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Purpose: The thesis explores how young adults engage with interactive visualization exhibits designed
with differing levels of guidance, one promoting open-ended exploration and the other offering a more
structured and guided experience. Both exhibits fall within the design approach of exploranation, a
hybrid approach that integrates exploratory and explanatory visualization to support science
communication in science centers. The study contributes empirical data on how these approaches
influence visitor interaction and learning, offering insights into the practical exploranatory design in
real-world settings.

Theory: The theoretical foundation for this thesis draws on Visitor Engagement Framework (VEF),
which inspired by constructivism theory, and instrument-mediated activity. The VEF is used to
identify level of cognitive engagement through observable participant’s behaviors, while instrument-
mediated activity theory is used to analyse how participants uses the exhibit as tools for making-
meaning and learning.

Method: A comparative case study approach was employed. Participants were recruited in pair and
asked to explore two interactive visualisation exhibits on marine biodiversity, one emphasizing open-
ended exploration and the other offering more guidance and structure. Each pair was observed, and
video recorded as they interacted with the exhibits, followed by post-task interview. Data were
collected through unstructured observations and semi-structured interview. Interaction analysis was
used to examine behavioral patterns and learning outcomes and thematic analysis was applied to
explore participants’ reflections and perceived learning.

Results: The findings indicated the guided exhibit supported conceptual understanding with its
narrative structured, layered information and clear interaction cues. In contrast, the open-ended exhibit
often led to surface-level engagement, where participants focused more on navigating the interface
than on interpreting scientific content. The findings reveal that while exploranatory design hold
potential, its practical application requires careful balancing between structure and freedom.
Misinterpretation and cognitive overload and different levels of prior knowledge remain challenges in
achieving meaningful learning for visitor to science centers.
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Introduction

Science centers (SCs) are one of the key institutions in bringing science knowledge to the public.
While science is taught through formal curriculum in schools, these approaches may not reflect current
development or be accessible to all members of the public. This is where SCs come in - serving as a
bridge between the public and the scientific community. By transforming complex scientific concepts
into interactive, hands-on experiences, they offer informal learning environments where visitors can
explore, experiment, and build understanding at their own pace (Beetlestone et al., 1998; Kimche,
1978; Widestrom, 2020).

Learning in SCs is informal. Unlike in the classroom, learning in these settings is not driven by
instruction or assessment, but personal interest, social interaction, and hands-on engagement (Rennie
& Johnston, 2004; Rogoff et al., 2016). As Rogoff et al. (2016) explain, informal learning occurs
through participation and meaningful activity. In SCs, visitors are self-motivated and choose what and
how to engage (Kimche, 1978; Rennie & Johnston, 2004). In this context, the exhibit becomes the
learning environment, and the act of exploring, such as observing, manipulating, or discussing
becomes the learning activity (Chng & Tan, 2024; Falk & Dierking, 2000; Rennie & Johnston, 2004).

With the development of technology, interactive visualisations are commonly introduced in SCs. Such
exhibition features provide a new way of learning science in these public settings. Traditionally,
visualisation used in public spaces has been based on static presentation of phenomena, often in
pictures, or linear media such as videos (Ynnerman et al., 2018). These one-dimensional formats,
though, provide information while positioning the visitors as passive consumers of information
(Bdottinger et al., 2020). On the contrary, digital interactive visualisations have made it possible to
present complex scientific data in an interactive way (Ynnerman et al., 2018). Nowadays, exhibits
incorporate such interactive visualizations, allowing users to explore scientific data in real-time, using
gestures such as zooming, dragging, filtering, and rotating (Hinrichs & Carpendale, 2011a). This shift
from static representation to interactive visualisations allows visitors to manipulate the dataset
directly, turning them into active explorers of the knowledge (Canizares et al., 2023; Roels et al.,
2017; Steed, 2017). Research showed that exhibits integrating interactivity increase dwell time,
enhance enjoyment, and improve recall of the experience for visitors (Allen & Gutwill, 2004; Schwan
etal., 2014).

However, free exploration and interactivity do not ensure conceptual understanding. Visitors can
become overwhelmed, misinterpret visual cues, or fail to grasp the underlying concepts, particularly if
the exhibit lacks clear structure or guidance (Allen & Gutwill, 2004; Borner et al., 2016; Ma et al.,
2019). This highlights the tension between exploration and explanation visualizations in interactive
visualization exhibits. Exploratory visualizations are designed for open-ended investigation, often used
by experts to interact freely with complex datasets in search for patterns or hypotheses. However,
explanatory visualizations are designed for clarity and communication, often used for broader
audiences to convey specific messages or insights (Bottinger et al., 2020; Munzner, 2014).

To bridge the gap between exploration and explanation, exploranation (Ynnerman et al., 2018)
emerges as a new approach that attempts to combine the strengths of exploratory and explanatory
features. Central to this approach is the use of interactive visualization technologies, which allow
visitors to engage directly with scientific data through dynamic and intuitive interfaces. Ynnerman et
al. (2018) suggests that rather than separating narrative guidance from user interaction, exploranatory
exhibits integrate explanation directly into the exploratory experience, using features such as layered
information access, annotated data points, and responsive visual cues to guide understanding.

While this approach seems promising, exploranation as a design approach is still in its early stages,
with limited theoretical development and few empirical studies evaluating its effectiveness in SC
settings, where visitors are diverse in background, motivation, and prior scientific knowledge. This
lack of theoretical grounding, combined with the upcoming use in SCs, necessitates the need to
investigate further how this concept is employed in real-world settings.



Taking into account the considerations mentioned above, this study aims to contribute to this emerging
field by investigating how an exploranatory approach is employed in real-life settings in interactive
visualization exhibits, particularly how differing levels of guidance are incorporated in the interactive
exhibits. This thesis therefore aims to answer the following research question:

RQ1: How do open-exploration and guided-exploration with interactive visualizations affect visitors’
exploration and learning?

This question can be further broken down into two sub-questions:

RQ1.1: In what ways do visitors interact with open-exploration and guided-exploration visualization
exhibits?

RQ1.2: What kinds of learning are observed and perceived from their interaction with the exhibits?

To answer these questions, this study is designed as a comparative case study, which analyzes visitors’
interactions with two exhibits focused on marine biodiversity, with two different levels of guidance
embedded in the exhibits. One exhibit represents a more open-ended approach with minimal guidance,
and the other incorporates more structured guidance. By examining visitors’ behaviors across two
different structured interactive visualization exhibits, this thesis aims to explore how exploranation is
adapted in practice and how it supports or limits learning in an informal science environment. The
results may inform further implementation of exploranatory approaches with interactive visualization
in SCs, offering insights that can enhance public science communication in SCs.

In accordance with the stated research questions, the present study has the following structure. The
first chapter presents the literature review covering the main concepts relevant to the study. The
second chapter presents the theoretical framework for this research. The third chapter describes the
research methodology of the study with information about the research design, research case, data
collection, and analysis, as well as ethical considerations. In the fifth chapter, the findings of the study
will be presented. The sixth section discusses the findings concerning the research question of the
study as well as relevant literature, and lastly, the conclusion and implications of the study will be
presented.

Literature review

For this thesis, a narrative literature review was conducted. A narrative literature review provides a
broad synthesis of the existing research on a particular subject (Green et al., 2006). Unlike systematic
review, a narrative review does not follow a predefined methodology, but rather aims to critically
analyse and summarize the current state of knowledge in a narrative format (Green et al., 2006).

With the aims to explore how exploranation is adapted in practice and their effect on learning in
informal science environment, the literature review starts with an overview on interactive visualisation
exhibits in SCs, which are the technological base that enables exploranatory approach. It then
discusses exploranatory design approaches, the current design trend for this type of exhibits and ends
with design principles suggested by research on this topic. While the focus of the thesis is on adult
visitors, the literature includes research with both adults and children as participants, since examining
students’ behavior and interactions in SCs has been a widely discussed topic in museum studies
(Hooper-Greenhill, 2006), and also, the exhibits in this study are for both teenagers and young people.
Therefore, excluding those articles from the analysis may risk overlooking important patterns and
principles that inform how interactive visualisation can support visitors’ learning in SCs.

Interactive visualization in science centers

Interactive visualization refers to the use of dynamic, user-responsive visual representations of data
that allow individuals to actively explore complex information. Manovich, (2011) defined interactive



visualisation in two folds: visualisation as “a mapping between discrete data and a visual presentation”
(Manovich, 2011, p. 37) and interactivity as central to nowadays visualisations. Unlike static visuals,
interactive visualisations or dynamic visualisations allow users to manipulate data views - such as
zooming, dragging, filtering, or selecting elements - to reveal patterns, relationships, and meanings
that would otherwise remain hidden (Canizares et al., 2023). This fosters deeper engagement and
insight as users are not just passive observers but active participants in the discovery process
(Manovich, 2011; Roels et al., 2017; Steed, 2017).

In the context of SCs and museums, interactive visualisations are increasingly integrated into
exhibitions as a means of effectively communicating science. Exhibits incorporating interactive
visualisations are often referred to as digital exhibits or interactive digital exhibits, where the digital
and interactive components work hand in hand to create immersive learning experiences, such as
multi-touch tables, immersive screens, and augmented reality interfaces. As Host et al. (2018) note,
hands-on digital interactivity opens new communicative possibilities in SCs where visitors do not just
read or listen but interact and discover knowledge by themselves. This reflects a broader shift from
traditional didactic displays to more exploratory and participatory experiences. These exhibits are
characterized by user-driven exploration, real-time feedback and engagement with scientific data,
making them distinct from traditional SC displays where visitors are passive observators (Barthel &
Rowe, 2008; Yannier et al., 2022).

Several studies highlight the educational and engagement benefits of interactive multi-touch exhibits.
Ynnerman et al. (2016), for example, developed the Gebelein Man exhibit at the British Museum,
using CT scans and volumetric visualization to create a virtual mummy. The installation resulted in a
40 percent increase in gallery dwell time and received high usability scores from visitors. Similarly,
research by Hinrichs and Carpendale (2011) demonstrated that gesture-based interactions, such as
rotation, scaling, and translation, enhance user engagement and foster collaborative exploration.

A study by Horn et al. (2016) at the Harvard Museum of Natural History further illustrates the learning
benefits of interactive visualisation. In this study, young dyads aged eight to 15 were divided into two
groups: one interacted with various versions of the Tree of Life exhibit on a tabletop display, while
the other watched a 10-minute educational video on the same topic. The results showed that
participants who engaged with the interactive exhibit developed a deeper understanding of
evolutionary concepts compared to those who watched the video. This finding suggests that hands-on,
exploratory visualisations are more effective in fostering conceptual learning than passive media
consumption.

However, despite their potential in fostering learning, interactive visualisation exhibits also have
certain limitations. While interactivity can enhance visitor engagement and enhance collaboration
(Hinrichs & Carpendale, 2011), it does not necessarily guarantee a deep understanding of the
underlying scientific concepts (Ma et al., 2019; Stenlund et al., 2021). Furthermore, highly interactive
elements may unintentionally overshadow the intended educational content, diverting visitors'
attention away from core concepts (Allen & Gutwill, 2004). Regarding visualisation itself, there is
also the risk of misinterpreting scientific knowledge (Ma et al., 2019) or the low level of data
visualisation literacy that limited their understanding of the visual presented (Borner et al., 2016). In
another example, Stenlund et al. (2021) examined a dynamic visualisation of an interactive
visualisation exhibit, in which interactive zooming allowed visitors to explore a tree illustrating
evolutionary relationships. Their study found that many visitors misinterpreted evolutionary
timescales, indicating that critical conceptual information was not communicated through the
visualisation.

To summarize, interactive visualisation shows significant potential for enhancing science
communication in informal learning settings. However, exhibits that employed interactive
visualisation need thoughtful design, otherwise it can fall into the drawbacks mentioned. As Borner et
al. (2016) and Hinrichs et al. (2008) emphasized, it is not interactivity alone but how interactivity is



designed and contextualised that determines the effectiveness of the exhibit. This thesis takes the
position that design plays a central role in the success of interactive visualisation exhibits. The next
chapter will give more specific cases on how visitors interacted with interactive exhibits, which sheds
light on how design can support visitors’ interaction and learning in SCs.

Visitor's interaction with interactive visualisation in SCs

Understanding how visitors interact with interactive visualisation exhibits is important to addressing
their limitations and leveraging their educational potential. In this thesis, interaction is understood as a
form of exploration, where visitors’ actions such as observing, manipulating, and discussing are not
just physical behaviors but are used to understand or discover something.

While most interactive exhibits are designed to promote self-directed learning, their effectiveness
depends not just on the content and design itself but also on how visitors engage and interpret that
content through interaction with the exhibit, with others, or with the surrounding environment
(Haywood & Cairns, 2006). Many studies in this area have focused on the patterns of interaction and
their implication for learning in informal learning environments like SCs and museums.

Firstly, the study by Davis et al. (2015) focuses on social interaction. They explored how dyads
interacted with each other, focusing on how they negotiate their real-time exploration of a multi-touch
tabletop exhibit. That revealed four distinct interaction patterns. The first one is reactive, which is
characterized by low coordination and a focus on figuring out how the exhibits works mechanically.
The second one is autonomous, which is also marked by low coordination as the dyads have different
goals for engagement. For example, one visitor might focus on pursuing conceptual goals (understand
the content) while others disengage or focus on mechanical exploration. The third one is planning
pattern, which demonstrated high coordination when the dyads explicitly express their intention and
strategies. These sessions of interaction pattern often started with mechanical exploration and
progressed toward conceptual understanding and commonly early in the interaction. The final pattern,
contemplative, which featured with explicit goal setting, high coordination, participants reflecting and
refining their objectives through conversation, supporting deeper engagement with the content. They
also emphasized even struggling with mechanical at the beginning of the interaction can serve as a
bridge towards conceptual development once visitors are familiar with the system. This study
highlights how social interaction, coordination and shared intent shaped the quality of visitor’s
learning and engagement in the environment (Ma et al., 2019; Stenlund et al., 2021).

Second study related to visitors’ interaction but with a different focus on individual movement:
Hinrichs & Carpendale, (2011) observed how visitors used a large tabletop display through gesture-
based interaction. Rather than performing isolated movements, visitors engaged in sequences of
gestures, smoothly transitioning between actions like dragging, rotating, and zooming to accomplish
higher exploration tasks. This fluid sequence of interaction was shaped by the ease of moving between
actions, which is characterized by the design of the exhibit, suggesting that successful interactive
visualisation exhibits should support a variety of gesture types for each action, and allow fluid and
adaptable use for visitors’ exploration.

Another study on visitors’ interaction with interactive visualisation exhibits was conducted by Ma et
al. (2019). They investigated how museum visitors interact with Plankton Population, an interactive
tabletop visualisation of a complex scientific dataset. Their research focused on the process of how
visitors decode complex visualisations. The findings showed that visitors engaged in trial-and-error
exploration, revisiting visual encodings like colors, graphs, and icons multiple times before arriving at
accurate interpretations. Their decoding process took a longer time compared to the average dwell
time in museums, and many visitors were found to misinterpret the visual encodings. One of the
reasons Ma et al. (2019) stated was the visitors’ pre-existing assumptions, as it was shown that prior
knowledge impacts visitors’ interpretation of science data. Also, the use of multiple external



representations, like maps, graphs, and icons, had a dual effect - while the representations can support
visitors' understanding of the exhibits, they can also cause confusion if they are unclear.

Finally, Borner et al.'s (2016) investigated the familiarity of data visualisation. In this study,
participants were shown a set of five visualisations, which included charts, maps, graphs, and network
layouts. The findings showed that while expressing interests in science, many participants had trouble
naming and understanding various visualisations accurately. Most participants relied on features such
as colors and shapes rather than understanding the deeper data structure. This indicated that their data
visualisation literacy is not sufficient. These findings highlight the importance of visitors' visual
literacy in achieving the intended learning outcomes of interactive visualisation exhibits.

Taken together, these studies revealed that visitor interaction with interactive visualisation exhibits is
influenced by a combination of individual factors, such as visitors’ abilities and prior knowledge, and
social interaction and physical factors, such as the exhibits and the surroundings of the science center.
Visitors approach exhibits with different goals, experiences, and cognitive strategies, and their
interaction is shaped not just by what the exhibit shows, but by how it enables them to explore,
collaborate, and make meaning. The insights from these studies emphasized the importance of
designing interactive visualisation that goes beyond interactivity but also enables meaningful
exploration.

The next chapter explores the question of how interactive visualisation can be designed to effectively
support visitors to reach meaningful learning, by looking at the concepts of exploratory and
explanatory visualisation and the emergence of exploranation (Ynnerman et al., 2018), an approach
that balances between free exploration with structured interpretation to support visitors’ meaningful
interaction with exhibits.

Exploranation as the new design approach for learning

As interactive visualisation is increasingly used in SCs and museums, it is important to investigate
further the use of visualisation in communicating science. Here two main uses of visualisations will be
discussed: exploratory and explanatory visualisation. Each type of visualisation serves different
communicative purposes and different users’ needs. However, with advances in technology of
interactive visualisation, these approaches are being combined to create more engaging and
informative experiences for visitors in SCs and museums (Bottinger et al., 2020; Ynnerman et al.,
2018).

Explanatory visualisation

Explanatory visualisation are generally created to communicate findings to a boarder or non-expert
audience (Bottinger et al., 2020; Ynnerman et al., 2020). These visualisations are designed for clarity,
often incorporating narrative structures, guided sequences, and visual emphasis to lead users through a
specific conceptual message or storyline (Bottinger et al., 2020). This type of visualisation is often
used in science education, informal learning environments, or media areas such as journalism, where
audiences are novel with the subject matter (Bottinger et al., 2020).

Exploratory visualisation

In contrast, exploratory visualisation are typically used by experts for data analysis to discover
patterns, identify hypotheses and draw new insights from complex datasets (Bottinger et al., 2020).
For example, in medical research, scientists use special interactive tools to look closely at detailed
genetic data, let them spot patterns or changes in human gene that would be hard to see with regular,
non-interactive images (Borner et al., 2016; Hinrichs et al., 2008). Since they are designed primarily
for investigation rather than instruction, they tend to offer minimal interpretive guidance, assuming
users have a certain level of data literacy and knowledge on the presented content (Munzner, 2014).



Exploranatory visualisation

Recent developments in science communication represent a new approach to how scientific data is
presented to the public. As Ynnerman et al. (2018) explain, this approach is driven by the synergy
between exploratory and explanatory visualisation thanks to two key advances: the availability of
large-scale datasets used in research, and the advances in visualisation and interaction technologies,
which make it possible to deliver complex visualisations in real-time. This convergence allows
exhibits to support both open-ended exploration and structured explanation, forming the foundation of
the exploranation approach.

In SCs, exploranation enables what Manovich (2011) refers to as “direct visualisation”, where visitors
explore with authentic datasets (e.g., satellite imagery, species tracking, climate models) previously
accessible only to experts. The same visualisation system can now be used to support both exploration
(open-ended interaction) and explanation (guided storytelling, interpretive overlay). Some exhibits
have employed this approach for their exhibits. For example, the Gebelein Man exhibit developed by
Ynnerman et al. (2016), mentioned in the first part of the literature, used a medical imaging system
originally developed for experts. Later, this was adapted for public use through a touch table interface.
Using direct volume rendering (DVR) of full-body CT scans, visitors were able to explore the internal
structures of ancient mummies interactively. The interface combined narrative guidance (explanatory)
through information hotspots with free-form manipulation (exploratory) using simplified touch
controls.

Another example of the use of exploranation in exhibit design is the NanoSim exhibit (Host et al.,
2020). This interactive public exhibit is designed to communicate nanotechnology's complex science
through a gesture-based simulation. Users learnt about the scientific phenomena of nanotechnology by
manipulating 3D visualisation in real time. The evaluations showed that users used everyday language
to express scientific reasoning and were able to grasp abstract concepts about nanotechnology.

Both examples show the potential of exploranation to make complex science accessible and
meaningful in informal learning environments. Today, few interactive visualisation exhibits use purely
exploratory or purely explanatory approaches. Instead, many fall somewhere along a continuum,
integrating features from both ends to meet the needs of a broader audience. This reinforces the
importance of design that balances freedom and structure in explanatory approaches.

The next chapter will focus on the design principles that can support these goals. Drawing on recent
research and exhibit examples, this chapter will outline the design principles for interactive
visualisation exhibits.

Design principles for interactive visualization exhibits

To the novelty of exploranatory approaches in interactive visualisation exhibits, attention have been
paid to the design for these exhibits by many researchers. In this section, key design principles drawn
from physical interactive exhibits and interactive visualisation exhibits research are themed and
presented. These principles are not totally separated from each other but overlay and complement each
other, emphasizing both challenges and recommendations for design.

Design for focus, clarity, and conceptual coherence

Museum or SCs visitors often experience “museum fatigue” and cognitive overload (Allen, 2004),
phenomena that affect the depth of interaction and learning in public settings. A typical visit to these
public settings involves interacting with numerous exhibits, each offering different types of content,
interface and interpretive approaches. Cognitive overload occurs when visitors are overwhelmed by
the amount and novelty of exhibits, especially when each demands different forms of interaction and
attention (Allen, 2004). In interactive exhibits, these phenomena can be caused by the visually dense



displays and unclear interaction cues. Without clear visual hierarchies, which are organized
arrangements of elements that guide viewers’ attention, visitors may struggle to decide what to focus
on (Ynnerman et al., 2018). Similarly, lack of intuitive controls such as clearly labeled buttons or
gestures can lead to confusion, disengagement, or misinterpretation of the exhibit’s purpose (Allen,
2004). In addition, Ma et al., (2012) highlighted the tension between scientific completeness and user
comprehension. While detailed information might seem valuable, presenting too much can overwhelm
visitors and hinder important insight.

To minimize the issue of cognitive overload, which can lead to museum fatigue, Allen (2004)
recommends designing for immediate apprehendability. This entails ensuring that the exhibit’s
purpose and relevance are clear and include understandable cues on how to interact with the exhibits,
reducing the need for instructions and lowering the cognitive barrier to entry. Added to this,
Ynnerman et al., (2018) proposes the use of perceptual layering: emphasizing central content and data
while designing support cues such as buttons, tools, menu, and other controls to be less visually
prominent. This prevents distraction from the core information or object the viewer should focus on.
Similarly, Ma et al. (2012) suggests prioritizing key insights over scientific completeness, using
intuitive legends, clear visual hierarchies, and embedding background context to prevent overload and
support comprehension.

Together, these suggestions center the visual interface on intuitive design, providing immediate
comprehension and usage for visitors at the initial stage of interaction, helping to reduce confusion,
overload, or intimidation, and providing open exploration, guided by intuitive interfaces.

Balancing control and constraint: Design for pliability

A challenge in interactive visualisation exhibits with exploranatory elements is the appropriate balance
between explorative and interpretive structure (Ynnerman et al., 2018). While interactivity is central in
informal science learning environments, unconstrained or excessive freedom can lead to visual
overload, or aimless navigation. These concerns were raised by Allen (2004), who pointed out that
more interactivity does not equal better learning. In such an environment, it is very easy for visitors,
especially novice ones, to feel confused or misinterpret what they are seeing (Ma et al., 2012;
Ynnerman et al., 2018). If poorly designed, exhibits that incorporate interactive features can easily
become overwhelming or distracting (Allen, 2004).

Sharing the same concern, Ynnerman et al., (2018) propose the concept of pliability, which is a design
strategy that combines constraint with responsiveness. While visitors should feel free to explore
interfaces, such as by rotating objects, zooming in, and navigating datasets, that freedom should be
bounded. For example, instead of letting users rotate a 3D model in any direction, the interface should
be limited to angles that reveal useful scientific features. Furthermore, when zooming into data, it
should stop at a point where meaningful labels or patterns emerge. These productive constraints guide
users toward meaningful outcomes without taking away their sense of autonomy (Ynnerman et al.,
2018).

This design principle supports the goals of exploranation, which aims to blend self-directed
exploration with explanation, and complements the first principle, making the design achieve clarity
and conceptual coherence.

Provide guided discovery and narrative structuring

Another important challenge in designing exhibits for informal learning environments, such as SCs, is
the diversity of visitors. People arrive with different backgrounds, levels of prior knowledge, and
expectations, which can make it difficult for them to understand complex scientific topics, especially
when those topics are presented all at once (Allen, 2004). As Ma et al. (2012) point out, this can lead
to visitors feeling overwhelmed or confused, particularly when interacting with open-ended or data-
rich exhibits.



To address this, Ma et al. (2012) propose the principle of layered access to information. This strategy
involves organizing content progressively, so that visitors first encounter simple, familiar

concepts before they are gradually introduced to more complex scientific ideas. For example, the
Plankton Visualization Prototype (Ma et al., 2012) was designed so users would first see only the
basic types of plankton, and only later, if they choose to, uncover additional layers that explain
environmental factors influencing plankton distribution. This structure helps users build understanding
step by step, rather than facing everything at once.

A similar goal is reflected in Ynnerman et al.’s (2018) principle of interleaving explorative
microenvironments with signposted narratives. This approach combines interactive

exploration with embedded explanation. Visitors are encouraged to explore specific parts of a dataset,
called microenvironments, which contain key features or data. These areas are enhanced with
explanatory cues such as annotations, visual highlights, or callouts, which help visitors understand
what they are seeing. Importantly, these microenvironments are not isolated experiences. They

are linked together through a larger narrative, allowing the visitor to follow a guided storyline while
still interacting freely. For instance, in a multitouch table exhibit of a 3D scientific model, visitors
could rotate the model and discover small annotations that explained important features. These
explanations were brief and non-intrusive, so to support understanding without interrupting the flow of
exploration. At a broader level, the system may offer narrative-based navigation, gently suggesting
what to explore next or how different sections connect (Ynnerman et al., 2018). This balance

of freedom and structure helps visitors build up knowledge over time (Ynnerman et al., 2018).

Both Ma et al.’s (2012) and Ynnerman et al’s (2018) approaches aim to create exhibits that support
guided discovery through a narrative structure, where visitors are free to explore but not entirely left
on their own, which is a goal of the explanatory approach.

Foster collaboration and social interaction

An experience in SCs is rarely an isolated experience. People often visit museums with others and
even when they visit a museum alone, they are still affected by the behaviors of others. This
introduces a layer of performative interaction, where visitors not only engage with the exhibits
themselves but also shape the experiences of the people around them (Ynnerman et al., 2018).

Ynnerman et al., (2018) highlights how, in public installations, people naturally assume different
social roles. One visitor may take the role of a performer, actively manipulating the interface while
others become viewers or bystanders. These interactions can lead to spontaneous learning moments as
people engage in conversation with each other and interpret what others are doing. Here, exhibits
support a shared performance where people work together to understand the exhibits, with others
observing and interpreting interactions.

Touch table exhibits are one such example. These interfaces often created hotspots of social energy,
where one visitor navigates the exhibits while others gather around. The physical visibility of the
interaction through gestures like swiping, zooming and tapping, invites others to watch and potentially
engage (Ynnerman et al., 2018).

Hinrichs et al., (2008) also shared the same idea. In their study of museum-based visualisation
exhibits, they emphasize how visual design, interface responsiveness and size of the display can shape
people’s behaviors. For example, large displays give visualisations a physical presence, making them
visible to everyone passing by. This encourages visitors to first watch from a distance, then decide
whether to join in. These insights suggest that interactive visualisation exhibits should be designed not
only for individual use, but also to support social and performative interaction.



Concluding remark

As Ynnerman et al. (2018) stated: “the use of visual exploranation approaches in science
communication is still in its infancy” (p. 2), and applying these principles in practical settings is not an
easy task. Host et al's. (2020) study on the NanoSim exhibit highlights the challenges of implementing
exploranatory design in real-world settings. Main challenges included fitting the exhibit with the
broader theme of the physical environment and managing visitors’ knowledge, where simplifying
complex science concepts might lead to misinterpretations. While NanoSim provided pre- and post-
interaction explanations, users still struggled with interpretation during the experience, especially due
to ambiguous metaphors like the “rubber band” effect. Moreover, balancing exploratory freedom with
meaningful guidance proved difficult. Visitors were free to interact but lacked clear goals, leading to
confusion. Interface design also posed challenges: gesture-based controls were unintuitive, and
technological limitations constrained the realism and responsiveness of the simulation (Host et al.,
2020). These challenges point to broader issues in the use of interactive visualizations for science
communication. While these tools offer significant potential by making complex data accessible and
engaging, especially in informal learning environments, there remains a limited understanding of how
exploranatory designs with these tools actually support learning (Ynnerman et al., 2018).

Therefore, it is important to investigate how an exploranatory design approach is adopted in practice
and its effect on visitors’ interaction and learning. Doing so can inform more effective design
strategies and ensure that interactive visualisation can support visitors’ learning in informal learning
environments like SCs.

Theoretical framework

This study draws on two complementary theoretical perspectives, constructivism learning theory and
instrument-mediated activity theory, to analyse how visitors interact with interactive visualisation
exhibits in SCs. Together, these frameworks provide a foundation for understanding how participants
construct knowledge through their interaction, and how the design of the exhibits mediates and shapes
their learning experiences.

Constructivism and the Visitor Engagement Framework

Constructivism theory posits that learning is an active, contextual, and meaning-making process in
which individuals construct understanding through engagement with the environment (Adams, 2006).
In informal learning environment such as SCs, this process is self-directed, non-linear and shaped by
personal motivation, prior knowledge, and social interaction (Falk & Dierking, 2000; Hein, 2002;
Rennie & Johnston, 2004). This process is often driven by exploration — visitors physically and
cognitively engage with exhibits, testing assumptions, asking questions and making connections
between prior knowledge and new information (Falk & Dierking, 2000). Under this view, interaction
is not just physical behaviors but an intention-driven process of an individual to construct meaning
from complex or unfamiliar content.

Building on the constructivism viewpoint the Visitor Engagement framework (VEF) by Barriault &
Pearson (2010) provides a practical lens for capturing this meaning-making process. This model
conceptualizes visitors’ interaction with an exhibit as a progression through three levels of increasing
cognitive depth from initiation to transition, and then breakthrough. Each level associated with
observable behaviors such as trying out an activity, repeating it, asking questions, making
comparisons, or relating to prior knowledge. Seven learning behaviors that occur in visitors’
interaction with an exhibit are listed in this framework. Initial level including performing the activity,
spending time watching others engaging in the activity or observing the exhibit; Transition level
including: repeating the activity, expressing positive emotional response in reaction to engaging in the
activity; and Breakthrough level consists of: referring to past experiences while engaging in the
activity, reeking and sharing information; engaged and involved which including testing variables,



making comparisons, using information gained from activity (Barriault & Pearson, 2010). For more
details on VEF, check Appendix 02.

The VEF is divided into three behaviors. Initial behaviors involve engaging with an exhibit for the
first time, such as performing the suggested activity or observing others interact with it. At the initial
stage of the learning experience, these behaviors help visitors develop a basic understanding of what
the exhibit offers and whether it is worth further exploration.

Transition behaviors reflect a move beyond first impressions. These include repeating or adjusting the
interaction, indicating that the visitor is beginning to test assumptions, explore features more
purposefully, and deepen their engagement. Breakthrough behaviors occur when visitors connect the
experience to their prior knowledge, express curiosity or enjoyment, actively seek or share
information, or demonstrate signs of being highly engaged. These behaviors suggest that the visitor is
not only interacting but also creating meaning from the experience, what Barriault and Pearson (2010)
described as being “engaged and involved” (p. 96).

While this study does not aim to measure the level of engagement with the exhibit, the VEF is suitable
for this study due to several reasons. Firstly, the framework was specifically designed to evaluate
visitor engagement through behaviors in informal learning environments such as SCs and museums,
which are the primary settings of this study. Secondly, the VEF focuses on observable behaviors,
which serve the aim of the study, to understand the interaction between the exhibits and the users.
Thirdly, the framework provides a structured way to interpret the progression of engagement, allowing
the analysis of how different exhibits either support or hinder learning.

Instrument-mediated activity theory

In addition to constructivism, this study also draws on instrument-mediated activity theory,
developed by Rabardel (1995), to deepen the understanding of how interactive visualisation exhibits
shape and mediate learning experiences in SCs. This theory stems from cultural-historical activity
theory (Rabardel, 1995; Vygotsky, 1978), which highlights how human actions are mediate by tools
and emphasizes that learning occurs through the use of tools. These tools and how individuals interact
with them, play a crucial role in shaping thought, action, and learning. According to Rabardel (1995),
an instrument is more than just a physical or digital tool (known as an artefact); it also includes the
mental strategies and schemes of use that users develop over time. In other words, a tool becomes an
instrument when users integrate it meaningfully into their activity.

This process, called instrumental genesis, involves the construction of personal schemes of use, where
users combine an understanding of how the tool works with their own goals and intentions. Thus,
learning emerges not only from the exhibit’s content but through the user’s meaningful engagement
with it (Béguin & Rabardel, 2000; Rabardel, 1995). Instrumental genesis consists of two dimesions:
Instrumentation - users develop cognitive strategies and internalize tool use; Instrumentalisation -
users adapt and reinterpret the tool based on their context and goals. By adopting this perspective, the
present study examines not only what visitors do with interactive visualizations, but also how the
exhibits function as instruments that mediate and shape the learning experience through user
interaction.

In conclusion while constructivism provides an understanding on how participants construct
knowledge through their interaction, instrument-mediated activity offers a lens to understanding the
role of the tools, here is the exhibits, in shaping the process of constructing knowledge. By combining
these two frameworks, it helps to explain how exhibits design either support or limit visitor’s learning,
making it aligns with the aims of this study is to understand the role of the design in shaping visitor’s
interaction and learning,.

Methodology
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This section outlines the methods used in this study, includes the research design, research process and
data analysis approach. The study investigates how the different approach design for interactive
visualisation exhibits, open-ended exploration and guided exploration shape visitor interaction and
support learning. To investigates this, the study uses two interactive visualisation exhibits focus on
marine biodiversity as empirical cases. The aim is to compare how participants interact with and make
sense of the exhibits, to identify patterns is interaction and learning across different design format.

Research cases

Empirical case: Interactive visualisation exhibits at a science center.

This study was conducted at an SC — a public space that is designed to promote science learning. With
its aim is to communicate science and provide an informal learning environment for science education,
the SCs employed different approaches in exhibit design. One of the key approaches is being
implemented is exploranation (Ynnerman 2018), which combines the strength of exploratory and
explanatory visualisation. They have created an exhibition that specifically focuses on visualisation to
communicate the ideas of sustainability with different range of exhibits. By using the power of
interactive visualisation, this approach aims to bring authentic scientific dataset to the public, allowing
visitors to both explore and understand complex scientific phenomena.

The exhibits as case studies

Two interactive visualisation exhibits at the SC were chosen as the empirical cases. Both aim to
communicate the biodiversity of marine life, but they differ in how they structure the visitor’s
exploration:

Case 1: “Under the surface” (Under Ytan) is a touch table exhibit that allows visitors to explore
biodiversity in the Kosterhavet national park. The exhibit uses a map interface with interactive
hotspots and camera views that can be dragged to different interactive hotspots to reveal the data about
species and habitat. The exhibit aims to highlight the unique biodiversity of the region, especially the
presence of coral reefs — species often associated with warmer climates — making their existence in the
cold waters of Kosterhavet suprising.

Figure 1. Case 1 - The exhibit
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Figure 2. Case 1 - The data in the hotspots

Case 2: “Ocean web” (Havets Niringsviv) is a two-screen installation about the Weddell sea
ecosystem. It consists of a large, curved screen displaying a dynamic 3D visualisation and a smaller
touch screen used for navigation and interaction. Visitors use the touchscreen to explore five main
topics related to species and environmental change. Central to the exhibit is a 3D food web model,
which users can manipulate — by rotating, dragging, or zooming — to examine different species.

Figure 3. Case 2 - Small screen Figure 4. Case 2- The 3D food web model

Weddell Ses is located at the bottom of the southern hemisphere:
outside the coast of Antarctica. It is bounded by a bay in the
Antarctic landmass.

Figure 6. Case 2- The set up

Figure 5. Case 2 - The big screen
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Research design

To explore how exhibition design approaches affect visitor interaction and learning, this study
employed a comparative case study design. A case study is an empirical approach that investigates a
phenomenon in its real — word context (Kaarbo & Beasley, 1999). In a case study, the case is an object
of interest in its own right (Clark et al., 2021). In this context, the interactive exhibits themselves are
considered the case of interest, each representing a different design approach in communicating
science, one is open-ended exploration and one is guided — exploration with interactive visualisation.

Applying a case study research design can serve different purposes, such as to describe a case of its
own, to interpret a phenomena using existing theory, to develop a theory, to explore and refine theory
or to test a theory (Kaarbo & Beasley, 1999). In this study, the case study approach is used to interpret
how design differences influence interaction using the theoretical frameworks. By applying a
comparative logic (Collier, 1993), the study focuses on the pattern of similarity and contrast between
exhibits to better understand how the different approaches in design foster or constrain exploration and
learning. With a comparative case approach, it is important to carefully select the cases for
investigation. This is considered the most important stage in comparative case study research since it
provides the basis for cause-and-effect relationships (Kaarbo & Beasley, 1999). One of the strategies
for choosing the case is pinpointing the most comparable one, which means that the chosen cases are
as similar as possible except for the variables of interest. In this thesis’s context, the key variables of
interest are the design approach, open-ended or guided-ended exploration. Hence, two exhibitions
were chosen because they offer similar purposes but varying design elements. Further, the decision of
this studies focus was influenced by the recommendation of the host SC, aligning with its priorities in
evaluating specific exhibition areas.

Participant Selection

The participant selection was guided by the criteria for choosing a case study, that the variables should
be as similar as possible, except for the variables of interest, which here are the design elements.
Therefore, participants were recruited to ensure a similar background, rather than recruiting
participants on the spot. In addition, the participants were recruited in pairs to promote natural verbal
interactions during the exhibition experience. This selection strategy supports the goal of uncovering
learning processes, aligning with Rennie and Johnston’s (2004) emphasis that learning in SCs can be
observed through what people say and do. Therefore, encouraging conversation between paired
participants allowed for deeper insights into their thought processes and facilitated a more explicit
interpretation of their engagement and understanding.

Hence, based on this selection strategy, the target participants were graduate university students or
recent graduates who were interested in interactive data visualization and were fluent in English. A
call for participation was posted through a social network, including a description of the aims and how
the study would be conducted. While one requirement of the study was to participate in pairs, the call
for participants still offered the possibility to sign up individually and be paired later with another
individual, to ensure the necessary sample size. In total, four pairs with a total of eight graduate
students participated. Three pairs signed up together and the researcher set up one additional pair. One
group was used as a pilot to test and refine the camera setup for interaction recording. Therefore, their
data were excluded from the final analysis but was used to inform the study design. This resulted in
three groups’ data being collected for analysis. The group and participant labels used throughout the
study are presented in Table 1 below.

Group Participant
GO1 P0O1; P02
G02 P03; P04
GO3 P0S; P06

Table 1. Participant legend.
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Consent to participate in the study was collected through the call for participation at the time when
people signed up. Participants were provided with an overview of the study and contact details in
written form, to ensure that consent could be withdrawn at any moment, if they changed their minds.
In order to keep the information anonymous, each participant will be referred to with a unique
identification number, e.g., participant 01 will be PO1.

Data collection

To address the research questions, which aims to understand how explanatory design was adopted in
practice and how it affects visitors’ interaction and learning, the procedure of the study is as follow:
First, participants were asked to explore the exhibits in pairs. Then right after their interaction with
both exhibits, they were invited to participate in a post-task interview. Audio and video data was
gathered of the participants’ interaction with the exhibits and with each other during their exploration.
The semi-structured post-interviews were audio-recorded. The next section will explain how the data
was collected in greater detail.

Unstructured observations

While the thesis included controlled conditions, such as the selection of comparable exhibitions and
recruitment of participants with similar backgrounds and interests, it also aimed to examine visitors '
spontaneous behavior in a natural context while visiting an SC. This would allow to explore how
participants perceive and respond to the design approach of the exhibitions. Therefore, participants
were not given structured tasks, but rather encouraged to explore the exhibitions freely, without
guidance, allowing the observation of their natural interactions, engagement patterns, and moments of
understanding based on their own curiosity and interests. As part of the scaffolding support provided
by the SC, each pair of participants was also invited to listen to an audio guide after their initial free
exploration, after which they could continue interacting with the exhibition if they wished. During the
entire exploration, the researcher observed from a distance in a non-intrusive manner, taking notes on
any notable or interesting behaviors. These notes were later used to guide clarification questions in the
post-visit interviews and the subsequent data analysis.

In case 1, the camera was set up at the corners of the exhibit to avoid disturbing participants’
movement around the exhibit, while still being able to capture their body movements during their
interaction with the interface. For case 2, the camera was set up behind the participants, since this
exhibit has two screens. Setting up the camera from behind allowed to capture their interaction with
both screens: what they touched on the small screen and what they pointed to on the big screen.

Given that learning in SCs is highly personal and often occurs through social interaction, it is essential
to observe what people do and say in order to identify patterns of engagement and signs of learning
(Rennie & Johnston, 2004). Therefore, participants’ speech was used as a main source of data to
investigate how they engaged with the exhibits, while their actions provided additional information on
their perceptions about the exhibitions. The combination of these data provided a detailed observation
of: (1) How the visitors interacted with the exhibitions, (2) How they navigated and made sense of the
exhibit features and content, (3) What kinds of conversations or behaviors indicated moments of
understanding, confusion, or curiosity.

Audio-visual methods are suitable for informal learning environments, as they allow researchers to
document the real-time ways in which knowledge is constructed through social activity, observation,
and interaction (Heath et al., 2010).

Semi-structured interview as video review session

The observation sessions were followed by a semi-structured interview, during which participants and
the researcher watched the video recording of their interaction, focusing on interesting moments that
the researcher took note of while observing their interaction. This is a specific method used within
interaction analysis (Jordan & Henderson, 1995). First, participants were asked to share their
impressions and key takeaways, and clarified any points of interest or confusion identified by the

14



researcher. Only audio data was recorded in the interviews. Besides serving as a form of data
triangulation, complementing the audio-visual recordings of the observation with the interviews, also
offered deeper insights into how the exhibition's design approach influenced interaction and learning
from the participants’ perspective.

The interview guide can be found in Appendix 1.

Ethics

Audio-visual research in SC has raised several issues, which were considered in this thesis. The
guidelines provided by the Swedish Research Council (2017) served as a starting point for the data
analysis and as a checklist for ensuring ethical integrity.

First, according to these guidelines, it is essential that participants be informed about the thesis and the
conditions of their participation. This means that participants should be provided with information
about the study’s objectives, how it will be conducted, what kinds of data will be collected and how
the data will be stored, protected, for how long and whether it will be shared with others. The
participants also need to be aware that their participation is voluntary, and they have the right to
withdraw from the study at any stage with no consequences. These aspects were handled in the
Consent Form (see Appendix 3). Participants were given time to raise any concerns related to the
research, and the contact details of the researcher were included for further questions or if they wished
to withdraw from the study.

In an effort to protect participants’ identities as much as possible, the equipment was set up to capture
only what was necessary, including the hand gestures and their conversation. However, full anonymity
could not be ensured due to the independent exploration of the participants, which prompted them to
move around the space and likely be captured by the camera. Nevertheless, to ensure anonymity, faces
were blurred by the researcher before analysing the material further. Further, each group and
participant was assigned a unique identification number, and any personal identification information
from the audio data, such as the names of participants, was omitted from the transcripts.

Data analysis

The data analysis in this thesis was conducted using two main methods: interaction analysis for the
video-recorded data, and thematic analysis for the post-interview data.

Interaction analysis is an interdisciplinary method used to empirically investigate how people engage
with each other and with artifacts in their environment (Jordan & Henderson, 1995). Hence, “the
details of social interaction in time and space and, particularly, in naturally occurring, everyday
interactions among members of communities of practices” (Jordan & Henderson, 1995, p. 41) are the
focus of this thesis. This approach considers both verbal and non-verbal behavior, as well as how
individuals interact with physical or digital objects.

Interaction analysis was therefore used to analyse the video data of participants interacting with the
exhibits, to examine how they navigated and responded to different exhibition designs. Special
attention was given to the verbal expressions and the sequencing of behaviors which are indicated in
the VEF to see how learning unfolded through interaction.

Thematic analysis was applied to the transcripts of the semi-structured interviews. This analysis aimed
to identify patterns in how participants described their experiences and perceptions of the exhibits. It
focused on two areas: participant’s reflections on their exploration process, including what caught
their attention, how they navigated content and how they understood it; and their perceived learning of
what knowledge or insight they gained from the exploration.
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Data transcription

The audio and video data of the interactions were structured into two main components: participant
conversations and their corresponding actions during the exhibit exploration. The conversations were
segmented into distinct utterances, and each one was marked with the participant’s identification label
(e.g., P01, P0O2). The transcriptions were conducted with the help of a transcription tool, Otter.ai. The
transcription was thoroughly revised and edited, especially for moments when participants were
speaking simultaneously, which the tool could not catch. Any statement that was unclear from both the
audio and video recording was marked as “inaudible” in the transcripts. The corresponding actions in
the video were also transcribed along with the conversations and marked between square brackets in
the transcript. Below is an example from the study of how the audio-video data was transcribed:

“P01: [touches the screen] At first we select the language.
PO2: [touches the language sign] Ok, yeah.

POI & P02: [Observe the screen]

P01: [points to the screen] so there’s the...

PO1: So this is the same notice?”

For the post-interviews, where only audio data was available, Otter.ai was used to generate the
transcription automatically. The transcripts were then reviewed and manually corrected to ensure
accuracy and reliability.

Coding scheme

The coding scheme used for the video-audio data was inspired by the VEF (Barraut et al., 2010). The
thesis does not aim to measure the level of engagement with the exhibit, which is an element of the
framework, however, it provides a useful structure for interpreting the observed behaviors of
participants as they explore and make sense of the interactive visualisation exhibits. For this reason,
after familiarization with the data occurred, the VEF was modified to fit the purpose of this thesis. The
modified VEF can be reviewed below, in Table 2:

Exploration behaviors Description Observed behaviors
Initial behaviors Participants encounter and react to - Passively observing the interface
unfamiliar features or content - Reading labels or instructions out loud
- Asking questions, showing uncertainty
Transition behaviors Participants attempt to resolve - Testing features purposefully with
confusion and test their clear expressed intention
assumptions - Making hypotheses or assumptions
Breakthrough behaviors Participants achieve understanding | - Verbal confirmation of understanding
or gain insights from the exhibits - Explaining to their partner
- Relating information to prior
knowledge
- Evaluating the exhibit

Table 2. Coding scheme for participants’ interaction.

This coding scheme was applied to the behaviors observed throughout participants’ exploration. It
helped to reveal patterns in how participants interacted with the exhibits and informed the analysis for
the first research question.

To address the second research question about what types of learning occur through visitors'
exploration, the analysis focused on identifying and analysing breakthrough behaviours. As defined in
the modified framework of the VEF (see Table 2), breakthrough behaviors indicate that participants
achieve understanding or insight from the exhibits. By concentrating on these behaviors, the analysis
would reveal the types of learning that emerge from the participants’ interaction.
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The observed learning was initially divided into two main types: mechanical understanding and
conceptual understanding. This classification is inspired by Davis et al.’s (2015) study of pair
interactions in interactive exhibit settings. They identified two distinct learning goals: (1) mechanical
learning, where visitors develop proficiency in using the interactive interface; and (2) conceptual
learning, where visitors demonstrate understanding of the exhibit’s content. This classification was
applied, as it aligned with the concept of instrumental genesis mentioned in the theoretical framework
(Rabardel, 1995). Instrumental genesis consists of two dimensions: instrumentation, where users
develop schemes of use with the artifact (with the exhibit, in this thesis); and instrumentalization,
where users use the tools, here the exhibits, for their reasoning and meaning-making (Rabardel, 1995).
Mechanical learning, therefore, reflects the process of instrumentation, and conceptual learning
reflects the instrumentalization of the exhibits.

After organizing the breakthrough behaviors into these two main categories, an additional theme
emerged from the data, identified as affective responses. While these behaviors were not directly
related to conceptual or mechanical understanding, they marked important points where participants
reflected on and concluded their experience.

A thematic analysis of post-interview data was performed to investigate perceived learning and
participants’ experience with each exhibit, to reveal what kind of factors affect their exploration.
Thematic analysis is a flexible method, well-suited for exploring participants' experiences, practices,
and sense-making (Braun & Clarke, 2006). This makes it suitable for addressing the research question
on participants’ perceived learning. A deductive approach was employed to analyze the data, which
involves analyzing the data using pre-established themes or theoretical concepts (Braun & Clarke,
2006). This top-down approach was chosen to maintain a clear focus on the research questions,
specifically aiming to explore participants’ learning perceptions and their experience with the
interactive visualisation exhibits.

As the focus of the thesis is to compare two exhibits with different design approaches, the data was
first categorized into Case 1 and Case 2, corresponding to each exhibit. Within each case, data related
to learning and visitor experiences was extracted and analyzed to identify recurring patterns. Through
thematic analysis, three main themes were identified that reflected participants' learning perceptions
and overall experience with each exhibit. These include: preference for a narrative approach, the need
for more scaffolding and learning perception. These themes will be discussed in detail and integrated
with findings from the video interaction data as a means of triangulation. These findings are compared
in an effort to strengthen the interpretation of how participants’ interactions and learning unfold across
different types of exhibits.

Findings

In this section, findings will be presented in accordance with the research questions. In line with the
aim of the thesis, how visitors explore exhibits through their interaction and what kind of learning they
gain through their exploration will be analyzed. Therefore, two questions guided the analysis:

e In what ways do visitors interact with open-exploration and guided-exploration visualization
exhibits?
e What kinds of learning are observed and perceived from their interaction with these exhibits?

Visitors’ interaction with the exhibits

The thesis aimed to explore how participants interacted with two different interactive visualisation
exhibits: Case 1 - an open exploration approach in design, and Case 2 - a guided approach including
exploratory features.
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To answer the first research question, participants’ interaction during their exploration of two exhibits
was recorded. One exhibit with the open-ended design will be referred to from here onwards as Case
1, and the other with the guided-exploration design will be referred to as Case 2. To analyze the data,
interaction analysis was used to investigate the participants’ interaction with the exhibit. Participant
interactions were coded using a modified version of the VEF (Barraut et al., 2010) that includes initial,
transition, and breakthrough behaviors (see Table 3). These codes were used to identify behavioral
patterns of participants’ exploration of each exhibit.

Overview of interaction behaviours

The adapted VEF helped divide participant behavior into three stages: initial interaction, transition,
and breakthrough. By following the order in which these behaviors happened, four patterns of
interaction sequences over time were identified:

e  [nitial — Transition: Participants noticed something new and showed curiosity, but did not fully
understand it. They performed exploratory behaviors, such as testing different features of the
exhibit, in an apparent attempt to resolve their uncertainty, but did not seem to reach a clear
understanding. This pattern suggests that the exhibit might lack sufficient scaffolding to support
participants’ exploration.

e  [nitial — Breakthrough: Participants appeared to understand the exhibit’s content almost
immediately, showing little to no confusion. This pattern suggests that the exhibit was intuitively
designed, enabling users to quickly grasp its purpose and message with minimal exploration. The
presence of a clear visual hierarchy, a coherent narrative flow, and well-structured interface
elements likely contributed to this immediate comprehension.

o Transition — Breakthrough (without Initial): Participants appeared to be somewhat familiar with
the exhibit but still had questions or showed confusion. Through interacting with the exhibit and
with each other, they found answers and seemed to gain understanding. This pattern suggests that
the exhibit might supported meaning-making effectively though not immediately.

e [nitial — Transition — Breakthrough: Participants started without understanding, trying to make
sense of the exhibit through exploration and discussions with each other, and eventually appeared
to reach a point where they clearly understood the data/elements/visualisations in the exhibits,
indicating that the exhibit successfully supported a gradual construction of understanding through
interaction and collaboration.

In the next two sections, these patterns are presented for each of the two exhibitions, Case 1 and Case
2, to address the research question. The participant groups are labeled GO1, G02, and G03 with each
participant labeled as PO1, P02, and so on. Excerpts to demonstrate these patterns were purposefully
selected because they illustrate the core behavioral sequences identified during interaction

analysis: Initial-Transition, Initial-Breakthrough, Transition-Breakthrough, and Initial-Transition-
Breakthrough.

The selection was guided by the thesis's theoretical frameworks. From a constructivist perspective,
these excerpts highlight moments where participants construct meaning by interacting with the exhibit
and with each other. From the lens of instrument-mediated activity theory, the excerpts also show the
exhibit accommodates participants; constructs meaning through navigating its interface, forming
strategies for use (instrumentation), or adapting its features to suit their goals (instrumentalisation).

Case 1 — Open-ended exploration exhibit

Case 1 is a multi-user touch table exhibit that allows visitors to explore the biodiversity of Kosterhavet
National Park. This exhibit presents an open-ended approach as visitors do not need to follow a
suggested path to explore the exhibit (see figure 1).
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The four observed behavioral sequences: Initial-Transition, Initial-Breakthrough, Transition—
Breakthrough, and Initial-Transition—Breakthrough are described using selected excerpts. These
examples illustrate how participants explored the interface, made sense of the content, and navigated
moments of confusion or insight.

Initial — Transition

In this pattern, participants encountered unfamiliar features or content, such as interactive hotspots or
icons. They often began by observing or reading instructions aloud. This apparent curiosity, however,
was paired with visible uncertainty, as they asked questions, expressed confusion, or showed
hesitation. As they began to interact more actively, they tried to make sense of the exhibit by testing
features or proposing tentative ideas about what they saw. This shift from observing to purposeful
exploration marks the transition.

To demonstrate this pattern, an excerpt from G02 was chosen, when they showed curiosity about a
new hotspot feature while apparently struggling to interpret its function and content:

01 P04 Now the only thing I'm interested right now [drags the frame to a hotspot] is to take this

and see.
02 What does it say? [reads out loud] ‘‘You pressed here’’
03 [Reads the instruction from the hotspot] “This tab contains detailed information about
the species you have selected. This tab contains extra information about eel grass...”
04 Should we click on this? [clicks on the sign]
05 [touches one spot multiple times] Which tab?

06 P03 [points to the information box] I think this one?

07 P04 [touches the information box] This is how it looks.

08 [touches another box to see]

09 P03 There is no picture, are there?

10 P04 Idon’t know.

11 [touches different box] I don’t know how to use this thing.

12 [drags the frame away]
At this stage in their exploration, the participants had already become familiar with the basic function
of the exhibit, how to use the camera frame to interact with the display. This shows that they had
reached a level of instrumentation, they had learned how to operate the tool mechanically. They were
now encountering a new layer of interaction, the hotspot system, which reveals species-specific
information when activated by the camera frame.

The sequence begins with P04 expressing a clear intention: “Now the only thing I’m interested in right
now is to take this and see.” This indicates both curiosity and a willingness to engage with the new
feature, showing that the participants were trying to extend their use of the tool. As they continue, both
P05 and P04 read the on-screen instructions and begin trying to understand what the new layer offers,
marking the transition phase of their exploration, where initial experimentation turns into more
purposeful interaction. The action marks the beginning of instrumentalization, where users try to make
sense of how to use the tool meaningfully for their own goal - in this case is exploring the species data.

However, despite their attempts, the group struggled with the hotspot interface. Questions such as,
“which tab?” and comments including “I don’t know how to use this thing”, possibly indicate that they
were unable to connect their actions with the intended outcome. Similarly, when P04 points out, “there
is no picture, are there?”, it appears that their expectation of visual content was not met or was
delivered inconsistently.

It seems that although participants were engaged and experimenting, the unclear structure of the
hotspot, indicated by their confusion, prevented them from constructing a personal understanding for
using the tool to reach breakthrough behaviors.
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Initial — Breakthrough

In this pattern, participants encountered new exhibit elements and were able to quickly make sense of
them, moving from observation to an understanding of how to use them. Their behavior included
observing visual cues such as the camera frame or the legends, proposing interpretations and
confirming meanings. The difference from the previous pattern is that participants show a rapid shift
from observing to understanding, reaching a moment of insight without needing to troubleshoot or
perform a trial-and-error interaction.

To illustrate this pattern, an excerpt from G02 is present, in which participants grasp the structure and
purpose of the interface early in their exploration, immediately after observing the interface

01 P03&P04 [observe the screen]

02  PO3 [points to the frame] No, it's the same side, it's the same thing see? That panel
[points to the frame], so you go on the other side, for 2 people.

03 P04 [moves to the other side]

04  PO3 [observes the screen] Why is it like that, or it's not like that?

05 [points to the map of Sweden]

06 P04 Something related to Sweden.

07  PO3&P04 [read the legend] [read the signals out loud]

08 P03 [starts moving the frame to a hotspot]

At the beginning of this sequence, the participants were simply observing the interface, representing
initial behavior. However, the shift to a breakthrough happened when P03 noticed the same camera
frame on the other side and concluded that it was designed for two users interacting at the same time
(in line 02). This interpretation reflected an immediate understanding of the design element. P04
showed agreement to the idea by moving to the other side. As they continued, the group began
interpreting the interface, connecting the map of Sweden to the content and reading the legend out
loud. They were able to relate the exhibit to geographic knowledge (in line 06) which might have
helped them to contextualize the exhibit as a location in Sweden. Finally, P03 initiated an interaction
with the camera frame to explore a hotspot (in line 08). This is considered a breakthrough behavior as
the participants showed that they could understand how to operate the key exhibit features.

In this case, the interface seemed to provide a clear and intuitive entry point that supported participants
in understanding how to operate the exhibit. However, it is worth noting that this quick breakthrough
pattern at the early stage of the interaction with the exhibit was only observed in this group and did not
appear in GO1 and GO3. This highlights a key point about visitor learning in museum and SCs, that
prior knowledge can significantly shape how visitors interact with and learn from exhibits. What is
intuitive and meaningful for one group may not be accessible for another.

Transition — Breakthrough (without Initial)

In this pattern, participants entered the interaction with a basic understanding of how the exhibit
works, but displayed confusion. However, they appeared to be able to address their confusion through
active exploration and discussion.

To illustrate this pattern, and excerpt from GO1 was selected, in which the group was trying to
understand the difference between two hotspots.

01 PO1 But I don't know what is the different of these signals? [points to the signals]

02 Because there are difference signals on this screen. For example, if we just
drag this one in this [drags the frame], so there are two kind of different signal,
one is more big and the other is just tiny.

03 P02 Okay, let try this. [moves the frame to the small hotspot]

04 It's still the same thing, either the one with camera, or the one without the
camera.

05 P01 Let try this yellow one. [moves the frame to the yellow signal]

06 P02 Ok, release it. [referring to P01, to release the frame to see information)
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Okay, so no information in this. So basically, I think the informations are for
this one [points to the cross hotspot], this, or this one. [points the cross hotspot
with the white outline]

07 Let me see this, [moves the frame to another hotspot] and also this one.

08 [observes the screen] I think it is the two-way thing. Okay let's go to the other
side.

09 P01 &P02  [move to the other side of the exhibit]

10 POl [moves the frame] Let's try on this green side. [drags the camera frame to the
greenside but not the hotspot]

11 PO2 No, that's nothing there, bring it here. [points to a pink hotspot]

12 P01 The pink one?

13 PO2 So this are probably the area, [points to the whole screen] most of these
species are found in the certain areas [points to the information of the hotspot],
1 think..

14 POl [points to the legend] Oh, okay, so there are the difference....

15 P02 Oh. [points to each sign in the legend] This camera signal is the observation

photos, The nursery of where the species stay... And this one are the Swedish
coral reefs, and species in Koster havets. And this yellow one is the inventory.
16 POl Ah okay, [observes whole screen] okay, make sense.
17 P02 Okay, I get it now.
In this excerpt, participants expressed confusion about the different signal types displayed on the
exhibit interface as they notice variations in the size and shape of the symbols but did not seem to
understand their meaning. This led to an hypothesis proposed by P02 that the different signals might
indicate different categories of information. At this stage, participants were already familiar with how
to operate the exhibit, and entered the instrumentation phase, in which they engaged in goal-directed
exploration, specifically trying to discover what distinguishes one hotspot from another.

Their process involved dragging the frame to multiple hotspots to test their assumptions, but the
results were inconsistent, because some hotspots showed information, while others did not. As P02
began to form an interpretation (“‘So this are probably the area...”), PO1 noticed the legend. Once
they read and interpreted the legend, the confusion was resolved. Both participants expressed
understanding verbally: “Ah okay, okay, make sense” and “Okay I get it now,” signaling a
breakthrough and successful instrumentalisation - where they made sense of the tool in a way that
supports their goals.

Although a breakthrough was achieved, the extended trial-and-error process suggests that the exhibit’s
interface lacks clarity. The pathway to understanding did not appear to be intuitively visible, and the
legend, a critical component for decoding the interface, was not immediately noticed. Compared to the
earlier excerpt from G02 where participants quickly grasped the exhibit’s purpose and read the legend
at the early stage of exploration, participants in GO1 only discovered it later. This contrast indicates
how individual exploration strategies and attention to interface elements can significantly shape
visitors’ experience.

Initial — Transition — Breakthrough
In this pattern, participant showed a gradual process of understanding that begins with observation,
uncertainty, and exploration through trial-and-error, resulting in a clear moment of insight.

The excerpt from GO3 illustrates this full trajectory:

01  PO5&P06  [observe the screen] [read the information]

02 P05 Now what? [taps to see the information] (nothing appears [taps back to the
information]

03  PO5&P0O6  [look around the screen]

04 P05 [drags the frame around] Can we just move?
05 P06 Yeah
06 But we don’t have an overall information about..
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07 P05 Yeah, like where we want to move and why do we need to know that?

08 P06 [points to the map] So we don’t know where this is?

09 P05 [taps on one sign] Oh. (A window shows up)

10 [points to the window] Here.

11 P06 [scrolls through the information] What data is this?

12 P05 1 just touch on the ‘eye’.

13 But it’s very hard to read.

14 P06 [taps the ‘light bulb’ sign] If we turn off this. (the system doesn’t respond)

15 [taps a few more times] Why?

16 P05 [points to the ‘light bulb’ sign] What is that? What is the purpose of that?

17 P06 I mean I want to turn off the light of the screen so we can read it, but no, it can’t
be.

18 1t’s so hard to read.

19 P05 [reads the text] “Sweden first national park, below the...”, okay.

20 P06 [reads the text] Okay, that’s the Koster Havet [points to the map], a main marine
site in Sweden.

21 So that area is like the greatest biodiversity.

22 P05 Okay, so we are looking under the sea at that place.

As the initial lines (01-04) of the excerpt show, participants began their interaction by reading,
observing, and tapping on various elements without clear outcomes. P06’s question in line 02 (“Now
what?”’) marks a basic inquiry into the exhibit’s functionality. These actions reflect initial behaviors
characterized by uncertainty and aimless navigation, typical of early-stage instrumentation, where
users are still developing a mental model of how the exhibit works.

As the interaction progresses, participants expressed their confusion more explicitly. P06 comments
that they “don’t have an overall information” (line 06), and P05 adds, “/...] why do we need to know
that?” (line 07), referring to their lack of understanding about the exhibit’s purpose. They also
expressed difficulty in locating the area shown on the screen, unlike G02, who were able to identify
the location early in their exploration. These moments revealed not just confusion, but also an
expectation that the exhibit should provide contextual clarity and orientation.

The breakthrough began unintentionally when P05 tapped on a symbol, triggering a new information
window (lines 09—10). Although this led to further interaction, the interface presented a usability
challenge: the text is “so hard to read” (line 18). P06 attempted to improve visibility by tapping on
what they perceived as a light control icon, but it failed to respond. Eventually, they abandoned that
effort and proceeded to read the available text. By the end of the interaction, both participants
managed to contextualize the exhibit’s content and achieved their desired understanding.

This excerpt illustrates a full exploration sequence from initial uncertainty, through a problem-solving
transition, to a breakthrough moment. However, the interaction also highlights the limitations of the
interface. While the exhibit design encourages exploration, unclear visual cues and non-responsive
elements made it harder for visitors to reach understanding smoothly. The breakthrough was achieved,
but it required persistence and effort.

Summary of Visitor Interaction with Case 1

According to the descriptive analysis of behaviors in Case 1 (Figure 6), the most common interaction
pattern observed was Initial-Transition. This indicates that participants often encountered unfamiliar
features or information, prompting them to explore and test the exhibit to make sense of it. These
behaviors align with the instrumentation phase, where users develop strategies for operating a tool.
However, breakthrough moments, where users gained conceptual understanding or insight, occurred
less frequently and typically required sustained effort and multiple transitions. This suggests

that instrumentalisation, where the exhibit becomes a meaningful cognitive tool, was harder to
achieve. The excerpts’ analysis supports this, showing how participants often struggled with
navigating the interface or interpreting visual layers, particularly within the hotspot system. The lack
of clear visual prompts or immediate feedback from the interface hindered their ability to construct
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meaning from the exhibit. Prior knowledge also likely played a role, as participants with familiarity
with the map layout seemed to graps how to interact with the exhibit interface faster (G02). These
interpretations are reinforced by the post-interview reflections. One participant, PO1, shared their
experience, stating that “At the beginning I didn't find some interesting information... I think, yeah, I
need some patience to dig it down”. Participant P02 highlighted the issue with interface unclarity,
stating that “There are so many cameras, and then, you know, you have to like, play around sometimes
to be able to figure it out... We found the instructions at the end.”

In summary, the integration of behavioral data and participants’ reflection show that while the Case 1
exhibit encouraged interaction, it lacked the narrative structure and interface clarity needed to support
deeper learning.

Case 2 — Guided exploration exhibit
The Case 2 exhibit is a two-screen interactive installation focused on the Weddell Sea ecosystem. The
exhibit presents a more guided aproach with a linear menu that suggests visitor to follow a path.

Similar to Case 1, the four patterns of interaction identified in this exhibit are Initial — Transition,
Initial — Breakthrough, Transition — Breakthrough (without initial), Initial — Transition —
Breakthrough. These patterns will be described through selected excerpts in the next section.

Initial — Transition

In this pattern, participants encounter new areas of information. This novelty can spark confusion or
curiosity, which can lead to deeper exploration in term of trial-and-error interactions, and asking
questions, but which often ended up without answer.

The excerpts from GO3 illustrate this pattern. The visual mentioned in this excerpt is a food-web
displayed on the big screen, accompanied by explanation text.

01 P05 [changes the slide]

02 P06 [points to the visual] Yeah, this is easier to imagine.

03 [observes the big screen]

04 P05 [rotation the 3D visual on the big screen with the small screen]
What am I doing?

05 P06 [reads the information] ‘Well-being’? Do animals have well-being?

06 P05 [keeps rotating the visual] How do I go back? (tries to rotate the visual to the
intial state)

07 P06 Just skip it.

08 P05 [changes the slide]

In this interaction, the participants began with initial behaviors. They approached a new section of the
exhibit (in line 01), reacted positively to the visual (in line 02), and began to engage with it through
observation and manipulation. PO5 attempted to interact with the visual using the small screen but
expressed uncertainty: “What am I doing?” (in line 04), while P06 questioned the meaning of the text
“Do animals have well-being?” (in line 05). These were transition behaviors, showing efforts to make
sense of both the content and the interaction mechanics. Despite their efforts, the participants did not
reach a breakthrough. P05 struggled with the interface “How do I go back?” (in line 06), and P06
suggested abandoning the interaction (in line 07). This indicates that they did not develop a clear
understanding of either the exhibit’s content or functionality. Notably, in this excerpt there was a lack
of coordination between participants. Their confusion and curiosity did not appear to be shared or
addressed collaboratively. In fact, each participant engages individually. While P06 offered suggestion
to P05 (in line 07), it reflected disengagement rather than support, since P06 did not help to attempt
further exploring how the interactive visual work.

This excerpt illustrates that while interactive visualization can support collaborative learning, it is not
guaranteed. When participants operate independently, with one navigating mechanics and the other
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interpreting content, confusion may remain unresolved and opportunities for shared understanding or
breakthrough moments maybe missed.

Intial — Breakthrough

This pattern occurs when encountering new information. In this case, participants are able to make
sense of what they see without any apparent confusion and able to verbalize their understanding, in an
effort to confirm rather than clarify their sensemaking.

The excerpt from GO1 illustrates this pattern. In this excerpt, participants encountered the basic visual
illustrating the level of species in the food chain, divided into three colors.

01 P0O2 [changes the slide]

02 POI&PO2  [reading from small screen]

03 P0O2 [changes the slide]

04 POl [points to the visual on small screen] So the green one, yellow one, red one
are?

05 P02 Yeah, the red one are at the top of the food chain.

06 POl It is the, the level 3, right? Like we just mentioned.

07 P02 Yeah, those are at the top of the food chain.

08 POl Okay.

09 P02 So it’s like a web, one eats the other.

10 P01 Okay, make sense.

In this interaction, participants encountered a new visual representation and quickly make meaning
from it, shown through the action of reading (in line 01 — 03). PO1 proposed an interpretation based on
what they previously discussed (“level 3”’) and P02 confirmed and expanded on the idea (in lines 07 —
09). P01 expressed agreement (in line 10), which showed that they had reached a shared understanding
without disagreements in the process.

This pattern suggests that the exhibit’s design supported immediate apprehension for this group. When
they can see the basic visual, they seem to understand it and connect it prior information to interpret
what they see.

Transition — Breakthrough (without Initial)

This pattern shows moments where participants have some familiarity with the basic functionality of
the exhibit, and show more personal intention in exploring the exhibit. Through the exhibit, they were
able to resolve confusion or achieve their intention.

In this excerpt, P03 and P04 from G02 had already become comfortable with the basic interface of the
exhibit and extend the exploration with the 3D food-web model, one of the central visualisations in
this exhibit.

01 P04 [moves the cursor to see more] I want to see something more.

02 [moves the point to the lower part of the food web] Bacteria, that’s so low.

03 [moves the point around the food web] Trophic level 1.

04 [sees a species in the food web] I don’t know what is this.

05 [points to a big node] What is this big predators? Humpback whale.

06 P03 It also get eaten by what?

07 P04 So you see it’s not at the top of, most level. So it doesn’t eat a lot of cannibal
things.

08 1 remember seeing a documentary say they eat small fishes but not a lot of things,
1 think.

09 [moves the point to around]

10 P03 [points to the screen] Which one is that?
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11 P04 [moves the point to P04’s direction] Seal. Ah, seal comes at a higher trophic
level than humpback whale.

12 That’s a bit interesting for me.

13 [moves the point to another node] And Antarctic petrel. I don’t know ifit’s a
duck or a bird.

14 But even that, things like these (the duck) are at the highest trophic level.

15 P03 Probably they don’t have access to the food underneath. They only have access

to the meat, like they have access to the fish on the surface, close to the surface.
16 P04 Ok, this was nice [changes the slide]

Having previously interacted with the visualisation, they began their exploration by deliberately
navigating the lower part of the visual (as seen in line 02). P04 expressed intention “/ want to see
something more ”, indicating an intrinsic motivation to investigate further. PO4 initiated exploration by
moving the interactive point to different species and commenting on their trophic positions, using
phrases like “that’s so low” and “trophic level 1” to interpret the display. As they navigated the web,
they encountered unfamiliar elements, which seemed to ignite curiosity and prompts further
movement to uncover more information, leading P04 to ask the question “what is this big predators?”
and discovering the humpback whale. The exhibit’s dynamic visual feedback supported their inquiry,
enabling P04 to recall prior knowledge from a documentary to explain why the whale wasn’t at the top
of the food chain (in line 08). PO3 contributed by asking clarifying questions and hypothesizing based
on what they both observed, suggesting that access to surface-dwelling prey might shape trophic level
positioning (in line 15). This back-and-forth interaction between participants and the exhibit reflects a
clear behavioral progression from transition—initial exploration and interpretation—to breakthrough.
Here participants synthesize visual information by discussing what they see. They use external
knowledge and peer discussion to build a conceptual understanding. The comment “This was nice”
(P04) at the end signals a moment of satisfaction and engagement, showing how the exhibit facilitated
a meaningful learning experience.

This excerpt demonstrates a phase of instrumetalisation, where the interface enabled both physical
interaction and conceptual understanding. The exhibit served as an effective instrument by facilitating
instrumentalization, where participants can use the exhibit to make their own reasoning of what they
explored. The participants here constructed understanding both through interaction with the exhibit
and each other.

Initial — Transition — Breakthrough
In this excerpt, GO1 explored the exhibit by navigating a sequence of slides and reading the text on the
screen:

01 P02 [Changes the slide]

02 POI&02  [Read the small screen]

03 POI [Points to the big screen] So this one mean new species?

04 P02 Yeah, due to the climate change.

05 POI&P02 [Read on the small screen]

06 P02 [Changes the slide]

07 P02 [Reads the information] ‘King crab is the.. Hard shell?’

08 POI&P0O2 [Read the information]

09 P02 So anyway, I think they are evolving. It looks like they 're evolving because, with
the water gets warm, that’s what brought the king crabs. I think.

10 POl [points to the big screen] so it just like (inaudible), because of climate change so

there is new species. Yeah.

11  POI&P02 [Keep reading]

12 P02 [Changes the slide]

13 POl Yeah, so maybe just because of the climate change, so the food chain also
changed, yeah, okay.

14 P02 1t gets affected, yeah.
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15 [changes the slide]

16 POI&P02 [Read the information]

17 P02 [Points to the screen] This is what you just said. So when there’s new species

come into the ecosystem, everything change.

This excerpt began with PO1 and P02 interacting with the Ocean Web exhibit by browsing slides and
reading content aloud. This represented the initial phase of orientation. As they progressed, P01
asked, “So this one means new species?”, a shift into the transition phase, marked by an attempt to
interpret the information encountered. P02 responded by linking the change to climate effects, and the
pair continued navigating the slides while engaging with the content. The breakthrough emerged when
P02 offered an explanation: “It looks like they’re evolving [...] that’s what brought the king crabs” (in
line 09). This statement marked a move from surface-level interaction (e.g., slide navigation and
reading) to deeper ecological reasoning. PO1 then extended the idea through reflection: “So maybe just
because of the climate change, the food chain also changed” (in line 13). P02 later confirmed this
synthesis: “This is what you just said [...] everything changes” (in line 17).

This exchange reflects a moment of conceptual understanding, as the participants connect the
presented information about invasive species to the broader environmental context of climate change.
It represents a full progression from instrumentation to instrumentalisation. The exhibit successfully
mediated learning by offering content and structure that participants could reason with, supporting a
shift from mechanically using the tool to to understand its content

Summary of visitor’s interaction with Case 2 — Ocean Web

Participants in the Ocean Web exhibit demonstrated sustained breakthrough behaviors, as revealed in
the interaction analysis (Figure 7). The most common patterns observed were Initial —

Breakthrough and Initial-Transition—Breakthrough, suggesting that participants were able to
immediately make sense of the new information, or were able to progress toward meaningful
understanding through continued exploration and discussion.

The post-interview data supported this interpretation. Many participants explicitly described the
exhibit as meaningful and easy to use. For example, PO1 shared their reflection: “/ think this one is
much better. It's just like an ecosystem, just like each species affect each other... and focus on the food
chain, the different level just affect different level. ” P02 highlighted the visual structure as a source of
clarity: “Yeah, it was easier. I could relate. I click and then it explains...”

These reflections align with observed breakthrough behaviors, particularly in segments where
participants synthesized new knowledge from both visual and textual cues, and discussed the
interrelationship of species in the food web.

Participants also expressed their preference for the narrative structure and story telling in the content.
As P04 noted: “It was telling kind of a story... if this happens, then this will happen, and that’s how it
is going. So that’s why I think I was a little bit hooked.” P05 also shared: “And I feel like the first one
has some kind of storytelling, like we get to know the sea, and then we get to know the food chain, and
we get to know that shrimp thing.”

However, not all participant feedback was positive. Some commented on technical issues and interface
inconsistencies. P04 reported: “the rotation part, yeah, the rotation, if you just touch it, and it goes
down, rather than just rotating, like this. It moves down and vanishes from the screen. Then when you
try to bring it up, or whatever you do, it doesn't come up. And then you have to go back to the previous
slide and come back to the same slide again. So then it comes again in the middle, or the center of the
screen. Yeah? So that was what we don't understand. Yeah, that was annoying.”

Another noted that understanding depended heavily on prior knowledge and participants’ background
and interest, suggesting the exhibit may be more accessible to those already familiar with marine
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ecology: “I feel like it's a lot, a lot. It's scientifically heavy. I feel like people will lose interest in this
quite easily.” — P05

In summary, the behavioral patterns and post-interview data indicate that the design of Case 2
supported learning, particularly through its clear visual hierarchy and embedded narrative structure.
Although participants reported some issues with the interface and density of knowledge, most
participants moved beyond mechanical understanding to develop personal insights into food web
understanding.

Cross-case summary

Figures 6 and 7 below present descriptive statistics on the frequency of behaviors in each exhibit.
These figures reveal that participants in both Case 1 and Case 2 achieved breakthrough moments,
indicating that learning occured in both exhibits. However, the distribution and ease of reaching these
breakthrough moments differs between two cases.
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Figure 6. Case 1 — Open-ended exploration exhibit
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Figure 7. Case 2 — Guided exploration exhibit

In Case 2, there were higher frequencies of breakthrough moments across all groups, followed

by initial and transition behaviors, except with GO1 where initial and transition behaviors were equal.
This suggests that the exhibit in case 2 facilitated deeper, and more immediate engagement with the
content. Participants were often able to connect with new information quickly, with less need to move
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back and forth between the initial stages of understanding. In contrast, participants’ interaction in case
1 showed different patterns. Transition behaviors were the most frequent across groups, followed by
breakthrough, then initial exploration. The exception was G02, where initial behaviors slightly
surpassed breakthrough moments. This pattern indicates that participants in this exhibit needed more
effort to make sense of the content, possibly due to less accessible information or weaker relevance .
The higher amount of transition behaviors implies that understanding required more back-and-forth
processing.

In conclusion, participants interacted with Case 2 in a more meaningful way, as evidenced through the
high frequency of breakthrough behaviors. These moments indicate that users were able to consolidate
their understanding and gain insights. In contrast, participants’ exploration with exhibit in case 1
required more effort and achieved fewer conceptual insights. The higher occurrence of transition
behaviors and fewer breakthroughs suggests that participants struggled to make meaningful
connections with the exhibits.

To further investigate this observation, the next section will examine the nature of breakthrough
moments in more detail, by addressing the second research question about what kinds of learning are
observed and perceived from participants’ interactions. This is meant to determine whether these
breakthrough behaviors correspond to actual learning, and if so, what types of learning are
demonstrated. This is complementary to the participant’s perceived learning, as reported in interviews.

Learning from the exhibits

Observed learning is first examined through an analysis of breakthrough moments across each case.
This is followed by an exploration of perceived learning based on participants' reflections during the
post-task interviews. Finally, a cross-case summary integrates these two sources of data to provide an
overall understanding of the types of learning each exhibit facilitated.

Observed learning

To investigate in the kinds of learning that emerged during participants’ interaction with the exhibits,
this section focuses on analysing breakthrough behaviors. The behaviors are shown in the moment in
which participants demonstrated insight, understanding or reasoning linked to the exhibit content.
These moments are treated as evidence of learning, in line with the framework of instrument-mediated
activity Based on the analysis of breakthrough behaviors, three types of learning were identified:
mechanical understanding, where participants gained control over the interface; and conceptual
learning, where they interpreted and consolidated their understanding related to the scientific content.
The third one is affective response, where emotional responses accompanied or signalled learning
moments. The following subsection present examples of each observed learning.

Mechanical understanding (Instrumentation)

Mechanical understanding focuses on participants’ synthesis of how the interface features work, or the
process of instrumentation. In this thesis, it is exemplified by participants learning how to operate the
exhibit and understand its interface. Rather than indicating conceptual insight, mechanical
understanding reflects familiarity with the interface logic, such as how to move between slides,
triggering interactive elements or manipulating the visualisation.

The excerpt from GO1 Transition — Breakthrough in Case 1 illustrates a breakthrough moment,
reflecting mechanical understanding. In this excerpt, participants were able to understand the different
of the hotspots on the interface through moving the camera frame to different hotspot to compare and
discovered the legend on the side.

Conceptual understanding (Intrumentalisation)
Building on mechanical learning, conceptual breakthroughs indicate that participants were using the
system to construct or extend their understanding of the exhibit’s subject matter.
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The excerpt from G02 Transtion — Breakthrough pattern earlier in Case 2 illustrates such a
breakthrough. In this excerpt, participants not only explored the visualization but interpreted species®
relationships, using external knowledge to make sense of what they saw. This shows a moment of
conceptual understanding.

However, not all conceptual breakthroughs led to accurate understanding. A constrasting example
from GO3 in Case 2’s exhibit demonstrates a moment of misinterpretation. In this excerpt, participants
encountered a section describing three types of orca, classified by diet:

01 P05  But because of..but because of food change, so they will..how to say?
like the different type of food and the food chain, so they will become...
what kind of whale...? they adapt to the environment, they were not
born to type A, B or C. right? from my understanding.

02 P05  butthen they said it's like... it could be affected in different way. so
maybe they're all affected, I don't know

03 P06  soitwas like, they were born to type A but...because of the environment
so they will become type B?

04 P05  aha.. I'm not sure, i have very low knowledge on orca

This excerpt demonstrates an attempt to interpret the scientific information, which indicates
breakthrough behaviors. However, the reasoning reflects an inaccurate understanding, and both
participants express uncertainty. This demonstrates that entering the instrumentalization process does
not guarantee correct conceptual learning.

This pattern of misinterpretation was observed only in Case 2’s exhibit, where there were more
chances for participants to engage in interpretive reasoning.

Affective response

While not a direct measure of learning, affective responses such as surprise, enjoyment or frustration
also emerged in breakthrough moments. Emotional reactions often signaled moments when
participants found the experience meaningful, engaging or overwhelming. In Case 2’s exhibit, positive
affect frequently accompanied conceptual breakthroughs. For instance, after reasoning about specie
positions in the food web, P05 remarked: “That’s a bit interesting for me”. Affective responses were
also expressed in negative terms. For example, when encountering the visualization of the food web,
P06 commented: “ I don’t know, but that things scares me”. Such responses illustrate that emotional
engagement was not only tied to learning, but also to how participants related personally to the visual
and thematic content. In case 1, affective responses were less explicitly expressed. Participants
appeared more focused on understanding how the exhibit worked rather than reacting to the content on
a personal emotional level.

Perceived learning with the exhibits
In the post-interviews, participants reflected on their experiences with both exhibits. These data
offered insights into what they thought they had learned and how they perceived the exhibits’ design.

Overall, participants expressed positive impressions of Case 2 compared to Case 1. A key reason for
this preference was the structured and narrative approach in of the exhibit.

As one participant described:
“Overall, as you said, it was, it was very interactive, and it was telling kind of a story that if this
happens, then this will happen, and if that happens, then that will happen. And that's how it is going. -
P02

This perception of narrative progression contributed to clearer learning takeaways. Participants were
able to recall specific content, such as trophic level, food chain, the importance of krills to the
ecosystem, or how climate change affect the food chain:
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“I feel like the first one has some kind of storytelling, like we get to know the sea, and then we get to
know the food chain, and we get to know that shrimp thing - P05

In contrast, perceived learning from case 1 was more limited. One participant specifically stated that
they did not learn anything from the exhibit due to the density of information and lack of structure:

“Actually, for me, I think the first, to is just like, to introduce some of the species information in that
area, I think. I didn't, I didn't learn anything about the information of the species, because it's so much
.- P01

Another participant highlighted the lack of scaffolding in the exhibits:

“It feels like we were left to try to understand something, but we don't know what. Why do we have to
understand this? What is the purpose of this exhibition? I mean, yeah, it's great that National Park
exists, but now what like?” — P06

And the third participant summarized the experience as a largely superficial overview that lacked
context:

“So it was just some factual information. You have a piece of land, a very beautiful piece of land in
Sweden, and we have hundreds of things over there and have a look. What are those great things?” —
P05

These reflections suggest that narrative structure, clarity of intent and conceptual scaffolding played a
significant role in shaping participants’ perceived learning. When those elements were present, as in
case 2, participants were able to construct meaning from the experience. Whereas in case 1, the lack of
these elements led to shallow engagement and unclear learning outcomes.

Summary of observed and perceived learning

Across both observed behaviors and post-interview reflections, participants showed varying levels of
learning. The variety here are shaped by the design of each exhibit. In case 2, the exhibits facilitated a
broader range of learning outcomes, with both mechanical and conceptual breakthroughs, and
affective responses. Participants learned how to operate the system and used the features to reason
about the species’ relationship. This was reflected in the interview data as well, in which participants
expressed preference for the narrative structures and were able to recall different scientific concepts.
In contrast, learning in case 1’s exhibit was limited to mechanical interaction with fewer conceptual
breakthroughs. Perceived learning was weaker in this case, as participants pointed to the lack of
structure and scaffolding from the exhibit.

Discussion

This chapter discusses the findings of the study in relation to its central aim: to investigate
how exploranatory exhibit design shapes visitor interaction and learning in science center
environments. Specifically, the discussion addresses how the exploranatory approach is applied in
interactive visualization exhibits, and how its implementation fosters or hinders learning.
To guide the discussion, the chapter is structured around the thesis’s main research question:
How do open-exploration and guided-exploration with interactive visualizations affect visitors’
exploration and learning?
By organizing the discussion around this question, the chapter focuses on two key aspects:
1. Understanding how exploranatory design principles are translated into practice.
2. The challenges in applying this approach in real life settings

Summary of key findings
The findings revealed distinct patterns of engagement and learning outcomes. In the open-exploration
exhibit (Case 1), the most common interaction pattern was Initial — Transition, where participants
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often engaged in trial-and-error to understand the interface and its content. However, they often
struggled to reach clear understanding or breakthrough moments. Observed learning was primarily in
the form of mechanical understanding, focusing on how to operate the interface (instrumentation),
while conceptual learning (instrumentalization) was less frequent. Participants also express a desire for
more structure and scaffolding. In contrast, the guided-exploration exhibit (Case 2) showed more
frequent Initial-Breakthrough and Initial-Transition-Breakthrough patterns, with a higher frequency of
breakthrough moments. This exhibit facilitated both mechanical understanding and conceptual
learning, along with affective responses. Visitors expressed a preference for the structured, narrative
approach, finding it more meaningful and easier to follow, which allowed them to be able to recall
specific scientific concepts.

From the findings above, the guided exploration exhibit appears to offer more learning opportunities
compared to the open-exploration exhibit. This indicates that design structure has a role in shaping the
depth and quality of engagement and learning.

The next section will compare the design of the two exhibits against four key design principles for
interactive visualisation outlined in the literature review above. The analysis examines how these
principles were translated into practice, drawing on participants’ interaction patterns. This is to
highlight where the design successfully supported learning and where they fell short.

Design for focus, clarity and conceptual coherence

This principle emphasizes minimising cognitive overload and museum fatigue by ensuring exhibits are
immediately apprehendable (Allen, 2004), using perceptual layering, prioritising key insights and
providing intuitive controls and clear visual hierarchies (Ma et al., 2012; Ynnerman et al., 2018).

The design of the open-ended exhibit observed in this thesis appears to diverge from this principle.
The exhibit’s interface was found to lack clarity. Participants struggled with visual hierarchies and
unclear interaction cues, leading to confusion and difficulty in deciding what to focus on. The hotspot
system with the intention to provide detailed information was confusing. This indicates a lack of
apprehendability (Allen, 2004) and intuitive controls, which can lead to cognitive overload or museum
fatigue that impact their learning opportunities negatively. On the other hand, the guided-exploration
showed better alignment with this principle. The exhibit’s visual structure was highlighted as a source
of clarity, supporting immediate apprehension. The design integrated visual and textual cues in a way
that seemed to support participants in making sense of the content. The difficulty in the open-ended
exhibit reinforces that simply providing interactive elements without sufficient clarity can hinder
understanding, rather than help learning, align with the concern that dense displays and unclear cues
can lead to confusion (Allen, 2004; Ma et al., 2012; Ynnerman et al., 2018).

Balancing control and constraint: Design for pliability

This principle suggests that while interactivity is crucial, unconstrained freedom can lead to
unproductive exploration and confusion. This happens especially for novice user, who are not familiar
with visualisation yet (Ma et al., 2012; Ynnerman et al., 2018). Pliability advocates for combining
constraint with responsiveness to guide users towards meaningful outcomes.

Both exhibits attempted to implement this principle. In the open-ended exhibit, participants could
freely drag a camera frame across the map interface. However, the interaction was limited to specific
geographical zones where hotspot was embedded and only these hotspots reveal detailed information.
This seems to provide guidance for participants of where to look at, without suggest them to follow a
certain path, as P06 expressed in the excerpt for mechanical understanding. In the guided-exploration
exhibit, pliability was achieved through a structured narrative framework that guided the progression
of content. However, it still allows the free exploration with the 3D model through gestured-based
interaction such as zooming, rotating, as G03’s interaction showed in excerpt Intial — Transition of
case 2.
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Although in the findings, there is not significantly impact of how pliability fostered or hinder learning,
it can be considered as a supportive feature that reinforces other principles, such as focus and clarity.
While the design of both exhibits embodied the ideas that balancing freedom and structure is
important for interactive exhibit design (Host et al., 2020; Ynnerman et al., 2018), the optimal degree
of this balance seems to be contextual base and may vary based on visitor background and the
complexity of the interface.

Provided guided discovery and narrative structuring

This principle involves structuring content progressively, using layered access to information, and
interleaving explorative microenvironment with signposted narrative (Ma et al., 2012; Ynnerman et
al., 2018)

The strong preference participants showed for the guided-exploration exhibit and the fact that they
could recall specific concepts supports this principle. Participants felt guide-exploration was “telling
kind of a story” (P04), which made it engaging and easier to understand the scientific concepts like the
food chain and the effects of climate change. In contrast, the lack of structure, scaffolding and clear
purpose in open-ended exhibit left visitors feeling lost and with limited perceived learning, as P04
showed in the excerpt Initial — Transition of case 1. This contradiction of participant’s in-depth
learning in these two exhibits highlights the power of narrative and guided structuring in helping
visitor move beyond superficial interaction to construct meaningful understanding. The success of
guided-exploration exhibit aligned with the principles of structuring content to support step-by-step
understanding rather than presenting everything at once and let users explore freely (Ma et al., 2019).

Foster collaboration and social interaction

This principle grounded in the understanding that visits to SCs are rarely isolated experiences. Visitor
often come in pars or groups, and even when they come alone, they are influenced by the surrounding
environment. Therefore, design for interactive exhibits should encourage performative and shared
interaction (Hinrichs et al., 2008; Ynnerman et al., 2018). This study’s research design was based on
this nature of SCs experiences, by recruiting participants in pairs and analysing both their interaction
with the exhibits and with each other.

The findings showed that while both exhibits prompted social interaction, the effectiveness of that
interaction different across each exhibit. In the open-ended exhibit, participants often engaged in
collaborative trial-and-error to understand the interface. While they asked each other questions and
make assumption together, their conversation mostly focused on mechanical navigation issues (e.g:
“What is the different between these signals?” - P01). This suggest that the lack of visual clarity and
narrative structure limited the opportunities for collaboration to foster conceptual understanding. On
the other hand, guided exploration exhibit which provided a more structure and visual clarity seem to
foster meaningful collaboration. Participants frequently engaged in conversation that contributed to
scientific understanding, such as the species role in the ecosystem and the impact of climate change.

In conclusion, this study’s comparison of the two exhibits against established design principles
suggests that the guided-exploration exhibit was more successful in applying these principles. It
aligned more clearly with recommendation for focus, clarity and structured narrative design (Allen,
2004, Ma et al, 2012, Ynnerman, 2018), and participants found it more engaging. These findings
support Allen’s ( 2004) showing that visitors benefit from exhibit that combine guided exploration
with clear visual and narrative cues. However, the analysis also revealed that applying these principles
in practice is not straightforward. Despite good intentions, challenges are still persisted during
implementation. These challenges will be discussed further in the next section, which explores the
difficulties of implementing these principles in interactive visualisation exhibits.
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Challenges and design implications in applying exploranatory approaches in
interactive visualisation exhibits for learning

Firstly, while the guided-exploration exhibit embodied the design principles such as focus, clarity and
narrative structuring, there were still moments when participants misinterpreted the content presented
in the exhibit. This challenge has been raised by who note that while interactive visualisation can
effectively foster engagement, they may also lead to misunderstanding if not scaffolded sufficiently.
Despite the guided — exploration exhibit’s efforts to address this risk through layered conceptual and
structure narrative design, misinterpretations still emerged. This highlight an important point in design
with exploranatory approach: conceptual learning cannot be guaranteed through interaction alone.
Structured narrative and perceptual clarity are helpful, but not always enough. The challenges lie in
designing features that are responsive to visitors thinking while misunderstanding arise.

Another challenge is the complexity of scientific content. In the open-ended exhibit, this complexity
along with minimal guidance, led to participants feeling overwhelmed. The density of the visualisation
and lack of scaffolding resulted in participants having a hard time navigating the interface and
identifying meaningful content. However, in the guided-exploration exhibit, which featured a narrative
structured and perceptual clarity, the complexity of scientific content still echoed. One participant
described the exhibit as “scientific heavy” (P05), suggesting that even well — designed explorantory
interfaces may be inaccessible to visitors with limited prior knowledge. This observation aligns with
Ma et al.’s (2012) and Host et al.'s (2020) discussion on the tension between scientific completeness
and user comprehension. As they argue, finding the right balance between presenting accurate and
detailed information and ensuring visitor understanding remains a challenge, especially in SC
environment where background knowledge and interest are varying among visitors.

A final challenge lies in the limitations of social interaction in supporting learning. While informal
learning in SCs is often social and performative in nature (Davis et al., 2015; Hinrichs et al., 2008),
this study found that not all peer interactions led to conceptual breakthrough. For example, in the
open-ended exhibit, due to the lack of clarity in the interface, participants focus the discussions mostly
on how to figure out how to use the interface. Their conversation remained at the mechanical level and
did not go deeper into the scientific understanding. Even in the guided-exploration exhibit where the
design provides more structure, there were moments where the participants interact socially but failed
to construct meaning or resolve confusion. This reflects what Davis et al., (2015) describe as reactive
coordination, where dyads engage with the exhibit together but have different intention or goal.

In conclusion, while the exploranatory design approach express good intentions to promote
meaningful learning by blending guided explanation with open-ended interaction, the findings of this
study reveal that its effectiveness depends on how well these elements support the needs and abilities
of visitors in practice. Although the guided-exploration exhibit aligned more closely with design
principles like clarity and narrative structuring, it still showed moments of misinterpretation and
overwhelming with scientific content from pariticipants. These findings echo insights from

the NanoSim exhibit, which faced similar challenges in translating interactive features into conceptual
clarity, managing diverse visitor expectations, and supporting accurate understanding (Host et al.,
2020). Finally, the learning potential of exploranatory approach with interactive visualization exhibits
depends not just on their design intentions, but on how well they are adapted to real-world contexts of
use. This type of exhibit must accommodate diverse forms of visual and scientific literacy, which call
for more empirical evidence from research.

Limitations

Generalisability and Validity of the Results: Due to the choice of a case study design, focusing on a
small number of participants who interacted with two specific exhibits, in one science center,
therefore, the findings of this study can not be generalizable for a broader context. The results mostly
reflect what happened in this particular settings, and the way the exhibits were designed also
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influenced how visitors behaved and what they learned. As Clark et al., (2021) explain, case studies
provide details insights but have limited external validity. Hence, to draw a broader conclusion,
similar studies would need to be done with larger and more diverse groups of visitor, in different
location. Furthermore, participants were recruited and aware that they were being recorded. While the
study design tried to maintain the naturalistic aspects of a SC visit, which is free exploration with the
exhibit, but the awareness of observation may have influenced participants’ engagement with the
exhibits. This is known as the reactive effect, where people may alter their behavior because they
know they are a part of a study (Clark et al., 2021)

Method limitation and analytical scope: From a methodological view, the study employed a
qualitative approach which involves interpretative analysis. All data coding and thematic analysis
were conducted by only one person. This may introduce subjectivity and potential bias (Clark et al.,
2021), especially with interaction analysis (Jordan & Henderson, 1995). This led to the finding
represent only a single interpretive lens. Further study could benefit from multiple coders or
collaborative analysis to strengthen the reliability of the findings.

Lack of perspective for exhibit designer: A further limitation of this study is the lack of perspective
from the designers of the exhibits. This perspective could have offered valuable insights into the
design rationale, intended learning goals and decision made during the development process of the
exhibit. Including these perspectives in future research would allow for a more comprehensive
understanding of how exploranatory design principles are interpreted and adapted.

Further research direction: The scope of this study only looks into the interaction of participants with
the exhibits and learning outcomes. Future research could expand upon these findings by looking into
the meaning-making process among visitors with this type of exhibit. This direction might shed light
on visitors’ thinking processes that could inform better exhibit design with an exploranatory approach.
To emphasize the actual knowledge transfer, quantitative studies on the learning and exploration could
be beneficial to explore further the interaction patterns analyzed in this thesis. Investigating what
knowledge visitors take on and what information they do not learn could elevate the interaction
patterns and lead to further design implications for the specific exhibit design. Further, to widen the
scope of this thesis, a larger comparative study could be conducted. Since this study compared only
two specific exhibits in the same SCs, including further SCs or museums could convey interesting
insights in relation to visitor learning through different exploranatory design approaches

Conclusion

The increasing integration of interactive visualisation technologies in SCs has transformed visitor
experiences from passive observer to active engagement. These technologies enable exploranation
(Ynnermand 2018), a hybrid approach than combines exploratory visualisation and explanatory
visualisation. This allows visitors to both investigate complex scientific data (exploratory) and receive
embedded guidance (explanatory) through the dynamic interfaces.

This thesis investigated two interactive exhibits positioned along the exploranatory continuum: one
emphasizing open-ended exploration, and the other incorporating more structured, guided exploration.
To address the research question: How do open-exploration and guided exploration with interactive
visualisation exhibits affect visitor’s exploration and learning?, visitors’ interaction and perceived
experience were analyzed. The findings revealed that exhibits that embedded more guidance were
more successful in supporting conceptual understanding and were more preferred by participants.
These findings highlighted the importance of narrative structuring and layered information in guiding
participants towards conceptual understanding (Ma et al., 2012). In contrast, the exhibit that is more
open-ended often resulted in surface-level engagement, with participants focusing primarily on
understanding the mechanical aspects of the exhibit.
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The study also revealed a key challenge in implementing exploranatory design: even when exhibits are
well-structured, visitors may still experience misinterpretation, cognitive overload, or fail to bridge the
gap between interaction and understanding. While the guided exhibit was better aligned with
principles such as focus, clarity, and guided discovery, some participants still described it as “content-
heavy” or felt overwhelmed by the complexity of the scientific topics. This supports earlier research
noting that effective exploranation requires not just interactivity, but also carefully designed
scaffolding tailored to visitors’ varying levels of prior knowledge (Allen & Gutwill, 2004; Host et al.,
2020; Ma et al., 2012). As exploranation (Ynnerman et al., 2018) is still an emerging concept within
science communication and exhibit design, this study contribute to the field by providing empirical
evidence of how exploranatory design principles are implemented in real-world science center
contexts. These findings are particularly relevant given the growing use of interactive visualization to
communicate complex scientific data in public settings, and more broadly the use of technology for
learning. Overall, this study highlights the potential of the exploranatory approach to foster
meaningful engagement and conceptual understanding in informal learning environments, while also
acknowledging the design challenges that must be addressed to support diverse visitor needs.
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Appendix 1. Interview question at video review session

The list of questions used during the interview after participants interacted with the exhibit

Questions about each exhibits

What do you think about [name of the exhibit]
Any key takeaways from [name of the exhibit]

Question about their interaction
depended on the actual behavior
of the participant

Why do you pause here?
Why did you move to the other side?
What are trying to do here?




Appendix 2. Visitor Engagement Framework

Learning behaviors

Types of activities

Initial behaviors

1. Performing the activity

- In passing, not done completely
- Doing activity somewhat completely

- Doing the activity without further exploration or testing of variables

2. Spending time watching
others engaging in the
activity or observing the
exhibit

- Observing the exhibit in action, or someone performing the activity

- Watching the exhibit or people using the exhibit with expressed interest in the
activity (facial expression or verbal)

- Developing an interest in the learning outcome or in learning the activity:
visitor engages in the activity after observing

Transition behaviors

3. Repeating the activity

- Doing the activity two or three times to attain the desired outcome, to master
the exhibit’s function

- Enjoyment of outcome

- Changing the variable, looking for a difference in outcome; becoming
involved/engaged

4. Expressing positive
emotional response in
reaction to engaging in
the activity

- Smiling, pleased with exhibit

- Stronger signs of enjoyment such as laughter, and verbal references to
enjoyment

- Obvious signs of eagerness to participate, excited disposition

Breakthrough behaviors

5. Referring to past
experiences while
engaging in the activity

- Reference to past experiences with exhibits or SCs
- Simple reference to comparable experience in a visitor’s life

- Reference to comparable experience in their life, as well as making
comparisons and deductions based on observation of similarities and
differences

6. Seeking and sharing
information

- Calling someone over to look at the exhibit, or to ask them to explain an
exhibit, asking a question to staff or family members without a lengthy
discussion or exploration of topic; reading signage; having conversations
about an exhibit and its related science with staff or family members

- Sharing experiences and information with others by explaining the exhibit to
them, providing details and gained information and observations; having
discussions and posing questions about an exhibit with staff or family
members/friends

7. 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 signage, asking questions; remaining on task
for 2-3 minutes

- Concentration and motivation are obvious; engaging in the activity as a means
to an end, or to meet a challenge; length of interaction is significant, 3-5
minutes; outcome or result of the activity are important




- Experimenting, testing different variables, looking for different outcomes;
engaging in discussion with others (visitors or staff) about the various
outcomes

Table 1. Visitor Engagement Framework (Barriault & Pearson, 2010)

Appendix 3. Forms of consent

Consent Form

l, , agree to participate in the research project titled “

Study on data visualisation and sense making process in science center’s setting”, conducted

by Yen Tran, who has discussed the research project with me.

| have received, read and kept a copy of the information letter. | have had the opportunity to
ask questions about this research and | have received satisfactory answers. | understand the

general purposes, risks, and methods of this research.
| consent to participate in the research project and the following has been explained to me:

e the research may not be of direct benefit to me;

e my participation is completely voluntary;

e my right to withdraw from the study at any time without any implications to me;

e the risks including any possible inconvenience, discomfort or harm as a consequence of my
participation in the research project;

e the steps that have been taken to minimise any possible risks;

e what | am expected and required to do;

e whom | should contact for any complaints with the research or the conduct of the

e research;

e |am able to request a copy of the research findings and reports;

e security and confidentiality of my personal information.

e |n addition, | consent to:

1. audio-visual recording of any part of or all research activities;

2. publication of results from this study on the condition that my identity will not be revealed.



Date:

Name:

Signature:
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