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ABSTRACT
Internet of Things (IoT) technology is found in many homes. These

systems enable tasks to be done more effectively or efficiently –

e.g., securing property, monitoring and adjusting resources, track-

ing behaviours for well-being, and so on. The system presented

here was designed with older adults; the vast majority of home IoT

systems marketed to this age group are not growth-oriented but

rather decline-focused, monitoring and signalling well-being issues.

In contrast to both “mainstream” and “older adult” IoT frameworks,

then, we present a toolkit designed only to platform reflections,

conversations and insights by occupants and visitors in regards to

diverse user-defined meaningful home activities: hobbies, socialisa-

tion, fun, relaxation, and so on. Furthermore, mindful of the climate

crisis and the battery recharge or replacement requirements in con-

ventional IoT systems, the toolkit is predominantly self-powered.

We detail the design process and home deployments, highlighting

the value of alternative data presentations from the simplest to

LLM-enabled.
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1 INTRODUCTION

Beep. There’s someone in the kitchen. Beep. The thermostat

hallway has been turned down. Beep. Sounds like a dog bark-

ing in the living room . . .

Every day, one of the author team
1
receivesmultiple notifications

on their smart-watch from an array of IoT devices in their home;

1
Positionality: two of the paper’s authors identify as older adults.
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a sample is shown in the box above. While each of these devices

(cameras, thermostats, lighting controls, etc.) were bought to do a

particular thing (like checking on the pets or securing their home)

this author’s long-term experience of such devices has uncovered

uses presumably not designed-in by the manufacturer. While at

home and away, this author feels connected to the home-life and

has found themselves often reflecting on what the notifications

might mean: “Dogs barking – that will be the mail delivery; I wonder
who has ordered something? . . . Thermostat’s down; my partner must
be back as they don’t like it warm . . . ”. In contrast to the incidental
use of task-focused IoT output, in this work we engaged in a design

process that led to a toolkit that is purposefully designed specifically

for such reflections.

One group of users that has had a great deal of attention in

terms of IoT support are older adults.
2
Despite the decade old call-

to-arms by Rogers and Marsden [32] to move beyond frailty and

declinist drivers in developing such systems for older adults, this

framing remains dominant [40]. As more and more older adults

will live “well” in their homes
3
there is a significant need to explore

alternative IoT systems for this population.

We took up Rogers and Marsden’s challenge in this work by

engaging with older adults who are committed to “ageing well” for

themselves and others. The purpose of our studies was to surface

these groups’ views of existing IoT approaches and to work with

them to consider alternatives. We learned that while they could

imagine why other older people might need the sorts of monitoring

for health and well-being commonly provided by such systems,

they saw such interventions as patronising invasions of privacy for

people like them. Rather than seeing their lives as fragile, limited,

and in decline—to be protected—they spoke of activities at home

that led to growth, challenge and creativity – hobbies, socialising,

laughter, and learning. The toolkit we present in this paper is de-

signed to surface these forms of home life and to present them to

platform reflection and connection, things that can be especially

valuable to older age-groups. In addition, prompted by participants’

concerns about inequalities, the environment and cost-of-living

pressures [34], the toolkit is predominantly self-powered.

In contrast to prior work, our primary contribution is a novel

IoT framing and toolkit that: amplifies older adult agency, enabling

them to choose how to instrument objects and/or locations in their

homes related to the life of the home as they perceive it; and, pro-

vides presentations to scaffold personal interpretations. In addition,

a secondary contribution is to show how the sensing for such a sys-

tem can be achieved through novel self-powering configurations.

2 BACKGROUND
Our initial motivation was a desire to engage older adults in ways

that recognised their agency and creativity for future technol-

ogy [12] with an especial emphasis on IoT, a class of technology

that has received much attention in regards to older adults [21]

with much of it framing such users as “patients” (e.g., [23, 40]). In

2
The Health and Retirement Survey in the USA, the Survey of Health, Ageing and Re-

tirement in Europe, and theEnglish longitudinal study of ageing all start data collection

at age 50 – see: https://health.gov/healthypeople/objectives-and-data/data-sources-and-

methods/data-sources/health-and-retirement-study-hrs (USA), https://share-eric.eu/

(Europe) and https://www.elsa-project.ac.uk/ (UK).

3
https://www.ons.gov.uk/ageing/profileoftheolderpopulation/2023-04-03

particular, a significant use-case for IoT home sensing is to provide

health and well-being monitoring and interventions (e.g., [3, 11]).

Typically, systems track deviations in behaviours known to flag

potential decline (e.g., failure to carry out routine hygiene tasks),

alerting a care-giver or the older adult themselves. While the ma-

jority of the tracked behaviours are practical in nature, Tewell et al.

show how “meaningful” activities (such as those providing emo-

tional enjoyment) might similarly be automatically monitored [38].

While ageist and declinist models of getting older still dominate

design approaches [9], Ambe et al. [2], through IoT co-design work-

shops, argue the value in exploring frameworks that, “. . . support
more personal and creative interactions and aesthetics." Ambe et al.

also present older adult design fiction results to encourage a move

beyond the “watchman” framing of IoT [1], and we address these

suggestions in our work. Slow technology is a design philosophy

that promotes such reflective engagements [29], and we consider

ways of integrating and presenting the instant daily fast-firing of

multiple independent home IoT sensors in ways that enable longi-

tudinal reflections.

Prior work has demonstrated human and machine learning suc-

cess in reasoning about and inferring behaviours from IoT home

sensor data (e.g., [15, 16, 28]). Kurze et al. further show that people

can make assessments of what might be happening in a home from

the outputs of very simple sensors (e.g., light, motion, temperature),

making the case that privacy and surveillance concerns associated

with more advanced devices, such as cameras and microphones,

should not be dismissed in regards to the simpler, “dumb” devices.

Unlike [20], though, the system we present was designed with older

adults with a primary goal of reflection on positive, meaningful

home activities rather than this happening as a side-effect of sensor

data or as research tool to surface practical and ethical concerns.

Our work emphasises the smartness of users in interpreting “dumb”

sensor outputs in contrast to work that foregrounds the “smartness”

technology as a partner to older adults (e.g., [31]). Having said this,

earlier work has shown the value of using digital innovation to

enable creative ways of surfacing IoT sensor data to further scaffold

user interpretations, including story narratives, an approach we

adopt via a Large Language Model (LLM) [10].

One reasonable criticism of any novel IoT system is the addi-

tional demands it places on energy requirements in a world that

is already wounded by non-sustainable behaviours. Such critical

voices might be louder still for toolkits such as ours that do not

appear to do “essential” tasks like keeping occupants safe. Further-

more, if toolkits such as ours adopted the standard approach of

using replaceable batteries in deployed sensors, older adults could

be negatively impacted. Devices might be placed in hard-to-access

areas, which could be potentially dangerous to those with mobility

concerns or at risk of falling. Age-related cognitive impairments

could mean that the user faces difficulties replacing batteries [30],

and often the battery changing itself requires a level of manual

dexterity that can decline with age [7]. In creating the toolkit, then,

we have limited ourselves to creating components that are powered

by energy harvesting. We draw then on technical work that has

considered low- and self-powered interfaces and interactions that

maximise energy-harvesting from ambient light [19, 22, 24, 25, 27],

movement [14, 39, 41], other sources [6, 26, 44], and hybrid harvest-

ing means [18, 36, 37].

https://health.gov/healthypeople/objectives-and-data/data-sources-and-methods/data-sources/health-and-retirement-study-hrs
https://health.gov/healthypeople/objectives-and-data/data-sources-and-methods/data-sources/health-and-retirement-study-hrs
https://share-eric.eu/
https://www.elsa-project.ac.uk/
https://www.ons.gov.uk/peoplepopulationandcommunity/birthsdeathsandmarriages/ageing/articles/profileoftheolderpopulationlivinginenglandandwalesin2021andchangessince2011/2023-04-03
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The possibility of wide-area sensing using self-powered sensors

has been demonstrated in prior work [4, 42–44]. OptoSense [43],

solely relies on ambient light energy harvesting and demonstrates

several applications (e.g., medication reminders, open door sensing,

liquid sensing and indoor traffic sensing). The issue with solely

relying on ambient light energy harvesting is the lack of sufficient

illuminance in residential deployment locations. The authors of Op-

toSense used the IES Handbook [17] to create their recommended

lighting conditions using incandescent lighting; however, the illu-

minance values that they chose begin at 250 lux (which represents

the recommended lighting for task areas in offices and classes).

These values are considerably higher than those recommended

for residential lighting, where IES recommends illuminances of

between 5 and 10 ft-c (approx 50–100 lux) in hallways, and 10 to 20

ft-c (approx 100–200 lux) in living rooms. National lighting stan-

dards
4
state that it is acceptable to drop lighting levels down to one

third of the task area in the immediate areas surrounding it and

that background areas (i.e., walls and ceilings – areas where we

would want to attach PV-IoT devices) can be even lower, even all

the way down to 50 lux. So, while PV powered sensors may work

well in laboratory test environments, they fail to perform in actual

residential deployments due to insufficient ambient light energy

that is available for harvesting. Note that many dwellings were built

long before modern building regulations and lighting standards, so

the situation is worse and actual ambient light availability is much

lower than anything indicated by any modern residential lighting

norms [35].

Unlike OptoSense, Sozu [44] investigates the use of multiple

sources of energy-harvesting (e.g., motion, vibration, light, electro-

magnetic radiation and water). The Sozu system uses radio frequen-

cies as a method of identifying each sensor, and due to each of these

requiring a unique radio frequency, “supports up to 96 tags” (sen-
sors). Our system uses connectionless Bluetooth Low Energy (BLE)

beacons, and as a result this limitation does not apply. We built on

these works by incorporating multiple forms of energy harvesting

and interaction sensing, whilst presenting these interactions to the

user in meaningful and timely interpretations.

3 DESIGNING THE SYSTEM
To develop the system we convened two day-long design sessions.

The first considered older adults’ views of home-based IoT systems

to uncover issues that any design might address. These factors

drove the form of a concept design that was refined by the older

adults in the second workshop, two months later. Both sessions

were convened in a design suite purpose-built to enable older adults

to actively shape future technologies. The facility combines conven-

tional workshop spaces with simulated spaces as shown in Fig. 1.

The Swansea University Faculty of Science and Engineering Eth-

ical Review Board assessed and endorsed all of the workshops and

studies presented in this paper: this process considers the detailed

plans for each activity, with Board members drawn from across the

disciplines in the Faculty.

4
A summary of various standards and common practices is provided at https://ledil.

com/news_all/articles-and-whitepapers/office-lighting-standards/

3.1 Workshop I: Exploring views on
home-based IoT systems

For the first workshop, we recruited 14 participants (9F, 5M; ages

52–76, mean 69.4, s.d. 6.6 and with a mix of socio-economic back-

grounds) through the group Swansea Ageing Well whose members

are dedicated to “ageing well”. This organisation is one of many

seen in the UK dedicated to helping members build meaning, con-

nection and well-being in old age. Each participant was given a

shopping voucher as a token of our appreciation. In designing the

workshops and analysis methods we were mindful of those used in

prior older adult studies (e.g., [21]).

Participants were split into three groups randomly, with group

sizes of 5, 5, 4. During the day, groups took part in six activities: i) a

discussion of their earlymemories of non-digital home technologies;

ii) discussion of their early memories of digital home technologies;

iii) a day-in-the-life activity where participants walked us through

the physical and digital devices/objects they used at morning, noon

and night; iv) discussion of current standard IoT home devices

(e.g., smart lightbulbs); v) using three simulated environments in

our older adult innovation lab—kitchen, living area and garden—

a bodystorming [33] activity on what digital services might be

useful in that context; and vi) discussion of IoTs targeted at older

people. Activities (i) and (ii) were used as “ice-breakers,” allowing

participants to easily contribute based on their past experiences.

Our range of approaches drew on established participatory design

practices for older adults [13]. For every activity, a facilitator and

note-taker were assigned to each group. The facilitator led each

session, ensuring the groups kept within the discussion points and

noting key points on a flip-chart, while the note-taker was tasked

with creating a detailed record of what was said by participants

(see Fig. 2).

After the workshop, we used an inductive approach to thematic

analysis with the steps laid out by Braun and Clarke [5] followed

iteratively. The first author familiarised themselves with the data

and generated the initial codes. Following this, both the first and

second authors further refined the codes to surface themes. These

results were presented to the wider project team, who reviewed the

themes and helped to refine them into their final form.

3.1.1 Findings.
Diverse and full home-lives. Contrary to the declinist narrative in

many research articles, our participants evidenced a very wide

range of interests and activities that fill their lives at home and

when out. They demonstrated a “growth” mindset – one that we

celebrate in our framing of this paper. These discussions provided

a useful reminder that older adults should not be catered for in

a technologically-homogeneous way, as is often the case for this

demographic, and especially so for IoT systems.

Monitoring. Home monitoring was seen as primarily an imposi-

tion on their home life by others (family, care-givers or profession-

als). As our participants were living independently they saw value

in these systems for people they knew who were frail or needed

support, but no use in their own lives.

Privacy in regards to smart technologies was a key issue. Par-

ticipants had heard in the media that smart speakers are always

listening and were very concerned about this. Similarly, there was

shared concern over the examples of homemonitoring that required

https://ledil.com/news_all/articles-and-whitepapers/office-lighting-standards/
https://ledil.com/news_all/articles-and-whitepapers/office-lighting-standards/


NordiCHI 2024, October 13–16, 2024, Uppsala, Sweden Bailey, et al.

(a) (b)

(c) (d) (e)

Figure 1: The living lab space (a, b) used in the two participatory design sessions. The space includes workshop areas (e) and
simulated environments (living/bedroom (c), kitchen (d), garden (partly shown in (b))).

Figure 2: Example artefacts from design activities. Left:
points from activity (i); Right: activity (v).

camera installations (e.g., “I would not want my daughter to be able
to watch me at anytime – you don’t know what I could be up to!” ).

Resource requirements. Our participants were very concerned

with the amount of energy they were using, both in terms of the

environmental impact and the cost of living. They felt that the

initial cost to buy home devices was too high and the need to be

plugged in was not ideal.

3.2 Concept design
After the first workshop and over a period of two months, the

design team created a home IoT concept shaped by that workshop’s

findings. That is, the concept aimed to afford a form of monitoring
that might be of interest to older adults who are “ageing well,“

surfacing their rich home lives in a way that prioritises privacy and

reduces resource costs.
The features of the proposed system were:

(1) A multiplicity of simple sensors (cf. [20]) that could be at-

tached to objects and locations throughout a home at low

cost (see Fig. 3 (top)).

(2) Objects and locations in the home would have significance

with regards to meaningful experiences and activities in the

home (e.g., “fun”, “socialising,” “hobbies”).

(3) Sensors would generate simple “pings” when the objects or

location in the home were active.

(4) These “pings” would be presented on simple physical display

objects placed in living areas in the home to surface the life

of the home (see Fig. 3 (bottom)).

(5) The sensors and displays would as far as possible be self-

powered.

(6) The transmission of the sensor data and the processingwould

be privacy preserving using low-powered wireless transmis-

sion and non-internet-connected computing elements.

3.3 Workshop II: Refining the design concept
We recruited 16 participants (12F, 4M; age 59–84, mean 71.2, SD 6.3,

mix of socio-economic backgrounds) through the same Swansea

Ageing Well group. Six of the participants had taken part in Work-

shop I; the other ten were recruited to provide fresh perspectives.

Each participant was given a shopping voucher.
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(a)

(g)

(b)

(h)

(c)

(i)

(d) (e)
(f )

Figure 3: Top: Six low-cost energy-harvesters-cum-sensors that were demonstrated in Workshop II: (a) a kinetic-energy switch
that could be attached to doors, drawers, etc.; (b) a photovoltaic (PV) powered low-resolution thermal imaging camera to detect
movement; (c) a hydroelectric sensor for taps, hoses, etc.; (d) a thermoelectric sensor for placing on, for example, stoves; (e)
piezo-electric sensors embedded in floors or steps; and, (f) PV surface sensors that could be embedded in objects that are
intermittently exposed to light (e.g., bookmarks, coasters, etc.). Bottom: Three forms of simple display that were used in
Workshop II to illustrate potential outputs from the home IoT system: (g) coffee-table pods with an E ink display showing
a graphical representation of today’s activity; (h) a conventional kitchen clock with light outputs; and, (i) pods with a light
display, again, to signify the quantity of “pings” sent for a meaningful activity/experience.

During the day-long workshop, participants took part in three

activities to progressively introduce and elaborate the concept de-

sign. For the first two activities, participants were split into three

groups of a similar size (5, 5, 6) with a similar ratio of M/F and

previous/new attendees in each group. For the last activity, two

larger groups (8, 8) were formed. For each activity, the discussion

was facilitated by a member of the research team using a flip-chart

to capture key points as the discussions progressed, while another

acted as a detailed note-taker.

Activity 1 – The life of the home. Participants were asked about

positive and important activities they regularly did at home such as

socialising, hobbies, fun and creativity. For each activity they were

asked to describe the sorts of objects and places that were involved.

Activity 2 – Self-powered sensors and objects/places. To introduce

the notion of energy-harvesting we first demonstrated a range of

off-the-shelf devices (such as a hand-cranked radio). Participants

were then provided with the set of harvesters-cum-sensors shown

in Fig. 3, and asked to associate them with any of the objects/places

mentioned in Activity 1.

Activity 3 – The quantified home. We explained how the pairing

of objects/places and sensors could be used to surface the “quan-

tity” of meaningful activities participants had identified. During

this activity, we showed the example pod and clock displays and

presented a role-play (by two of the researchers) showing how the

Figure 4: Left: Example artefact fromWorkshop II Activity 1.
Right: role-play with Fig. 3 (h–i) displays

systemmight work (see Fig. 4). Participants were asked to comment

on and respond to this proposition, prompting them to consider

how they would use the outputs; how the approach relates to other

ways they reflect on their daily life; and, any changes to the design

to make it more useful and/or effective.

After the workshop we used a deductive approach to thematic

analysis [5]. The first author organised the data collected in note-

books and flip-charts. They then applied the codes and themes

of Workshop I. Following this, authors one and two reviewed the

codes and searched for any new emerging themes, presenting them

to the wider team for refinement.
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3.3.1 Findings.
Activity 1 – The life of the home. As in Workshop I, this activity

surfaced a very wide range of home activities from chores such as

ironing and cooking in the kitchen to crafting and knitting in the

living room. While some objects were used in multiple contexts

(e.g., everyday coffee coasters for use on one’s own and when

socialising), others had a special purpose (e.g., “I keep my good
plates in the dining room dresser and keep them for best” ). While

some participants had large homes with many rooms, others had

much smaller spaces. These physical constraints led to differences

in what might signify the start of an activity – for instance, one

participant had only one living room and kept her crafts in one box

and puzzles in another; in contrast, another had a large home with

a specific room for photography and another for jigsaw puzzles.

Activity 2 – Self-powered sensors and objects/places. Participants
found the multipurpose kinetic-energy switch sensor and spe-

cialised sensors (the hydro- and thermo-electric ones) the easiest

to associate with objects (binary state objects for the switch – e.g.,

drawers and doors that open/close and a walking aid that was on

or off the floor; and, taps and heat sources such as heaters, for the

hydro- and thermo-electric respectively). The PV sensors were also

associated with objects that could exhibit two states (e.g., an open

or closed door) and the pressure sensor was mainly discussed in

regards to surfaces participants would walk over such as stairs,

but one group discussed its use within object handles that were

grasped.

Activity 3 – The quantified home. This activity provoked a wide

discussion of how the participants made sense of activities. Many

had activity trackers (such as Fitbits) and one had a wearable blood

sugar monitor. In addition, others mentioned the use of diaries and

journalling to create richer reflections on their day. Others spoke of

looking back over physical and digital calendars to remember past

events. Turning to comments on the concept design, two common

themes were seeing the approach as a way to reflect on how they

were using their time, provoking changes if something they had

enjoyed previously (e.g., a hobby) was seemingly neglected; and, for

pure curiosity without specific purpose (e.g., counting the number

of times they opened the fridge door). As we had explained that

the pod displays were to be placed in spaces that visitors might

occupy (e.g., the living room), participants were keen to ensure the

visualisation was low in granularity; several participants suggested

alternative surfaces that were routinely used numerous times a day

to present the data: e.g., cupboards, entrance doors and as fridge

magnet type objects. There was also interest in going beyond the

simple displays to provide more detailed presentations which would

be for their private use.

4 IMPLEMENTING THE CONCEPT DESIGN
Using the findings from the workshop, through a series of tech-

nical design sessions involving the author team, we refined the

system in terms of the sensor specifications, activity categories and

visualisations.

4.1 Sensors
Sensors were designed to be placed in and on the locations and

objects associatedwithmeaningful activities identified inWorkshop

II. As we are aiming at a toolkit of sensors and displays that can

be used as flexibly as possible, we decided to focus on energy-

harvesters-cum-sensors that had the widest range of applicability;

i.e., the kinetic energy switch sensors; photovoltaic (PV) surfaces;

and, the PV passive infrared sensor (see findings from Activity 2,

above). Figure 5 (left) shows this set of sensors. We detail each,

below, to enable replication.

Figure 5 (a) Kinetic energy switch sensor – used to detect

the opening and closing of drawers and doors. The kinetic energy

switch consists of an EnOcean PM220 Energy Converter Module

for Motion Energy Harvesting to Power PTM 535BZ BLE.Each

PM220 activation generates between 120 to 210 𝜇J @ 2V, providing

sufficient power to the PM535BZ BLE transmitter module for a

single wireless transmission. The PTM535BZ is configured as a

BLE beacon with a transmit power of 4 dBm (2.5 mW). The kinetic

energy switch sensor is contained within a 3D-printed housing.

The sensor is placed near an actuated area, e.g., doors and drawers,

then an acrylic “finger” is positioned so that it flips the switch of the

energy converter module when the state of a door/drawer changes.

Figure 5 (b) PV sensor – used to detect the presence of light

within storage boxes or cupboards; and to register if a light is turned

on or off by placing the sensor within a lamp covering. The PV sen-

sor used is the Cypress CYALKIT-E03 Solar-Powered BLE Sensor

Beacon. The PV Sensor is powered by ambient light falling on a

15 mm × 15 mm amorphous silicon solar module and charging a

400 𝜇F storage capacitor and 0.2 F supercapacitor via an S6AE103A

energy power management IC. The beacon is set to demo mode,

meaning that the transmission interval varies with ambient light

level (illuminance). The beacon operates at a minimum illuminance

of 100 lux (100–150 lux is the illuminance in a typical domestic

living room). The BLE transmit power is configured to 0 dBm (1

mW), with the time interval between BLE transmission being any-

where between 3 seconds (illuminance of 1000 lux) to 50 seconds

(illuminance of 100–200 lux) depending on illumination.

Figure 5 (c) PV bookmark sensor – used to detect when a

book is being read by pinging when it detects the presence of light.

The motivation for building this sensor was that reading was an

important hobby for many of the Workshop II participants. The PV

Bookmark is created by modifying a Cypress CYALKIT-E03 Solar-

Powered BLE Sensor Beacon. The CYALKIT-E03 sensor only works

when the solar module is facing towards the light, meaning that the

user would have to ensure that the bookmark surface with the solar

module was always placed facing up. To overcome this burden on

the user, a bi-directional solar module is used. The original solar

module is removed from the CYALKIT-E03, and then two back-to-

back modules are soldered in its place. This modification allows the

PV Bookmark Sensor to be placed either way up.

Figure 5 (d) PV passive-infrared movement detector – used

to detect movement in well-lit areas. The movement sensor is made

of several components. A passive-infrared (PIR) sensor to detect

the movement of a person occupying the area, an InPlay IN100 BLE

beacon to transmit when detection occurs, and an Epishine LEH3

Organic PV Module to harvest and provide energy. InPlay IN100

NanoBeacon Bluetooth Low Energy Beacon allows the attachment

of different forms of trigger modules. We used a Panasonic PIR sen-

sor EKMB1107112 to detect the presence of a person and trigger the

NanoBeacon. The NanoBeacon is powered by an Epishine Organic
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Figure 5: The Ageing Well toolkit. Left: Four sensors track everyday activities: (a) kinetic-energy switch, to detect the open-
ing/closing of drawers or doors; (b) PV sensor, to detect when light is present in storage boxes or cupboards (i.e., they have
been opened); (c) PV bookmark sensor, which can detect when it is (or is not) placed inside a book; and, (d) PV passive-infrared
movement detector, detecting presence in well-lit areas such as a home office or kitchen. Right: Two self-powered displays
provide insight into activity in categories: (e) pod, displaying “Hobbies/Recreation/Socialising” or “Admin/Chores”; and, (f)
fridge magnet, showing “Cooking/Eating” activity. Full details on how to build and deploy the system are provided in the
source code repository for this paper.6

Photovoltaic module. The NanoBeacon consumes less than 500 nA

in sleep mode while the EKMB1107112 has a quiescent current

consumption of only 1 𝜇A. IN100 transmit power is configured to 0

dBm (1 mW). The IN100 is configured to transmit as an iBeacon.

The supercapacitor (5 V, 0.4 F) of the Epishine Organic PV module

will become fully charged under 500 lux illuminance in approxi-

mately 5 hours. The total charge stored in the supercapacitor is 0.4

F * 5 V = 2 C. Each IN100 trigger and BLE transmission consumes

approximately 13.65 𝜇C (measured using Nordic NRF PPK2 Power

Profiler Kit). This figure is negligible in terms of our deployment

scenarios. These components are then confined within a custom

3D-printed housing allowing the PIR sensor to observe an area,

harvest light energy, and for the IN100s antenna to protrude.

Each sensor transmits a Bluetooth low-energy (BLE) “ping” when

activated (i.e., as little information as possible, to avoid any privacy-

intruding data). These pings are detected and processed by a Rasp-

berry Pi model 4B+ running the Raspberry Pi OS Lite, as no user

interface is required. The Raspberry Pi runs a Python script which

constantly monitors the existence of local Bluetooth devices and

checks the MAC addresses of the Bluetooth devices against a list

of known MAC addresses. Then, if a match is found, a sensor has

transmitted a “ping”, signalling that an interaction has occurred. Fol-

lowing this, the sensor ID, its associated activity and the timestamp

are saved and processed.

Figure 6 illustrates a range of example locations for both sensors

and displays around the home.

4.2 Presenting sensor data
In Activity 1, participants showed us that objects/spaces could

be used for multiple related activities. In response, we identified

three broad categories that a sensor can be associated with: “Hob-

bies/Recreation/Socialising”; “Cooking/Eating”; or “Admin/Chores”.

Given participants’ desire for privacy, we chose to proceed with

three low-granularity abstract LED displays to present the activity

in each category. After processing the “ping” data, the Raspberry

Pi broadcasts the number of LEDs the interface should illuminate

via a Zigbee X2C module. From participants’ suggestions we made

two form factors of self-powered interface: the pod, and the fridge

magnet (see Fig. 5 (right) and Activity 3, above). Each form fac-

tor consists of a custom-made LED display board, driven by an

ultra-low power microcontroller MSP-EXP430F5529 and a pair of

74HC595 shift registers. Wireless communication between the pods
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Figure 6: Example Ageing Well sensor and display locations around a home. Photo insets show actual deployments from
participating households. Top left: PV passive-infrared movement detector placed on top of a participant’s fridge to detect
presence in the kitchen. Middle left: PV bookmark sensor inside a book on a bedside table. Bottom left: PV sensor placed in the
corner of a television to detect light (i.e., its on/off status). Top right: Kinetic-energy switch attached to a kitchen cupboard to
detect when it is opened or closed. Bottom right: Three self-powered pods placed upon a small table within a participant’s
home and labelled with photos to show the activity categories they are displaying.

and central hub is via a S2C Zigbee module. The interfaces are

self-powered from ambient light energy harvested by the Epishine

Organic Photovoltaic modules discussed above. The total current

consumption of the interfaces in sleep mode is approximately 4.29

𝜇A @ 3.3 V.

The display of each interface consists of two circular rings of LED

lights. The inner ring shows the average of an activity calculated

since activation, and the outer ring shows the count of an activity

for the current day. Each interface has an activation button which,

when pressed, illuminates the LEDs to show both today’s level of

activity and the user’s overall average given the data provided by

the Raspberry Pi. Once activated, the interface wakes from sleep

mode, listens for the number of LEDs it should illuminate, illumi-

nates the LEDs and then returns to its low-powered sleep mode

within five seconds. Each interface activation consumes between

0.24 and 0.41 C, depending on the display data (i.e., number of LEDs

illuminated). This means that a fully charged supercapacitor can

power the interface for typically no more than 4 or 5 activations in

close succession. The internal electronics are made to be identical,

making production faster and easier. The form factor of housing is

created depending on where the interfaces could be placed.

As some of the participants had described their use of both quan-

titative visualisations for fitness (e.g., graphs of step counts) and

qualitative ways of tracking their lives (e.g., journalling and online

calendars) we added four additional presentations to the design (see

Activity 3, above). The first was the raw sensor data; the second

used this raw data to create a heatmap showing the activation of

each sensor over time. The third was a narrative created by a LLM

(ChatGPT) from the sensor activations (cf. [10]) and the last was

a ChatGPT-created structured diary and recommendations, again

based on the sensor data. ChatGPT was also used in the deployment

interviews to enable householders to interrogate their activity in

the light of the LLM’s data on home-life, ageing well, etc. To provide

the data needed for these presentations, the object/location of each

sensor (e.g., “fridge door”) is defined by the user on installation and

stored securely. While the pods were available to the participants

throughout the deployments, the other data presentations were gen-

erated by the researchers and shown to them during the structured

interviews (see Section 5.1). Figures 7 and 8 illustrate the raw data

and heatmaps using data from the deployments. Box 1 (below) is

an example extract from a ChatGPT story generated by the prompt,

“Write a story of X’s day given these IoT sensor activations. X is a lady
in her 60s”, along with the raw data list for the period in question.

5

Box 1:
In the cosy one-bedroom flat nestled on the fourth floor of

a charming block of flats, lived X, a woman in her early 60s

[ . . . ] Monday morning arrived, bathing X’s living room in a

soft golden glow as the sun’s rays filtered through the sheer

curtains. Her worn yet welcoming furniture seemed to come

alive in the morning light, and the faint hum of the kettle

indicated the start of another day [ . . . ]

Box 2 is an example of the structured diary and recommendations

generated by the prompt “Analyse and produce a diary of the week
in a friendly format suitable for X and Y to read (this may include
predicted meal times, etc., and make assumptions for activities that
were ongoing between sensor readings. Note that it may be more
suitable to focus on general time periods instead of exact seconds
and minutes). Put it into a format which X and Y would find helpful
and interesting. Perhaps it could include some recommendations or
feedback on their routines, etc.”

5
Note: names have been removed from this and other examples to preserve privacy.
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Box 2:
Patterns & Observations:
1. Leisure and Reading: Your dedication to reading was evident,

with regular reading sessions both early in the morning and

in the evenings. These moments allowed you to unwind and

enjoy personal time.

[ . . . ]

Recommendations:
1. Efficient Kitchen Organisation: To streamline your kitchen

activities, consider reorganising cupboards and drawers for

easy access to utensils, pans, and cleaning supplies.

[ . . . ]

4. Hydration and Breaks: With your busy routines, remember

to stay hydrated and take short breaks to maintain your energy

levels throughout the day.

To support and enable others to build upon this work, full de-

tails of the toolkit are provided in the accompanying source code

repository for this paper
6
.

5 DEPLOYING THE SYSTEM
We recruited two households who allowed us to install the system

for a total of six weeks of deployment.

5.1 Method
Household 1 (H1) consisted of a single female (age 67)—P1—who

lived in a small apartment with an open-plan kitchen combined

with a living room, one bedroom, hallway and bathroom. P1 looked

after her grand-daughter at home several times each week. P1 had

participated in Workshop I and self-identified as someone who

enjoyed tracking elements of her daily life. Household 2 (H2) were

a married couple (male and female, average age 72)—P2 (M) and

P3 (F)—who had lived in this large 1901 townhouse for 48 years.

The house had three floors with multiple rooms including a “book

room”. In contrast to P1, neither of the participants had previously

taken part in either of the two workshops, and neither used any

form of digital self-tracking.

H1 had the system deployed for four weeks and H2 for two

weeks. During this period, we visited each household several times

to carry out interviews and extract data from the deployed system

for further analysis.

Installation. For the three activity categories described earlier

(“Hobbies/Recreation/Socialising”; “Cooking/Eating”; and, “Admin/-

Chores”), the householders were asked to walk us through relevant

locations and objects. Twelve sensors were then attached to the

objects and locations and each was associated with one of the three

pod and fridgemagnet displays. That is, each home had two displays

(a pod and a fridge magnet) for each of the three activity categories.

The system was tested and demonstrated to the householders.

Follow-up 1. After a week, we returned to the households and

carried out a structured interview that probed participants to reflect

on the system and its use. We also addressed any technical or design

aspects.

6
https://github.com/fitlab-swansea/ageing-well-toolkit/

23-08-2023, 08:21:59 , Utensil Drawer

23-08-2023, 08:25:07 , Kitchen

23-08-2023, 08:26:16 , Toybox

23-08-2023, 08:26:24 , Kitchen

23-08-2023, 08:26:51 , Utensil Drawer

23-08-2023, 08:27:03 , Bin Cupboard

23-08-2023, 08:29:19 , Kitchen

23-08-2023, 08:55:33 , Utensil Drawer

23-08-2023, 09:04:11 , Kitchen

23-08-2023, 09:49:50 , Toybox

23-08-2023, 10:53:05 , Bin Cupboard

23-08-2023, 10:53:09 , Kitchen

23-08-2023, 10:58:51 , Toybox

Figure 7: An extract from the raw data logs captured from a
participating household during our deployment.

Follow-ups 2–4. At one-week intervals we returned to H1 (days

7, 14, 21 & 28) and H2 (days 7, 14) to seek further responses, again

using a structured interview technique.

Interrogating alternative visualisations. The four alternative visu-
alisations described earlier were constructed from the sensor data

gathered for the household to date on days 14, 21 & 28 (H1); and,

14 & 21 (H2). These visualisations were shown to the householders

during three (H1) and two (H2) visits to their homes, and as well

asking them to respond to the presentations, for the LLM we asked

participants to construct prompts that could further interrogate the

data to generate additional LLM interpretation and output.

Both quantitative data (e.g., display activations) and qualitative

data (interview transcripts) were collected during the study. In a

similar fashion to prior work (e.g., [2]) we analysed the interview

transcripts using a mixed bottom-up (free of the themes surfaced

in the co-creative processes) and top-down (using themes such as

privacy and curiosity) approach.

5.2 Findings
Sensor placement. The sensor activity-agnostic design was beneficial
as a wide range of different objects and locations were identified by

participants. These included drawers, lid boxes, doors, living and

kitchen areas. The need for customisation was surfaced, though, by

a request from P1 who wanted a PV sensor on her grand-daughter’s

toy box; however, due to concerns about potential choking hazard

if the sensor was deployed as standard, we provided a customised

3D-printed safety container. The simple-to-configure and editable

nature of our toolkit supports the sorts of adjustments home-owners

might request after initial deployments: e.g., after seven days of

using the system, P1 asked for an additional sensor to be placed on

her recycling bins, and P3 suggested that a sensor to log her use of

the telephone would be helpful as she did most of her socialising

by chatting on the phone.

Display activation. On average, H1 and H2 pressed the pod but-

tons three times a day. A similar pattern was seen with respect to

the fridge magnet displays.

Reflections on home-use. For H1 and H2 participants found that

the system did prompt them to consider their use of the home. P1

told us that her awareness of the system—not simply the output

displayed by the pods—caused her to reflect on her home life (e.g.,

“Just having it here is making me think more of what I do around

https://github.com/fitlab-swansea/ageing-well-toolkit/
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Figure 8: A sample heatmap created from 20 days of house-
hold object/activity data and used as a one of the visualisation
options to stimulate reflection on home use.

the flat” ). For instance, the mechanical noise the kinetic-energy

sensors made in her kitchen reminded her that she had left her

television on, so she went to switch it off while cooking. P1 also

gained insight into her leisure time (e.g., in a self-judgmental tone,

“I read less than I thought I did [ . . . ] I have been binge-watching a
series on telly” ). H2 reported that the system led them to reflect that

they had a fixed routine they were comfortable with (e.g., P2, “We
have a ritual that we do every day” and “We are not going to change
at this point in life” ). The system, then, provides both possibilities

of provoking action and changes, and acts as a reminder or signifier

of the “pulse” of the home.

Alternative presentations. The raw data and heatmaps stimulated

H1 andH2 to proactively discuss and reflect on their home use, infer-

ring activities that were signalled by sensors directly and indirectly

associated with the activity: e.g., “That was me in the kitchen making
tea past midnight on Tuesday” (P1); and, from sensors attached to

cutlery drawers and crockery cupboards but not the dishwasher,

“We are obviously unloading the dishwasher then” (P2 & P3).

The ChatGPT-generated stories were received well in three re-

gards. Firstly, for H2 the stories were entertaining and caused reflec-

tions on their actual and ChatGPT-imagined lives: e.g., “What an
exciting life we lead!” ; and, in response to a generated passage that

said the couple danced into the night in the kitchen, “My partner
doesn’t dance until [they have] had five pints”. Secondly, for H1,
the apparent accuracy of stories was surprising: e.g., there was

a passage about a “worn linoleum floor” (despite there being no

prompt to ChatGPT about the floor, its material or condition) and

P1 told us that they had indeed been aware of the condition of their

floor. Thirdly, both H1 and H2 encountered ChatGPT output that

surfaced limitations and issues associated with generative AI: in

addition to the co-incidental truths generated (such as the previous

example), P2 and P3 noted the sexism in the story language, as

ChatGPT consistently placed the female character in the kitchen

or doing chores.

H1 and H2 preferred the structured diary style output generated

by ChatGPT over the story format, and found the recommenda-

tions insightful and useful: e.g., for H1, ChatGPT suggested the

participant to be more organised in the kitchen based on multiple

instances of opening and closing the same cupboards. P1 liked this

as they believed the system had surfaced something she had been

pondering herself. For H2, the system recommended installing a

motion-sensing light in the kitchen. Both participants found such a

suggestion useful, as they often left the kitchen light on for long

periods having forgotten to turn it off. H1 and H2 were able to

suggest additional prompts to interrogate the data (e.g., “Tell me
when I eat meals” (P1); and, “What do we normally do around 11
AM?” (P2 & P3). Of the different presentations, both households

felt the LLM ones provided the most potential for deepening their

understanding and enjoyment of their home.

Concerns and limitations. Both H1 and H2 told us that visitors

had raised privacy concerns (e.g., H1: ‘‘Can they hear us? [ . . . ] Can
they see us?” ). H2’s home was large and the walls thick; this led

to some issues for the BLE communications. Further, the home

due its older design and the homeowners’ choice of lighting was

challenging for the photovoltaic energy harvesters. No such issues

were found in the modern, light-filled home of H1.

5.3 Technical findings and adaptations
As well as useful insights from homeowners, the process of deploy-

ing the system within the homes has also enabled us to understand

technical limitations and missed opportunities. We detail these,

below, and show how we have adapted the toolkit in response.

Figures 9 and 10 illustrate prototypes of the adaptations: draw-

er/door sensors designed to fit on top standard drawer/door fittings;

similarly, a light-switch-based sensor to sit over home switches;

a roller-blind fitting sensor to enable the system to capture open-

ings and closings of window coverings; and, a heat-actuated sensor

based on a greenhouse autovents system
7
enabling us to register

changes to room temperatures if, for instance, attached to a home

radiator.

Turning first to the drawer/door fitting. In the toolkit described

in this paper, the kinetic energy sensor requires two parts: the

sensor itself and a “finger” of acrylic to actuate the switch. This

setup allowed an almost universal use of the kinetic energy switch.

However, this involved precise positioning of both parts. Following

the deployments, further iterations of the kinetic energy sensor

were developed. These iterations took inspiration from the furniture

and accessory manufacturer IKEA. IKEA products are known for

their simplicity and compatibility. Using these inspirations, we

began development on two kinetic sensor versions – the kinetic

door sensor and the kinetic drawer sensor

The kinetic door sensor builds on the IKEA Utrusta push-to-open

accessory
8
. The sensor component attaches to a cupboard, near the

door (see Fig. 9 (a)). The sensor uses a spring-based device to trigger

the kinetic sensor without an acrylic “finger”, making installation

7
A mineral wax linear actuator: https://harvst.co.uk/how-do-automatic-greenhouse-

window-openers-work

8
https://www.ikea.com/gb/en/p/utrusta-push-opener-80230224/

https://harvst.co.uk/how-do-automatic-greenhouse-window-openers-work
https://harvst.co.uk/how-do-automatic-greenhouse-window-openers-work
https://www.ikea.com/gb/en/p/utrusta-push-opener-80230224/
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(a)

(b)

Actuated
Unactuated

Figure 9: Prototype toolkit adaptions: (a) the kinetic door sensor in actuated and unactuated states, and (right) in situ. (b) the
kinetic drawer sensor, with its mechanism detail enlarged, and (right) in situ.

more robust and easier to carry out. When the door is opened, the

spring triggers the switch, and when the door is closed the door

pushes back the trigger to activate the switch once again.

The kinetic drawer sensor, meanwhile, is based on the IKEA

Markhus soft closing device
9
. The purpose of the device is to stop

a drawer from slamming shut. It performs its task by dampening

the linear movement of the drawer. We have been inspired by

this mechanism so that instead of dampening the drawer’s linear

movement, it triggers the kinetic energy switch. Figure 9 (b) shows

the kinetic drawer sensor, and the sensor in situ. Unlike theMarkhus

device, our sensor only needs a momentary connection with the

moving drawer. This contact occurs when the drawer begins to

open, and again when it is about to close. This adaptation creates a

more robust method of activation and simplifies installation.

In the existing toolkit, lights being turned on and off are mon-

itored using photovoltaic sensors placed within a lamp covering.

However, this is suboptimal as continuous “pings” from these sen-

sors are received when the bulb is on. To address this problem,

we developed a 3D printed housing which can be retrofitted to

existing wall-based light switches. Placement of the light-switch

sensor requires no knowledge of electrical wiring as it does not

9
https://www.ikea.com/gb/en/p/markhus-soft-closing-device-60426571/

alter the existing switch. The sensor is simply placed over the ex-

isting switch. The light-switch sensor looks and works the same

way as the existing switch. In addition, the sensor incorporates a

kinetic energy sensor switch to “ping” when the switch has flipped.

Figure 10 (a) shows a single light-switch sensor. Double and triple

light-switch sensors have also been developed for use where needed.

The sizing of wall-based light switches is standardised, allowing

generic sensors.

Another additional sensor placement identified during the de-

ployments was a roller blind. These fittings often exist in more than

one room within a home, and may be raised or lowered throughout

the day via a pull cord. Roller blinds usually have either a 28mm

or 32mm diameter pole, with the mechanism being universal. The

mechanism consists of a static core, which is attached to the bracket,

and a rotating outer collar, which is rotated by the pull cord to allow

the raising and lowing of the blind. We have created a mechanism

to convert this rotational movement into energy to “ping” when the

roller blind is being raised or lowered. The mechanism connects

to the static core, housing a geared motor. A disc is connected to

the driveshaft of the motor, which is locked into place within the

pole of the blind (using the point at which the blind material is

connected to the pole). A PTM 535BZ BLE device is placed outside

https://www.ikea.com/gb/en/p/markhus-soft-closing-device-60426571/
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(a)

(c)

(b)

Front
Back

Figure 10: Prototype toolkit additions: (a) the light switch sensor. (b) the roller blind sensor mechanism. The white section is a
standard roller blind mechanism, and the dark grey section houses the geared motor. The left of the mechanism shows the
wire connections, while the right shows the disc connected to the motor driveshaft. (c) the heat based sensor prototype in its
cool (left) and warm (right) states.

of the roller blind (as the metal pole blocks its signals). The device

is powered by the mechanism using wires through the static core.

Figure 10 (b) shows the roller blind mechanism.

Finally, development has begun on self-powered heat-actuated

sensors. Mineral wax linear actuators are used to “ping” when a

room reaches a predetermined temperature. Originally, these min-

eral wax linear actuators opened and closed greenhouse openings

to reduce the internal heat. A housing developed to hold the kinetic

sensor and a spring-based mechanism will allow the adjustment

and activation at a chosen temperature. Figure 10 (c) shows the

prototype heat-actuated sensor and its mechanism.

6 DISCUSSION
There is a clear opportunity to explore IoTs that embody fram-

ings beyond the orthodox ageist, decline-focused models which

dominate the research literature and commercial system offerings.

The findings of our design workshops and deployments evidence a

range of ways for such framings to support home-life and reflection.

Workshop I provoked a re-examination of monitoring in the

light of the diversity of positive home activities our participants

described. In addition, participants emphasised the need for any

system to prioritise both privacy and low energy costs. These re-

quirements directly influenced the initial concept design involving

self-powered components and privacy-preserving communications.

The proliferation of IoT home systems—for older adults and indeed

homeowners in general—has led to many concerns around privacy,

security and energy costs. Participants’ views and the system de-

signs they helped shape in our work are ones we would strongly

encourage all home IoT developers to consider.

In Workshop II the rich descriptions of how participants used

their homes and the ways they currently reflect on their daily

lives led to an extensible novel toolkit. During the subsequent

deployment the combination of IoT sensor data with ChatGPT,

spurred by participants’ journaling practices, also demonstrated a

novel use of LLMs.

As a side-effect, we note too that using the LLM in regards to their

own home-life provided an accessible and creative—rather than an

abstract or hyped—way for our participants in the deployment to

learn about generative AI and its limitations. While the ChatGPT-

generated reflections and recommendations might seem at odds

with one of our initial design drivers—namely to provide ways for

homeowners to make their own meanings—we saw that these out-

puts spurred reflections and further questions rather than turning

the participants into passive consumers of monitoring outputs. The

deployment combined both user centred and technology-centred

perspectives; in doing so we gained insights to steer our technical

innovations and use-cases.

7 LIMITATIONS
Two of the requirements for the system design from the older

adult participants were privacy-preserving qualities and low energy

needs. We acknowledge that an LLM requires a great deal of energy

when it is being trained. However, we are simply making use of

an existing resource that exists regardless of our application. We

note ongoing efforts to reduce the carbon impact of such systems

(e.g., [8]). We further acknowledge that transmitting the sensor

data to an external LLM (like ChatGPT) could risk privacy invasion.

However, given the lack of location data and the generic object
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descriptions (e.g., “puzzle box”) transmitted, we feel the threat to

privacy is very low. Nevertheless, we are considering removing the

need to use an external LLM through a locally deployed model
10
.

Our focus in this work was “ageing well”, and our older adult

participants were committed to positive perspectives on ageing. We

acknowledge there are many older adults who have to deal with

many physical and cognitive issues as they age. We did not shape

or evaluate the proposals presented here in these contexts: existing

IoT systems are predominately designed to support “frailty”. We

might speculate, though, that older adults dealing with such issues

would be additionally served by the sort of systems proposed in

this paper as well as by conventional monitoring services.

8 CONCLUSIONS AND FUTUREWORK
The older adults we worked with in this project were “ageing well”

and did not see the value of commercially available and previous

research IoT prototypes that attempt to watch over or protect them.

In contrast, they articulated a desire to use new technologies to help

them flourish. This desire to grow as they aged was demonstrated

by the range of activities and interests they shared with us. The IoT

they helped design, then, spoke to their curiosity and eagerness

to reflect and learn. With the evidence provided by the focused

deployments, we plan to provide householders with much larger

numbers of sensors (from the current 12 to 60+) they can use to

instrument their house, with the hypothesis that this will enable

broader and deeper insights into home life. In terms of display-

ing the outputs of these sensors, given the interest and value in

LLMs, we plan to explore this approach further including the use

of self-powered E Ink displays to provide the sorts of narrative and

structured summaries explored in these first studies.
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