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Abstract

Background: Horticultural therapy (HT) has been proposed to be an effective intervention for improving the psychosocial
well-being of people with dementia and their caregivers. However, constraints such as limited land space in high-density cities,
unstable weather, and lack of gardening experience may hamper the delivery of HT to people with dementia and their caregivers.

Objective: This pilot study aimed to examine the feasibility and preliminary effects of atechnology-enhanced home-based HT
for people with dementia and their caregivers using a hydroponic indoor growing system.

Methods: A single-group pre-post design was adopted. A total of 37 dyads of people with dementia and their caregivers
participated in 3 weekly face-to-face sessions, followed by 8 weeks of home-based horticultural activities. Outcomes were
measured at baseline and postintervention (at week 11), including feasibility outcomes, cognitive function, neuropsychiatric
symptoms, and happinesslevels of peoplewith dementia. Caregivers outcomesincluded positive aspects of caregiving, perceived
stresslevels, depressive symptoms, caregiver distress, and happinesslevels. Semistructured focus group interviewswere conducted
with the caregivers to further explore their horticultural experience.

Results: Intervention feasibility was established with acompletion rate of 83.78% and an attrition rate of 2.63% (n=1). Significant
improvements were detected in caregiver distress (P<.05) and the happiness level of peoplewith dementia(P<.01). The qualitative
findings indicated that HT improved the psychological well-being of both people with dementia and caregivers, enhanced the
relationships between caregivers and people with dementia, expanded the caregivers socia networks, and enhanced the
autobiographical memory of people with dementia.

Conclusions: This pilot study provides evidence on the feasibility of using a hydroponic indoor grower to conduct home-based
HT for people with dementia and their caregivers. The findings suggest positive effects on the psychological well-being of both
people with dementia and their caregivers. Caregivers reported potential positive effects of HT on the autobiographical memory
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retrieval of people with dementia. Due to the pilot nature of this study, a control group was not employed. Therefore, large-scale
randomized controlled trials are encouraged to further confirm the effectiveness of the intervention.

Trial Registration:

(JMIR Aging 2025;8:e66017) doi: 10.2196/66017
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Introduction

With the global aging population, dementia has become a
significant public headth concern. The World Headlth
Organization estimates that the number of peoplewith dementia
worldwideisapproximately 55 million, with thisfigure expected
to riseto about 78 million by 2030 and 139 million by 2050 [1].
The global cost of dementia saw a substantial increase of 62%
between 2010 and 2019, with the economic burden projected
to reach an estimated US $1313.4 hillion in 2019. Notably,
informal care significantly contributes to roughly half of the
total global costs [2]. People with dementia often exhibit
behavioral and psychological symptoms of dementia (BPSD),
including agitation, anxiety, irritability, depression, apathy,
disinhibition, and changes in leep or appetite [3]. More than
80% of people with dementia were affected by aggression,
apathy, agitation, and depression, while around 30% experienced
hallucinationsand delusions[ 3,4]. Conceivably, BPSD adversely
impactsthe capacity to perform activities of daily living (ADL)
and the maintenance of interpersonal relationships. Thisinturn
results in significant stress and negative emotions for their
family caregivers. For instance, caring for peoplewith dementia
has been associated with elevated levels of psychological
distress and stress, as well as lower levels of self-efficacy,
subjective well-being, and physical health [5]. Due to the
significant level of psychological distress and stress involved
in caregiving activities, approximately 50% of caregivers of
people with dementia are susceptible to major depressive
disorder [6]. A high level of caregiver stressisarisk factor for
unhealthy behaviors, such as a sedentary lifestyle, inadequate
dietary habits, and substance abuse, leading to an increased
vulnerability to chronic illnesses among caregivers [7,8].
Caregiver burdenisalso linked to an increased risk of engaging
in abusive behavior towardsthe carerecipient [9]. It istherefore
important to devel op psychosocial interventionsto promote the
psychologica well-being of both caregivers and people with
dementia, as well as to aleviate the BPSD experienced by
people with dementia.

Horticultural therapy (HT) has been proposed to be an effective
intervention for improving the psychosocia well-being of people
with dementia and their caregivers. HT is grounded in the
Biophilia Hypothesis, which emphasizes the healing effects of
human-plant interactions on physical, mental, and emotional
domains [10]. According to the Attention Restoration Theory
(ART), engaging with natural environments can restore
cognitive fatigue by automatically capturing attention, thereby
allowing the replenishment of directed attention capacity [11].
The Stress Recovery Theory (SRT) also proposesthat interacting
with nature can trigger physiological and psychological stress
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reduction and elicit positive affect, which in turn facilitates the
replenishment of depleted psychological resources after stressful
events[12,13]. For instance, HT establishes a sense of control,
empowerment, and cooperation, which in turn can facilitate
emotional stability when under a state of cognitive overload
[14]. The physiological effects of HT on stress reduction in
older adults are characterized by lower cortisol, heart rate, and
blood pressure [15,16]. It has also been found that increased
high a and low a wave activities after asingle treatment [17].
Increasing a and theta activity in the brain's occipital lobes
helped decrease anxiety and improve functioning in those with
generalized anxiety disorder [18]. In addition, the social
interactive nature of HT can facilitate social support for
vulnerable groups [19].

Morerecently, HT has been extended in its application to people
with dementia and demonstrated positive effects on BPSD, as
well as enhancing physical and cognitive abilities, including
memory and orientation, among people with dementia[20]. In
the context of caregiving for people with dementia, HT can
foster meaningful contact and social interaction between people
with dementia and their caregivers [21,22]. A randomized
controlled trial (RCT) demonstrated that HT can effectively
reduce caregiving burden and promote the quality of lifeamong
caregiversof peoplewith dementia[23]. Another RCT reported
evidence of the protective effects of HT on the immune system
and cognitive functioning, as well as its positive effects on
reducing anxiety and promoting social interactions among ol der
adults[24]. Several systematic reviews and meta-analyses have
shown reliable effectsof HT inimproving cognitive functioning
in people with dementia [25,26]. For instance, an improved
capacity for autobiographical memory retrieval is often observed
through engaging in horticultural activities [27]. In addition,
HT also demonstrated benefits in aleviating BPSD in people
with dementia, as suggested in multiple systematic reviews and
meta-analyses [25,27-29].

Traditionally, HT is led by a registered therapist to achieve
tailored rehabilitative or vocational goals. HT commonly
includes participatory tasks such as cultivating, pruning,
weeding, and planting flowers. Ornamental HT may asoinvolve
garden tours and nature viewing [16,22]. However, in densely
populated areas, HT may not have the luxury of spacesto engage
in home-based horticultural activities. The extreme climate in
certain areas may create additional difficulties in engaging in
outdoor horticultural activities. In addition, for caregivers who
may be occupied with caregiving tasks, horticultural activities
that require a significant amount of skills and time, such as
monitoring the condition of various plants, may pose additional
challenges for them [30].
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While HT is promising in managing BPSD in people with
dementia and improving the quality of life in both people with
dementia and their caregivers, it is important to consider the
environmental and spatial conditions in which HT is
implemented, as these factors may inadvertently impact its
effectiveness. In this study, we proposed a novel approach to
take advantage of technol ogy to overcomethe above limitations
and to make horticultural activities more accessible for people
with dementia and their caregivers, especially in densely
populated areas. I n recent years, there has been a growing body
of research on the application of technology-assisted HT, such
as using virtual reality to deliver HT (eg, VR Garden) [31].
However, there are certain limitations. One of the main
drawbacks is the lack of real-world sensory experiences, such
as smellsand tactile sensations, which areinherent to traditional
HT. Additionally, the use of virtua reality may lead to
cybersickness, a condition characterized by symptoms similar
to motion sickness, which can negatively impact the user
experience and therapeutic outcomes [32]. To address these
limitations, a hydroponic indoor grower can create a
controllable, optimized environment for engaging in horticultural
activities in a home-based HT for people with dementia and
their caregivers. The hydroponic indoor grower also allows
mobile app connectivity to track the progress of plant growth,
which can guide people with dementia and their caregivers to
engage in horticultural activities. Therefore, this pilot study
aimed to address the following research objectives:

1. To examine the feasibility and acceptability of conducting
atechnol ogy-enhanced home-based HT among peoplewith
dementia and their caregivers.

2. To investigate the preliminary effects of the intervention
in (1) improving cognitive function and BPSD of people
with dementia, (2) promoting positive caregiving
experiences in family caregivers, and (3) reducing the
caregivers level of stress and depressive symptoms.

Methods

Study Design

To examine the feasibility and preliminary effects of the
technology-enhanced home-based HT on improving the
psychological well-being of people with dementia and their
caregivers, we used an explanatory sequential multimethods
approach. A single-group pre-post design is used for our
guantitative assessment. The entire intervention lasted for 11
weeks, with outcome measures taken at baseline (T0) and post
intervention (T1). A qualitative approach was used to explore
the participants’ experiencesin-depthinthe HT. Semistructured
focus group interviews were conducted with participants after
the intervention, with the aim of identifying the strengths,
limitations, and difficulties experienced during the program.

Participants

Participantswere recruited from a convenience sampl e of people
with dementia and their caregivers in collaboration with 4
community centers operated by the nongovernmental
organization (NGO) that provide gerontology services.
Promotional posters were used to advertise the program in
NGOs. The program allowed interested participants to enroll
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independently, while NGO staff reached out to interested
individuals to provide further information and assistance. The
Hong Kong version of the Montreal Cognitive
Assessment-5-Minute (MoCA-5-min) [33] was administered
by a research assistant in screening for stages of dementiain
potential participants. Eligible participants were then enrolled
based on the following inclusion and exclusion criteria. The
inclusion criteriafor people with dementiawere asfollows: (1)
65 years or above, (2) diagnosed with any type of dementia at
the early to moderate stage, and (3) community-dwelling and
living with family caregivers (ie, noninstitutionalized). The
criteria for caregivers included the following: (1) at least 18
years old; (2) blood or by-marriage relatives (eg, Spouses,
siblings, children, and grandchildren) of aperson who has been
clinically diagnosed with dementia, regardless of its type; and
(3) take up caring responsibilities ranging from physical aids
(eg, transportation, financial assistance, personal hygiene, and
decision-making) to emotional support, and provided most of
the daily care and support for the people with dementia (daily
contact of at least 4 hours). Participants were deemed ineligible
if they had a current medical diagnosis with any acute mental
illnesses that would otherwise prevent them from engaging in
HT.

An apriori power analysis was performed using G* Power 3.1
[34], based on effect sizesin literature related to the effects of
HT on psychological outcomes. A meta-analysis reported an
effect size of 0.55[35], the power analysiswasformulated using
a l-tailed t test to detect a medium effect size with a power of
0.80 at a P value of .05, which resulted in atarget sample size
of 23. Considering an attrition rate of approximately 15% [36],
it was necessary to include more than 27 dyadsin the study.

Ethics Approval

Ethical approva for the study was obtained from the Institutional
Review Board of The Hong Kong Polytechnic University
(approval number HSEARS20220801002), and the trial was
registered in ClinicalTrials.gov (NCT05577975). Prior to
participation, all participants (both people with dementia and
their caregivers) were required to provide informed consent.
The process of obtaining informed consent from people with
dementiaadhered to the guidelines outlined by the Alzheimer’s
Society. A demonstration session was set up to explain the
study’s purpose, procedures, risks, benefits, and voluntary nature
clearly to both people with dementiaand their caregivers. During
this session, the research assistant explained the consent form,
demonstrated the equipment, and provided an overview of the
participation process. People with dementiaand their caregivers
were allowed to try out some parts of the HT before signing the
consent form. Only those people with dementia who were still
willing to participate after this experience were allowed to sign
the consent form. Ongoing assent was aso obtained from
participants with dementia throughout the study, and their
willingnessto participate was regularly monitored and respected.

I ntervention

In the technol ogy-enhanced home-based HT, the activitieswere
also designed based on the Biophilia Hypothesis, with an
emphasison human-plant interactions. We further incorporated
i nteractive components between people with dementiaand their
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caregivers, in which people with dementia participated in the
planting process alongside their caregivers. The caregivers
assumed responsibility for decision-making and progress
monitoring for the planting process, while peoplewith dementia
followed directions from caregivers and provided assistance
throughout the process. Examples of horticultural tasks
performed by caregivers included formulating planting plans,
adjusting optimal light conditions, strategizing fruit harvesting
schedules, and devising culinary techniques for the harvest.
Meanwhile, people with dementia executed tasks such as
observation, flower watering, active participation in planting
light regulation, and assisting caregivers with harvesting.
According to the SRT and ART, these activities are posited to
have cognitive and stress restoration effects. Based on the
Sensory Integration Theory, these activities can mobilize the 5
senses through multisensory stimulation, tactile input, and
olfactory and gustatory experiences [37,38], which can further
enhance the cognitive functioning of people with dementia.

Figure 1. Hydroponic indoor smart grower.

[
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Upon the project’s commencement, the hydroponicindoor smart
grower was delivered to the enrolled participants. With reference
to the optimal therapeutic dose between 100 and 500 minutes
of HT for stress reduction [39], the intervention consisted of 3
weekly face-to-face (F-T-F) training sessions, each lasting 90
minutes. This was followed by 8 weeks of home-based
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Furthermore, the interactive components may enhance the
dyadic relationship between people with dementia and their
caregivers.

The technol ogy-enhanced home-based HT was facilitated by a
hydroponic indoor smart grower, which is a smart device that
provides a greenhouse environment with adjustable LED grow
lights and smart sensors (Figure 1). Features of the device
include automatic watering and a removable water reservoir,
as well as built-in smart sensors to detect nutrients, air
temperature, humidity, light intensity, water temperature, and
water level. The mobile app connectivity via Wi-Fi allows
participantsto monitor the growth conditions with notifications
when water and nutrients need to be replenished, minimizing
the probability of plant growing failure. The app can also
customize planting plansfor each type of plant and automatically
adjust to suitable light intensity, resulting in faster plant growth
and harvest. Additionally, the app can track the progress of plant
growth and guide users to conduct horticultural activities.

horticultural activities (Table 1), with a tota weekly time
commitment of 1 hour. The program activities are presented in
Table 2. A biweekly telephone call schedule was established to
follow up on progress and program adherence. Additionally, a
social media platform group was created for the participantsto
ask questions and share their horticultural experiences. The
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social media platform provided additional insight into participants adherence to home-based horticultural activities.

Table 1. Intervention schedule of the technology-enhanced home-based horticultural therapy.

F-T-F? sessions Home-based horticultural activities with biweekly telephone follow-up

Week1  Week2  Week3  Week4  Week5  Week6

Week 7 Week8  Week9  Week10 Week 11

Duration (min- 90 90 90 60 60 60

utes)

60 60 60 60 60

3F-T-F: face-to-face.

Table 2. Program content of the technol ogy-enhanced home-based horticultural therapy.

Wek Theme Objectives Reality orientation contents
4 Vision; Hearing; ~ Stimulating the senses of vision, hearing, and smell; focusing  Focusing on LED? light differences according to certain
Smell on the appearance of the smart grower; encouraging people  modes of the smart grower; focusing on the water sound

with dementia-caregiver interaction.

5 Smell; Touch;
Motor

Stimulating the senses of smell and touch; enhancing visual-
spatial skills and executive; promoting motor skills.

6 Vision; Touch Stimulating the senses of vision and touch; enhancing visual-
spatial skillsand executive functioning; enhancing cognitive

ability through comparison.

7 Smell; Vision;
Motor; Memory

Stimulating the senses of smell and touch; promoting motor
functioning; enhancing visual-spatial skills and executive;

enhancing cognitive functioning (memory) through compar-
ison; encouraging peoplewith dementia-caregiver interaction.

8 Motor; Touch;
Decision making

Stimulating the senses of touch; promoting motor function-
ing; stimulating cognitive functioning through decision-
making process, enhancing visual-spatial skills and execu-
tive.

9 Vision; Motor;
Decision making

Stimulating the senses of vision; promoting motor function-
ing; stimulating cognitive functioning through decision-
making process, enhancing visual-spatial skills and execu-

tive.
10 Smell; Vision, Stimulating the senses of smell and touch; promoting motor
Motor; Memory  functioning; enhancing visual-spatial skills and executive;
enhancing cognitive functioning (memory) through compar-
i son; encouraging peoplewith dementia-caregiver interaction.
11 Motor; Vision; Stimulating the senses of vision; promoting motor function-

Decision-making ing; stimulating cognitive functioning through decision-

making process.

when the smart grower performs auto-watering system;
smelling the seeds to seeif different seeds have different
smells; and sharing their sensory information to each other.

Smelling the leaves at the beginning stage of the plants;
touching the plants (To see the texture, eg,
hard/soft/smooth/rough/solid/fluid); trimming plants; taking
photos to record plant growth.

Examining the pattern, shape, size, or height of the vegetables
(eg, bok choy vstomato) in day and night; touching different
typesof vegetablesto seeif the textures are different; sharing
their sensory information to each other; taking photos to
record plant growth.

Comparing the shape, size, and height of different vegetables
to see the differences in the growing process; smelling the
leaves or stem of vegetables; pruning the vegetabl es; sharing
and discussing what are the differences from the beginning;
taking photos to record plant growth.

Touching the leaves or stem of the plants or vegetablesto
see if the textures are different from the beginning to mid-
late stage of planting; planning and discussing which plants
to cut; taking photos to record plant growth.

Counting the number of vegetables (eg, how many bak
choy/tomato?); deciding which vegetables to cut; cutting
suitable vegetables;, taking photos to record plant growth.

Comparing the shape, size, and height of different vegetables
to see the differences in the growing process; smelling the
leaves or stem of vegetables; pruning the vegetabl es; sharing
and discussing what are the differences from the beginning;
taking photos to record plant growth.

Deciding what type of dishes to cook (salads or pasta);
cooking the decided dishes based on the vegetable; recording
the odor and color of the dishes; taking photosto record plant
growth.

3_ED: light-emitting diode.

M easures

Overview

Measurements were taken at TO and T1. The feasibility of the
intervention was eval uated by means of attrition rate, attendance
rate, and completion rate. The outcome measures for people
with dementia included self-care abilities, cognitive function,
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behavioral symptoms, and happiness levels. Caregivers
outcomes consisted of positive caregiving experiences, perceived
stress levels, depressive symptomatology, caregiver distress,
and happiness levels.

People With Dementia Outcomes

The Barthel Index was used to measure the capacity to perform
ADLs. Barthel Index comprised 10 ADLSs, including feeding,
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bathing, grooming, dressing, using the toilet, transferring
(moving from the bed to the chair and back), mobility (on level
surfaces), climbing stairs, and controlling bowel and bladder
functions [40]. Items are rated based on whether individuals
can perform activities independently, with some assistance, or
are dependent (scored as 10, 5, or 0). The index yields a total
score out of 100, with higher scoresindicating greater levels of
functional independence[40]. We categorized the Barthel Index
scores as follows: 0-20 (total dependence), 21-60 (severe
dependence), 61-90 (moderate dependence), 91-99 (mild
dependence), and 100 (total independence) [41]. The Barthel
Index had excellent test-retest reliability (intraclass correlation
coefficient [|CC]=0.962) [42].

The MoCA-5-min was used to measure the cognitive functions
of people with dementia over the telephone, administered by
social workers [33]. It comprises 4 domains: attention
(immediate recall of 5 words), executive function/language
(I-minute verbal fluency), orientation (6-item date and
geographic orientation), and memory (delayed recall and
recognition of 5 words learned in item 1). The total scores of
the MoCA-5-min range from 0 to 30, with higher scores
representing a higher level of cognitive function. The
MoCA-5-min had an excellent test-retest reliability (1CC=0.89)
[33].

BPSD of people with dementia was measured using the
Neuropsychiatric Inventory Questionnaire (NPI-Q) [43]. The
NPI-Q consisted of 12 neuropsychiatric symptoms, including
delusions, hallucinations, agitation/aggression,

irritability/depression, anxiety, euphoria/exuberance,
apathy/indifference,  disinhibition, irritability/instability,

abnormal motor behavior, nocturnal behavioral disorders, and
appetite/eating disorders. Each symptom is evaluated based on
frequency (1=rarely to 4=very often, once or more per day) and
severity (1=mild [causing little distress in the patient] to
3=severe [very disturbing to the patient and challenging to
redirect]). A total score for each domain is calculated by
multiplying the frequency and severity ratings. The overall NP
scoreisderived by summing the scores acrossall domains, with
a higher score indicating more severe neuropsychiatric
symptoms. The NPI-Q has demonstrated satisfactory
psychometric properties [43].

The Visual Analogue Scale of Happiness was used to measure
the happiness level of people with dementia [44]. The Visua
Analogue Scale of Happiness is an analog scale containing 6
faces expressing emotions ranging from great happinessto deep
sadness, and people with dementia need to identify which face
best representstheir mood. Subjectsthat chosethefaces“Little
Unhappy,” “Unhappy,” or “Very Unhappy” were prone to
exhibit depressive symptoms [45]. The reliability and validity
of the scale have been validated [46].

Caregivers Outcomes

The Positive Aspects of Caregiving Scale was used to measure
caregivers positive caregiving experience [47]. It consists of
11 items with 2 subscales: enriching life and affirming self.
Participants answered on a 5-point scale ranging from 0
(strongly disagree) to 4 (strongly agree). Scores range from 0
to 44, with higher scores indicating more positive
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self-perceptions of caregiving. The Positive Aspects of
Caregiving Scale demonstrates high levels of internal
consistency, with a Cronbach a of 0.89 among the family
caregivers of people with dementiain Hong Kong [47].

The Chinese version of the Perceived Stress Scale was used to
measure the stress level in caregivers [48]. It is a 10-item
measurement rated on a5-point Likert-type scale, ranging from
0 (never) to 4 (very often). Thetotal score rangesfrom 0O to 40,
with higher scores indicating higher levels of perceived stress.
The Percelved Stress Scale showed acceptable levels of
psychometric properties, which included an internal consistency
reliability of Cronbach a of 0.85 and a test-retest reliability
coefficient of 0.85 [49].

The Center for Epidemiological Studies Depression Scale was
used to measure depressive symptoms in caregivers over a
1-week recall period [50]. It consists of 20 items and is rated
on a4-point Likert scale, ranging from O (rarely or none of the
time) to 3 (most or almost all the time). Scores range from 0 to
60, with higher scoresindicating greater depressive symptoms.
The Center for Epidemiological Studies Depression Scale has
demonstrated acceptable psychometric properties, including a
test-retest reliability of 0.91 and an internal consistency of 0.86
[51].

The Neuropsychiatric Inventory-Distress Scale (NPI-D) was
used to measure caregiving distress [52]. It assesses the
psychological distress levels caused by neuropsychiatric
symptoms, as reported in the NPI-Q, to the caregivers [43].
Participants rated their distress levels according to the severity
of symptoms in people with dementia using a 6-point Likert
scale, which ranges from O (not at al distressing) to 5 (very
severely or extremely distressing). The Cronbach a coefficient
for the Chinese version of the NPI-D was 0.72 [53].

Perceived happiness was measured using the Subjective
Happiness Scale (SHS) [54]. The SHS consists of 4 items; 2 of
these assess the current state of happiness, including absolute
happiness ratings and rel ative happiness ratings compared with
peers. Theremaining 2 items measuretrait happiness by asking
participants to indicate the extent to which they identify with
descriptions of both happy and unhappy individuals. The SHS
is rated on a 7-point Likert-type scale, ranging from negative
to positive. Responses to the 4 items are averaged, yielding a
range from 1 to 7. A higher score indicates greater levels of
happiness. The Cronbach a for the Chinese version of the SHS
was 0.82, and the test-retest reliability was 0.70 [55].

Feasibility Outcomes

I ntervention feasibility was assessed using the compl etion rate,
attendance rate, and attrition rate. The attrition rate was
calculated by dividing the number of dropouts by the total
number of enrolled subjects. The attendance rate was determined
by averaging the individua attendance rates, which were
calculated by dividing the number of F-T-F sessions attended
by the total number of F-T-F sessions. The completion rate was
defined as the percentage of participants who attended more
than 80% of the sessions, which included home-based
horticultural activities and totaled more than 600 minutes.
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Quantitative Analysis

Data analysis was performed using IBM SPSS (version 23).
We first explored patterns of sociodemographic characteristics
of the participants. Then, paired-sample t tests were used to
compare the outcomes before and after theintervention. Unless
otherwise specified, the statistical analyses performed did not
exceed a 2-tailed o level of 0.05.

Qualitative Analysis

Given that caregivers of people with dementia experience
varying levels of distress and may respond differently to the
intervention, we adopted stratified purposive sampling based
on this criterion to enhance the representativeness of the data.
The caregiver's level of distress was assessed using NPI-D,
with mild distress categorized as 0-13 points (77.78%), moderate
distress as 14-26 points (16.67%), and severe distress as >27
points (5.56%) [52]. Participants for the qualitative study were
selected through stratified sampling based on these different
levelsof distress. A total of 4 semistructured focus groupswere
conducted with 18 participants. A trained research assistant led
the focus groups, asking participants to share their experiences
using the smart growers, aswell astheir interactionswith people
with dementiaduring the program. A probing question—"What
isyour experience related to the use of the deviceininteracting
with your relative?’ —was used to facilitate the discussions.
Thefocus group interviews were recorded and transcribed with
the participants’ consent.

Thematic analysiswas used to analyze the transcribed verbatim;
the authorsread the texts, generated initial codes, and devel oped

Table 3. Sociodemographic characteristics of people with dementia (N=38).

Kor et a

potential themes [56]. The process concluded with data
saturation, when no new findings were discovered. Emergent
themeswere discussed and agreed upon by theresearchers. The
comprehensiveness of the content analysiswas ensured through
digital recordings and verbatim transcriptions, which were
independently completed and then discussed by 2 researchers.
The emergent themes, validated through researcher consensus
after thorough discussion, exemplify the methodological rigor
underlying the study’s credibility.

Results

Quantitative Findings

A total of 50 dyads of people with dementia and their family
caregiverswereinvited to participate in the study, and 38 dyads
met the selection criteriaand joined the study. The attrition rate
was 2.63%, with 1 participant dropping out due to behavioral
issues after the first F-T-F training session. The attendance rate
for F-T-F sessions was 94.64%. A total of 36 out of 38 dyads
attended the first session, while 35 out of 37 dyads attended
both the second and third sessions. The completion rate was
83.78%, as 31 out of 37 participants achieved a participation
rate of 80% or higher (>600 minutes).

Sample characteristics of people with dementia are presented
in Table 3. The magjority of participants were male (21/38,
55.3%), with amean age of 81.8 (SD 8.4) years. Regarding the
self-care abilities of the participants, only 21.1% (n=8) exhibited
no dependence, while the mgjority displayed mild to moderate
dependence.

Variables Values
Age (in years), mean (SD) 81.8 (8.4)
Age (in years), range 60-102
Sex, n (%)

Male 21(55.3)

Female 17 (44.7)
Marital status, n (%)

Married 23 (60.5)

Divorced/Widowed 15 (39.5)
Self-care abilities, n (%)

Total independence 8(21.1)

Mild dependence 25 (65.8)

Moderate dependence 5(13.2)

Severe dependence 0(0.0)

Total dependence 0(0.0)

Demographic characteristics of caregivers are summarized in
Table 4. Female caregivers accounted for 73.7%, with a mean
age of 58.4 (SD 8.8) years. The average duration of care
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provided to people with dementia was 4.7 (SD 0.3) hours per
day.
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Table 4. Sociodemographic characteristics of caregivers (N=38).

Variables Values
Age (in years), mean (SD) 58.4 (8.8)
Age (in years), range 34-76
Sex, n (%)

Male 10 (26.3)

Female 28(73.7)
Marital status, n (%)

Single 2(5.3)

Married 30(78.9)

Divorced/widowed 6 (15.8)
Educational level, n (%)

Primary 10 (26.3)

Secondary 20 (52.6)

College or above 8(21.1)
Employment status, n (%)

Unemployed/retired 20 (52.6)

Employed 18 (47.4)

Monthly household income, n (%)

Less than 6000 HKD? 11(28.9)
6000-9999 HKD 8(21.1)
10,000-14,999 HKD 10 (26.3)
15,000-19,999 HKD 7(18.4)
20,000 HKD or above 2(5.3)

Relationship with people with dementia, n (%)
Spouse 20 (52.6)
Children/in-laws 18 (47.4)

Living arrangement with people with dementia, n (%)

Same household 23 (60.5)
Different household 15 (39.5)
Duration of care provided to people with dementia, in hours/day (hours), mean (SD) 4.7 (0.3)

34K D: Hong Kong Dollar (1 HKD=US $ 0.13).

For people with dementia, there were significant pre-post Furthermore, we observed a significant improvement in the
improvementsin cognitive functionsand behavioral and BPSD, happiness level of people with dementia from TO (mean 7.67,
although the results did not reach statistical significance. SD 1.40) to T1 (mean 8.79, SD 1.02; P<.01; Table 5).
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Table 5. Outcome measures of the technology-enhanced home-based horticultural therapy for people with dementia (N=37, one participant dropped

out).
Variables TO% mean (SD) le’ mean (SD) P vaue 95% CI
Happiness 7.67 (1.40) 8.79 (1.02) <.01 —-1.75t0-0.46
Cognitive functions 14.07 (6.58) 14.36 (6.55) .61 -1.41t00.84
BPSD® 10.03 (8.26) 7.72(5.22) .20 -1.29t05.91

8T0; preintervention.
bra; postintervention.
®BPSD: behavioral and psychological symptoms of dementia.

Regarding caregivers, at a descriptive level, we observed
pre-post
symptoms, and happiness, although the differencesdid not reach

a datigtically significant level. Specifically, we observed

improvements in perceived stress, depressive significant improvements in caregiver distress from TO (mean

12.93, SD 9.40) to T1 (mean 7.83, SD 8.01; P<.05; Table 6).

Table 6. Outcome measures of the technol ogy-enhanced home-based horticultural therapy for caregivers (N=37, one participant dropped out).

Variables TO® mean (SD) T1°, mean (SD) P value 95% Cl

Stress 25.72 (6.17) 25.66 (6.00) 96 -2.89103.03
Depressive symptoms 16.79 (10.70) 17.03 (9.73) .92 -5.28t04.80
Positive aspects of caregiving 31.34 (8.23) 31.00 (10.29) .89 —4.86 t0 5.55
Caregiver distress 12.93 (9.40)° 7.83(8.01)° <.05° 0.16t0 10.05°
Happiness 6.74 (3.93) 7.08 (4.37) 41 -1.42t03.35

8T0: preintervention.
bT1: postintervention.
CSignificant effects.

Qualitative Findings

Overview

A total of 18 caregivers joined the focus group. The majority
of them were either children (n=12) or spouses (n=6) of the care
recipients. Overal, the qualitative findings from the focus
interviews can be summarized under the themes of (1) perceived
benefits and (2) perceived challenges of the
technology-enhanced home-based HT.

Perceived Benefits

Under the theme of perceived benefits, we further identified
four subthemes: (1) improved emotiona well-being, (2)
improved relationship with people with dementia, (3) increased
social network among caregivers, and (4) reinforced
autobiographical memory retrieval and storytelling abilities.

I mproved Emotional Well-Being

Caregivers positively recalled how they had enjoyed engaging
in horticultural activities at home using the smart grower. They
shared their excitement at witnessing the growing process of
the vegetables. One participant shared that growing vegetables
alleviated her stress, asit had become a meaningful goal in her
life. Additionally, she appreciated the colorful lighting of the
machine, which they found to be a decorative element in their
homes.

Seeing the growth of vegetables is like looking after
a baby. Thefirst thing | do every day isto take photos

https://aging.jmir.org/2025/1/e66017

of the vegetables... | also feel happy when | see the
attractive symbols on the machine, such as the stars
and mountain symbols. [P3]

The caregivers were pleased that they could enjoy the fruits of
their labor. The vegetablesthey grew, such as carrotsand lettuce,
were used to create delicious dishes. They felt a sense of pride
and satisfaction after receiving compliments from friends and
family members who saw photos of their harvest.

Similar perspectiveswere also evident in people with dementia.
They felt happiness and excitement about the growing process,
especialy during the harvest. As one caregiver shared,

My father was also involved in the growing of
lettuce...He looked at the smart grower and watered
the plant every day. He felt happy when he saw the
harvest inthe smart grower ...He could feel the nature
at home. [P10]

Another caregiver noted that while her husband could not
actively participate in the growing process, he enjoyed watching
it, particularly the colorful lighting on the smart growing
machine.

I mproved Relationship With People With Dementia

Caregivers found that their relationship with people with
dementiaimproved through home-based horticultural activities.
As one caregiver explained,

| put the smart grower near the window, and my
husband (people with dementia) will help to water
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theplant.. e aretaking care of the plant together ...It
isjust like atoy for us. [P4]

These activities offered away for them to collaborate and grow
the vegetables together.

Increase Social Network Among Caregivers

Caregivers also reported increased interaction with other
caregivers through the home horticultural activities. They were
able to ask questions about the smart grower and share photos
of their harvest in WhatsApp groups. This facilitated the
formation of new friendships, as they had a common topic to
discuss.

| uploaded photos to the WhatsApp group and others posted
pictures on the group. So, | see how other peopl€e's plants are
growing and talk to people.(P1) We have set a WhatsApp
groups. When | don't understand sometimes, | will ask in the
group. The student assistants will help me in the group and
other caregiverswill also answer and we will discuss together
in the group. [P9]

The increased social interactions were corroborated by our
WhatsApp group records. Participants actively shared recipes
for their harvests with each other. Some caregivers displayed
their stir-fried Chinese cabbage, while others shared recipesfor
garlic Chinese cabbage and methods for cooking baby turnip
with chieh-qua. More noteworthy was how caregivers
enthusiastically shared their planting progressand complimented
each other’'s growing vegetables. These positive interactions
led to the formation of new friendships among participants.

Reinforced Autobiographical Memory Retrieval and
Storytelling Abilities

One caregiver noted that the smart grower offered an opportunity
for people with dementiato reminisce about the past. The people
with dementia had experience growing cropsin their homeland
during childhood, and the home horticultural activities revived
those childhood memories. This opportunity facilitated the
sharing of historical anecdotes and the exercise of cognitive
abilities, such as autobiographical memory retrieval.

Dad isinterested in gardening, as growing vegetables
with this machine reminded him of his country
gardening days, and every now and then he would
tell us about his previous experiences. [P13]

Difficulties

Whilethehorticultural activitiesgenerally had positiveimpacts
on people with dementia and their caregivers, there were also
some perceived challenges. These challenges can be summarized
into two subthemes: (1) operational difficulties in using the
smart grower, and (2) light disturbance from the smart grower.

Operational Difficultiesin Using the Smart Grower

Some caregivers found the smart grower not easy to operate
due to its sophisticated design featuring many high-tech
components. Issues such as Wi-Fi connection problems were
encountered during use. For people with dementiawith mild to
moderate dependence, the complexity of the operations seemed
to diminish their patience and motivation, presenting a barrier
to their active participation in the entire growth process.

https://aging.jmir.org/2025/1/e66017
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Sometimes, the elder have no caregiversto help them.
S0, they can't do it by themselves because they don't
understand English very well. For example, the word
‘reset’ they can't understand. Also, they would not
know what to do if the WA-Fi disconnected. [P13]

Light Disturbance from the Smart Grower. Additionally, other
caregivers expressed concerns about the lighting emitted by the
smart grower. They reported using coversor towelsto minimize
light disturbance at night, indicating a need for better light
management features in the device.

The machine emits light and is very disruptive to
deep. Jeepinginavery small houseisreally affected.
When deeping in the living room, the light turns red
andisallittle scary. It may have some effect on plants,
but not sure. The next day it gives off normal light
again. [P14]

Discussion

Principal Findings

This pilot study aimed to investigate the feasibility of
technology-enhanced home-based HT in improving the
psychological well-being of people with dementia and their
caregivers. Overall, our quantitative results suggested that
technology-enhanced home-based HT is a feasible dyadic
intervention for both people with dementiaand their caregivers.
The overall attrition rate was low (2.63%), with a satisfactory
completion rate (83.78%). These findings indicate that
caregivers and people with dementia are receptive to using
technology for engaging in horticultural activities. Further
qualitative findings revealed that both people with dementia
and their caregiverswere excited about using the smart growing
machine, asit provided anovel experience for them. They also
welcomed the interactive horticultural activities and found that
their relationship with each other improved as aresult.

The use of technology-enhanced HT has progressively become
anincreasingly popular approach to delivering HT. For example,
virtual reality—based HT has recently been demonstrated as a
viadble and effective approach in promoting positive
psychological outcomes in older adults, such as enhancing
self-esteem and mastery [57]. Technology-enhanced HT can
mitigate limitations posed by factors such as venue and weather
conditions, offering amore flexible and convenient therapeutic
approach. In contrast to a virtua redlity—based HT, our
technology-enhanced home-based HT not only exhibits the
benefits of using technologies but also allows participants to
touch and feel plantsin reality, which can be more relatable to
the feeling of nurturing life. According to the Biophilic
Hypothesis, actual human-plant interactions play avital rolein
exerting the therapeutic effects of HT [58].

Our guantitative results suggested a significant reduction in
caregiver distress, aligning with previous studies that used a
traditional delivery mode of HT. Previous research has
demonstrated that horticultural activities can aleviate the
caregiving burden [23]. Our qualitative findings further
suggested that home-based horticultural activities may
simultaneously enable people with dementia to engage in
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meaningful and socially interactive experiences with their
caregivers, potentially improving their relationships and
alleviating caregiver distress. Moreover, our findings indicated
a significant increase in happiness levels among people with
dementia. These findings also corroborated previous studies
using traditional HT that reported a positive emotional impact
on peoplewith dementia[59]. Our qualitative findings provided
further insights that the heightened levels of subjective
well-being could be attributed to participants’ enthusiasm for
observing plant growth and acquiring a sense of satisfaction
through harvesting activities.

Overall, our findingsarein linewith the ART, in that perceiving
plantsin their natural environment has the potential to enhance
attention restoration and increase persuasive effects [11,60].
Our findings are also in line with SRT, suggesting that HT is
associated with positive affect, which in turn facilitates stress
recovery [12,61]. Although we did not observe a significant
decrease in perceived stress levels, we found an overall
improvement in emotional well-being among caregivers. For
example, an increase in emotional well-being is inversely
correlated with elevated levels of stress and anger [62].
Consigtently, HTs can reduce cortisol levelsthrough engagement
in horticultural activities, such as self-harvesting processes, and
the consumption of harvested fruits and vegetables [15]. The
use of social media groups also facilitated social interactions
among caregivers and provided a source of support. The mutual
encouragement and compliments about each other’ svegetables,
along with sharing recipes for their harvest created positive
interactions that extended beyond the initial horticultural
activities, offering an additional benefit of alleviating caregiving
stress [63-65].

Our qualitative findings suggested that some participants
reminisced about their past experiences in farming during the
activities. Reminiscing about past events requires the recall of
autobiographical memory [66,67], and actively externalizing
autobiographical memory for later retrieval (ie, reminiscing
about past events) can enhance memory performance and afford
greater control over memory encoding processes [68]. While
previous studies have suggested that engagement in horticultural
activities can enhance the cognitive abilities of people with
dementia [21,22], we did not detect a significant pre-post
improvement in the cognitive functions of peoplewith dementia.
It is plausible that because the MoCA is a global measure of
cognition, it may partialy explain why we did not detect a
significant pre-post improvement in MoCA scores, despite an

Kor et a

increasing trend descriptively, as peoplewith dementia primarily
improved in memory abilities. However, this interpretation
should be made cautiously dueto our small sample size. Future
studies should incorporate a larger-scale RCT to further
investigate the cognitive benefits of the technology-enhanced
home-based HT.

Limitations

This study had several limitations. Due to the pilot nature of
theresearch to establish thefeasibility of atechnology-enhanced
home-based HT, a control group was not employed. Therefore,
afull-scale RCT isencouraged to provide further confirmatory
evidence about the effectiveness of this intervention.
Furthermore, therewere only 3 F-T-F sessions provided to offer
training and support to the participants. This dosage may have
been insufficient. Inthe qualitative findings, caregiversreported
having technical difficultiesin using the smart grower at home,
such as Wi-Fi connection issues. Previous studies have found
similar observationsthat the older population may have alower
level of readiness for home technology [69]. Therefore, the
complexity of the device use may be asignificant barrier to the
engagement of the older population, particularly for peoplewith
dementia[70]. Consequently, it is conceivabl e that the program
outcomes could be further enhanced with more F-T-F sessions
and better integrated technical support for people with dementia
and their caregivers. A more comprehensivetraining and support
system may help addressthe operationa difficulties encountered
with the smart grower technology.

Conclusion

Thefindings of this pilot study support the feasibility and offer
preliminary evidence of using a hydroponic indoor grower to
conduct technology-enhanced home-based HT to improve the
psychological well-being of people with dementia and their
caregivers. There were positive effects on the emotional
well-being of people with dementiaand adecreasein caregiver
distress. The qualitative findings further suggested improved
relationships between people with dementia and caregivers.
Additionally, there were potential benefits of this intervention
in improving the autobiographical memory retrieval capacity
of people with dementia, indicating the cognitive benefits of
thisintervention. Future studies are encouraged to incorporate
a larger and more diverse sample to further evaluate the
sustainability of the positive psychological benefits of the
technol ogy-enhanced home-based HT for peoplewith dementia
and their caregivers.
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