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Informal caregivers provide long-term, unpaid support to patients — usually family or friends — with serious
illnesses. Although caregiving is essential, it can have adverse effects, e.g. physical and emotional exhaustion.
Digital applications are a cost-effective alternative to manage these effects. However, applications for caregivers

Well-being are usually centered on skill building and education rather than well-being, and general-purpose stress
fj:;;ghgrlzrs management applications — besides not specifically considering caregivers — frequently change and do not
Mobile health usually incorporate social aspects. To design a caregiver-centered application, we analyzed caregiver needs,
Application specifically focusing on well-being aspects. We present Care4Plant, an application designed to measure the

emotional dimension of caregivers’ burden based on the Zarit Burden Questionnaire, and suggest a set of
mood improvement tasks accordingly. Care4Plant features a virtual plant that represents informal caregivers’
emotional well-being, allowing them to care for the plant through actions intended to manage their mental
health and reduce stress, and to share their plant with other caregivers through a social network represented
by a greenhouse. We conducted an evaluation of Care4Plant with nine users over two weeks. The results
indicated good levels of usability and demonstrated that the approach of motivating users through the virtual
plant was well-received.
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1. Motivation and significance

When individuals are ill and require ongoing care, this care is
commonly provided by informal caregivers [1], also called family
caregivers [2] or unpaid carers [3]. Informal caregivers are usually

family members or friends who provide care within and outside of
healthcare settings [4], who are typically unpaid and without formal
training [5]. Caregiving is prevalent and essential, with e.g. 21% of
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the population acting as family caregivers in the United States [6],
24.5% of the dependent adult population in Chile requiring additional
help [7], and the chance of an adult in the United Kingdom becoming
a carer being 65% [8].

Informal caregivers provide support for a wide range of physi-
cally, socially, emotionally, or financially demanding tasks [2]. This
high workload may have negative effects on caregiver well-being [1],
e.g. fatigue, physical and emotional exhaustion, or depression [9], often
called the caregiver burden, which can affect caregivers emotionally,
socially, financially, physically, and spiritually [10].

Technology-based interventions for caregivers have been found to
be able to reduce some of the negative impacts of caregiving [11].
Most existing tools for caregivers, however, focus on education, skill
building and assistance with tasks, rather than caregivers’ mental well-
being [12]. Some examples are TOGETHERCare, which simplifies re-
porting, provides surveys and activities, and facilitates access to health
and well-being resources [13], Carer Guide App, which provides disease
information, well-being activities, social networks, hospital, contacts,
and a notepad [14], and CareFit, providing tutorial exercise videos,
a weekly planner, educational material, and the option to share the
caregiver’s progress [15].

Recent scoping studies have found that most technology-based in-
terventions to support caregivers are online sessions via videocon-
ferencing [16], and that technologies can be classified as those for
communication and support, health monitoring, assistive technologies,
and education — including e.g. mindfulness applications, generally
with positive impacts, although some negative impacts (e.g. increased
stress, technical difficulties) have also been noted [17]. Moreover, most
studies with caregivers have been conducted in the Global North [17],
and existing applications are generally only available in one language.

General-purpose stress-management applications (SMAs) usually
focus on mindfulness and meditation, with about half consisting of
evidence-based interventions [18]. A literature review found over 100
SMAs, covering strategies such as meditation, mindfulness, breathing,
music, visualization, and accepting reality, but only 9.1% of the apps
had any evaluation, and many changed or became unavailable after
a 2-year period, demonstrating a degree of volatility [19]. Most ap-
plications do not incorporate gamification (i.e., game-related elements
such as digital rewards) techniques [20]. Some apps, however, do
incorporate persuasive strategies such as personalization (e.g., pre-
assessments) and simulations (e.g. flower growth), while social aspects
are infrequently used - e.g., social comparison was not found in any of
the reviewed applications [21].

We have created a mobile application specifically designed to
support the well-being of informal caregivers, incorporating stress-
management tools in order to satisfy four previously identified care-
giver needs: tracking and identifying mental health and care burden
levels, reducing stress and anxiety, reducing isolation, and motivating
them to do mood-boosting activities [22]. This application differs from
existing solutions because it was designed as a caregiver-centered
application with a specific focus on well-being, also incorporating social
aspects. To analyze and understand caregiver needs, we developed user
Personas based on existing literature [23], secondary research data
collected from caregiver forums, and previous literature specifically
focused on caregivers’ well-being (e.g. [24]). Additional information
about the design process can be found in the supplementary material.
The application supports several languages, aiming to be available in
multiple cultural settings, which can help researchers understand how
caregivers’ needs e.g. in Latin America differ from those in the Global
North.

The implemented application, called Care4Plant, focuses on iden-
tifying caregivers’ emotional burden through a validated test, and
suggesting mood improvement activities accordingly. The application
is divided into four main sections: (1) My Plant, which is an avatar in
the form of a plant image representing the caregiver’s stress level; (2)
Stress level test, which implements a short version of the Zarit Burden
Interview test [25,26]; (3) Care center, which allows users to explore
the activities offered by the application; and (4) Greenhouse, a space
where caregivers can share their thoughts with other caregivers.
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Fig. 1. Care4Plant layer architectural view.

2. Software description

Care4Plant is a mobile application designed to be simple and easy
to use, in order to minimize any difficulties that may affect its regular
use [27]. The application was designed to help informal caregivers self-
report their emotions and help reduce their stress levels. As a design
decision, we used a green color palette as the main aesthetic of the
interface, as it is considered a relaxing color, promoting the feeling of
calm [28].

2.1. Software architecture

For Care4Plant, we are interested in prioritizing quality attributes
such as modifiability, scalability, and usability, so we chose two classic
architectural styles that promote them, aiming to represent the simplic-
ity of our system [29]: client-server style for a general architectural
view and layer style for the specific architectural view (see Fig. 1). In
the future, if intercommunication with other systems is added, more
complex architectures should be considered (e.g. [30-32]).

The architecture consists of three layers: User interface, Business
Logic, and Data Access. The Business Logic layer includes three layer
segments: (1) the Accounts segment, which allows for the administra-
tion of users who will use Care4Plant, (2) the Configuration segment,
which allows for the configuration of how the application will be
interacted with, and (3) the Main Activities segment, which allows
caregivers to select the different activities that Care4Plant provides for
their self-care.

2.2. Software functionalities

The main functionalities of Care4Plant are the following:
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Fig. 2. Onboarding in Spanish, English and Welsh.

Language: Care4Plant currently supports three languages: Span-
ish, English, and Welsh. The application detects the mobile device
language and adjusts its user interface accordingly.

User Access: provides functionality related to login and registra-
tion.

Onboarding: provides onboarding screens to describe the app’s
functionalities to first-time users (see Fig. 2).

User Center: allows users to configure their preferred settings
regarding plant style, frequency for answering the stress level test,
notifications, etc.

Stress Level Test: allows users to answer a stress level question-
naire, based on seven questions from the “emotional well-being”
domain from Zarit Burden Interview (ZBI) and Mapi Research
Trust [26].

My Plant: the main screen of the application, displaying an
avatar plant that enables a visual representation of the caregiver’s
stress level. In the initial configuration of the application, the
user can select the avatar plant style, which can afterward be
decorated by accessories that the user can earn as rewards for
completing activities. The My Plant screen gives users access to
functionalities such as self-reporting daily mood and stress levels,
and offers recommendations based on information collected by
the application (e.g. stress levels, interactions).

Care Center: allows users to explore the activities the application
offers. Each activity has a time limit associated with it, indicating
how long a user must be on the activity screen to receive the
reward.

Greenhouse: a shared space designed to allow caregivers to write
their thoughts to be seen by other caregivers, if they so choose.

3. Ilustrative examples

This section presents examples of the main functionalities of the
Care4Plant application.

Within the Stress Level Test functionality, a progress bar with icons
is shown, indicating which question the user is answering (see Fig. 3).
After completing the mandatory Onboarding section and configuring
their preferences in the User Center, the user should answer the stress
level test at least once. After that, the application will prompt the stress
level test to be answered according to the frequency configured by the
user.

The My Plant section presents a personalized daily greeting at
the top of the screen, as seen in Fig. 4(a). When the application is
used for the first time, the daily greeting is followed by a plant’s
avatar selection in the configuration section. The plant represents the
caregiver’s stress levels. Several accessories can be used to enhance the
plant’s appearance. The accessories are collected by performing stress-
relieving activities in the Care Center. Below the plant, there are two
messages, one giving the option to self-report the user’s daily mood
(if not yet reported) and another to answer the stress level test (if
it meets the settings configured in the Onboarding section). At the
bottom of the screen, there is a Recommended path for you section,
suggesting activities according to the user’s stress level, as seen in Fig.
4(b). Once the activities are completed, the user is rewarded with an
extra accessory for their plant. The path is updated each time the user
completes the stress level test. Both the number of activities and the
type of activity offered for each stress level are configurable.

The Care Center presents several activities to the user, such as
playing relaxing music, as shown in Fig. 5, and a box with mindful
readings. Additionally, in the top right corner, it is possible to register
the user’s thoughts. The user can also self-report stress levels in this
section.

In the Greenhouse screen (see Fig. 6(a)), a collection of plants is
displayed, representing a network of informal caregiver users. Users can
visit other caregivers’ personal zone, which is a space that lists recorded
thoughts, as shown in Fig. 6(b). A user may like the thoughts recorded
by other caregivers and view the total number of likes displayed under
the red heart.

4. Impact

The potential impact that an application like Care4Plant could have
on informal caregivers can be seen in two ways. First, the application
is focused solely on the caregiver’s well-being, unlike other applica-
tions for caregivers [33] that focus their attention on functionalities
to support caregiving tasks rather than on emotional needs. Design-
ing a mobile application like MyPlant with a single target audience,
i.e. caregivers, can be beneficial in the following ways:

+ Personalized experience: By not having to compete with other
functionalities, the app can offer a highly targeted experience
and a personalized wellness plan, tailored to the user’s individual
needs and goals.
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Fig. 3. Stress Level Test in Spanish, English and Welsh.
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Fig. 4. My Plant.

» Efficiency in content delivery: Applications focused on a specific
condition may be more effective in delivering content and tools.

» Reduced information overload: Reducing overload is critical to
preserving the health of caregivers, who often face the challenge
of balancing multiple responsibilities while managing a large
amount of caregiving-related duties.

+ Increased adherence and engagement: By offering an interface
with fewer elements, well-being applications may encourage
greater engagement by users.

Second, Care4Plant offers a user interface in three languages: En-
glish, Spanish, and Welsh, improving both accessibility and user expe-
rience. This has been found to be especially valuable in international
contexts or multicultural communities (e.g. [34]), possibly because
users feel more comfortable and understand information better when
the application is in their native language, which can improve usability
and overall satisfaction reducing the possibility of misunderstandings
or errors [35]. Finally, an application such as this one can also be a
tool of language preservation. For example, Welsh is fundamental to
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Fig. 5. Care Center in Spanish, English and Welsh.
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Table 1
Evaluation results.
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Participant Age Gender Initial Sus Open answers In general, what did you
Stress (0-100) (out of 6) think of the interaction
Level with Care4Plant?
(0-24) (summarized)
+
P1 24 M 6 95 4 0 “Easy to use”
P2 27 M 2 100 6 0 “Excellent”
P3 23 M 6 75 5 0 “Relatively easy to use”
P4 46 F 4 100 6 0 “Excellent”
P5 24 F 8 85 6 0 “Good”
P6 35 F 14 72.5 3 1 “At first, a bit complicated
(...) it became easier to use”
P7 26 M 10 92.5 4 1 “Excellent”, “Intuitive”
P8 23 M 13 17.5 3 0 “User-friendly”
P9 24 M 16 85 3 1 “Easy to use”, “Attractive”

the identity of the people of Wales, so the efforts made to protect this
language reflect the desire of the communities to strengthen ties with
their roots [36].

5. Results

To evaluate the mobile application, we asked 9 non-caregiver par-
ticipants in Concepcién, Chile to use the Spanish version of Care4Plant
for 2 weeks. This initial evaluation allows us to refine and improve
the mobile application before evaluating it with informal caregivers
to avoid overburdening them. The study was approved by the Sci-
entific Ethics Committee of the Universidad Catdlica de la Santisima
Concepcién (code ORD. N°51/2023).

We asked participants to complete 3 questionnaires: informal care-
giver burnout levels (Zarit Burden Interview) [37], system usability
scale (SUS) [38] and a tailored questionnaire with 8 open questions
about interaction, experience, and perceived usefulness when using
Care4Plant, advantages and disadvantages of using the mobile applica-
tion, and suggested improvements, that aim to identify user perceptions
of the Care4Plant mobile application.

To take part in the study, participants signed the consent form.
Then, one of the researchers provided a link to download the applica-
tion, which was installed on the participant’s own mobile phone. They
used the app freely for two weeks, continuing with their other daily
activities and routines. We contacted them one week after they began
their use of the application to offer any required technical support.
After two weeks of use, we asked participants to complete the SUS and
the tailored questionnaire.

Table 1 presents a summary of our participants and the results of the
evaluation. SUS results reveal a good level of usability (average score:
80.3), indicating that in general, the application is easy to use [39].
We note that only one participant had scores below ‘Good’ according
to the SUS adjective interpretation [40]. For the open questions, we
selected six questions in which users could give positive or negative
answers. For each question, one researcher evaluated whether the
response was positive, neutral (or omitted) or negative. We provide
the number of positive and negative answers for each respondent; the
overall percentage of positive answers was 74.1% (40/54), there were
4 negative answers (7.4%), and 10 neutral answers (18.5%). We also
provide a summary of participants’ responses to the question that asked
their general perception about the application.

To analyze qualitative data, two researchers collaborated using the
Affinity diagramming technique [41]. All answers from the tailored
questionnaire were transcribed and organized into themes by using
sticky notes in the Jamboard platform. Results from this analysis re-
veal insights on what motivates the use of Care4Plant, and how the
GreenHouse and activities are perceived by users. These are discussed
below.

The strategy of using a plant as a metaphor motivated users to en-
gage and use the application: “I was really interested in being aware of the

plant and taking care to keep it well” (P2). Users suggested improvements
on the visual aspects of the avatar-plant to better represent well-being
levels, e.g.: “It would be good to make the visual changes more evident,
for example, new leaves growing or wilting or new shoots according to the
new accessories applied to the avatar-plant” (P7). Only one user had a
negative opinion (P7: “(...) it needs a bit more refinement. The process
(...) didn’t create a sense of ownership for me regarding the plant”).

Participants who used the Greenhouse functionality considered that
having a space to create a community within the same application
was a good idea; however, it was perceived to require higher levels
of interaction to avoid the perception that nobody else is using the
mobile application, and so that the interaction with others could be
richer. Four users were neutral or omitted a response, e.g. stating that
this section should provide additional interaction possibilities (e.g. P7:
“I would have liked more interaction. I wrote a message and received
two likes, but I did not see anyone else leaving messages”), one was
negative (P6: “No, I thought [ was going to get a response or comment
on the thoughts I wrote down”) and three were positive (e.g. P2: “I
found it exciting to be able to relate to more people”.).

The fixed number of activities also impacted user experience. Par-
ticipants felt that the mobile application should be more dynamic,
regularly update activities and content, and have more options for
music for meditation; similarly, the motivational text should be more
diverse.

Regarding participants’ well-being, six participants felt that the
application helped them improve it (e.g. P7: “It helped me connect
with myself, create moments of peace, and learn more from the data that
appeared in the focused reading. It made me feel good”, two responses
were neutral, especially because users felt they did not need to improve
(e.g. P1: “No, because I haven’t been in a bad mood since I started using
the application”), and one was negative (P9: “In my case, no”.).

6. Conclusion

This article presents Care4Plant, a mobile phone application de-
signed to support the emotional well-being of informal caregivers. We
used a caregiver-centered design to focus on caregivers’ well-being
needs rather than task-related support. The application uses an avatar-
plant as a metaphor that represents caregivers’ emotional well-being
levels, and a greenhouse of plants to promote some social interaction
between caregivers. Care4Plant provides multilingual support and is
currently available in English, Spanish and Welsh.

The application was evaluated by non-caregiver participants who
used the application during 2 weeks. Users indicated good levels of
usability and were positive regarding the avatar-plant motivational
strategies. Naturally, the next step is to involve informal caregivers in a
longer-term study. However, this initial evaluation allowed us to iden-
tify some required design improvements, e.g. making visual changes
more salient, providing more interaction opportunities between users,
and integrating a larger number of well-being activities.



B. Ferndndez-Zambrano et al.
CRediT authorship contribution statement

Bernardo Fernandez-Zambrano: Writing — review & editing, Writ-
ing — original draft, Visualization, Validation, Software, Investigation,
Formal analysis, Data curation, Conceptualization. Carolina Fuentes:
Writing - review & editing, Writing — original draft, Visualization,
Validation, Supervision, Software, Investigation, Conceptualization. Pe-
dro O. Rossel: Writing — review & editing, Writing — original draft,
Visualization, Validation, Supervision, Project administration, Investi-
gation, Data curation, Conceptualization. Valeria Herskovic: Writing
- review & editing, Writing — original draft, Visualization, Validation,
Investigation, Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared to
influence the work reported in this paper.

Acknowledgments

The work of Valeria Herskovic was partially funded by National
Center for Artificial Intelligence CENIA FB210017, Basal ANID (Chile).

Appendix A. Supplementary data

Supplementary material related to this article can be found online
at https://doi.org/10.1016/j.softx.2025.102368.

References

[1] Bom J, Bakx P, Schut F, van Doorslaer E. The impact of informal caregiving for
older adults on the health of various types of caregivers: A systematic review.
Gerontol 2019;59(5):629-42. http://dx.doi.org/10.1093/geront/gny137.

[2] Alam S, Hannon B, Zimmermann C. Palliative care for family caregivers. J Clin
Oncol 2020;38(9):926-36. http://dx.doi.org/10.1200/JC0O.19.00018.

[3] Redican E, Meade R, Harrison C, McBride O, Butter S, Murphy J, Shevlin M.
The prevalence, characteristics, and psychological wellbeing of unpaid carers in
the United Kingdom. Soc Psychiatry Psychiatr Epidemiol 2024;1-11.

[4] Chong E, Crowe L, Mentor K, Pandanaboyana S, Sharp L. Systematic review of
caregiver burden, unmet needs and quality-of-life among informal caregivers of
patients with pancreatic cancer. Support Care Cancer 2023;31:74. http://dx.doi.
0rg/10.1007/s00520-022-07468-7.

[5] Rosell J, Araya A-X, Miranda-Castillo C. Internet use by informal caregivers
in Chile: An analysis including age and gender perspectives. Clin Gerontol
2024;47(1):26-38. http://dx.doi.org/10.1080/07317115.2023.2173692.

[6] National Alliance for Caregiving. Caregiving in the US 2020. 2020, https://www.
caregiving.org/research/caregiving-in-the-us/. [Accessed February 2025].

[7] Ministerio de Desarrollo Social y Familia. Encuesta Nacional de Discapacidad
y Dependencia 2022. Ministerio de Desarrollo Social y Familia; 2022, URL
https://observatorio.ministeriodesarrollosocial.gob.cl/endide-2022.

[8] Zhang Y, Bennett MR. Will I care: The likelihood of being a carer in adult
life. 2019, https://www.carersuk.org/media/warllcph/carersrightsdaynov19final-
2.pdf. [Accessed February 2025].

[9] Fernandez MB, Herrera MS. Health effects of dependent older people caregiving
by family members. Rev Médica Chile 2020;148(1):30-6. http://dx.doi.org/10.
4067/50034-98872020000100030.

[10] Zarit SH, Todd PA, Zarit JM. Subjective burden of husbands and wives as
caregivers: A longitudinal study. Gerontol 1986;26(3):260-6. http://dx.doi.org/
10.1093/geront/26.3.260.

[11] Lopez-Hartmann M, Wens J, Verhoeven V, Remmen R. The effect of caregiver
support interventions for informal caregivers of community-dwelling frail elderly:
a systematic review. Int J Integr Care 2012;12(5):e133. http://dx.doi.org/10.
5334/ijic.845.

[12] Petrovic M, Gaggioli A. Digital mental health tools for caregivers of older adults-a
scoping review. Front Public Heal 2020;8:128. http://dx.doi.org/10.3389/fpubh.
2020.00128.

[13] Oakley-Girvan I, Yunis R, Fonda SJ, Neeman E, Liu R, Aghaee S, Ramsey ME,
Kubo A, Davis SW. A novel smartphone application for the informal caregivers
of cancer patients: Usability study. PLoS Digit Heal 2023;2(3):e0000173. http:
//dx.doi.org/10.1371/journal.pdig.0000173.

[14] Heynsbergh N, Heckel L, Botti M, Chul S, Livingston PM. Development of
a smartphone app for informal carers of people with cancer: Processes and
learnings. JMIR Form Res 2019;3(2):e10990. http://dx.doi.org/10.2196,/10990.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]
[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

SoftwareX 32 (2025) 102368

Egan KJ, Hodgson W, Dunlop MD, Imperatore G, Kirk A, Maguire R. A novel
mobile app (“CareFit”) to support informal caregivers to undertake regular
physical activity from home during and beyond COVID-19 restrictions: Co-
design and prototype development study. JMIR Form Res 2021;5(10):e27358.
http://dx.doi.org/10.2196,/27358.

Fernandez-Bueno L, Torres-Enamorado D, Bravo-Vazquez A, Rodriguez-Blanco C,
Bernal-Utrera C. Technological innovations to support family -caregivers:
A scoping review. Healthcare 2024;12(23):2350. http://dx.doi.org/10.3390/
healthcare12232350.

Aparicio A, Inostroza-Correa MA, Miranda P, Salinas C, Herskovic V, Chackiel C,
Alarcén C. The impact of technology use for care by informal female caregivers
on their well-being: a scoping review. Syst Rev 2025;14(1):89. http://dx.doi.org/
10.1186/513643-025-02817-z.

Coulon SM, Monroe CM, West DS. A systematic, multi-domain review of
mobile smartphone apps for evidence-based stress management. Am J Prev Med
2016;51(1):95-105. http://dx.doi.org/10.1016/j.amepre.2016.01.026.

Paganini S, Meier E, Terhorst Y, Wurst R, Hohberg V, Schultchen D, Strahler J,
Wursthorn M, Baumeister H, Messner E-M. Stress management apps: Systematic
search and multidimensional assessment of quality and characteristics. JMIR
Mhealth Uhealth 2023;11:e42415. http://dx.doi.org/10.2196/42415.

Hoffmann A, Christmann CA, Bleser G. Gamification in stress management apps:
A critical app review. JMIR Serious Games 2017;5(2):e13. http://dx.doi.org/10.
2196/games.7216.

Alhasani M, Mulchandani D, Oyebode O, Baghaei N, Orji R. A systematic
and comparative review of behavior change strategies in stress management
apps: opportunities for improvement. Front Public Heal 2022;10:777567. http:
//dx.doi.org/10.3389/fpubh.2022.777567.

Liu D. Health application for unpaid caregivers. Cardiff University; 2021.

The Ontario Caregiver Organization. Caregiver personas in Ontario. 2020,
https://ontariocaregiver.ca/wp-content/uploads/2020/01/Caregiver-Personas-in-
Ontario-V3_EN.pdf. [Accessed August 2025].

Fuentes C, Rodriguez I, Herskovic V. Making communication frequency tangible:
How green is my tree? Proc TEI "16: Tenth Int. Conf Tangible Embed Embodied
Interact 2016;434-40. http://dx.doi.org/10.1145/2839462.2856528.

Zarit SH. ZBI - Zarit burden interview version 1.0: scaling and scoring. Lyon:
Mapi Research Trust; 2018.

Zarit SH. ZBI - Zarit Burden Interview. 2023, URL https://eprovide.mapi-trust.
org/zbi-zarit-burden-interview/. [Accessed March].

Bakker D, Kazantzis N, Rickwood D, Rickard N. Mental health smartphone apps:
Review and evidence-based recommendations. JMIR Ment Heal 2016;3(1):e7.
http://dx.doi.org/10.2196/mental.4984.

Elliot AJ, Maier MA. Color psychology: effects of perceiving color on psy-
chological functioning in humans. Annu Rev Psychol 2014;65:95-120. http:
//dx.doi.org/10.1146/annurev-psych-010213-115035.

Bass L, Clements P, Kazman R. Software architecture in practice. 4th
ed. Addison-Wesley Professional; 2021.

Aratdjo C, Batista T, Cavalcante E, Oquendo F. Generating formal software
architecture descriptions from semi-formal sysml-based models: A model-driven
approach. In: Proceedings of the 21st international conference on computational
science and its applications. Lecture notes in computer science, vol. 12951,
Springer; 2021, p. 394-410. http://dx.doi.org/10.1007/978-3-030-86970-0_28.
Goérski T. The 1+5 architectural views model in designing blockchain and IT
system integration solutions. Symmetry 2021;13(11):2000. http://dx.doi.org/10.
3390/sym13112000.

Medvidovié¢ N, Taylor RN, Dashofy EM. Software architecture description revis-
ited. IEEE Trans Softw Eng 2025;51(3):789-94. http://dx.doi.org/10.1109/TSE.
2025.3533387.

Sala-Gonzalez M, Pérez-Jover V, Guilabert M, Mira JJ. Mobile apps for help-
ing informal caregivers: A systematic review. Int J Environ Res Public Heal
2021;18(4):1702. http://dx.doi.org/10.3390/ijerph18041702.

Noack EM, Schéning J, Miiller F. A multilingual app for providing informa-
tion to SARS-CoV-2 vaccination candidates with limited language proficiency:
Development and pilot. Vaccines 2022;10(3):360. http://dx.doi.org/10.3390/
vaccines10030360.

Pyae A, Scifleet P. Investigating differences between native English and non-
native English speakers in interacting with a voice user interface: A case of
Google home. In: Proceedings of the 30th Australian conference on computer-
human interaction. ACM; 2018, p. 548-53. http://dx.doi.org/10.1145/3292147.
3292236.

Evans S-A. Welsh language preservation: Our obligation to transmit our cultural
heritage to our children. Stud Philos Politics Econ 2020;2(1):29-33.

Breinbauer K H, Véasquez V H, Mayanz S S, Guerra C, Millan K T. Original and
abbreviated Zarit caregiver burden scales. Validation in Chile. Rev Médica Chile
2009;137(5):657-65. http://dx.doi.org/10.4067/50034-98872009000500009.
Sevilla-Gonzalez MdR, Moreno Loaeza L, Lazaro-Carrera LS, Bourguet Ramirez B,
Vazquez Rodriguez A, Peralta-Pedrero ML, Almeda-Valdes P. Spanish version of
the system usability scale for the assessment of electronic tools: Development
and validation. JMIR Hum Factors 2020;7(4):e21161. http://dx.doi.org/10.2196/
21161.


https://doi.org/10.1016/j.softx.2025.102368
http://dx.doi.org/10.1093/geront/gny137
http://dx.doi.org/10.1200/JCO.19.00018
http://refhub.elsevier.com/S2352-7110(25)00334-6/sb3
http://refhub.elsevier.com/S2352-7110(25)00334-6/sb3
http://refhub.elsevier.com/S2352-7110(25)00334-6/sb3
http://refhub.elsevier.com/S2352-7110(25)00334-6/sb3
http://refhub.elsevier.com/S2352-7110(25)00334-6/sb3
http://dx.doi.org/10.1007/s00520-022-07468-7
http://dx.doi.org/10.1007/s00520-022-07468-7
http://dx.doi.org/10.1007/s00520-022-07468-7
http://dx.doi.org/10.1080/07317115.2023.2173692
https://www.caregiving.org/research/caregiving-in-the-us/
https://www.caregiving.org/research/caregiving-in-the-us/
https://www.caregiving.org/research/caregiving-in-the-us/
https://observatorio.ministeriodesarrollosocial.gob.cl/endide-2022
https://www.carersuk.org/media/warllcph/carersrightsdaynov19final-2.pdf
https://www.carersuk.org/media/warllcph/carersrightsdaynov19final-2.pdf
https://www.carersuk.org/media/warllcph/carersrightsdaynov19final-2.pdf
http://dx.doi.org/10.4067/S0034-98872020000100030
http://dx.doi.org/10.4067/S0034-98872020000100030
http://dx.doi.org/10.4067/S0034-98872020000100030
http://dx.doi.org/10.1093/geront/26.3.260
http://dx.doi.org/10.1093/geront/26.3.260
http://dx.doi.org/10.1093/geront/26.3.260
http://dx.doi.org/10.5334/ijic.845
http://dx.doi.org/10.5334/ijic.845
http://dx.doi.org/10.5334/ijic.845
http://dx.doi.org/10.3389/fpubh.2020.00128
http://dx.doi.org/10.3389/fpubh.2020.00128
http://dx.doi.org/10.3389/fpubh.2020.00128
http://dx.doi.org/10.1371/journal.pdig.0000173
http://dx.doi.org/10.1371/journal.pdig.0000173
http://dx.doi.org/10.1371/journal.pdig.0000173
http://dx.doi.org/10.2196/10990
http://dx.doi.org/10.2196/27358
http://dx.doi.org/10.3390/healthcare12232350
http://dx.doi.org/10.3390/healthcare12232350
http://dx.doi.org/10.3390/healthcare12232350
http://dx.doi.org/10.1186/s13643-025-02817-z
http://dx.doi.org/10.1186/s13643-025-02817-z
http://dx.doi.org/10.1186/s13643-025-02817-z
http://dx.doi.org/10.1016/j.amepre.2016.01.026
http://dx.doi.org/10.2196/42415
http://dx.doi.org/10.2196/games.7216
http://dx.doi.org/10.2196/games.7216
http://dx.doi.org/10.2196/games.7216
http://dx.doi.org/10.3389/fpubh.2022.777567
http://dx.doi.org/10.3389/fpubh.2022.777567
http://dx.doi.org/10.3389/fpubh.2022.777567
http://refhub.elsevier.com/S2352-7110(25)00334-6/sb22
https://ontariocaregiver.ca/wp-content/uploads/2020/01/Caregiver-Personas-in-Ontario-V3_EN.pdf
https://ontariocaregiver.ca/wp-content/uploads/2020/01/Caregiver-Personas-in-Ontario-V3_EN.pdf
https://ontariocaregiver.ca/wp-content/uploads/2020/01/Caregiver-Personas-in-Ontario-V3_EN.pdf
http://dx.doi.org/10.1145/2839462.2856528
http://refhub.elsevier.com/S2352-7110(25)00334-6/sb25
http://refhub.elsevier.com/S2352-7110(25)00334-6/sb25
http://refhub.elsevier.com/S2352-7110(25)00334-6/sb25
https://eprovide.mapi-trust.org/zbi-zarit-burden-interview/
https://eprovide.mapi-trust.org/zbi-zarit-burden-interview/
https://eprovide.mapi-trust.org/zbi-zarit-burden-interview/
http://dx.doi.org/10.2196/mental.4984
http://dx.doi.org/10.1146/annurev-psych-010213-115035
http://dx.doi.org/10.1146/annurev-psych-010213-115035
http://dx.doi.org/10.1146/annurev-psych-010213-115035
http://refhub.elsevier.com/S2352-7110(25)00334-6/sb29
http://refhub.elsevier.com/S2352-7110(25)00334-6/sb29
http://refhub.elsevier.com/S2352-7110(25)00334-6/sb29
http://dx.doi.org/10.1007/978-3-030-86970-0_28
http://dx.doi.org/10.3390/sym13112000
http://dx.doi.org/10.3390/sym13112000
http://dx.doi.org/10.3390/sym13112000
http://dx.doi.org/10.1109/TSE.2025.3533387
http://dx.doi.org/10.1109/TSE.2025.3533387
http://dx.doi.org/10.1109/TSE.2025.3533387
http://dx.doi.org/10.3390/ijerph18041702
http://dx.doi.org/10.3390/vaccines10030360
http://dx.doi.org/10.3390/vaccines10030360
http://dx.doi.org/10.3390/vaccines10030360
http://dx.doi.org/10.1145/3292147.3292236
http://dx.doi.org/10.1145/3292147.3292236
http://dx.doi.org/10.1145/3292147.3292236
http://refhub.elsevier.com/S2352-7110(25)00334-6/sb36
http://refhub.elsevier.com/S2352-7110(25)00334-6/sb36
http://refhub.elsevier.com/S2352-7110(25)00334-6/sb36
http://dx.doi.org/10.4067/S0034-98872009000500009
http://dx.doi.org/10.2196/21161
http://dx.doi.org/10.2196/21161
http://dx.doi.org/10.2196/21161

B. Ferndndez-Zambrano et al. SoftwareX 32 (2025) 102368

[39] Bangor A, Kortum PT, Miller JT. An empirical evaluation of the system usability [41] Lucero A. Using affinity diagrams to evaluate interactive prototypes. In:
scale. Int J Human—-Comput Interact 2008;24(6):574-94. http://dx.doi.org/10. Proceedings of the human-computer interaction — INTERACT 2015. Springer
1080/10447310802205776. International Publishing; 2015, p. 231-48. http://dx.doi.org/10.1007/978-3-319-

[40] Bangor A, Kortum P, Miller J. Determining what individual SUS scores mean: 22668-2_19.

Adding an adjective rating scale. J Usability Stud 2009;4(3):114-23.


http://dx.doi.org/10.1080/10447310802205776
http://dx.doi.org/10.1080/10447310802205776
http://dx.doi.org/10.1080/10447310802205776
http://refhub.elsevier.com/S2352-7110(25)00334-6/sb40
http://refhub.elsevier.com/S2352-7110(25)00334-6/sb40
http://refhub.elsevier.com/S2352-7110(25)00334-6/sb40
http://dx.doi.org/10.1007/978-3-319-22668-2_19
http://dx.doi.org/10.1007/978-3-319-22668-2_19
http://dx.doi.org/10.1007/978-3-319-22668-2_19

	Care4Plant: Mobile application for informal caregivers
	Motivation and significance
	Software description
	Software architecture
	Software functionalities

	Illustrative examples
	Impact
	Results
	Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Appendix A. Supplementary data
	References


