera

*Time off task — when
child is looking away from
exhibit for more than 30
sec, when they are
playing with materials
with exhibit-irrelevant
topics, looking to talk to
researcher or someone
else, when they verbalise,
they want to stop.

=>» Child does not
need to be
successful to be on-
task. Just working
with some level of
concentration /
effort.
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that would result in
completing the task.

irrelevant
behaviours.

Touching
task-materials
(eSOCS)

(behavioural)

Amount of times
child touches exhibit
and/or task-relevant
materials throughout
total interaction time
(5min).

e Time stamp
when it starts and
when it ends.

e Length of
touch

e Description of
object

Quantitative:
1. Number of

events in 5 min
2. Length of
each event.

3. Time stamp
4. Proportion of
time touching
task- relevant

5. Levelin 1-7
scale

Qualitative:
1. Description

of object/part of

-The start/end code
“stamp” in video can
help triangulate with
EDA and head-
mounted camera.

Even if child is looking
away, touching exhibit
could provide an
indication of child
passive engagement
with exhibit as spatial
“holding place” for
attention (Dancstep,

It will be scored (1-7)
which can be assigned
depending on the
proportion of time
children touches task-
related materials.

*Touching does not
necessarily mean
interacting with the exhibit
or materials, just placing
hands.

*Touching also does not
mean the interaction is

Fine motor
manipulation
(eSOCS)

(behavioural)

Fine motor
movements
involving the device
or task materials

e Time stamp
when it starts and
when it ends.

e Length of
manipulation

e Description of
object

exhibit being 2018) categorised as task-
touched relevant or task irrelevant.
Quantitative:

1. Number of
events in 5 min
2. Length of
each event.

3. Time stamp
4, Levelin 1-7
scale

-This item could reflect
active interaction with
the exhibit.

The start/end code
“stamp” in video can
help triangulate with

It will be scored (1-7)
which can be assigned
depending on the
proportion of time
children manipulates
task-related materials.
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EDA and head-
mounted camera.

Persistence
(eSOCS)
(LECS)

(behavioural)

eSOCS

-Begins and
completes task
without breaking
away, stopping or
giving up.

LECS

-This code comes
into play when the
child has some
difficulty with a task
— it can be an easy
part, but the child
has trouble with it or
a more difficult
component of the
task.

eSOCS
e Time stamp of
when persistence
behaviour starts
and when it ends.
e Length of
persistence
periods

LECS
e Time stamp
when period starts
and when it ends
according to their
definition.
Code from 1-5 that
matches the
description of
intensity of activity
(see LECS).

Quantitative:
eSOCS
1. Number of
events in 5 min
2.  Length of
each event.
3. Time stamp

4, Level in 1-7
scale

Qualitative:
LECS

- Code
description level
(1-5).

- Description of
behaviour when
child was being
persistence or not.

- An item that illustrates
how many tries is a
child going to have
before changing to a
different activity of the
exhibit/activity.

- The start/end code
“stamp” in video can
help triangulate with
EDA and head-
mounted camera.

eSOCS

It will be scored (1-7)
which can be assigned
depending on the
proportion of time
children persists on the
task.

- As part of LECS, in a 1-
5 scale, each level has
particular criterions.

Quality of child’s

e Time stamp
when detected

Quialitative : LECS
code description

-ltem that can highlight
affective engagement

- As part of LECS, ina 1-
5 scale, each level has

E , involvement with the level (1-5). and differentiate from particular criterions.
nthusiasm/ ) e s
Energy task > appearing e Total amount o just doing” to "doing
(LECS) eager and of times detected Quantitative: with motivation”.
enthusiastic to try 1. Time-stamps of
(emotional) each problem e Code from 1-5 | when enthusiasm is | -The start/end code
presented that matches the detected. “stamp” in video can
(regardless of description of 2. Total amount of | help triangulate with
success). times detected
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intensity of activity

3. Duration of

EDA and head-

(see LECS). enthusiasm mounted camera.
Shown through Qualitative:
facial expressions, *Time stamp of 1. LECS code Useful to code other

involving frowning,
narrowing of eyes or

events.

description level
(1-5).

aspects of an emotion,
such as facial

Negative a dejected look. * Duration of event. expression, voice tone.
affect Quantitative:
(LECS) May include * Description of 1. Time-stamps | The start/end code
frustration, anger, expression. of when “stamp” in video can
(emotional) annoyance, enthusiasm is help triangulate with
sadness and detected. EDA and head-
boredom. 2. Total amount | mounted camera
of times
detected
Qualitative:
1. LECS code
: description level
The extent to which (1-5). P Provides further insight
:E:if gl\:\(,jnls %W?ée of *Ti t f 2. Description in cognitive processing
Monitoring solving theptaik SS evelrr?ti stamp o of part_icular _behind Fhe opserveq _ This b_ehaviour co_uld be
g:ogtress— and/or can ' behaviour interaction with exhibit. tcr?angl?g 1§pendén?hon
rategy use , N : e instruction and the
(LECS) recogn![_se a probler? Duration of event. Quantitative: The start/end code facilitation—> This could
N gg?:t?:n'gag Sg(rarec * Description of 1. Time-stamps “stamp_” in video can be rglevant for later
(Cognitive) P of when help triangulate with studies.

problem-solving
strategies.

strategy.

enthusiasm is
detected.

2. Total amount
of times strategy
use is detected

EDA and head-
mounted camera
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I -Self-Report Questionnaire

(NP THE UNIVERSITY of EDINBURGH

Questionnaire “Understanding evgagement”

PBefore playing with the exhibit,

Ask children the following questions, write and record the answers they provide.

Have you beey +o tHhe Yes [ No
Seiemce Centre before?

(i amsywer Yes): -To you come ofren?
- How mawny +imes?

wWhat do you think about
stiente?

whiat are your %
favourite Fhinas you like
learnivg about?

How do you feel apout

coming to play in the

science cevitre today? fAwful  Notwvery  So-so  Really Amazing
aood Aood

wWhat do you want o
66 in the science centre
today?

-[.-.D I-'l%{ Ilkf E;fitlrlﬁa?

Beally dowt TPow't  MNotsure Like it Beally
likee it like i+ like i+

Participant code:
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: ! THE UNIVERSITY of EIMNBURGH

After playing with exhibit

Ask children the following questions and record the answers they provide.

How do you feel dvout
Hae exhibit?

Really dov'+  Ton't
like it ke i+

Met sure  Like it Eeally

like i+

Tro you Hhink i+ was:

Twteresting / Boring [ Fuw [ Other?
+
Easy [ Hard

What were you trying to
do with tne sand?

what was your
favourite partT?

Whiat wes your wet so
favoitrite part?

whiat would you vell your
friends about i+7

what do you Hhivk your
friends would say aloot
Hae exhibidT

Awful  Netvery  Se-se  Really

cf,md @nnd

AMating

Participant code:
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@ THE UNIVERSITY of ELNINBURGH

After complete experience
Ask children the following questions and record the answers they provide.
Head strapped camera
D ot feel wearing Comforvable [ Aweying
he hat was,.7 R +.
Light! Heawy
To oo vk H made
it Warder +o play Yes [ No
with He exhibit?
4 sensor
D out feel wearing Comfortable [ Awoying
the sensor was..T - +,
Light! Heawy
To yoi Hiink i+ made
it harder to play
with Hie exbilbit? ves { No
Overall experience

Did yeuw enjey taking
part w Hais feday?

Really dow't Tont  Notsure Like it Eeally
likee i+ like it like i+

Aftitude/Tnterest change

After being a part of
this, de you ik i+
chanaed new miach

yiou ke scienceT

Reallydew't Tow't  MNot sure  Like it Really
like i+ like i+ like 1+

o Do you want to kmow mere aveut what is happening in Hiis exhibit?

Yes [ Ma

o Ts¥here any othier Hhivg you would like +o lvew or ask alout +his exhilit or
abeut wiy T am here?

Participant code:
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J - Theory Behind the Codes for Engagement Codebook

ELAN tier

Touching

Objects/
Items
being
touched
(different
independen
t tiers after
pilot)

FMM
(Fine
Motor
Manipulatio
n)

Strategy
Use

How do they support definition
of engagement

Touching an object can contribute
to the understanding of sustained
attention and some of the
indicators behind it.

Specific Components:

Behavioural and
engagement. Because they reflect
voluntary movement and probably
an intention to act, respectively.

Actions reveal the
purpose/intention a child is giving
to a certain object by the way it is

using.

Specific Components:
Behavioural and
engagement
Because they are both observable,
reflect an intention and a purpose
to act. Also, it can reflect motor
planning, observing cause/effect of
action and use of motor schemas.

Supports situational thinking by
revealing either a problem-solving
solution, exploring and testing
different action-consequence (by
modifying slightly actions form
previous ones, either in the
movement or in the object used)

Specific Components:
Mainly Behavioural,

Assumptions | have

Touch = directed
attention.

That is, there is a volition
and a decision from the
child to pose their
attention on certain
objects, while revealing
a certain intentionality
to act with/on them.

Object touched =
directed attention +
intention to act

The objects used might
reveal more of the
situational thinking of
children by deciding to
choose certain objects to
act in a specific way and
not others in a different
way.

Fine motor movement =
related to the
developmental term of
fine motricity / planned
action

FMM reveals knowledge
of skills and dominance
of certain actions and
use of objects.

Strategy Use = problem
solving, testing
hypothesis and

adapt/modify actions or

objects from previous
actions.

XLVI

What do | expect from
the data?

Duration of episodes of

interaction with exhibit

Provide a list of objects
where child places direct
attention and for how
long.

| expect it to provide
labels easier to generalize

for each exhibit as main
actions performed in it
and whether these are
similar or not between

children. Also if these
actions are particularly

related (in order of
appearance) to
persistence or strategy
use.

| expect a list of strategies
and how much they are
used throughout
interaction.
| expect it to increase as
time goes by, as well as
the last sections of it to
relate to EDA and
emotional attachment/
enthusiasm.



Apparent
Goal

Attention
off-task

engagement. They reflect a
voluntary action as well as a
problem-solving and
experimentation behind this
action.

*|f strategy achieves goal
emotional engagement could be
involved too.

This could help to keep track
whether an open-ended exhibit is
engaging because it allows for
different goal-setting or the
exploration of self-imposed

problems that need to be explored.

This code directly to contributes to
the component of sustained
attention and to unentangle

whether there could be bottom-up

or top-down attentional demands
that are driving attention off task.

Specific Component:
Behavioural and because
through their behaviours they
could be reflecting the decision to
focus back after possible
attentional intrusions or whether
to investigate somewhere else.

Reflects situational
thinking from child, as
well as goal-oriented
behaviour

Attention = Process
through which child
shows/maintains
interest with the task.

This also includes re-
engaging with the task
despite the possible
drivers off-task.

XLVII

Not sure yet.

To show if an exhibit is
interesting enough to
capture children's
attention for longer
periods, which would
depend on amount of
times child paces
attention elsewhere off-
task.

Also, a list of possible
intrusions elements that
could point to disruptive
events.



Persistence
(Meta-
coding)

Negative
Affect

Enthusiasm/
Positive
Affect

The fact that the child is persisting
on an action could reflect that the
intended result has not been
satisfactory or the encountered a
similar problem, yet they are still
willing to try.

Specific Components:
Behavioural, and
emotional engagement.
Observed voluntary actions, while
reflecting problem-solving and
goal-oriented behaviour at the
spot. Different emotions could be
associated with being persistent, as
some children might be
enthusiastic and other could
persevere in a more negative
manner.

This code directly contributes to
the component of sustained
attention and to unentangle

whether there could be bottom-up
or top-down attentional demands
that are driving attention off task.

Specific Component:
Behavioural and because
through their behaviours they
could be reflecting the decision to
focus back after possible
attentional intrusions or whether
to investigate somewhere else.

It contributes to understanding of
the emotional attachment or
reaction when interacting with the
exhibit.

Specific Component:
Emotional engagement (and
behavioural engagement)

Persistence =
Appropriate level of
challenge.

Testing success/failure of
a strategy. Also,
situational problem
solving if they

Attention = Process
through which child
shows/maintains
interest with the task.

This also includes re-
engaging with the task
despite the possible
drivers off-task.

Enthusiasm = positive
emotional arousal.
Reflects some of the
feelings within the inner
world

XLVII

To show a pattern of
general goals to be
achieved-larger actions
that can be achieved
throughout the exhibit.

| expect a pattern to
emerge between
persistence, use of
strategy and type of FMM.

| expect the emergence of
a pattern by the second
half of the task.

To show if an exhibit is
interesting enough to
capture children's
attention for longer
periods, which would
depend on amount of
times child paces
attention elsewhere off-
task.

Also, a list of possible
intrusions elements that
could point to disruptive
events.

Expecting these results to
directly correlate with the
EDA data.



Intrusive-
ness

GMM (e)

Verbalizati
ons

Visual
Mismatch

Interesting
Moments

They directly might not support
engagement but could be useful to
know what events are interfering
with children's interaction.

It contributes to understand if and
how the whole body might be
moving in the exhibit could have
any impact in how the child
interacts with exhibit

They can provide insight into
child’s situational thinking

Specific Component:
engagement

This can provide an insight into
child's thoughts, expectations,
sequence and action planning.

Specific Component:
engagement

Unknown yet.

This can be a marker to
events out of child's
control

*\/oluntary Body
movement = Motor
planning

eInvoluntary movement
(or unintentional) =
could be indicator of
emotional
distress/excitement.

Verbalizations provide a
window to the thought
process of the child.

Visual-touch mismatch =
intention of action,
corroboration of
information used to act,
expectation of a result.

Some of these events
could play a relevant
role with the interaction
as a whole

XLIX

Periods of time and list of
events of external events
that might be affecting
child's interaction

| expect to see the
duration of movement of
whole body throughout
the interaction.

| expect these moments to
mostly match with what is
happening with the FMM,
Strategy or Persistence.

To show if this mismatch is
presented before/after
any FMM and if a
relationship could be
found between them.

List of interesting
moments throughout the
interaction



K - Engagement Codebook Items

Objects/Items being touched

ELAN tier IS, (different independent tiers after pilot)
Definition/ Whenever children’s hands (either one or both) are positioned on any relevant
Description part of the exhibit and/or touching task-relevant materials.

Direct evidence
they give

Data entry

Timing/ Coding

Examples

Notes

1. A list of objects were child places
direct attention.

2. Frequency and duration of episodes
where child touches relevant objects of
exhibit

There is no data entry here, just time
selection.

From the moment the hand is
positioned on object's surface until it is
not in contact with any surfaces
anymore.

*When a child touches the red button
in sand table. This counts whether they
push/rub or just touch object.

*They can be touching two different
objects at the same time.

*|f they touched one and then another
without taking their hand off first, it will
all be coded until none of the hands is
touching anything.

This tier has sub-dependents tiers with
the particular names of the objects you
can interact with at the sand exhibit.
They follow same rules as this tier.

1. Frequency and duration of episodes
where child touches each object of
exhibit

1.Scraper: Red/Green/Blue/Yellow
2.Funnel: Red-Small / Transparent-
Large/Both hands

3.Spinning Disc

4.Red Button

5.Sand

6.Flask

7.Graduated Cylinder:
Small/Large/Both hands

From the moment the hand is
positioned on object's surface until it is
not in contact anymore.

When touching a funnel with one hand
and flask with other: Both are coded
independently for each independent
duration.

If objects are combined and being
moved /touched simultaneously (e.g.
funnel inside grad cylinder) and
another object is also being used (e.qg.
flask or sand) they will ALL get coded
separately and coincide in time.

On the other hand, if objects are
combined at some point (e.g. Funnel
on top of flask) but are not being
touched (e.g. sand in being poured
with one hand and the other hand is
not doing anything) then only object in
hands (i.e. sand) is coded.



Definition/

Description

Direct evidence
they give

Data Entry

Timing / Coding

Examples

Notes

Action -FMM (Fine Motor Manipulation)
(Modified from eSOCYS)

Actions performed throughout the task that involve manipulation of task-
materials.

Action: A voluntary movement in the interaction using an object which
"suggests” the intention of changing something in the environment, e.g.
moving a hand in the sand (Ghazali-Mohammed et al., 2020)

1. List of actions performed throughout the interactions and objects

associated with these.

2. Duration and frequency of actions performed

The description will always start with a verb representing the action, then

how the object(s) were used.

Verb+Object

From the moment the hand(s) in
the object starts to move with the
object in a particular way or direction
(it has to last at least 150ms) until it
stops:

* In space/time for more than 0.5-1
sec.,

» Because momentumy/inertia of the
movement has finished

*If one hand is doing something and
the other hand starts doing the same
but slightly delayed, it still counts as
one action.

4 different FMM

1.Touches red button
2. Grabs Funnel
3. Pours sand through funnel

4. Puts funnel in flask and observes it.

* Wipes sand off of spinning disc
(starts with one hand, then uses both
hands)

When NOT:

* Changes item from one hand to
other, fidgets with object in hand,
when objects are ONLY touched but
not manipulated

Exceptions:

* If FMM is mainly done with one
hand and the other starts doing an
action with a different object or an
independent action from the first
one --> They will be coded as 2
actions (FMM)

« If there are clearly two actions in
one single movement with less
than 0.5 pause in between.

Exceptions:

* One hand is grabbing a container
and is directly collecting sand from
table (1) and using other hand

pushes sand into the container too

).

» Without stopping: Collect sand
with hand (1) and pour into
container (2).

Fine Motor manipulation is not the same as Fine Motor Movement, thus
excluded from this code is fine motor movement which does not involve an
object/item (e.g. clicking fingers)
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ELAN tier

Definition/

Description

Direct evidence
they give

Data entry

Timing/ Coding

Strategy Use
(modified from LECS)

Whenever the child is performing one or more actions that appears to be
trying to solve a particular problem in the moment.

Or
That child appears to be reaching a particular goal/outcome

(e.g. Goal might be 'to see what happens when | do X after | have used Z' or it

might be 'fill container’):
Involves the extent to which the child seems to be aware of their own

progress solving the task and/or can recognise a problem preventing a
correct solution and use problem-solving strategies.

1.List of types of strategies used.

2. Frequency and duration of episodes that the child uses strategy.
3.0bjects or actions involved in the strategy.

4. Frequency and duration of particular strategies used by children.

It can be one of the following:
* New - An action that has not been performed previously in the interaction

» Adapted - Whenever there is a change to the previously used - new (or
adapted) - strategy that still appears to have the same goal.

* Previous or going back - When returning to an action that has been used
before at some point in the past of the interaction, but not immediately before.

» Repeat (previous action) - An action that has been used immediately before
with no changes or actions in between at all.
Linked to FMM, but it can encompass more than 1 FMM. Describe the use of

strategy, rather than repeating FMM.

* New - From the moment the action (s) that seem to have a clear observable
goal start until they finish.

» Adapted - Any change to a new/adapted/previous strategy in the following
areas:

* action in one of the movements of the action- (e.g. change in direction
of action - from up/down to left/right).

* object from previously used in a similar action (if an object is added, it
would fall here)

* Location - From previous location where the action took place into a
new location.
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* Previous or going back -
- When an action is used in the exact same way as when it was coded as
"new or adapted".

- In the exact same way as before performing a change/new action (no more
than 5 sec in between).

-previously through the interaction but has not been used in the last 10 s

* Repeat - It uses exact same object as before
* Cannot be labelled this if the previous action is not the exact same
(same action, same object).

* New - First time a child has brushed sand off table
* Adapted:

*Adapt (action): goes from pour sand into container --> to pour sand from
container.
Examples *Adapt (object): goes from big funnel--> to smaller funnel.
*Adapt (location): goes from pouring sand into general table --> to pouring
sand on spinning disc.
* Previous or going back - Goes back to using container to fill directly from table

* Repeat - Pours sand into container (graduate cylinder)
Important to keep in mind:

. It is highly likely that this will be coded retrospectively after
FMM.

. Not all FMM will have a Strategy Code associated with it, as not
all of them might seem to have a purpose.

o It might still be possible that the purpose observed and the child's
intent to be different, however, since they are not think-alouds, this is the
best and closest guess.

Notes

Apparent Goal*

ELAN tier (New tier)

Higher-order category of Strategy - Describe whether the strategies used seem to
be following a same goal/solution, a new goal/solution or are going back to an
"unfinished" goal/solution.

Definition/
Description

Direct evidence Frequency and duration of episodes when a child seems to establish and/or
they give maintain a same goal to solve problem or a self-imposed goal.

* New Goal - Whenever it seems to be a new goal/problem to solve

* Same Goal - Whenever the strategy seems to be following the exact
Data entry same goal as the strategy used before (new or previous)
* Previous Goal - Whenever the strategy seems to be going back to a
strategy used in a previous goal (left incomplete, or perceived as finished)
during the interaction but not immediately before.
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Timing/ Coding

Examples

Notes

ELAN tier

Definition/
Description

Direct
evidence
they give

Data entry

Timing/
Coding

Examples
Notes

ELAN tier

Definition/
Description

Direct evidence
they give

Data entry

Timing/ Coding

Examples

Will be linked to the coding of Strategy Use and FMM

New goal: Fill in container
Same Goal: Fill in container

Previous: Brush off sand from spinning disc

This label will link both Strategy Use and Persistence together

Attention off-task
(adaptation from eSOCS + LECS)

The period when the child deviates attention (focus) from the task or task-
relevant items. This could be in a form of visual attention, touch or
verbalizations.

Frequency and duration of episodes where child focuses attention somewhere
else.

* Verbal (hands are on-task, but speech is not task relevant)

Visual (hands are on-task, but visual attention is not task-relevant)
*Touch (vision is on task, but hands are touching task-irrelevant items).
*Mixed (when more than one modality is off-task).

It will align with Visuo-tactile Mismatch, and verbalizations.

*Coded from period when visual/verbal cue is placed/mentioned off-task.

Examples
1.Someone approaches exhibit
2.They are taking with parents about unicorns.

None

Enthusiasm/ Positive Affect
(Adapted from eSOCS + LECS)

An expression of a positive emotion while interacting with the exhibit.

1.They can reflect whether a child is experiencing any positive feelings towards
the task.
2.Number of times of these episodes and duration of them

Describe any expression of enthusiasm:

* Smiling, laughing, excitement, enjoying the task; vocalization and/or facial
expression.

» Appearing eager and enthusiastic to try each problem presented

From the initial facial or body movement/sound that reflects the positive emotion
until it moves back to neutral or a negative emotion.

1.Short glimpse of a small smile (?)
2.Smile while playing
3.Excited vocalization after successful action
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Notes

ELAN tier

Definition/
Description

Direct evidence
they give

Data entry

Timing/ Coding

Examples

Notes

ELAN tier

Definition/
Description

Direct evidence
they give

Data entry

Timing/ Coding

Examples

Notes

ELAN tier

This code is harder to code as children do not always express intense facial
expression.

Negative Affect
(Adapted from eSOCS + LECS)

An expression of a negative emotion while interacting with the exhibit.

1. They can reflect whether a child is experiencing any negative
feelings towards the task.
2. Number of times of these episodes and duration of them

Describe any expression of a hegative emotion (frustration, sadness, annoyance,
boredom, anger):

* Yelling or tossing elements from the exhibits.

* Loud vocalization with negative emotion

» Expressing feeling a negative emotion
» Tears

From the initial facial or body movement/sound that reflects the positive emotion
until it moves back to neutral or a negative emotion.

1. Frustration when disc won’t stop turning
2. Forcefully tries to stop disc

This code is harder to code as children do not always express intense facial
expression.

Intrusiveness
(Taken from eSOCS)

Physical and/or verbal events (whether voluntarily or involuntarily) that disrupt,
manipulate, or control child.

(Added here whenever there were external factors that disrupted child’s
interaction)

Direct cause of intrusion in child’s activity

Describe event (person/item/situation) that caused intrusion

Code will start at the moment where another person or event disrupt the task, until
they are done.

Uninvited child walks towards exhibit

This does not happen very often

Body Movement — GMM
(Adapted from eSOCS)
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Definition/
Description

Direct evidence
they give

Data entry

Timing/ Coding

Examples

Notes

ELAN tier

Definition/
Description

Direct
evidence
they give

Data entry

Timing/
Coding

Examples

Notes

ELAN tier

This definition is grounded on developmental definition of gross motricity, but
since Action- FMM always entails movement of arms, for the sake of simplicity in
labelling and considering relevance to engagement, it will only track whenever
child is moving around the exhibit or in their same place but changing position
significantly (e.g. standing --> walking).

It can provide types of gross motor movements that could be associated with the
use of this exhibit as well as frequency and duration of these movements.

» Walk
*Whole body - Whenever a child is crouching/sitting/ standing up

From the moment the body moving until it stops

» Walking - When child circles around the exhibit)
*Whole body - when child sits down on stool

This might be a good code to counteract for EDA activity peaks when needed

Verbalizations
(adapted from eSOCS)

Task-related speech, either self-directed or directed at surrounding members.

1. Episodes when child verbalizes either for themselves or as evidence of
interaction with someone else.

2.Frequency and duration of these moments
Transcription of their speech

1.From the moment the sound starts until it stops.

2. When the word/phrase seems to have finished.

3. When there is more than 1.5 sec of silence.

4. Also, add if the speech is directed to someone else at the beginning of
transcript

*Child mutters: "will this be full?"

*Child speaks to adult: "Whoops, it fell down!"

Visuo-Tactile Attentional Mismatch
(New Tier)
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Definition/
Description

Direct
evidence
they give

Data entry

Timing/
Coding

Examples

Notes

ELAN tier

Definition/
Description

Direct evidence
they give

Data entry

Timing/ Coding

Examples

Notes

The periods of time when the head-camera does not match the location of where
the hands are being placed, yet it is still task related.

Tangible evidence of when children might be anticipating an action or observing
the result of a previously performed action.

Frequency and duration of these episodes throughout the interaction

Description of what seems to be at the centre of the video.

From the moment the head-camera video moves away from what the hands are
doing until the hands return to occupy central third or 2/3 of the screen

*Gaze at spinning disc while having hands on sand.

*Looking away because he is listening to container.

none

Interesting Moments
(New Tier)

Any other behaviours or events that are not considered but that they seem
interesting or relevant for the interaction.

Possible relevant behaviours/events that have not been considered but could still
be related to the other codes provided

Description of moment

Will depend on coder, the duration of the moment that has been considered
relevant/interesting

*Tries to set up the cylinder and can't because of sand on spinning disc ---> Uses
his hand to swipe sand off spinning disc

*Knows what part of container is easier to pour from
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L - Electrodermal Activity Decomposition per Participant
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M - Age Analysis

The age of participants was evaluated to ascertain if it had a relationship with any of
the engagement variables. No correlation was found between children’s age, and the EDA
amplitude, nor with the NS-SCRs, which could be reflecting no physiological age effect
driving the results observed from the EDA measures and that these had a similar pattern
within the selected age range of 4 to 7-year-olds. On the other hand, Age had a positive
effect in some children’s behaviour, particularly on the frequency of actions performed (R =
.50, p<0.01), and with the frequency of the Strategy-Goal driven behaviours (R = .61, p <
.001), however, this effect did not appear when proportional time spent was considered.
Thus the relationship of Age with the duration of the behaviours was explored, where a small
negative effect was found between Age and both Actions [FMM] and Strategy-Goal driven
actions (R=-.17, p < 0.001) which indicates that older children spent less time in each of the

performed actions and instead increased the number of actions performed during the exhibit.
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Correlation plots between Age-Actions, and Age-Strategies
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N- Additional Illustrative Examples

Strategy- Goals
These examples show different items from the exhibit used to collect and transport

sand showing a range of diverse actions.

Using Scraper to Push Sand into container

00:01:26.501 Selection: 00:03:08.366 - 00:03:09.699 1333
LA R ok [PE[ B[ DI [o0]  (BS]5 [ =] (e[ =[] 1] CSeloctionMode []LoopMode &

S Y e o T T S et L e o S B S S Py T S Rt e B RS
|H? 00:01:20.000 00:01:22.000 00:01:24,000 00:01:26.000 00:01:28.000 00:01:30.000 00:01:32.000 00:01:34,000 00:01:36.000

New_Choose a new tool to help her go |Going back_Prepare GC for ne:
Same Same
Fine Motor T'% |Qrab S from far-end of table {Posmons GC horizontally in the Y|

L&t tha haminning of tha setinn ehl

Child filling in container using one of the tools (scraper) from sand exhibit. Left image shows
fixed camera, whilst right image shows the perspective from head-mounted camera. Lower

part of image shows codes used throughout the interaction
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Using combination of Funnels to pour sand onto disc

00:03:22.769 Selection: 00:00:30.433 - 00:00:31.039 606
(MDD D[] [PS[STTA] (e[ =217 CsoloctionModo [ILoopModo i

=i

................. T T T S o B T S T A T e A
f:!’\';‘ : 00:03:14.000 00:03:22.000 00:03:24.000 00:03:26.000 00:03:28.000 00:03:30

(g)
(g}
erbalizatons | |
1back Rem ’QOIHQ back |§nmg back_Use container to gather sand dir] New_C |New Combin |Going back Transfer sand betwsen containers (Using F to filGoing back_Holding F joint to nozzle
; Previous B | New_Fil upside down F with sand Same_|Same Same | Same
Fine Motor 'VI‘.’?,', 1GC to side Push sand i |§ather sand with B IGrab F(Jl.loms nome[FlIPuurs sand from B |§vto Fln)+F(t) }Hold F(r) while sand drops into F(t) ¢

Note: Child transferring sand from container, through funnels and into the disc. This was
one of the most unusual uses of the two funnels together. Left image shows fixed camera,
whilst right image shows the perspective from head-mounted camera. Lower part of image

shows codes used throughout the interaction

Using funnels to distribute sand onto spinning disc

00:02:32.228 Selection: 00:02:23.608 - 00:02:41.133 17525

(AT EC - [PE [P [ D[] [Ps]s ] [« =] 4] 1] [ISelectionMode []LoopMode

Nanativa Aftact ()

T T T T 7 T 7 T T 7 T T T T
02:16.000 00:02:18.000 00:02:20.000 00:02:22.000 00:02:24.000 00:02:26.000 00:02:28.000 00:02:30.000 00:02:34.000 00:02:34.000 00:02:36.000 00:02:38.000 00:02:40.000 00:02:42.000 00:

Note: Child pouring sand onto spinning disc through funnels until disc was fully covered.
Right image shows fixed camera, whilst left image shows the perspective from head-

mounted camera. Lower part of image shows codes used throughout the interaction
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