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Ambient Information Systems have shown some success when used as a notification

towards users’ health-related activities. But in the actual busy lives of users, ambient noti-

fications might be forgotten or even missed altogether, nullifying the original notification.

When do people accept escalated levels of disruption for health notifications? In parallel,

how could varying levels of health notifications be portrayed in shape-changing interfaces?

To investigate these questions, I took a Research through Design approach and created

artifacts in the form of plant-mimicking Shape-Changing Interfaces (S-CIs), conducting

interviews with ten participants who currently used a system to remind themselves to per-

form a health-related activity, to learn how they would react to the varying of motion types

to achieve disruption. I report findings on scenarios where disrupting users for health-

related activity purposes could be acceptable, how participants interpreted various aspects

of the S-CIs and reasonings behind them, and how people envisioned using S-CIs within

their physical environments. I also discuss avenues for future work in ambient-to-disruptive

technology, and design suggestions for those working in health-related notification systems

and shape-changing interfaces.
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Chapter 1: Introduction

The health of the human body usually responds best to a balanced and consistent sched-

ule. Sleep irregularity is linked to adolescent dysfunction, cardiometabolic diseases, and

many other negative health factors [1, 32]. Metabolic health is affected when sedentary

time is not regularly broken up by activity [36]. Regular liquid intake is important, as only

a few hours of reduced hydration can result in body water de�cits [9]. Many medications

are prescribed to be taken on a daily timetable to maintain proper concentrations in the

body. However, people are surrounded by distractions and often preoccupied with life de-

mands, �nding it dif�cult to maintain a regular schedule for their health. Because these

health-related events are important but generally not critical immediately, people may tem-

porarily deprioritize such activities when experiencing time-sensitive situations, resulting

in the need to remember to perform the activity soon when they become free.

In response, several applications exist that attempt to remind users to perform an ac-

tivity in a recurring manner for their health. For example, Fitbit allows users to set hourly

reminders to encourage reaching step count sub-goals (e.g., move at least 250 steps every

hour) throughout the day. Many medication reminder apps also use a time-based reminder

when it is time to take a new dose [44]. However, this strategy falters if the user is not in

a state to perform the requested action immediately. The same preoccupations that make it

dif�cult for people to maintain their own schedule also thwart reacting to such alerts; some-

one receiving a Fitbit noti�cation while recording themselves for a lecture would generally

not wish to start pacing around the room to reach their step goals. Even if the user is
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allowed to snooze the noti�cation, this still demands immediate attention and a speci�c

action, which may not be possible for someone deep in the middle of a task.

Another de�cient scenario would be if the user fails to notice the noti�cation. People

are already bombarded with noti�cations emanating from their devices, vying for the same

amount of attention from the user, regardless of their true priority. A user may misinterpret

a health-oriented noti�cation for another that does not need immediate attention, and the

reminder is soon lost. Or, another action might coincidentally draw a person away from

their device just as the noti�cation arrives. Merely increasing the number of alerts to ensure

acknowledgement would not be a suitable solution, as fatigue may set in from the overuse

of messages, resulting in the user ignoring any future noti�cations [11]. To support users

wanting to keep an eye on their health habits, we as researchers may need to look at emerg-

ing technologies to design a system, which provides noti�cations that re�ect the urgency

of the matter in a way that �ts into the user's busy schedule.

To achieve non-overwhelming noti�cations, ambient information systems (AIS) can be

leveraged, as they aim to portray non-critical information in a form factor that allows for

receding in the background when unneeded [39]. Multiple noti�cations could be conveyed

via an AIS at a calmer level than a repeating non-ambient alarm, affording systems more

chances to remind the user without messaging fatigue. But, if a user lacks to respond

after an ambient noti�cation, it may place them past a health-risking threshold, making

it reasonable to then use a more forceful, or even critical, alert. At those junctures, this

system should act beyond its default ambient behavior and demand attention. However,

very little work in AIS has investigated systems that aim to shift between varying levels

of intrusiveness—and thereby attention demand—depending on the context and urgency of

the noti�cation.

To support this scenario, I introduce the concept ofambruptive, or ambient-to-disruptive

technology, which can initially act as an AIS but contains the capacity to escalate its noti-
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�cation if the message becomes more critical, interrupting the user from their present task.

However, before we can test the effectiveness of ambruptive technology in notifying users

towards their health goals, we must �rst learn what makes for an effective system that can

achieve both ends of the noticeability spectrum. To explore this concept, I created a set of

shape-changing interfaces (S-CI) [12] artifacts, which are capable of performing different

movements with various controllable parameters. By altering various motion settings, I

could alter the look of the artifact and probe individuals' reactions to whether this form

factor can meet the task of portraying a wide variety in noti�cation levels. In my artifacts, I

chose to mimic plants as a design motif. Plants are found in many interiors and their pres-

ence would not distract most, providing a naturally ambient platform to build from. And,

just as living plants move during the day at rates imperceptible to humans, these artifacts

aim for an ability to display data without being distracting to the user when such data is

non-critical. However, when critical data must be communicated, the application of either

“unnatural” shape-change or speeds may allow for a jarring experience that could provide

the momentum needed to shift an ambient system into a disruptive one.

With these artifacts, I underwent an exploratoryResearch through Design(RtD) [50]

study with ten individuals who were currently using a strategy to remind themselves to

work on a health-related goal; more details on their strategies and goals may be found

in Table 4.1. I wished to �rst learn about their current strategies, and then gather their

reactions to my artifacts in an attempt to answer the following research questions:

(RQ1) When do people accept escalated levels of disruption for health noti�ca-

tions?

(RQ2) How could varying levels of health noti�cations be portrayed in shape-

changing interfaces?

(RQ3) How do people envision using shape-changing interfaces within their envi-

ronments?
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In this thesis, I share my review on related work, artifact design considerations, infor-

mation of the prototype implementation, and the results of my exploratory RtD study.

Chapter 2 analyzes the technologies and studies that precede my work.

Chapter 3 gives an example scenario to illustrate how ambruptive technology differs

from general noti�cations, and explains the rationale behind various design choices made

in my artifacts and study.

Chapter 4 recounts the efforts made towards this thesis: the creation of the artifacts, the

infrastructure to aid online interviews, recruitment of participants, and analysis of the data.

Chapter 5 shares the results from the participant interviews, exploring both the answers

to my research questions and revealing new insights and concepts that appeared from ana-

lyzing the data.

Chapter 6 explores possible areas in future research that stem from the �ndings of this

study, as well as design considerations for additional products in this and related spaces.

Chapter 7 summarizes and concludes this thesis.
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Chapter 2: Related Work

My artifacts sit at the intersection of ambient information systems (AIS) and shape-

changing interfaces (S-CIs). Both of these areas in HCI fall within the paradigm ofubiqui-

tous computing, as introduced by Weiser in 1991 [46], where computing becomes so ubiq-

uitous that it disappears into one's environment. Although Weiser originally focused on

screen-based peripherals, the concept represented the shift from dedicated and discernible

“personal computers” to systems that interchange information without bringing the under-

lying computer into prominence.

2.1 Calm Technology and Ambient Information Systems

With this idea of computing being increasingly embedded into everyday life, Weiser &

Brown later explored the concept ofcalm technology[47] as a preventative step, viewing

the need for less obtrusive modes of communication in computing to compensate for the

increased interaction between humans and computers. Described as technology that can

move between the center and periphery of one's attention, it aimed to allow users to have

awareness of more pieces of information by targeting the larger portion of our brain in

charge of peripheral processing, and intended to give the user more control of what they

wished to pay attention to. Later studies in this area described themselves asambient

displaysandperipheral displays, but the term “Ambient Information System”, or AIS, was

coined in order to expand the concept to systems that use other modalities than vision, such
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as sight and sound [39].

Pousman & Stasko created a taxonomy of AIS, de�ning the space as systems which:

1. Display information that is important but not critical.

2. Can move from the periphery to the focus of attention and back again.

3. Focus on the tangible; representations in the environment.

4. Provide subtle changes to re�ect updates in information (should not be

distracting).

5. Are aesthetically pleasing and environmentally appropriate.

Ambruptive technology extends slightly past these categories, namely in the additional

ability to provide disruptive changes (expanding de�nition 4) which widens the range of

information that can be portrayed: both important and critical (expanding de�nition 1).

However, the remaining de�nitions still apply, and initially when not in a situation that

requires escalated noti�cation, an ambruptive system exists as an AIS.

However, while generally falling within the area of calm computing and designed to

be unobtrusive, AIS taxonomies offer a full range of noti�cation levels as a key dimen-

sion. Using the earlier term ofperipheral displays, Matthews et al. proposed �ve levels of

noti�cation level, ranging from low to high (i.e.,ignore, change blind, make aware, inter-

rupt, anddemand attention) [33], and Pousman & Stasko adopt the same levels with the

exception ofignorebeing replaced byuser poll. Thus, although AIS initially aim to reside

in the periphery of users, they do not necessarily need to remain there. Little work has

been done in designing systems which investigate multiple noti�cation levels. Angelucci

et al. proposed an interface which “distracts users only if the severity requires it” [2], as-

sessing mockups which mapped colors to severity levels, in either a horizontal scrolling or

tab-based interface. Their project differs from this work in display type (screen), context

(telecommunication network fault noti�cation), and study design.
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2.2 Shape-changing Interfaces

As the seminal example ofcalm technology, the art pieceDangling String[47] classi-

cally paired AIS to a system that changed its shape as a noti�cation. Designed to represent

the amount of traf�c �owing over the network, the piece twitched a dangling plastic string

slightly when low amounts of data �owed through, but whirled and increased its motion

if the network traf�c was busy. This ability to change one's shape is the basis of Shape-

Changing Interfaces (S-CIs)[12], which uses this modality as the interaction between hu-

man and computer. Rasmussen et al. surveyed the landscape of S-CIs and de�ned the space

as systems that uses physical, self-actuated change of shape as input or output, and whose

actuation method can be controlled to return the system “to its initial state and repeat the

shape change.” [40]

Although having a long history together, AIS and S-CIs do not need to coexist in the

same system. As stated earlier, AIS is a broad term, which covers multiple sensory modali-

ties. S-CIs can also exist without an objective to provide information in an ambient manner.

Similarly, ambruptive technology is not limited to systems that use shape-change. How-

ever, exploring an abstract concept unfamiliar to the majority of users is a dif�cult endeavor

both for researcher and participant. Therefore, I chose to create a system that I could use

as a concrete example, in this instance a S-CI. Doing so would allow me to elicit reactions

from users on which scenarios, if any, would warrant an ambient-to-disruptive escalation,

and also whether S-CI could be a viable option for ambruptive technology.

As part of their review of the design space of S-CIs, Rasmussen et al. identi�ed four

factors of these systems. Here, I discuss how my artifacts fall within this categorization

scheme.

� Interaction: does the S-CI offer input and/or output, and if output is offered, what

triggers this action? My artifacts useindirect interaction, where data originating
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from the user triggers a shape-change output, but such data is not transmitted through

manipulation of the system.

� Purpose of shape change: what is the reason for changing shape in this interface? My

artifacts use the most common purpose ofcommunicating information, speci�cally,

a noti�cation for a user to perform a health-related activity.

� Types of change in shape: how does the S-CI alter itself? My artifacts change their

orientation to communicate with the user, distorting their shape yet keeping their

form.

� Types of transformation: in which manner does the S-CI perform its shape change?

Here, my artifacts are able to use a variety ofvelocityandpath parameters, with the

purpose of �nding which parameters users �nd best in ambruptive noti�cation.

2.3 Ambient Noti�cations for Health

To further focus participants on the concept of ambruptive technology, I chose a speci�c

context that users could already be familiar with: noti�cations for health-related activities.

The rise of �tness trackers such as FitBit and Apple Watch meant that many in the gen-

eral population would already be familiar with receiving noti�cations and reviewing data

regarding their activity—in this instance one to aid their health. Such products have surely

built off of prior work in health-related data for HCI.

The AIS space has been paired with a health-related context for multiple studies, a

display-only example being Spark's use of informative art to visualize physical activity[14].

Additional studies have investigated further in the ability for AIS to actively promote

healthy activity, e.g., Fish'n'Steps using an ambient display to link a cartoon �sh's growth

and demeanor with a users' footstep count[31], and Rogers et al. investigating three ambi-
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ent displays intended to promote stairs use versus the elevator [43]. In other health-related

avenues, Garc�́a-Vázquez et al. created three AIS to encourage elders' medication compli-

ance [17], and Wwall encouraged hydration through the use of a display wall [48]. While

aimed at assisting similar health goals, these studies all focused on a singlenoti�cation

level and did not use noti�cation escalation as this thesis does. MoveLamp was a study

which touched on increasing noti�cation level based on user activity, changing the color

and brightness of a light display to promote physical activity [15]. However, it differs from

this thesis both in the non S-CI aspect of the light display, its main focus on behavior mod-

i�cation, and in not focusing on when its participants wanted to be interrupted—instead

using a predetermined formula for escalation.

AIS that speci�cally use shape-change have also been used as physical indicators for

health-related systems throughout the years, from a physical avatar to alert users of eye

fatigue [3], wall-like surfaces to portray biometric information [49], or sculptural elements

encouraging good posture [20] and work breaks (Breakaway) [24]. Again, all share sim-

ilarities to this thesis as they examine health-related scenarios, but none consider further

behavior when a user fails to respond, and all remains solely on the calmer side of noti�-

cation level dimension. Of note is the participant of Breakaway indicating that the system

could be easily ignored if she was too busy—based one's situation, this could be a positive

or negative trait.

Plant-like designs are also found in the health notifying S-CI arena: several studies

alerted their users of bad posture [20, 22], and another used a set of �owers to aid in the

re�ection of sedentary behavior [4]. Non S-CI plants have also been used to represent user

activity, whether altering the growth of a stylized representation of a garden [13], basing

the foliage of a virtual tree on a user's hydration habit[28], or even affecting the health of

living tomato plants by basing watering and nutrition schedules on Fitbit data [10]. These

prior works in plant-based systems all similarly differ from this thesis, as they sought to

9



design ambient, non-interrupting interfaces—again not exploring a variation of noti�cation

levels in reaction to users' behaviors. These papers also generally investigated the workings

of the displays and tracking mechanisms, focusing on measuring if users could correlate

the various plant representations to the mapped data. Additionally, each used a single plant

design, as compared to the selection of artifacts available in my thesis.
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Chapter 3: Design Rationale

In this section, I clarify the concept of ambruptive technology by �rst describing an

example usage scenario with current noti�cation technology, and contrast that with the

expected outcome of an ambruptive system. Then, I discuss the rationales between various

design decisions made in the artifacts I created, as well as reviewing why the Research

through Design method was used for this study.

3.1 Example Scenario

Chloe wishes to be reminded to take her medication, which is scheduled three times

per day, or roughly every �ve hours. She loads a medication reminder app, and schedules

reminder alarms at 9 AM, 2 PM, and 7 PM. At 9 AM, her device chimes with a noti�ca-

tion, and she successfully takes her medication. However, at 2PM, she is in the middle of

an important video call and does not hear the noti�cation. As she immediately pivots to

�nishing an assignment from the call, she does not check her phone until hours later, and

does not see the noti�cation until time has passed the recommended dosage period.

In an alternate timeline, Chloe uses an ambruptive system that uses shape-change as a

noti�cation system, setting up the same thrice-daily schedule. At 2 PM, the S-CI subtly be-

gins moving, but Chloe is again in an important video call and does not have the capacity to

concentrate on anything else. At 2:05 PM, with no response from the user, the S-CI moves

in a slightly more noticeable manner. Since Chloe is deep in working on her assignment,
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Figure 3.1: As time without user response grows, noti�cation levels in a system that uses ambrup-
tive technology can increase in turn. This variety increases the amount it shakes as noti�cation
levels rise. (A) initial, ambient noti�cation suggests “action should be done soon”; (B) as period
of inactivity continues, “make-aware” noti�cation level is used to increase the urgency slightly; (C)
user is now in danger of missing medication window, so “demand attention” noti�cation level with
higher intensity in shape-change is used.

she notices the alert peripherally, but completion of her task holds higher priority at the

time, and she ignores the warning. A few minutes later, again with no user response, the

S-CI now chooses a higher noti�cation level and moves with a vibrant, distracting motion,

forcing attention, as Chloe is now in danger of missing her medication time slot. Ambrup-

tive technology offers the novelty of persistent alerting with appropriate shifting distraction

levels. When health guidelines allow for �exibility, this system's subtle noti�cation informs

the user that their activity should be performedsoon, but not necessarily immediately, al-

lowing for the activity to �t into a user's busy schedule. As time lapses without activity,

urgency increases, and a suitable higher level of noti�cation is authorized to demand user

action (see Figure 3.1). Furthermore, I envision that people can con�gure noti�cations'

level of intrusiveness depending on the urgency or the importance of the target behavior.

3.2 Noti�cations for Wellbeing

To successfully design personal noti�cations that support the context of encouraging

positive health behaviors—speci�cally promoting physical activity and medication adher-

ence, we must examine the unique needs that each requires. Both contexts are important
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but not initially critical; users are not required to act immediately in order to adhere to

guidelines. For example, the length of time between medication dosages is given as a

range, not an absolute number [23], so a person postponing their intake by ten minutes

could still ful�ll their medication requirements. Thus, a suitable noti�cation system should

allow this initial alert to be easily dismissed, both to accurately re�ect its importance level

and as to avoid noti�cation fatigue. I chose to use an AIS platform to provide a noti�cation

that can easily be mentally dismissed. However, in this same example, as the user reaches

the maximum duration for their dosage administration, the criticality of the noti�cation in-

creases. Designing a system that navigates different levels of importance must allow for

differing presentation methods—thus my exploration into what characteristics portray this

effectively.

3.3 Plants as an AIS for Personal Data

I determined phyto biomimicry to be appropriate for noti�cations of health-related ac-

tivities, as humans have linked plants with health throughout history. Bamboo is a symbol

of long life in Asian cultures, and the lotus was an Egyptian symbol of immortality [30].

The Popol Vuh describes plants that act as health indicators; these would shrivel and sprout

in tandem with the condition of their owner's health [19]. Existing studies in plant-human

interaction have investigated cognitive and emotional bene�ts received from caring for

plants [25], the use of horticulture as therapy [41], and how the presence of even merely

pictures of plants may provide positive mental bene�ts [5].

The use of plant emulation is also intended to aid in the ambient-ness of the devices by

decreasing the intrusiveness of the interface. Today, plants can be readily found in homes

and workspaces, and thus these artifacts could be integrated with the expected landscape

of the interior. In the same way that camou�age mimics its natural surroundings to blend
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in, the design choice of houseplant emulation is aimed to decrease the obtrusiveness of the

interface. To aid in the familiarity of the artifacts, leaves from popular houseplants were

replicated in the construction of each, such as Monstera deliciosa (Swiss cheese plant) and

Strelitzia nicolai (giant bird of paradise). As the artifacts are sized to �t on a desk, the

plants are proportioned as miniaturized versions.

However, the motion provided by the artifacts cannot be exactly found in nature, differ-

ing by the rate of change or even the actual movement type itself. I saw this greater control

as an advantage, as different design parameters may be explored and adjusted easily in a

synthetic entity, without being restricted by living growth boundaries. These “unnatural”

motion types were meant to explore characteristics that increase the noti�cation level of

these interfaces.

3.4 Research Through Design

I chose to use a Research through Design (RtD) method, which uses design as a means

to obtain new transferable information. The original concept was introduced by Frayling[16]

in his examination of one of three ways research intersects with art and design practition-

ers; of most relevance was his subcategorization of RtD as “development work,” depicted

as “customizing a piece of technology to do something no one had considered before, and

communicating the results”[16].

Zimmerman et al. [50] later applied this concept to the HCI community, stressing the

creation of “artifacts intended to transform the world from the current state to a preferred

state”, which provides a concrete manifestation of a proposed solution, providing “the cat-

alyst and subject matter for discourse in the community.” These are especially useful for

“wicked problems” [42], or problems with an “fundamental indeterminacy” that is present

in most design problems [8]. In this thesis, the con�ict between the desire to not overload
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the user with noti�cations against the desire to ensure that an activity is ultimately per-

formed for the user's health, the disparate requirements of individuals with different health

goals and statuses, and the overall novelty of the ambruptive concept are all factors that

make RtD a viable method.

Another important reason to use an RtD method for this study is to gain preliminary

data to avoid harm, as we are dealing with the health of users. When working in this

context, caution should be used to avoid unforeseen negative circumstances with emerging

technologies. While other contexts offer a little more leeway—for example, affecting a

user's productivity negatively is less damaging than affecting a user's health negatively—

research that possibly interferes with the well-being of its participants must tread greater

caution.

Finally, qualitative research of this sort is a practical choice when �rst reviewing emerg-

ing technologies, avoiding a resource-consuming study if feedback shows that initial pre-

sumptions were incorrect. Because very little data has been gathered about which scenarios

make noti�cation escalation acceptable, or what makes a system effectively communicate

noti�cation escalation, gathering initial user feedback is important before further in situ

studies.
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Chapter 4: Methodology

4.1 Initial Ideation

Using simple sketches, I iterated over different ways a plant-mimicking physical inter-

face could be used to represent data, mainly focusing on S-CI applications. At this stage,

feasibility was not prioritized, although ideas on how the mechanisms could be constructed

were noted. This process led to the initial design of twenty-�ve different ideas, roughly cat-

egorized in �ve main categories:shape: a change in the overall structure of the plant itself;

orientation: moving the plant body along different angles or axes;plant state: portrayal

of different aspects in a plant's life-cycle, such as health state or fruiting phase;external

forces: change to the plant caused by a foreign source, such as weather or a human; and

non-S-CI: interfaces which used different modalities other than shape change, such as light

or scent.

In parallel, I also experimented with designing different S-CI mechanisms capable of

being printed using a fused deposition modeling (FDM) 3D printer. 3D printing technology

was chosen for numerous reasons. The ability to alter my CAD model and manufacture the

part immediately allowed for quick iterations of the mechanism until one meeting expec-

tations was �nalized. This quick manufacturing cycle also allowed for numerous iterations

and technique experiments of the aesthetics of the artifact, as the shape and styling of the

leaves could be designed independently of the working mechanisms, and unioned together

in the �nal product. Additionally, the FDM material allowed for mechanisms that could
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Figure 4.1: Example sketches from initial ideation work, imagining how plant changes could be
used as a noti�cation. This snippet shows two of the �ve categories: orientation and shape-change.

take advantage of its plasticity. Finally, 3D printing was chosen for its ability to quickly

replicate multiple future artifacts without much manual work.

Due to my interest in noti�cation, I explored which themes other researchers had used

in their work in noti�cation systems. Klauck et al. [26] experimented with varying the

speed and size of movements and their effect on noticeability, and I planned to represent

this in my own artifacts by varying the correspondingspeed and distance parameters.

In piloting my prototypes, I noticed that several people mentioned sad emotions from see-

ing the plant in particular positions, and I investigated further intoemotion portrayal in

shape-change. Lee et al. [29] rendered a 3D shape with various levels of bending and con-

vexity/concavity and measured how such poses interacted with user emotional reactions.

Strohmeier et al. [45] investigated the correlation with emotion speci�cally to various

shape-changes. To gauge user reactions to the attempt to emote sadness in my artifacts,

I decided to use shapes that have correlated to sad emotions: mainly concave poses in a

downward position. Finally, I explored cognitive theories on bottom-upsaliencymodels
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mentioned within the psychology �eld [18, 27], but did not �nd many useful examples of

what was considered salient; less so in the use of motion or shape-change. However, exper-

imenting with various motion patterns led to the accidental discovery of particular motions

which led to my uneasiness in watching the movement. Intrigued with the effect it had, I

decided to investigate naturalness–unnaturalness as another axis which I could experiment

along, as a possible look into the use of salient noti�cation.

4.2 Artifact Construction

(a) shake-artifact (b) droop-artifact

Figure 4.2: The two artifacts used in the participant interviews. (a)shake-artifact's leaves shake,
intended to portray wind naturally blowing through the plant. (b)droop-artifact 's stems droop and
rise at various speeds on command.

I designed my 3D printed parts in Autodesk Fusion 360, with some leaf shapes drawn

in Adobe Illustrator and imported into the CAD drawing. The rack and pinion shapes were

generated using gear-generation software. To get an aesthetic �nish I was happy with, I

modeled parts to both embed and avoid 3D printer build plate textures to create matte and

shiny areas. This material contrast was used to draw the natural veins of a plant at a level

of detail that could be lost with a standard print. I also fabricated a technique of post-print
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re-sculpting, which allowed me to print �at parts and later sculpt them into naturalistic

shapes with the help of a heat gun, leading to shapes that would not be possible at the same

�delity in 3D printing. Simple cube-like containers were made out of wood to hide the

mechanisms and electronics.

The artifacts were controlled by an Arduino-compatible microcontroller board, speci�-

cally a Wemos-D1 clone using the ESP8266 chip. This platform was selected for its voltage

compatibility with various motors, its small size, which allowed for integration in the arti-

fact's container, and the ESP8266 chip, which provided built-in Wi-Fi capability on top of

standard Arduino functionality. Each artifact used custom code speci�c to the mechanism

and servo motors used within and were programmed to perform speci�c scripted actions on

trigger. The artifacts were programmed with the ability to poll a remote server's web API

and retrieve instructions on which action to perform, if any. However, due to the experi-

ment's �nal needs, the artifact's motions were simply triggered over serial communication.

A USB cable supplied both power to the microcontroller and a means of communication

with my computer.

The �rst �nal artifact, shake-artifact, uses a mechanism to shake the leaves of the de-

vice, intended to portray wind naturally blowing through the plant. A pinion driven by a

motor linearly moves a rack connected to a comb that reaches through the stems of the

plant. Moving the comb back and forth shakes the stems correspondingly. Control param-

eters for theshake-artifactweredistance: the range of linear motion used by the artifact;

frequency: how often a shake event occurred, andspeed: how long the shaking motion's

back and forth action should take. This artifact's leaves were modeled after Strelitzia nico-

lai, informally named the Giant Bird of Paradise plant. With theshake-artifact, I chose a

slower,subtle shake, and a much strongerheavy shakemotion as my two possible actions.

Note: names used for the artifacts and motion types are only for clarity in this paper; the

artifacts were not named during discussions with the participants in order to prevent bias.
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Figure 4.3:Shake-artifact mechanism. The artifact's plant stems (G) are pushed by a comb piece
(H) attached to a rack (I). A pinion gear (J), driven by a motor (K), activates the rack. As the pinion
gear rotates, it causes the comb piece to push stems in the opposite direction, and the motion is
repeated.

The second �nal artifact,droop-artifact, uses a motor to pull mono�lament passing

through different nodes along a plant stem and attached to the top-most node. Pulling the

thread curls the plant stem down, and releasing the thread allows the stem to straighten

out to its original position, using a mechanism used by puppeteers for controlling �ngers.

Control parameters for thedroop-artifact were:distance: the amount that the stems were

pulled down or released up;speed: how slowly or quickly to take from one position to

another;direction: whether the movement rose up or down; andtiming: when to perform

a move. This artifact's leaves were modeled after Monstera deliciosa, informally named

the Swiss Cheese plant. Selected movements for this artifact included basic up and down

actions at various speeds. I also included four additional scripted movements, meant to

delve into different ways motion could be used as effective noti�cations.Heartbeat used
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Figure 4.4: Droop-artifact mechanism. The artifact's plant stem (A) contains several channel
nodes (B) which are connected to mono�lament line (C). The line is tied to a rack (D), which is
moved up and down by a motor (E) driving a pinion gear (F). As the pinion gear rotates, it pulls the
rack down, in turn pulling the line down, also in turn pulling the stem down into a downward shape.

a duplicated abrupt start-stop motion to display a tick movement twice.Hiccup kept the

plant in a down position but would pop up abruptly when trying to notify.Lift had the

plant move its leaves downward so forcibly that it would lift itself slightly out of its own

container.Panting used a smooth loop of undulating stems of the plant which was meant

to look as if the plant were panting.
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Figure 4.5: Thumbnails used to remind participants of the various motions used indroop-artifact 's
disruptive portion. From l-r,heartbeat, hiccup, lift , andpanting.

4.3 Recruitment and Interviews

Due to the COVID-19 pandemic, I planned for interviews to be held virtually, over

video chat. To support this, I took individual videos of a range of different motions from

each artifact, which I could playback to each participant. To simplify the presentation

of these videos during the interviews, I created a keyboard-driven web application where

single keystrokes would load and display speci�c videos, with the ability to start and pause

the playback. The speci�c keystrokes for each video were written into the protocol to

make the interview and puppeteering of video selection easier. While some motions had

relatedness to each other, (e.g., thesubtle shakeampli�ed into theheavy shakemotion),

some of thedroop-artifact's noti�cation motions were very disparate, and so thumbnails

of each motion were also created and displayed alongside these particular videos.

4.3.1 Recruitment

A screening questionnaire, consent form, and sample interview were reviewed and ap-

proved by the University of Maryland's Institutional Review Board. Participants were re-

cruited over social media (Facebook and Reddit), using iSchool-related mailing lists, and

�yers across the University of Maryland College Park campus. The criteria for participation

included(with reasoning for each criterion in italics):
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