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Abstract

This thesis aims to create interactive, tangible, and shareable replicas of museum

contemporary collections outside their walls. Our work is motivated by the inacces-

sibility of museums in remote communities that cannot access artworks in-person.

Our research questions explore: a) How can we utilize FLAGs to create a tangible

public interactive display for museums to serve remote communities? b) How can we

design an interface with unbounded interactions, locations and context supported by

self-monitoring data collection in the wild? We prototyped the Borrowable Museum

(BM), a portable interactive physical display. Using artifacts from the Wearable ex-

hibition at the Canada Museum of Science and Technology, we designed borrowable

replicas of three artifacts using digital fabrication techniques. Using insights from

the museum, we built the Borrowable Museum to be an interactive screenless box

on wheels (with digitally-monitored instruction labels, user logs, and system logs) to

house borrowable replicas. We embedded the Borrowable Museum with sensors to

record usage online in real-time. We ran a self-monitored study where the Borrowable

Museum was publicly displayed for 2 months at 4 different locations (2 recreational

and 2 educational). We collected data from 6 installed sensors, 261 hours of field ob-

servations, 17 filled questionnaires, and 14 semi-structured interviews to understand
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how people interact with, make sense of, and perceive such artifacts. All the qual-

itative data was used to conduct Thematic Analysis and the quantitative data was

analyzed for deeper understanding of the time, number, and duration of interactions.

Findings show participants’ hesitancy towards handling artifacts outside museums for

lack of surrounding context, but familiarity with the space and unmonitored interac-

tions encouraged engagement. Social engagement and online/offline sharing increased

among people in groups while empty spaces/hours and unusual labels increased en-

gagement. We then discussed how remote museums and tangible memorabilia added

new benefits besides accessibility. We highlight the constraints of shareability and

reflect on the research questions by recommending design opportunities for future

research.
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1

Chapter 1

Introduction

This chapter introduces the topic of this thesis through a background of the general

area of research. It also discusses the motivation, problem statement, and contribu-

tions of the thesis. Finally, it lists where our work was exhibited in public before

highlighting the outline of the thesis.

1.1 Overview

The field of Human-Computer Interaction (HCI) is broad and is integrated with

numerous fields. In our work, we focus on the study of HCI for museums and museum

experiences. HCI research in the field of museology is crucial to enhance the visitor

experience in a myriad of ways.

Museum curators use technology to enhance user engagement by creating interac-

tive installations [82], Virtual Reality (VR)/Augmented Reality (AR)/Mixed Reality

(MR) experiences or video projections [59], and mobile-guided interactions [6] of exhi-

bitions and artifact displays. Other technologies are used to design interactive proto-

types [82], utilize digital fabrication methods [81], and develop online collections [56]

or web galleries [12] using digital photography or 3D scans.
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Recently, museums have been looking into using tangible user interfaces (TUIs) [25]

to create more immersive experiences for their visitors. TUIs in the HCI domain have

been widely investigated over the past decade [24]. The evolution of user interfaces

from being screen-based, or graphical, to being in physical forms was first developed

during the 1990s [46]. One of the early works that introduced the concept of tangible

user interfaces was Tangible Bits [47] which discussed the idea of integrating digi-

tal technologies with the physical space by embedding computational devices within

physical objects. Moreover, Weiser [110] predicted that the future of digital tech-

nology would lie in the visual disappearance of it into everyday objects that would

“weave themselves into the fabric of everyday life until they are indistinguishable

from it”. Tangible, or graspable, user interfaces are physical and virtual objects that

leverage physical skills such as spatial reasoning and understanding of physical forces

(such as gravity) [32]. Several domains have been looking into integrating tangibles

into different aspects of daily life, from educational spaces [79] to entertainment [52]

and even personal spaces like dining [77] and living [76] rooms. In our work, we utilize

TUIs to enhance the museum experience.

1.2 Motivation

Our work is motivated by the inaccessibility of museums in remote communities

that cannot access artworks in person. Since COVID (and beyond), people have

been looking into ways that would make everything accessible remotely, from grocery

shopping to working from home. Simultaneously, museums are looking into ways to

provide accessible experiences to their exhibitions without having to be on-site. We

thus explore how museums could be open to remote communities who cannot visit
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Figure 1.1: Venn Diagram representing the intersection between museums, Public
Interactive Displays (PIDs), and digital fabrication in our work.

museums, whether due to distance or otherwise, by providing them with experiences

outside the museum walls. We take inspiration from Public Interactive Displays

(PIDs) to inform our design decisions when designing the prototype to be publicly

available for remote communities to interact with. We adopt the notion of exchange

from the recent movement of Free Little Art Galleries (FLAGs) which is a public

display that encourages the exchange of different tangible artifacts in the form of a

miniature exhibition. We utilize this movement to provide museums with novel ways

to make their experiences available remotely and open for borrowing and exchange.

Moreover, to create a tangible working prototype, we utilize rapid prototyping and

digital fabrication techniques.

To summarize, our work lies between three overarching entities, museums, PIDs

and digital fabrication techniques. We are exploring ways to create engaging remote
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tangible museum experiences, adopting the notion of exchange from FLAGs, muse-

ums’ data and information, and the design of PIDs for the in-the-wild user study.

Figure 1.1 summarizes where the Borrowable Museum project lies.

1.3 Problem Statement

Museums have been integrating interactivity within their walls to further enhance user

engagement and learning for the past few decades. These experiences are usually on-

site, and the only way to access them remotely is through virtual galleries, which

lack tactility. Thus, the question of how to provide remote museum experiences

that would be an extension to the on-site exhibitions is an area that has not been

explored. Having new interactive museum experiences that are tangible and can

exist independently from the museum would thus be a crucial addition to museums.

Moreover, such remote experiences must be portable and cost-effective to be deployed

in different remote places and provide reliable insights.

We thus have two main research questions:

• How can we utilize FLAGs to create a tangible public interactive display for

museums to serve remote communities?

• How can we design an interface with unbounded interactions, locations and

context supported by self-monitoring data collection in the wild?

1.4 Contributions

The three main contributions of the thesis are:
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• Designing a novel public interactive miniature museum experience that is bor-

rowable, portable, and robust.

• Enhancing the data collection methods that museums adopt when looking for

user insights during exhibition interaction using seamless sensor technology and

wireless communication online in accessible ways.

• Reflecting on the deployment of the ‘borrowable museum’ in 4 locations, over

2 months and the analysis of both quantitative (sensor data) and qualitative

questionnaires, field observation, user-logs, and post-deployment user interviews

to provide key insights for museums when designing for remote experiences.

1.5 Exhibitions

• Borrowable Museum at Stauffer Library, Kingston, Ontario, Canada for 14 days,

18 Nov - 5 Dec 2022.

• Borrowable Museum at Douglas Library, Kingston, Ontario, Canada for 10

days, 6 Nov - 16 Dec 2022.

• Borrowable Museum at Athletic & Recreational Centre, Kingston, Ontario,

Canada for 14 days, 9 Jan - 22 Jan 2023.

• Borrowable Museum at Isabel Bader Centre for the Performing Arts, Kingston,

Ontario, Canada for 14 days, 23 Jan - 5 Feb 2023.
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1.6 Thesis Outline

Overall, this thesis is organized into six chapters. This preliminary chapter presents

the field of HCI in general and HCI for museums in particular. It also introduces

the concept of TUIs within HCI, the concept of PIDs and FLAGs. Following this

introduction, we have:

Background { In this chapter, we discuss the previous literature that talks about

tangible museum experiences, followed by prior work that deployed public interac-

tive displays to provide information and educate the public, followed by the recent

movement in Free Little Art Galleries, concluding with a section about the different

fabrication techniques that were utilized for public interactive displays.

Prototyping { This chapter is broken down into three main sections, with the first

section describing the look and feel of the different components of the Borrowable

Museum in terms of design and aesthetics. The second section delves deeper into the

making process of these components, how they were made, along with the different

iterations of the making process that lead to the final design. We utilized several

fabrication techniques during the making of this project, including laser cutting and

3D printing. The third section revolves around the making of a portable museum on

wheels that can be disassembled.

User Study { This chapter describes the project setup in terms of arrangement,

locations, timeline and details about the participant recruitment process. Then, it

describes what data was collected, and how it was collected and analyzed. This
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data includes field observation, questionnaires, user interviews, user logs (written

comments and sketches) and system logs (sensor data).

Findings { This chapter provides five themes that emerged from the thematic

analysis of the user interviews, field observations and questionnaire and results from

the quantitative data analysis.

Discussion { Here we elaborate on the results of the data collected, tying it back

to the current literature and reflecting on it, highlighting the main contributions, key

insights and design opportunities that can be built on in future research. It concludes

with the challenges and limitations of this research, and a summary to conclude the

work done.



8

Chapter 2

Literature Review

This chapter presents the existing literature on technologies used in museums, scoping

it to particularly interactive museums in the HCI context, followed by interactive

museum experiences, discussing the different types of interactive exhibits, from digital

to tangible and identifying the gap within this area. Then, we introduce the concept

of Public Interactive Displays (PIDs), delving deeper into display blindness, a critical

issue frequently discussed and addressed in various works, followed by the concept

of sharing within PIDs, from sharing information to sharing tangible items. We also

highlight work done on public displays made for museum experiences, which reveals

an unexplored space for designing an interactive and shareable display for museums.

We conclude with a section on the digital fabrication technologies utilized in HCI and

particularly fabrication in the context of museum experiences.

2.1 Technology in Museums

Museums have traditionally been spaces for collecting, preserving, and exhibiting

cultural and historical artifacts with interactivity limited to choosing which path to

take while touring the space [13]. However, with the rapid advancement of technology,
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museums have increasingly adopted new digital tools and interactive technologies to

enhance the visitor experience and engage audiences in new and innovative ways [36,

68, 106]. This integration can be addressed in various ways. Previous literature [51]

has looked at museums through the lens of interactive storytelling, where digital

technologies like mobile apps are utilized to create audio-guided narratives during

in-person museum visits. New media technologies are also investigated within the

museum context by creating interactive installations [88] or raising awareness on issues

like authenticity in narratives of cultural artifacts [100]. Educational media is another

research field that flourished in the museum contexts, where they navigate, not only

the technologies but the complications of different technologies on intergenerational

interactions and children’s learning [105] across whole exhibits. While various fields

address technology in museums, we focus on HCI’s perspective on this integration and

specifically on artifacts rather than complete exhibit spaces. Moreover, each type of

museum has its own challenges and constraints. Research that investigated adding

technologies to art museums has proven to be disruptive rather than engaging, and

thus adding subtle, non-intrusive interactions like audio guides and subtle visual cues

is suggested to be crucial [55]. For the scope of our thesis, we focus on historical and

scientific museums which have physical artifacts and interactive elements.

Numerous studies have been conducted to investigate different aspects of the mu-

seum experience [23, 85, 96]. Most commonly, research within the HCI community

usually focuses on achieving one of three different pillars to a museum experience,

namely: increasing engagement [97, 20, 23], increasing personalization [92, 96] or

maximizing the learning experience of individuals [66, 85]. To achieve any of the

desired outcomes, several techniques have been followed, either through the addition
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of digital elements or tangible ones in-situ or off-site. From touchscreens and virtual

reality exhibits [17] to mobile apps and augmented reality tours [54, 5], technology

has become a ubiquitous presence in modern museums.

2.2 Interactive Museum Experiences

In the next sections, we will delve deeper into the different interactive museum ex-

periences deployed both on-site and off-site, elaborating on the different interaction

modalities and interfaces used and their impact on participants. We then highlight

an opportunity for future research based on where research in interactive museum

experiences is limited.

2.2.1 On-site

Screen-based Interfaces { Most of the literature in this area focuses on creating

engaging in-person digital experiences while touring the space [42]. Studies in this

area looked at auditory experiences with no interactions allowed where each encased

artifact has a voice and a character that speaks directly to the visitor in front of

them [67]. Other auditory experiences studied were in the form of portable digital

guides [14] or apps on people’s personal mobile phones that extended the museum

visit beyond the museum walls as people walk away with the app installed [28]. Mov-

ing from being an observer to digital information, researchers have also looked into

creating experiences where people are allowed to touch, draw and physically interact

with digital screens for educational purposes. Interactive tabletops are ideal examples

of this modality where children learn about microbiology concepts by drawing and

playing [58]. Analysis of observational and interview data has shown that drawing
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was an engaging entry point to the experience. Another interactive tabletop was de-

signed to visualize the history of the animal kingdom in the form of a tree branching

through a historical timeline [40]. This study relied on user interviews alone and

has shown that this interaction modality is more engaging and effective in learning

outcomes than watching presentations.

Augmented Interfaces { While the prior works tackled abstract ideas, other

works on interactive technology focused on removing the barrier between historical

artifacts and the visitor [78, 57]. In such cases, museums utilized Augmented Reality

(AR) technology to provide interactive modalities. Early works in this area [78]

aimed to create interactive AR experiences where you can see virtual 3D puzzles and

interact with them through tangible cubes that users can hold and fit together. Later

work [57] then focused on creating virtual 3D replicas of original artifacts instead that

you can see by wearing a head-mounted display and rotating it with hand gestures

in open space. Extension on this work [53] allowed users to still rotate a virtual 3D

replica but using a hand-held wooden marker and see it through an AR app on their

phone instead of a head-mounted display. Moving from the virtual experience, some

studies created physical 3D replicas that you can interact with through push buttons

on different parts of the replica. When a button is pushed, a screen display near

the replica narrates information about the replica with images [16]. This study has

revealed that having a physical replica made the relationship between the artifact

and the participant more intimate. These replicas also allowed participants to be

the curators of their own stories, as they had ownership of what to display. While

having tangible items increased engagement compared to screen-based interfaces, all
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the prior work was inaccessible to remote individuals who cannot visit the museum

in person.

Tangible Interfaces { Prior research on having tangible interactive artifacts then

got pushed further to embed these push buttons inside the objects instead and be

supplemented with screen projections to narrate a story about a historical event [19].

Based on pre- and post-task interviews and observations, the data has shown that

participants formed personalized connections with the artifacts as they could hold

them in their hands. Furthermore, research on interactive tabletops started adopting

tangible tokens to integrate them with their interactive digital screens [84, 62]. This

concept was investigated in a study with children to learn about bio-design through

an interactive tabletop [62]. Using observational data and a questionnaire, researchers

found that tangible elements increased collaboration and invited creative experimen-

tation. Such tokens are considered passive as they do not have any digital elements.

Other works have explored using active tokens instead of interactive tabletops with

physical tokens [84]. Not only were tangible interactive artifacts explored as an active

area of research, but also more immersive and large-scale tangible experiences. In a

study conducted by Nofal et al. [82], a large-scale replica of an Egyptian tomb was

prototyped with digitally interactive elements that are gamified to provide an engag-

ing experience for children to learn about Egyptian history. Based on the evaluation

of observation, questionnaire and interview data, it was suggested visitors can be

engaged by giving them a sense of ownership to the tangible tokens that exist within

a game. All these works relied on participants being physically on-site and engaging

inside the museum walls redeeming remote participants unreachable.
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Comparisons { In a comparative study between tangible versus screen interac-

tions [90], users were prompted to use three different modes of interaction: a museum

replica, a postcard during their museum visit, and a phone app. The functionality

for all modes is the same; it would allow the user to learn more about a particular

artifact in the museum using audio and visual descriptions. Findings from the ques-

tionnaire, observation and interview data demonstrate that tangible interactions were

the least disruptive, and participants felt positive about using the replica. A simi-

lar study compared Tangible User Interfaces (TUIs) and Graphical User Interfaces

(GUIs) when teaching children about programming [41]. Based on quantitative data

from the computer’s GUI and qualitative data from field observation, TUIs proved

to significantly increase engagement and collaboration but provide similar learning

outcomes.

Playfulness in the museum context { Not only is tactility researched as a

modality of interaction in a museum setting, but also musical interactions [30]. This

study has introduced a different interaction modality by creating a prototype that

detects its orientations in people’s hands and maps that to a tuning of a different

parameter in its sound. An amusing finding from this study based on observations and

interviews showed that participants were eager to freely interact with the prototype

without guidance or rules, a term they referred to as ‘Free play’. A similar study

was conducted in a museum setting where participants hold an interactive cube that

plays an audio guide based on a series of actions they make to the cube (holding,

rotating, covering, etc.) [107, 108]. Based on the analysis of observational data, a

questionnaire and a semi-structured interview, the study revealed that the context

the artifact is placed in dictates how playful it can be. In the case of the cube,
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merely rotating and holding it was playful in the museum context but would have

been passive outside. Playfulness within the museum context is restrictive compared

to playfulness outdoors.

2.2.2 O�-site

Virtual Galleries { Besides on-site digital and tangible interfaces and their inte-

grations, previous literature [49, 111, 37] has also explored creating online experiences

to engage with visitors off-site. While museums have an existing online presence for

off-site visitors that have been widely investigated [49], research has found that critical

challenges emerged to maintain an engaged online audience during the pandemic [72].

Museums were using digital media as a temporary alternative rather than a standalone

museum experience. Studies suggest that this is partly because museums separate

in-person visits from off-site experiences, thus resulting in different curation schemes

that are not necessarily similar [91]. Various studies have evaluated digital online ex-

periences, which can be in the form of information visualization of digital collections

on web interfaces [111], or 2D and 3D virtual galleries [37]. Experiments conducted

with museum professionals led to the development of a rubric scheme to assess the

quality of user experiences in online museum collections [65]. This rubric was broken

down into 3 main components, participants’ impressions when first viewing the online

solution (Visceral dimension), participants’ interactions with the solution (Behavioral

dimension) and their long-term engagement with the solution (Reflective dimension).

The rubric proved to be reliable for evaluating online museum experiences and noted

a research opportunity in making the language used in such experiences more accessi-

ble to non-expert users. With people’s increased exposure to social media, museums
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have also been looking into understanding how people share their personal museum

experiences online [109] using interviews and Instagram data. Literature has pushed

virtual galleries to be more than just an information guide to be tailored to the

users’ experience based on their interests and preferences, which they can use to tour

what interests them in the virtual gallery [9]. It also looked into creating inclusive

experiences for older adults by designing a system that connects visitors onsite syn-

chronously with older adults remotely, thus making the experience more social and

engaging [94]. However, all of the previous studies mentioned were tailored for on-

line and virtual experiences, which does not create an authentic interactive museum

experience like the ones onsite.

Tangible memorabilia { Besides virtual galleries, studies have looked into giv-

ing in-person visitors a personalized storybook to encourage the act of sharing with

those who cannot visit the museum [56]. Their findings show that providing a virtual

storybook to take home increased the probability of sharing with others. Moreover,

numerous work has been done to investigate gift-giving in the museum context which

makes remote individuals enjoy tangible elements from the museum [63]. It has been

shown that in-person visitors spend time buying personalized memorabilia for their

loved ones from a museum which, from a museum perspective, makes the in-person

visitor a connector to remote individuals who cannot visit the museum. Museums

were able to reach remote individuals and personalize their tangible gifts through the

in-person visitor [63]. Besides gift-giving, several works have been exploring creating

a personalized wristband based on users’ experience within the exhibition that they

could take home which, based on questionnaire and observation data, concluded that

it encouraged reflection and conversation [81]. Similarly, another study looked into
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printing a personalized postcard with 3 stamps that reflect the stations the users vis-

ited and interacted with the longest [93]. It was reported that participants take time

to reflect on the postcard and keep it with them instead of throwing it away. While

these types of takeaway tangible reminders encourage reflection, they still require an

in-person visit and tour. ‘Museum in a Box’ [2] is a recent commercial prototype de-

veloped to be a handheld device with a collection of museum objects supplementing

it. When a museum object is placed on the device, audio plays talking about that

object. The applicability and benefits of this prototype has not been published as a

user study. All of the previously mentioned studied experiences require an in-person

visitor, which is a bottleneck to reaching remote individuals.

Research Gap { While there are benefits to both on-site and off-site digital mu-

seum experiences, digital experiences on-site can be disruptive and do not aid in

engaging users [60]. When digital interactions were compared with tangible inter-

actions in the museum, the latter increased collaboration and exploration between

individuals within a group [64]. In summary, onsite interfaces have been widely in-

vestigated, from creating screen-based interfaces to tangible interfaces with varying

levels of interactivity. Numerous comparative studies have been conducted to evalu-

ate which interaction modality increases engagement and impacts learning, showing

that incorporating tangibles increases engagement and collaboration. On the other

hand, research on off-site experiences focuses on purely screen-based mediums, with

limited access to tangible mediums. Much work remains to explore the addition of

tangible interactive museum experiences for off-site visitors who cannot access the

museum.
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2.3 Public Interactive Displays

Public Interactive Displays (PIDs) are public installations that can be deployed any-

where to provide information about a certain topic. Ubiquitous computing has also

been integrated into PIDs [112, 31]. Several research works have investigated human

behaviour during PID interaction [99, 71] and how to increase their attention towards

it [75]. Several PIDs were also created to encourage rural communities to engage in

political movements [71]. A recent publication has surveyed the current literature of

PIDs [87] and identified the different factors that affect user engagement with PIDs,

including people’s trust towards the display, their privacy, the display’s relevance to

them, community, and location. This literature survey showed that using a location

with large foot traffic is essential, as well as emphasizing the importance of privacy

and the importance of appropriation to allow for creative interactions.

HCI researchers have been looking at the recent movement to make HCI re-

search outdoors and in the wild rather than be confined to research labs or isolated

spaces [11]. Numerous challenges accompany such deployments, including cost, orga-

nization and time. Previous work on public interactive displays includes roam-io [45],

which engaged community members by asking questions about their environment.

Several similar research was done on PIDs to gather data from users [15], which

raises questions about privacy and people’s willingness to share information publicly.

Another major challenge that has been heavily researched was Display Blindness [75],

which makes passersby ignore the installation in public. Numerous works have looked

into the reasons behind display blindness which has increased due to the increased

usage of smartphones [86]. One way to overcome this challenge is to design artifacts

using the principles of designing for curiosity [44]. These principles include novelty,
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partial exposure, and conflict. These principles were discussed by Tieben et al. [101]

as: 1) Novelty refers to interacting with unique experiences that people have not seen

before, 2) Partial exposure refers to having an experience that has hidden and incom-

plete information, and 3) Conflict refers to providing an experience where people’s

expectations of what an artifact is are challenged.

2.3.1 Public Visualization

Screen-Based { Public visualization of data and information has been an active

area of research in the past decade [103, 8, 104]. Most visualizations are screen-

based interfaces usually designed to inform citizens about data in their environment

to engage them in their environment’s challenges [70, 8]. This can be in the form of

an interactive screen-based display where people enter data about their energy con-

sumption and visualize it along with the other community members’ data [103]. Data

from observations, questionnaires, interviews and system logs were analyzed, and they

suggest that participants felt encouraged to change their behaviour to be more sus-

tainable. Other works investigated visualizing a gesture-based interactive poll that

discusses topics relevant to the local community, which encouraged and sparked dis-

cussions [104]. All the previously mentioned research works relied on screen-based

interfaces, which proved to be less engaging compared to tangible interfaces.

Tangible Interactions { More recently, studies have been looking into adding tan-

gibles within information visualization for public displays [21, 10]. A study deployed

a PID on-campus and recruited participants in a controlled in-the-wild study [22] via

emails, recording video footage of the interactions as well [21]. When comparing the

tangible and digital variations of that display using insight methodology [83], tangible
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interactions proved to be more engaging to participants. In a recent work surveying

all the current tangible forms of data (data physicalization) [10], it was concluded

that there are two main dimensions to tangible data, namely: the use of context and

the use of space. The use of context relates to the correlation between the display

and the environment regarding the data’s relevance to its environment. Use of space,

on the other hand, relates to the portability of the display or artifact, whether it is

designed to be fixated in a particular space or if it can be placed anywhere other

than it is intended position. Further research needs to be done for the artifacts that

are “unbounded” by a specific location and “non-situated” by the relevance of the

information the artifact or display provides with its environment.

2.3.2 Sharing of Tangibles

Sharing and exchanging tangible artifacts is not new for the HCI community. Digital

fabrication and rapid prototyping machinery (3D printing, Computerized Numerical

Control (CNC), laser cutting) facilitate the replicability and ease of creating tangible

artifacts [34]. Several research communities have also been looking into creating tan-

gible forms of publications to facilitate replicable and exchangeable forms of tangible

prototypes between academics [89]. Moreover, numerous community movements ad-

vocate sharing, from sharing of books [4] to sharing of things [1] and sharing of art [3].

Several works have investigated the dynamics of sharing tangibles and how services

could bring closer the supply and demand for different things from an economic view-

point [7, 26]. During the pandemic, these forms of community engagement gained

popularity as individuals could not be physically present together.
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Free Little Art Galleries { One of the community engagement methods used

during the pandemic was through art sharing between community members. Free

Little Art Galleries (FLAGs) are outposts in individuals’ homes that are “curated”

to allow individuals to take or exchange artworks on display in these outposts. Its

publicity surged during the pandemic [33, 29, 27]. Recent research studies have been

looking at the different opportunities these movements can support, including the

introduction of convenient self-borrowing schemes [48]. FLAGs enable artifacts to be

publicly accessible and available for exchange by the general public outside traditional

institutions. This allows creative means of sharing and reflecting on these artifacts

which the HCI community can utilize when designing prototypes for reflections and

user insights. However, research done in this area is limited and requires further

studies.

2.3.3 Public Display for Museums

A study conducted on the visualization of Emily Carr’s information (from paintings,

writings and publications) examined how museum visitors respond to such public

display within the museum context using field observations alone [38]. Other studies

within the field of HCI have utilized insights from interactive museum installations

to inform the design of public displays [43]. Using quantitative system logs, and

qualitative observations and user interviews, it is suggested that the incorporation

of physical interactive items increases engagement of diverse audiences and ages.

Beyond that, research within this area is limited as most literature focuses on on-site

interactive interfaces or digital off-site interfaces. Further research could look into
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designing interactive public displays for information physicalization of museum data

and artifacts.

2.4 Digital Fabrication for Museums

Numerous research is exploring the use of digital fabrication techniques in creating

tangible prototypes[35, 30]. Digital fabrication has made physical prototyping acces-

sible on demand [34]. With the surge in accessible makerspaces [50], HCI researchers

are leveraging digital fabrication to create personalized and novel interfaces, which

are inaccessible through industrial manufacturing services, for various research pur-

poses [69, 73]. These techniques include 3D printing [35, 80], and laser-cutting [62, 30]

among many others. In this section, we will review the fabrication techniques that

are being utilized in the context of interactive museum experiences.

Research has been looking into incorporating fabrication labs in the museum con-

text to empower individuals to create their own prototypes [95]. In this section, we

look at some of the fabrication techniques used to prototype interfaces for the museum

context.

Printing on Paper { A study utilized digital fabrication to be able to create

personalized souvenirs for visitors after their visit [81]. Researchers visualized the

visitor’s experience data during the visit and printed it using a desktop cutter plotter

to cut 2D structures on cardboard that can be assembled into 3D objects. Another

study used an industrial printer and paper with pre-printed postcards that can be

personalized by generating stamps on it [93]. Researchers expressed that the printer

was used because its time and cost-efficient for mass production and easy to use.
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3D Printing { In environments that are not constrained by time and quantity of

tangibles, 3D printers and laser cutters were usually used. In a study that investi-

gated creating a multi-modal interactive prototype representing a historical artifact,

3D printing was used as it allowed for rapid prototyping and evaluation of the expe-

rience [19]. 3D printing was also used to create tangible tokens in the shape of shells

inspired by historical artifacts [18]. Another publication investigating the creation of

3D replicas of museum artifacts for visitors to manipulate and explore opted for 3D

printing as it was robust to handle large crowds interacting with it [16].

Laser Cutting { Besides 3D printing, laser cutting was another method used when

creating tangible prototypes. A research work utilized laser-cutting as it can easily

create foldable structures, which was needed to carry circuits within it seamlessly [30].

Another study used laser-cut acrylic tokens to embed fiducial markers, making it

recognizable by the tabletop screen display and interactive [61]. Laser-cutting was also

used when designing large surface areas, including a wooden tabletop using Diffused

Surface Illumination (DSI) for interactivity [18], and a wooden container to hold

wooden bricks with augmented reality markers [53]. In summary, laser-cutting was

used in previous literature to create foldable structures, and large surfaces.

2.5 Summary

To summarize, we have broadly investigated how museums are adopting new digital

tools and interactive technologies to enhance the visitor experience. We then delved

deeper into the types of museum experiences and found that the literature can be

summarized as shown in figure 2.1 in two main axes, location and mode of interaction.

Previous literature has been heavily focused on on-site experiences with varying modes
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Figure 2.1: Literature of museum experiences summarized in a design space with the
location on the horizontal axis and the mode of interaction on the vertical
axis

of interaction. We found that augmented experiences are the most common forms of

museum experiences. When exploring off-site experiences, we found that almost all

experiences consist of screen-based virtual galleries. Some works have investigated

having tangible memorabilia that participants can take home, but that requires them

to be available on-site to take a reminder home. We found a research opportunity in

having off-site and tangible experiences, and that is where our research lies.

We also reviewed Public Interactive Displays (PIDs). PIDs are public installations

that can be deployed anywhere to provide information about a certain topic. They

are mostly screen-based interactions. Recent studies have been looking into adding

tangibles within information visualization for public displays as they proved to be

more engaging to participants. PIDs can also extend to different forms of displays,
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including Little Free Libraries and Free Little Art Galleries (FLAGS). FLAGs are part

of a recent movement that has been promoting shareable and exchangeable artworks.

In our work, we take inspiration from PIDs, and in particular, build on the notion

of sharing and exchanging of objects in public interactive displays to extend to the

context of museums and remote museum experiences.
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Chapter 3

Design and Prototyping

In this chapter, we will discuss the design choices made for the Borrowable Museum

(BM) as a whole, and for the museum artifacts that we replicated specifically. We will

then delve deeper into the fabrication techniques used to build and set up the different

components of the Borrowable Museum. Lastly, we will describe the technologies used

to monitor and collect anonymous data about people’s interactions with the box.

3.1 Design

To design the Borrowable Museum as an interactive tangible museum experience, we

first required it to be a completely screenless prototype that is interactive. We ad-

ditionally needed it to be remotely accessible, and a standalone museum experience

that can be placed in any location outside the museum walls. To serve remote com-

munities, another core requirement was for it to be portable to enable its convenient

relocation whenever needed without requiring special equipment to do so. More-

over, it needs to invite unrestricted interaction and borrowing by passersby without
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any prerequisite operations or steps that they would need to take prior to interac-

tion. Lastly, it should be supported by self-monitoring circuitry seamlessly embedded

within it to enable us to collect more data about user interaction anonymously.

Based on these requirements, we broke down the design into two major compo-

nents to the Borrowable Museum, the first is the artifact collection that we chose to

replicate, and the second is the portable box that houses the replicated artifacts. The

former is generalizable to any borrowable objects like books (Little Free Libraries),

galleries (Free Little Art Gallery), and many others. In this section, we discuss the

design choices made for these two components.

3.1.1 Eyewear Collection

To choose which collection we would be focusing on and replicating, we visited Canada

Museum of Science and Technology wherein we were introduced to their collection

on display as well as collections in their warehouse. The most intriguing collection

was their Wearable Tech exhibition on display. It shed light on how technology was

embedded in wearables historically, and that only recently was this notion amplified

and researched. While one might think of smartwatches when thinking of wearable

technology, this exhibition expands one’s horizon beyond the commercially available

wearable technologies. Since we wanted our Borrowable Museum experience to afford

interaction, we agreed that having wearables within the Borrowable Museum would

afford such needed interaction. The Wearable Tech collection included prosthetics,

helmets, spy cameras animal wearables and eyewear. Since the Borrowable Museum

needed to be accessible, portable and remote outside the museum walls, the artifacts

that we were going to choose needed to be small and portable. Based on these
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restrictions, the eyewear collection seemed to be the right fit for our requirements.

We thus explored their eyewear collection and chose historic artifacts with a diverse

set of stories founded between 1910 and 1980.

The first artifact was Steneopeic eyewear made by Oak Hill Industries and used

in Canada (see Figure 3.1.c), which is an eyewear used historically (1910) for people

with near-sightedness. The eyewear is made of opaque metal with tiny holes spread

out in a circular pattern across the viewing area. It was believed that seeing through

these holes would make one’s vision sharper.

The second artifact was Anti-pix chicken eyewear made by National Band & Tag

Co and used in Canada. This eyewear was unique because it was meant to be worn

by chickens in 1939. There is a phenomenon observed that when a chicken is seen to

have blood on its body by other chicken, it would be pecked by other chicken until it

dies. To solve this problem, farmers fixated red-tinted eyewear on the chicken’s beak

that swings open when the chicken looks at the ground to eat. That way, they would

never see blood on other chicken yet be able to see their food with its true colours

when they bend their heads to eat.

The last artifact was Pilot Training eyewear made by Saphira and used in Canada.

This eyewear was used during 1980 by pilots during their training to block their vision

from seeing the windows and only looking at an aeroplane’s control panels. This is

to train them to fly planes at night or during storms when their environment is not

visible. Figure 3.1 shows the artifacts that are on display at the wearable exhibition

in Ottawa.
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Figure 3.1: At the Canada Museum of Science and Technology in the Wearable Ex-
hibition showing photos of a) the Pilot eyewear artifact. b) the Anti-Pix
Chicken eyewear artifact. c) the Steneopeic eyewear artifact.

3.1.2 Borrowable Museum Box

In recent years, we have seen the concept of sharing and borrowing being adopted

by numerous emerging organizations, including Free Little Art Galleries and tool

libraries. These organizations all allow community members to share, borrow and

exchange items, creating an impact across the whole community. Moreover, shareable

libraries encourage interaction. The museum experience has been historically confined

to in-person exhibits or remote virtual experiences. To allow people who may not be

able to physically visit a museum due to distance, disability, or other factors to have

access to the museum experience physically, we needed to bring those artifacts over

to them. Deploying the concept of sharing and borrowing museum artifacts seemed

to be an adequate method to allow for a truly remote experience. This is because

it would facilitate a take-home experience by allowing users to easily borrow replicas

of museum artifacts and take them home. To ensure frequent user engagement, we

followed the design recommendations brought forward when interviewing curators of

Little Free Libraries (LFLs). [48]
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3.2 Fabrication

There were three main components that required fabrication, namely, the eyewear,

the labels and the museum box. For the latter, an LFL was purchased online1 and

modifications were done on it to transform it from an LFL to a more inviting mini-

museum structure. We also purchased a stand for the museum box from amazon2 to be

of eye-level height and wheels for easier movement. Figure 3.2 shows the museum box

placed on top of the stand before any modifications. As for the eyewear, they needed

to be fabricated with affordable materials to facilitate replication and to encourage

users to take away items without worrying about their value. We will begin by

describing the making process of the three eyewear, then the labels and finally the

modifications made for the LFL and how all the items were housed in the Museum

Box.

3.2.1 Making Process of Eyewear

The museum collection, which is situated in Canada Museum of Science and Technol-

ogy, was taken out of their display for a few days to have a professional photographer

take detailed images of them from all angles. To replicate the eyewear, we used them

to create digital designs that replicate the look and dimensions of the artifacts. It was

necessary to make the replication process cost-effective and time-efficient. The shapes

of the artifacts all differed and thus each artifact required a different fabrication tech-

nique. The Steneopeic eyewear was a 2D structure with no extensions or arms. Thus,

1https://littlefreelibrary.myshopify.com/collections/little-free-libraries/products/double-door-
cottage-un�nished-little-free-library

2https://a.co/d/0r1tP61
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Figure 3.2: The LFL box placed on top of a portable wooden stand before any mod-
ifications.

laser-cutting was the most adequate method to be used for the replication of this eye-

wear. As for the Anti-Chicken Pix eyewear, while it is a 2D structure, it had a degree

of freedom that makes it flap away from the eyes when a person looks downwards. To

design a replica with a degree of freedom, we had to weld laser-cut sheets together.

Lastly, the Pilot Training eyewear was different from both the Steneopeic and the

Anti-Pix eyewear in its structure as it had a 3D shape. Using laser-cutting for 3D

structures had several limitations including robustness which required us to use 3D

printing instead. While 3D printing is more time-consuming (10 hours to create a

Pilot Training replica using 3D printing vs 15 minutes to create it by laser-cutting),




