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Abstract
We present the concept and technical realisation for a cup that moves and lights up to bring itself to the attention of a person 
to trigger him/her taking a sip as a response. We then reflect on different ethical dimensions connected to the application of 
the cup in the context of people affected by dementia and describe first tests performed in elderly care homes. The concept is 
aimed at people with dementia in home or resident care who still have the ability to act, but tend to mentally drift away and 
thus require external impulses and triggers to drink. We found out that a substantial part of the residents fulfil these condi-
tions. The cup moves and lights up in regular intervals if it has not been picked up recently. Once it is emptied, it alerts a 
caregiver to refill. Moreover, the degree or level of movement and light can be configured, depending on the person’s needs 
and reactions. This paper describes the core idea and the technical aspects of building the prototype. Finally, primary tests 
were conducted with the aim to construct a protocol and structure for an extended quantitative study.

Keywords  Dementia · Dehydration · Elderly care · Robot ethics

Introduction

A general concern in the support of people affected by 
dementia in long-term care is to prevent dehydration [1, 
2]. These people often do not perceive being thirsty and 
therefore do not drink enough. In previous fieldwork in dif-
ferent elderly care homes in Germany and Denmark, it was 

observed that often a resident would take a sip, put down 
the cup, and then stare into space again, until a staff member 
would move the cup towards their hand. Often, the resident 
then looked at and took the cup up again to drink. This exter-
nal trigger brought the cup to resident’s awareness again; 
however, such regular motivation of residents poses a sig-
nificant workload to staff.

This observation motivated the concept of a moving 
cup which brings itself to attention (as illustrated in Fig. 1) 
without human stimulation by care staff. The concept goes 
beyond existing products (discussed in more detail in “State 
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of the Art”) that integrate blinking lights as a reminder to 
drink [3–6] or use speech [7]. It is based on the hypothesis 
that the movement of the cup itself (Fig. 1), along with light 
and a slight sound produced by the cup’s vibration, provides 
a stronger trigger than only using lights. The use of speech 
is ethically problematic, as discussed in “Ethical Considera-
tions”. Moreover, our cup does not interfere with the habitu-
ated appearance of a cup or glass, and thus may be more 
appropriate for people with dementia, where it is important 
that objects look familiar and can be recognised [8, 9].

The cup aims to support the person’s remaining ability for 
action, a principle in elderly care where it is aimed to keep 
residents active and involved as this can delay the (inevita-
ble) decline [9–12]. Feedback from care staff as well as from 
geriatrics experts supported our idea.

In this paper, we describe the design of a working pro-
totype (Fig. 3) that illustrates the concept and enables user 

tests (“Detailed Overview of Functionalities” and “Func-
tionality Tests”).

The use of robots in healthcare environments is an 
important area of development but also raises important 
ethical issues, especially with vulnerable people such as 
those affected by dementia. Ethicists fear that the robots 
designed for them benefit mostly caretakers and threaten 
their privacy, liberty, and dignity [13–15]. Unfortunately, 
most of these robots are still designed without considera-
tion for these ethical issues [16]. In this paper, we include 
an ethical evaluation of the cup and give some recommen-
dations for how to use the cup in a way that is ethically 
acceptable (“Ethical Considerations”).

To define the optimal procedure for future quantitative 
tests, the routine and drinking habits at a care home in 
Denmark were observed and the cup was introduced to 
a few people to record the initial reactions. We discuss 

Fig. 1   Envisioned use of cup, prototype design, and current working prototype
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considerations made after the introductions on the cup’s 
design, functionality, and future quantitative testing 
procedures (“Initial Observations and Thoughts About 
Redesign”).

The paper is an extension of a conference paper [17]. 
While the technical parts are to a large degree identical, we 
added a rigorous reflection on different ethical dimensions 
connected to the Bibo-cup when applied in the context of 
people affected by dementia in “Ethical Considerations”. 
Also, we report (see “Initial Observations and Thoughts 
About Redesign”) on initial observations in a Danish care 
home where the Bibo-cup has been introduced.

State of the Art

Dehydration affects 20–30% of older adults and increases 
reported health issues [18]. Dehydration is even more 
perilous for people with dementia, as it poses one of the 
main, often less thought of, causes of death. More people 
with dementia, once they reach a late stage in the disease, 
die from cachexia or dehydration rather than of any other 
cause of death [19]. Dehydration has been found to be more 
severe in people with advanced cognitive impairments [20]. 
According to Xiao et al. [21], on average, 5.5 billion dol-
lars are spent in the USA annually to treat hospitalisations 
caused by dehydration.

Dehydration in the elderly happens for multiple reasons. 
Fluid reserve is decreased compared to their younger selves, 
liquid loss is more frequent, and the sense of thirst is not 
as intensive [22]. A combination of these reasons, among 
others, can co-exist in a person causing severe dehydration.

Most of the solutions that encourage people to drink 
have taken the form of augmented bottles or cups (e.g., [4, 
5, 7, 23–26]), while others take the form of add-ons to be 
combined with existing objects (e.g., [3, 6, 27]). The most 
common method seems to consist of grabbing the attention 
with a visual trigger through light effects (e.g., [3–6]), via 
an audio signal (e.g., [24]), or through a combination of both 
(e.g., [7, 25, 26]).

The option of using vibrations to attract attention has 
been utilised in Ozmo [23], a bottle that reminds you to 
drink by vibrating (which might constitute rather an audio or 
haptic signal). Visible movement as an attention trigger has 
been explored more explicitly with the Bionic water drink-
ing reminder [27], an additional attachment to a cup, shaped 
as a butterfly, which uses a vibration motor to flap its wings 
when triggered, to attract attention. However, the cup itself 
does not move.

Several of these products offer additional functions, such 
as monitoring water consumption (e.g., [4, 5, 23, 25, 26]), 
the frequency of drinking (e.g., [7]), or keeping the tempera-
ture (e.g., [4, 5]). Some products are paired with applications 

that allow the monitoring of daily fluid consumption, record 
hydration history, and calculate personal hydration goals 
(e.g., [4, 5, 23]). Most existing products are general con-
sumer products, and very few are aimed for elderly and 
persons affected by illnesses and offer specific functions 
for care, such as Drink Smart [25, 26], a cup connected to 
a digital care documentation, or Droplet [7], a dementia-
friendly mug that alerts caregivers with flashes and attempts 
to attract the user’s attention with sound recordings.

Ethicists have pointed to some ethical risks of using 
robots to care for elderly people. Yet, many robots are still 
developed with little ethical considerations. This increases 
the risk that robots that are not ethically acceptable will be 
developed and marketed. For example, PARO is a baby seal 
robot that reacts to touch and sound and that is used as a 
replacement for animals in zootherapy. Several studies have 
shown that its use brings several benefits, such as reducing 
stress and increasing socialisation [28, 29]. Nevertheless, 
PARO is criticised for deceiving and infantilising elderly 
people with dementia [30, 31]. Some claim that robots like 
PARO are therefore harmful and ought not to be used in such 
contexts [32]. Many ethicists, therefore, advocate for design 
processes that involve ethical considerations [16, 33, 34].

Product Description and Envisioned Use

Through a few iterations and feedback from experts in geri-
atrics and elderly care, a prototype was designed (Fig. 1b, 
c) as a proof of concept as well as demonstrator for planned 
user tests (Fig. 1d). As a general design constraint, the shape 
and look needed to be recognisable as a cup and look famil-
iar, so that it can evoke spontaneous use as response from 
elderly residents with dementia. The cup is small enough 
in diameter and light enough to be handled easily. The pos-
sibility of adding a supplementary handle for residents with 
limited hand functionality was added as an option (Fig. 1c), 
based on recommendations from elderly care experts.

The cup consists of two parts. The lower part is made of 
coloured polyamid and houses all electronic components and 
sensors. A coloured cup is considered easier to perceive, as 
intense colours aid visual perception in people with demen-
tia. At the moment, the cup is made from a photopolymer 
(VeroWhite) for a Stratasys Objet30 Prime 3D printer to 
enable iterations within tests and development. Detailed 
consideration was given to the upper part, which holds the 
beverage. A food-safe and transparent material is used to 
facilitate diffusing of the coloured light (Figs. 4b, 7) as well 
as to keep the appearance of a regular cup or glass.

The envisioned scenario of use is that care staff places 
the cup in the field of view of its user (usually on a table) 
and activates it via a switch. If the cup is not picked up 
for a (predetermined) time, it will start to move and blink, 
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thereby alerting to its presence. This would then attract 
the attention of the resident, who perceives and recognises 
the cup, thereby prompting them to drink. The activation 
(movement and light) is executed in spaced-out inter-
vals, to enable the intermittent drinking and avoid overly 
disturbing the resident. If the cup is not picked up, the 
activation will be repeated after a predetermined time has 
passed. If a pickup is detected, the cup stops moving and 
will restart the countdown for a subsequent activation at 
a later time.

The device can be configured and personalised accord-
ing to the individual’s needs via physical sliders (Fig. 2). 
Geriatrics experts recommended providing the ability for 
configuration, because of the differences in each stage and 
form of the disease, where each individual might react 
differently, which has an impact on how strong the visual 
and/or movement signal needs to be (or what would be 
too much). They also stressed that such controls need to 
be simple and physical tangible (not via a mobile app), 
since any caregiver (or temporary help) should be able to 
do this, and care staff often have little affinity with tech-
nology. The configurable parameters are the intensity of 
movement, intensity of blinking, and light colour.

If the resident picks up the cup, this is detected by an 
accelerometer. The cup then ceases to move, so that they 
can drink. When the cup is empty, the cup will repeatedly 
flash on and off in a predetermined colour to alert the stuff 
for refill as well as aid in liquid intake monitoring.

Detailed Overview of Functionalities

We now describe the cup functionalities and details of 
the mechanical and electronic realisation. This is struc-
tured along the core functionalities of our prototype: 

grabbing attention (“Grabbing Attention”); water level 
detection (“Water Level Detection”); activation, de-
activation (“Activation and De-activation, Charging”); 
pick up detection (“Pick Up Detection”); configurability 
(“Configurability”).

Grabbing Attention

Two actions are implemented to attract the attention of 
the residents: movement (and the implicit sound from its 
production), and coloured light impulses that create visual 
stimulation. These occur in bursts, to enable drinking in 
between those phases and to avoid over-stimulation. Ideas 
for sound output as an explicit signal were discarded and 
we aim for fairly subtle motor sounds. This is because care 
experts advised that if the cup is used, e.g., in the social set-
ting of a care home’s dining area or sitting/common room, 
this could overstimulate and annoy people (including the 
staff), in particular if several such cups are in use.

The movement of the cup is generated using a small 3V 
DC motor mounted in the bottom of the cup (Fig. 4a). A 
plastic lever is attached to the motor shaft. The end of the 
shaft holds a small steel puck which acts as an unbalanced 
Eccentric Rotating Mass (ERM) which generates instability 
resulting in a centripetal force, forcing the cup to rotate, and 
a centrifugal force away from the centre of the motor shaft. 
The motor rotates the lever arm at a variable speed, depend-
ing on the measured water contents of the cup (see “Water 
Level Detection”), generating the needed forces/vibrations to 
correctly rotate the cup, without spillage. With the eccentric 
rotation of the motor and of the cup itself, the cup moves on 
the table, changing its position and thus visually stimulating 
the resident. To avoid moving too far from the resident and 
prevent the cup falling off the table, the motor changes direc-
tion of rotation between activations, thus moving in opposite 
directions in consecutive bursts. The specific speed of the 

Fig. 2   Activation and configuration switches



SN Computer Science (2023) 4:432	 Page 5 of 16  432

SN Computer Science

motor at the respective water levels was determined based 
on lab tests (see “Water Level Detection”).

As a complementary way of attracting attention, the cup 
subtly blinks (Fig. 4b) when activated, using an Adafruit 
Neopixel ring (Fig. 3f). The colour and intensity of the 
light can be configured according to individual’s needs as 
explained in “Configurability”; see (Fig. 2a). As a default, 
the colour red was chosen, as studies show that red or simi-
larly intense hues increase liquid intake in people with 
dementia by ca. 80% [35].

Water Level Detection

Two approaches for water detection methods were explored, 
a capacitive sensor, that roughly detects the presence (not 

quantity) of water and a strain gauge bridge, which is also 
able to measure quantities. As the capacitive sensor func-
tions without contact, it can be embedded in the plastic shell 
(Fig. 5a), and thus does not require waterproofing. The cur-
rent version of the prototype works with a capacitive sensor.

An additional method for detection is currently in the final 
stages of development. The strain gauge method measures 
the weight of the water content in the cup. This information 
can be used to adjust the rotation speed of the motor making 
the cup move/rotate. The more water the cup contains, the 
faster the motor will spin, enabling movement even with the 
added weight.

The cup is comprised of a top and a bottom half, where 
the bottom contains the electronics. The top half, which 
contains the water, is fitted with a flexible bottom made of 

Fig. 3   Prototype components
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food-approved plastic, and has four strain gauges glued to it 
(Fig. 5b). The strain gauges circuit is set up as a full Wheat-
stone bridge [36]. Physically, this appears as strain gauges in 
pairs in two circles (see Fig. 5b). A pair of strain gauges in 
this case is two strain gauges placed with an equal distance 
from the centre of the flexible bottom mirroring each other, 
which makes up the full Wheatstone bridge. A full Wheat-
stone bridge is needed to neutralise the effects of tempera-
ture changes which the strain gauges are sensitive to. The 
strain gauges deform due to the increased weight of water 
in the cup, thus changing resistance, making it possible to 
algorithmically correlate changes in strain gauge resistance 
to the change in weight. To determine the weight of the cup 
content, the voltage output from the strain gauge Wheatstone 
bridge is correlated to a unit of weight. To do this, a steel 
cylinder (Fig. 5c) is fitted with a 1 mm-thick PETG plastic 
bottom (Fig. 5b), with the four strain gauges mounted on it. 
The Wheatstone bridge is connected to a micro-controller 
which collects the data.

Activation and De‑Activation, Charging

The activation of the cup is done in two steps. First, a but-
ton is pushed on the cup’s bottom (Fig. 2a). Once switched 
on, the LED ring blinks briefly, its colour indicating the 
battery status. After the cup flashes with a green light, 

indicating sufficient battery power, the cup can be placed 
in front of the user, and is then activated by touching the 
two opposite finger recesses simultaneously (Fig. 6a), thus 
preventing unintentional activation.

The main process then starts and will continue only if 
the cup contains fluid and is not grabbed. Once the battery 
is low, this stops and the LED ring starts to blink red. The 
cup must then be switched off by pressing the ON/OFF 
button at the bottom of the cup and placed on its induc-
tion charging base (Fig. 6b). Although less effective than 
USB-charging, induction was chosen for its practicality 
and ease of use.

Pick Up Detection

The vibration or movement of the cup should not con-
tinue when taken in hand. The accelerometer (Fig. 3e) 
enables the monitoring of any movement in elevation and 
change in inclination; two parameters innate to handling a 
drinking cup, first lifting the cup from the table and then 
inclining it to drink. Together, these parameters make it 
possible to detect if the cup is picked up, and then to stop 
the motor and the LED signal. If the cup is taken up before 
the movement even starts, the whole cycle is reset once the 
accelerometer does no longer detect any movement.

Fig. 4   Cup attention grabbing functions (dancing and blinking)
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Configurability

Geriatrics experts and care staff, who provided feedback 
on our concept, recommended that it should be quick and 
easy for the care staff to reconfigure the three key param-
eters—LED colour, LED brightness, and motor speed—
according to the resident’s needs. As care staff may not be 
familiar with technological applications and since there 
are usually different staff members involved, including 
temporary helpers, we discarded the idea for a mobile 
app, prioritising work-efficiency, and user-friendliness, 

and opted for on-product analogue/physical configuration 
modalities. To save space, we chose three slide switches 
(Fig. 2a), with four positions for configuring LED col-
our (red, yellow, orange, and blue), LED brightness, and 
motor speed. The colours were discussed and decided 
with the help of care staff, aiming to associate colours 
with different beverages, e.g., blue with water, red, and 
yellow with different juice flavours. After each colour 
change, the LED ring blinks in the selected colour as 
feedback (Fig. 7a, b); after an LED brightness change, 
the LED will blink with the currently selected colour in 

Fig. 5   Water level detection methods
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the chosen intensity (Fig. 7c, d); and a change in motor 
speed is shown with a blink in white colour with different 
intensities, to indicate the intensity of the movement (a 
decision to refrain from movement in the configuration 
process was taken). Following recommendations by care 
staff, we plan to conceal these switches with a safety strip 
(Fig. 2b) to avoid inadvertent changes of the configura-
tion by the residents.

Functionality Tests

At its current state, the prototype was tested for func-
tionality in the lab. The previously described capabilities 
have been implemented. The achieved results for the three 
main functionalities (visual signals, movement, and water 
level detection are discussed in the following sections.

Visual Signals

As shown in Fig. 7, the different hues and light intensi-
ties diffused through the cup are clearly visible. The light 
bursts are not intense, but fade in and out, as advised by care 
experts. This is because intense and rapid blinking is feared 
to startle and overstimulate patients.

Movement

The cup rotates in opposite directions in subsequent turns. 
This leads to displacement in a constrained area and ensures 
that the cup does not fall off the table, given that it is placed 
within a minimum predefined distance from the edge before 
activation.

To quantify the movement, structured experiments were 
executed. The cup containing 150 ml of water, fitted with 
an Aruco marker, was activated and left to translate freely, 

Fig. 6   Cup secondary activation method and inductive charging platform

Fig. 7   Light colours and intensities



SN Computer Science (2023) 4:432	 Page 9 of 16  432

SN Computer Science

as it would in a normal activation. A stationary camera 
placed above the area was used to record the movement 
(Fig. 8a, b). The Aruco marker was detected and used to 
extract the exact position of the cup relative to the camera. 
This process was repeated ten times to acquire sufficient 
measurements. The translation of the cup depends, as 
expected, on the intensity of the motor rotation set by the 

configuration switches (“Configurability”). The movement 
was tested in two different surfaces, a wooden coffee table 
and linoleum flooring (Fig. 8c, d). The heatmap illustrates 
the positions of the cup on the surface and the frequency of 
the occupation of the specific position. The translation was 
found to be confined to an area of 0.08 m 2 for the highest 

Fig. 8   Movement quantification experiments
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intensity of movement on the coffee table and much lower 
on linoleum flooring (0.01 m 2).

Considerations on controlling or restricting the movement 
of the cup have been made for later development. First, a 
beacon to detect whether the cup has moved over a “move-
ment safe area” threshold is considered. In case where the 
cup covers a larger distance than initially allowed, the cup 
should seize activation and alert the staff for repositioning. 
Additionally, the investigation of a controlled movement 
generation through additional motors is intended.

Water Level Detection

The current prototype includes a capacitive sensor for water 
detection. The strain gauge method is, however, developed 
and planned to be included in a future second prototype, to 
test both possibilities. In laboratory tests, the strain gauges 
have proven to enable inferring the volume of water in the 
cup, with relative accuracy.

The relation between voltage and water level was deter-
mined as follows: two test procedures were performed as 
preparation for water level detection. In the first, approxi-
mately 40 ml of water was added in the test setup (Fig. 5c), 

then the cup took 1000 measurements/samples with a 
frequency of 4 Hz, and this took approximately 2.5 min. 
Then, another 40 ml was added, and the procedure was 
repeated until the cup was full (i.e., six times). The next 
procedure was the reverse, where 40 ml was removed 
with a sample interval of 1000 samples. The process was 
repeated multiple times in different days and times of the 
day, for thorough data collection and to ensure that cli-
matic changes were not of effect.

Spikes and noise in the readings are removed using 
interpolation. A mean measurement value is calculated for 
each sample set of each water level, and a linear regression 
model is fitted to the readings. Each procedure is fitted 
separately to obtain linear model coefficients. The mean 
coefficients are then calculated. It was observed that a 
stable linear function can describe the relation between 
voltage and water level, with a small instability when the 
water is below 50 ml. The coefficients are plotted, along 
with the calculated mean coefficients (Fig. 9). The mean 
coefficients can then be used real time in the cup to out-
put the water level depending on the measured voltage. 
This calculation is used to adjust the RPM of the motor 
(“Grabbing Attention”). Less samples could also suffice if 
needed; as a minimum, 700 samples have proven adequate.

Fig. 9   Linear regressions of voltage-water level measurements (five repetitions) and calculated mean
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Ethical Considerations

The use of robots and other intelligent assistive technolo-
gies in healthcare is often criticised for the ethical risks it 
involves, especially for vulnerable patients such as people 
affected by dementia. The main ethical risks that have been 
identified are the following ones [13–15]: 

1.	 Reduced Human Contact: If robots are used to perform 
tasks usually performed by human caretakers or rela-
tives, it might reduce the workload of caretakers but also 
result in a loss of human contact for people who already 
tend to be isolated. One concern that is prevalent is that 
the use of robots benefits caretakers but not patients 
themselves [13].

2.	 Privacy: Elderly people can feel that the robot is intrud-
ing their privacy if an assistive robot follows them 
everywhere or enters their bedroom without asking for 
permission first. Furthermore, certain robots can record 
sensitive personal information about patients such as 
their geolocation or even images of them in the pri-
vacy of their bedroom or bathroom. There are concerns 
regarding the confidentiality of these data [37].

3.	 Deception and Infantilisation: The behaviour of some 
social robots can encourage elderly people with demen-
tia to wrongly believe that they have a relationship with 
a robot and that the robot is a person or an animal. Some 
also think that the use of a robot such as PARO that 
looks like a stuffed animal is infantilising and based on 
the premise that elderly people with dementia become 
children again [30, 31].

4.	 Loss of Control and Loss of Personal Liberty: Some 
assistive devices aim at keeping the elderly person 
safe, for example, by preventing them to do dangerous 
actions. Although this aims at enabling people with 
dementia to stay at home longer and thereby preserving 
their autonomy, it can also result in a sense of loss of 
control and personal liberty if the robot controls what 
they can and cannot do [37].

5.	 Risk of Harm and Responsibility: Robots need to be safe 
for users and their risk of harm should be minimised. In 
addition, the question of responsibility in case of mal-
function and harm should be addressed.

These risks, as well as other less prevalent ones, need to 
be evaluated and minimised for the use of robots to be 
ethically acceptable when applied in the context of people 
affected by dementia. However, Ienca et al. [16] found in a 
review that two-thirds (67%) of intelligent assistive tech-
nologies are developed without “explicit ethical consid-
eration”. In this section, we undertake to assess the above 
mentioned ethical risks of using Bibo. 

1.	 Reduced Human Contact: One might worry that the cup 
is more beneficial for the staff—who is relieved from the 
task of monitoring the drinking of the residents—rather 
than for the residents themselves who lose that human 
contact. However, this cup was developed, because we 
observed that caretakers already did not have time to 
monitor their residents’ drink intake. In that sense, the 
cup does not reduce human contact for the residents and 
benefits them by improving their hydration. Neverthe-
less, this suggests that the cup should not be used in 
environments where there is a caretaker who is able to 
remind the resident to drink personally, as it is in gen-
eral the case during breakfast and lunchtime in elderly 
care institutions. Furthermore, when possible, measures 
that increase the time that caretakers spend directly with 
residents should be prioritised.

2.	 Privacy: The resident’s privacy is not at risk with the 
cup, because it registers very little and no sensitive 
information. At the moment, the cup only detects if there 
is water in it and if it is being picked up to determine if 
it should be turned on or not, but that information is not 
registered. In the future, we would like the cup to moni-
tor the amount of water that is being drunk. However, 
the cup will not record any information regarding who 
is drinking it. Therefore, only those who know who used 
the cup, most likely the caretakers, will be able to inter-
pret that information. In the case of caretakers, the cup 
will not give them access to new information since they 
are the ones serving the drinks. Furthermore, the data 
registered by the cup will not always be reliable, since 
it does not differentiate between water being drunk and 
spilled. For these reasons, we do not think that the cup 
would pose a significant threat to the privacy of their 
users.

3.	 Infantilisation and Deception: The cup has been designed 
to look as much as possible like a regular cup with the 
top part being circular and transparent. Although the 
bottom part distinguishes it from regular cups, it does 
not look like a toy. Furthermore, its design is not based 
on the premise that elderly people with dementia are 
like children. The lights and the movements of the cup 
mainly aim at attracting the attention of the resident to 
the cup and not to make it seem like toy. Furthermore, it 
does not invite deception, since it looks exactly as it is: 
a cup to drink from that also moves and lights up. In that 
regard, Bibo might be a better option than the speaking 
cup [7], designed to have the voice of a relative or care-
taker recorded which reminds the resident to drink. This 
might confuse the resident or deceive them in thinking 
that the person is there with them.

4.	 Loss of Control and Personal Liberty: The cup does not 
restrict the movement of users. However, they might 
think that their personal liberty is restricted if they feel 
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forced to drink from the cup, although they do not want 
to. This raises the issue of consent that is especially dif-
ficult when working with people affected by dementia, 
since they often do not have the ability to fully compre-
hend what the robot is, what it does, and what it entails 
for them. Nevertheless, even if we cannot obtain full 
consent for the use of the cup, some form of consent 
is often accessible. In the case of the cup, many resi-
dents still have the ability to understand that it is a cup 
they can drink from and that it will light up and move 
to remind them to drink. It is, therefore, important to 
introduce the cup to them, explain to them what it is, and 
ask them if they want to use it or not. A “no” should, of 
course, be respected. Furthermore, even if cognitive and 
communicative abilities are further restricted, residents 
who are able to use the cup will usually still be able 
to show discontent when presented with the cup and 
manifest their refusal to drink from it or their annoy-
ance towards it. For example, we have observed a person 
that after a while moved the cup away from themselves 
showing signs of discomfort. We then immediately 
asked whether we should remove the cup and did so, 
once this was confirmed. Of course, in such cases, the 
cup should not be used. Another way to foster consent 
as much as possible is to have an alternative (a regular 
glass) available, so that they do not feel forced to drink 
from the cup if they want to drink. We are also giving 
a special attention to the parameters of the cup (how 
long it lights up and moves and to what intensity). Our 
aim is that it attracts the resident’s attention but is not 
an annoyance that they can only avoid by drinking from 
the cup, as this would be another way to force them to 
drink from the cup.

5.	 Risk of Harm and Responsibility: The cup has been 
designed, so that it bears minimal risk for its user. The 
material is safe to drink from and presents no risk of 
electrocution. The main negative outcome that is risked 
with using the cup is spilling its content. Spilling can 
involve discomfort but does not harm the user—except 
when used with hot beverages—which should be 
avoided.

Our ethical analysis of the cup suggests that the ethical risks of 
using the cup are low and that it is ethically acceptable to use it 
as long as the recommendations outlined above are respected.

Initial Observations and Thoughts About 
Redesign

With the future quantitative tests in mind, small-scale 
pretests were carried out with a collaborative care home. 
Through these, we intended to study every day habits in 

the home (described in “Observation of Drinking Habits) 
and briefly introduce the cup to a few residents to collect 
initial reactions (“Introduction of Bibo). We subsequently 
discuss the outcomes of the tests and considerations for 
future changes in design and functionality and the plans 
for future testing (“Outcome from Initial Tests, Outcome 
from Initial Tests).

Observation of Drinking Habits

To establish the optimal conditions in which the cup 
should be tested in the care home, an average day in the 
home was observed by the researchers. The observations 
were conducted with two goals in mind. First, understand-
ing the general routine, the times people were left alone, 
times they spend with a staff member, as well as the typi-
cal drinking habits of the residents. Second, we wanted 
to identify possible participants who could benefit from 
the Bibo-cup.

We discovered that during the afternoon, many resi-
dents spend time by themselves, either in their rooms or 
common areas. Beverages are provided by the staff but 
supervision and encouragement to drink is minimal as the 
staff is busy tending to the residents’ needs. Consequently, 
many residents do not drink, even though a beverage is 
available. In mid-afternoon, they are provided with dessert 
and drinks. Despite eating all their dessert, the beverages 
are not always consumed. This is identified as an ideal 
situation for testing the drinking encouragement effect of 
the cup. Other eligible times could be the interval between 
breakfast and lunch or after dinner. All these are times 
where at least some of the residents spend time alone and 
do not receive a strong stimulus to drink. In other times, 
for example meal times, residents are surrounded by care 
givers who regularly encourage drinking, meeting the 
needs of liquid consumption. For the purposes of testing, 
residents were only given the cup during the time they 
spent in the common areas and not during the time they 
spent in their rooms. This aimed at refraining from any 
invasion of their private space.

As the population of the care home has diverse forms 
and stages of dementia, the physical and cognitive abili-
ties of the residents vary. For a resident to profit from 
the Bibo-cup, they should be able to consume beverages 
themselves without help from the staff. Individuals with a 
history of neglecting drinking are preferred, as they would 
resemble the target user group. According to our observa-
tions and consultations from the staff to supplement our 
information, we have identified that approximately 50% of 
the residents could benefit from the cup and could there-
fore be part of the study.
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Introduction of Bibo

The cup was introduced to five residents on two different 
occasions. The residents’ behaviour was observed. Primarily, 
the reactions to the cup and its movement was monitored. 
A special attention was taken to ensure that residents were 
not afraid of the cup and were not irritated. The cup was 
given to the residents by the caregivers who explained that 
it was a new cup they have and asked whether they wanted 
to try it out. The first interaction with the cup was closely 
observed to make sure that residents were comfortable with 
it, and afterwards, we attempted to not interfere with them 
as much as possible.

A few free parameters were tried to determine the most 
fitting values for long-term testing. The intensity of vibra-
tion and movement was varied to find the magnitude needed 
for movement of the cup in the visual field without causing 
irritation or fear. The interval between activations was also 
considered, with more and less frequent impulses.

After the introduction of the cup to one user, the staff 
mentioned how fun it was that their new cup was so bright 
and playful. Subsequently, the resident drunk from the cup 
more times over time even after the caregiver had left.

A second individual used the cup three times by them-
selves. In the next attempt to drink, the cup vibrated and 
it did not stop vibrating when they tried to pick it up. This 
startled the user and they were hesitant to use the cup again 
later. When provided with a normal glass, they opted to use 
that one instead.

In one case, after the first introduction of the cup to a resi-
dent, both the Bibo-cup and an average glass were provided 
with the same beverage. The resident then decided to drink 
from our cup. After a while, when the caregiver refilled only 
the glass, the resident emptied the content of the glass in the 
Bibo-cup and drank from it instead.

Outcome from Initial Tests

Considering the knowledge acquired from the initial tests, 
it was decided that a more robust handle version of the cup 
should be available. Some residents required more effort to 
hold the cup with one hand. Therefore, a handle would be 
helpful. A robust but detachable appendix with a handle is 
prepared to be added and removed according to the residents 
needs (Fig. 10). A two-handle version of the appendix was 
considered, but we decided against it to avoid an infantilis-
ing appearance.

The appearance of the cup is also reconsidered. As we 
try to keep the motion to a limited magnitude, both for 
safety reasons as well as to avoid irritation of the user 
and other residents, modifications to the cup’s design are 
considered such as small modifications on the bottom of 
the cup, e.g., stripes, or an added pattern on the transparent 

part of Bibo (Fig. 11). These are thought to potentially 
enhance the rotation visually. Although the imitation of 
crystal glass pattern might appear deceptive, we think that 
it is, nevertheless, ethically acceptable. First, it does not 
deceive users about what kind of thing the cup is—a cup. 
Second, it might benefit them by increasing acceptance 
of the cup. This has to be tested. The patterns on the cup 
will be further augmented with the addition of the handle 
appendix when needed.

After consultation with the staff, a variable duration of the 
activation is also considered. For future testing, it is decided 
that the third slider switch will also be used to modify the 
duration of the activation. This was desired as individuals 
have different reaction times and would need longer to reg-
ister the light and movement. Activation duration between 
2 and 8 s will be tested. This should be limited as to respect 
matters of consent as outlined previously in the ethical con-
siderations. The interval between activations was decided 
to be 7 min after input from staff and observed behaviour.

To avoid startling any user, the cup should not vibrate 
while in hand. This is addressed in two ways for the next 
tests. The activation process changes from simultaneous 
light and movement to prolonged illumination with a lim-
ited burst of movement in the beginning of the cycle. The 
combination of the two will attract attention, and while the 
movement will stop to enable convenient grabbing, the light 
will persist to keep the potential user engaged. A periodic 
cycle is still implemented, with the light being turned off to 
ensure maximum contrast during activation as well as limit 
disturbance. Additionally, the threshold upon which a pickup 
is detected from the IMU is lowered, to detect the pick-up 
attempt swiftly. Additionally, the IMU data could be used 

Fig. 10   Detachable handle appendix
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to possibly identify whether a user is attempting to push the 
cup away, thus ensuring consent of participation in the study.

Plans for Further Testing

In the future, the care home will be visited a few more times 
for observations, to assure that the conclusions drawn were 
not due to chance as well as to acquire new knowledge.

The cup will then be taken through longer testing to 
evaluate its impact. The quantity of liquid intake using an 
average glass from the care home and the Bibo-cup will be 
compared. Different beverages will be considered, follow-
ing the routine of the care home, not taking into account 
any alcohol or coffee consumption. The experiments will 
follow a three stage structure. The first stage will establish a 
baseline of drinking habits. Stage 2 will measure the effect 
of Bibo on the drinking habits. Stage 3 will be identical to 
stage 2 but at a later time, to establish whether the novelty 
effect has an influence on the results.

Before the cup is introduced to any individual, a two-
step procedure will take place to ensure that the ethical 

recommendations outlined above are respected. An infor-
mation sheet will be given to all relatives beforehand and a 
simple information sheet with pictures will be given to the 
residents. The product and its purpose will be explained to 
them as well as the fact that they are not required to partici-
pate and they can withdraw at any time. This will be done 
to the best of our abilities, acknowledging that the content 
might not be understood in its entirety. If, at any moment, 
a resident appear reluctant to participate, they will not be 
included in the study.

The cup will then be given to residents one at a time. A 
researcher will be close for the first interaction to ensure 
safety and after that will retract out of sight, but still observ-
ing and ready to intervene at any moment. This ensures 
limited interference and conveyance of the feeling of being 
observed but guarantees a swift response in any case of 
discomfort. A normal glass should also be available at all 
times on the table in case the individual will prefer to drink 
from that as we want to refrain from preventing them from 
drinking in case they are uncomfortable with Bibo. This also 
protects their right of choice in participation in the study, 

Fig. 11   Modifications considered to enhance visual stimulation
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even if not explicitly stated. All individuals participants of 
the study will also be observed for an equal amount of time 
while using a glass normally used in the care home as a 
control measurement.

These conditions were discussed with the Research Ethics 
Committee of the University of Southern Denmark. After 
analysis and outlining of testing procedure, the board has 
granted ethical approval for testing.

Conclusion and Outlook

We developed a prototype of a moving cup that should 
remind people affected by dementia to drink, a problem 
that is recognised in long-term care and which is nowadays 
addressed by care staff.

We reflected on different ethical dimensions connected to 
the use of the cup in dementia care and we made first in situ 
observations in a Danish care home. The cup was introduced 
to five different residents on 2 consecutive days for a limited 
amount of time. The cup was generally well received and the 
obtained observations helped us understand the importance 
of different technical parameters, such as timing and inten-
sity of movement and appearance of the cup.

We will now start extensive testing to further optimise the 
design of the cup and its movement and to evaluate its effect 
on the liquid intake.
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