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Abstract

Background: Behavioural and psychological symptoms of dementia (BPSD) are common 
and disturbing and can deter or disrupt the care process. Bathing is associated with the 
highest frequency of BPSD, triggering a fear response in dementia patients. As part of a 
larger feasibility/pilot study, this investigation explored whether exposure to MindfulGar-
den (MG), a digital screen-based calming device, can minimize BPSD during bathing – an 
activity well-documented to be problematic for both residents and staff.
Objective: To determine outcome trends of exposure to MG on number and type of BPSD 
exhibited by residents with dementia during bathing and on staff time to undress, shower 
and re-dress them.
Method: 8 long-term care home residents (5F, 3M) mean age 86.00±8.16, diagnosed with 
dementia and reported by care staff as exhibiting BPSD were observed while being show-
ered in their en-suite bathroom. On Days 1 and 2 staff followed the usual bathing proce-
dure; on Day 3 exposure to MG was added. A 26-item checklist developed in a previous 
study, based on the Cohen-Mansfield Agitation Inventory and the work of Gutman, Mac-
Fadgen and Killam, was used to record type and frequency of BPSD, time of staff entry 
and exit from the resident’s room was recorded, and on Day 3 staff rated MG exposure as 
having a positive, neutral or negative effect.
Results: Days 1 -2 yielded highly similar results – an average of 4 BPSD per resident and an 
average bathing time of 13-14 minutes, with the most common BPSD on both days being 
physical resistance, verbal resistance, screaming, complaining, and strange noises. Subse-
quent to exposure to MG (Day 3) trends were observed towards reduction in number of 
BPSD and bathing duration.
Conclusion: MG shows some promise in calming residents, reducing resistance to care, 
and allowing bathing to proceed more quickly.
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O r i g i n a l  R e s e a r c h

IntroductIon
Dementia is a global epidemic affecting an esti-
mated 50 million persons worldwide, a figure that 
is projected to increase to 82 million in 2030 and 
152 million by 2050. Each year, nearly 10 million 
new cases are projected, translating into one eve-
ry three to four seconds (World Health Organiza-
tion, 2020). In Canada, more than 402,000 per-
sons are living with dementia (PwD), and each 
year, 76,000 new cases are diagnosed (Public 
Health Agency of Canada, 2017). As dementia af-
fects memory, cognitive function, behaviour, and 
ability to perform daily activities, the impact in-
cluding human costs extends beyond individual 
and family levels to the community and global 
scale (World Health Organization, 2017).

Behavioural and psychological symptoms of 
dementia (BPSD) represent complexly layered 

components such as disturbed mood, behaviour, 
thought and perception exhibited as agitation, 
aggression, depression, elation, delusions, hallu-
cinations, etc (Finkel, Costa e Silva, Cohen, Miller, 
& Sartorius, 1996). BPSD are very common and 
a major source of suffering, institutionalization, 
increased costs of care, and significant loss in 
the quality of life for the PwD, their family, and 
caregivers (Herrmann et al., 2006; Feast et al., 
2016; Kolanowski et al., 2017; Toot, et al., 2017).

Agitation, one of the most disturbing BPSD, and 
associated with the highest care burden (George, 
Ferreira, Evans, & Honeyman, 2020) can be cat-
egorized along two dimensions: aggressive vs. 
non-aggressive, and physical vs. verbal (Cohen-
Mansfield, 1996). Bathing is the personal care 
task most likely to trigger agitation and resistive 
behaviours and many PwD remain upset even 
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hours after the bath (Barrick et al., 2008). In a 
study of 1689 baths, 46.1% involved some form 
of agitated behaviour (Cooke & Gutman, 2005).

The initial approach to dementia-related agitation 
should be identifying any underlying cause such 
as physical conditions (e.g. pain, constipation, uri-
nary retention) or under/over-stimulation (Aloysi & 
Callahan, 2020). Non-pharmacological manage-
ment of BPSD has gained increased attention due 
to many concerns including the adverse outcomes 
associated with prescribed medications (Gitlin, 
Kales, & Lyketsos, 2012). These interventions can 
be behaviour non-specific or targeted; they may 
directly involve the PwD, the caregiver, and/or the 
physical environment (Gitlin et al., 2012).

To date, sensory stimulation has been one of the 
most promising approaches to BPSD alleviation 
generally and has become increasingly popu-
lar in long-term care (LTC) facilities (Lorusso & 
Bosch, 2018; Maseda et al., 2018). In this pilot/
feasibility study, we aimed to determine out-
come trends of exposure to MindfulGarden - a 
screen-based digital health device - on the num-
ber and type of BPSD exhibited during bathing 
by PwD living in a care facility environment. 
More specifically, the focus was on residents 
who occupy single bedrooms with en-suite bath-
rooms where they are showered by Residential 
Care Aides (RCA). Time to complete the task of 
undressing the resident, assisting them to transfer 

to a shower chair in the bathroom, showering 
them, drying and dressing them, and returning 
them to the bedroom was a secondary outcome 
for which trends were examined. This study is 
part of a larger feasibility trial of MindfulGarden 
conducted in 2018-2020 at a 210 bed LTC facility 
in British Columbia, Canada. Another part of the 
study focused on morning and evening personal 
care, two activities that like bathing, are com-
monly reported to be problematic both for PwD 
and for LTC facility staff assisting them (Gutman 
et al., 2020a). Additionally, the larger study ex-
amined MindfulGarden as a tool for calming 
residents exhibiting BPSD in common areas of 
the LTC facility (Gutman et al., 2020b).

Methods
Participants
Study participants were 8 residents (5 female, 3 
male) aged 74-94 with a mean MMSE score of 
10.14±6.94 screened by the facility’s care staff 
for eligibility based on a diagnosis of dementia 
and exhibiting BPSD and consented to partici-
pate by their Substitute Decision Maker after eth-
ical approval of the study by the Research Ethics 
Board of Simon Fraser University. Four residents 
were ambulatory (ID#20, 23, 26, 29); 4 were not 
(ID#9, 14, 19, 21). Duration of stay in LTC ranged 
from less than 3 years to 10 years. Five received 
SSRI and/or antipsychotic medications for BPSD 
management while 3 were not receiving any psy-
chotropic medications.

Figure 1. MindfulGarden and its components.
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Intervention
MindfulGarden is a digital patient-oriented de-
vice originally developed to de-escalate agitation 
in delirium patients in an acute hospital setting 
(MindfulGarden Digital Health, Inc, 2021). The 
model used in the LTC studies includes a TV 
screen (39” diagonal), a high definition webcam, 
and a microphone to capture vocalizations and 
movements (Figure 1). Using a combination of 
hardware (mini PC) and software (Unity video 
game engine) the device compares these inputs 
to the person’s baseline readings on a per-second 
basis and any significant (>=25%) change pow-
ers a content generation algorithm to increase/
decrease the calming on-screen visualizations - a 

garden display of layered motion 
pictures - blossoming flowers and 
butterflies. The screen is mount-
ed on a wheeled stand (height 54” 
from floor to top of screen). It is 
noteworthy that MindfulGarden 
does not record any identifiable 
data such as photos, voices or 
videos from the PwD, the RCAs 
or the surrounding environment.

Procedures
Each PwD was showered on the 
chair in their en-suite bathroom, 5 
by one RCA and 3 by two RCAs 
(due to dementia severity) and 
observed by a study research as-
sistant (RA) on 3 days. The RCAs 
were regular unionized staff on 
the units in which the PwD were 
residents who, with one excep-
tion, had been employed there 

for an extended period of time. Showering was 
scheduled by the RCAs based on the PwD’s 
regular bathing interval (once vs. twice per week) 
and overall conditions at the LTC facility (e.g. flu 
epidemic precluded observations). Days 1 and 2 
provided baseline data: the RCA(s) followed their 
usual bathing procedure, and the RA (manually) 
recorded any BPSD exhibited as well as start and 
end time of undressing/dressing. A 26-item agitat-
ed behaviour checklist, developed for a previous 
bathing study (Cooke, 2006), was used to collect 
BPSD-related data. The checklist, based on the 
Cohen-Mansfield Agitation Inventory (Cohen-
Mansfield, Marx, & Rosenthal, 1989) and the work 
of Gutman, MacFadgen and Killam (1995), lists 3 

Figure 2. RAs simulating the bathing procedure and positioning of MindfulGarden.
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non-aggressive physical, 12 aggressive physical, 
6 non-aggressive verbal and 5 aggressive verbal 
BPSD. A total score was calculated by summing 
the number of observed behaviours (Table 1).

On Day 3, MindfulGarden was wheeled into the 
PwD’s bedroom and activated when the RCA 
began removing the PwDs clothes. When the 
PwD and RCA(s) entered the en-suite bathroom, 
MindfulGarden was moved with them and was 
positioned at the bathroom door, facing the 
PwD (Figure 2). The RA drew attention to the 
screen ('verbal prompting') if the gaze was not 
on the screen. Bathing duration (from the time 
the RCA started to remove the PwD’s clothing 
until the PwD was fully dressed) and the number 
and type of BPSD exhibited on Day 3 were re-
corded and compared with the mean of Days 1 
and 2. The effect of exposure to MindfulGarden 
was also assessed by obtaining a rating from the 
RCA(s) who showered them as to whether it had 
a positive, neutral or negative impact on BPSD.

Statistical analysis
Each BPSD on the checklist was considered a 
binary variable and was coded 1 if exhibited at 
least once during the time the RCA(s) were in 
the resident’s room. Thus, the overall BPSD on 
each observation could range from 0 to 26. IBM 
SPSS version 22 was implemented for statistical 

analysis using descriptive statistics and rel-
evant non-parametric tests (Spearman’s rho 
for testing association between BPSD num-
ber and bathing duration; Kruskal-Wallis 
for BPSD categories and bathing duration; 
Mann-Whitney U for comparing bathing 
duration in residents exhibiting both ag-
gressive and non-aggressive verbal and/or 
physical BPSD (AVP and NAVP) and those 
exhibiting NAVP only; and also for compar-
ing bathing duration in residents with posi-
tive vs. neutral response to MG; Wilcoxon 
Signed-Ranks for comparing bathing dura-
tion between Days 2 and 3 and Friedman 
test for comparing bathing duration across 

3 Days). P-value less than 0.05 was considered 
statistically significant and between 0.05-0.1 
marginally significant (Weil, 2017).

results
On Day 1, 1 exhibited no BPSD, 6 both AVP 
and NAVP and 1 only NAVP. The mean num-
ber of BPSD was 4.12±3.31 (Table 2). The mean 
bathing duration was 13.71±5.28 minutes (Table 
3). The most common types of BPSD exhibited 
were physical resistance (4 residents), verbal 
resistance, screaming, cursing directed at the 
staff, hitting/punching, and hostile/accusatory 
language (3 residents each), threatening gestures, 
complaining/negativism, and strange noises (2 
residents each). There were no significant asso-
ciations between BPSD number and bathing du-
ration (Spearman’s rho=0.53, P value=0.224) or 
BPSD categories and bathing duration (Kruskal-
Wallis test, P value=0.130).

On Day 2, 4 exhibited both AVP and NAVP 
and 4 NAVP only. The mean number of BPSD 
was 4.12±2.47. The mean bathing duration 
was 14.00±3.05 minutes. The most common 
types of BPSD exhibited were physical resist-
ance (5 residents), verbal resistance and strange 
noises (4 residents each), and screaming (3 resi-
dents). There was a marginally significant dif-
ference between the mean bathing duration in 

residents exhibiting both AVP and NAVP 
(15.75±2.75) and those exhibiting NAVP 
only (11.67±1.53) (Mann-Whitney U test, P 
value=0.05). Also, BPSD number and bath-
ing duration were significantly correlated 
(Spearman’s rho=0.91, P value=0.001).

On Day 3, when MindfulGarden exposure 
took place, 1 exhibited no BPSD, 5 both 
AVP and NAVP, and 2 only NAVP. The 
mean BPSD was 3.12±1.88 and the mean 
bathing duration was 10.14±3.08. The most 
common types of BPSD exhibited on Day 3 
were physical resistance (5 residents), ver-
bal resistance (4 residents), and screaming 
and complaining/negativism (3 residents 
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each). MG exposure was rated as positive in 4 
and neutral in 4 (Table 4).

While across the three days there was no sta-
tistically significant difference in the number of 
BPSD (Friedman test, P value=0.47), there was 
a marginally significant difference in bathing du-
ration (Friedman Test, P value=0.054). Further 
analysis indicated a marginally significant reduc-
tion in bathing duration between Days 2 and 3 
(Wilcoxon Signed-Ranks Test, P value=0.051).

No significant differences were detected be-
tween residents rated as having had positive vs. 
neutral responses to MG. On Day 3, the mean 
number of BPSD exhibited by those rated with 
positive response was 3.25±1.89; among those 
with neutral response 3.00±2.16 (Mann-Whit-
ney test, P value=0.886). The mean duration 
of bathing in residents with positive response 
was 11.33±4.16; in those with neutral effect 
9.25±2.22 (Mann-Whitney test, P value=0.629).

dIscussIon
In this feasibility study, the outcome trends of 
BPSD and bathing duration after exposure to an 
interactive digital behaviour modification device 
were investigated. The BPSD targeted in this trial 
were the behaviours arising due to agitation (in-
cluding verbal aggressive, verbal non-aggressive, 
physically aggressive and physical non-aggressive 
behaviours). Agitation is often the most challeng-
ing BPSD as it can remarkably disrupt dementia 
care. To this end, most intervention trials for al-
leviating BPSD have been performed for agitation 
(Tible, Riese, Savaskan, & von Gunten, 2017).

The most common agitated behaviours observed 
in this trial were physical and verbal resistance, 
with the pattern being the same on control and 
intervention days. In a similar study, the most 
commonly displayed BPSD exhibited during 
bathing were physical resistance, complaining/
negativism, verbal resistance, and restlessness 
(Cooke, 2006). In another study that focused 

only on physical aggressive behaviours during 
bathing, the most common type was hitting and 
attempting to hit (Somboontanont et al., 2004).

The mean number of BPSD exhibited by each 
PwD showed a decreasing trend after exposure 
to MindfulGarden, suggesting that the device 
was achieving its aim of calming PwD during 
bathing. The study also yielded a positive trend 
in reducing the duration of the bathing procedure.

As MindfulGarden is a novel device, there are 
not many studies in the literature to compare the 
findings with, still, based on its mechanism of 
action, it might be categorized as an 'individual-
ized sensory stimulation' device. Other devices 
and approaches in the sensory stimulation cat-
egory used with PwD include Snoezelen which is 
based on the 'Model of Imbalance in Sensorista-
sis' (MIS) (Sánchez, et al., 2013; Lorusso & Bosch, 
2018; Maseda et al., 2018; Prins, et al., 2020;) and 
Project Soothe (with the online gallery added to 
an app—called CogniCare) (Wilson, et al., 2018; 
Lorca-Cabrera et al., 2020). Using the MIS model, 
Kovach (2000) postulates that agitated behav-
iours may be initiated or escalated when there 
is an imbalance between sensory-stimulating and 
sensory-calming activity - a state commonly oc-
curring in institutionalized PwD. Interventions 
facilitating optimum sensoristasis can alleviate 
intrapsychic discomfort and decrease agitated 
behaviours. Working through stimulating the 
primary senses without relying on intellectual 
abilities or cognitive functions makes multisen-
sory stimulation an ideal approach for reaching 
persons with advanced dementia (Kovach et al., 
2004; Sánchez,et al., 2013; Cheng, Baker, & Dur-
sun, 2019). The nature-like visualizations gener-
ated by MindfulGarden resemble photographic 
sky compositions (e.g. SkyCeilings™) which have 
shown some promising results in preventing de-
lirium among PwD in an emergency room setting 
(Feldman, Widmer, Connolly, & Takher, 2017).
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One distinguishing difference between our ap-
proach and sensory stimulation interventions 
such as Snoezelen, Project Soothe, and sky com-
positions is that MindfulGarden uses the Unity 
game engine (Unity Technologies, San Francisco, 
CA) to generate the underlying software algo-
rithms and create calming 3D objects and handle 
their interactions. 'Serious games' are becoming 
a rapidly growing platform to provide novel so-
lutions for treatment, stimulation, and rehabilita-
tion to PwD (Manera et al., 2017). Bouchard, et al 
proposed a set of specific guidelines for design-
ing and implementing effective serious games for 
PwD, emphasizing that in-game features should 
fit the patient’s profile (Bouchard, Imbeault, Bou-
zouane, & Menelas, 2012). For instance, in ad-
vanced dementia, PwD are very distractible as 
they cannot suppress the natural tendency to 
attend to new stimuli. This inability to disregard 
new stimuli might be so extreme as to render 
them “stimulus-bound” (Kaufman, Geyer, & Mil-
stein, 2016). MindfulGarden uses this distractibil-
ity to involve them in a game that PwD might not 
perceive themselves as actually playing.

Another novelty in our study is in using private 
(en-suite) bathrooms as the study setting. Al-
though shared bathing areas with bathtubs have  
up to now been the most common bathing set-
ting within LTC facilities (Sloane et al., 1995), this 
might change after the COVID-19 pandemic as 
multi-bed rooms are phased out - a recommend-
ed means of infection prevention. A cohort study 
of 627 LTC facilities in Ontario, Canada showed 
that the incidence rate ratio for COVID-19-relat-
ed death among LTC residents was 13 times high-
er than that among community-dwelling adults  
age 69 and over (Fisman, Bogoch, Lapointe-Shaw, 
McCready, & Tuite, 2020). These alarming figures 
point to a trajectory toward private rooms/bath-
rooms in nursing homes in the future.

Our study had some limitations. The small number 
of PwD who were eligible and consented to par-
ticipation limited the statistical power of the study. 
As most PwD tended to face downwards during 
showering or closed their eyes, exposure to Mind-
fulGarden could only take place before or after the 
actual shower, limiting the feasibility of its use as 
a calming device to before and after the shower.

Further, as the nature of bathing is intimate and 
private, the PwD may misinterpret the best in-
tentions of the caregiver as a threat to personal 
safety and dignity, and react with resistance and 
rejection of care (D’Hondt, Kaasalainen, Pren-
tice, & Schindel Martin, 2012).

As noted by one of the RAs and explained un-
der Table 3, shower duration increased from 11 
minutes on Days 1 and 2 to 17 minutes on Day 
3 for one resident (#29), when a new RCA show-
ered that individual. Future studies (with a larger 
number of participants) can examine the role of 
potential confounding factors in shower duration 
such as RCA experience and familiarity with the 
resident as well as the severity of dementia. Fur-
ther, multisensorial stimulation techniques have 
been effective in reducing agitation and disrup-
tive behaviour during sessions and immediately 
afterwards; however, there is a need for future 
studies to examine their long-term effects on 
agitation of PwD (Tible et al., 2017). The addi-
tion of sound to MindfulGarden also needs to be 
explored to determine if it increases its ability to 
capture and sustain the attention of PwD.

conclusIon
Exposure to MindfulGarden led to decreasing 
trends in BPSD and bathing duration among 
PwD in an LTC facility. This effect which seems 
to be induced through sensory stimulation and/
or distraction needs to be replicated in future 
studies with a larger and multi-site sample.
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