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ABSTRACT 
Previous work has looked closely at the challenges of using 
patient-generated data to enable remote assessment and 
monitoring by healthcare professionals. In this paper, we 
examine family caregivers who act as proxies for patients 
who may not have the capacity of capturing the necessary 
data. We worked with occupational therapists to develop an 
application for remote assessment of the safety of patients’ 
homes by occupational therapists with the assistance of 
family caregivers. We evaluated the application with family 
caregivers and found two features unique to communication 
between family caregivers and healthcare professionals: 
Caregivers want to be able to direct healthcare professionals’ 
attention to support problem-solving at home, and they 
include their perspective on how to best meet the patient’s 
health needs. We discuss the importance of these findings for 
home systems in the domain of long-term chronic care. 
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INTRODUCTION 
Family caregivers are often described as “an important piece 
of the healthcare system” [39]. Recent estimates [48] in the 
United States show that there are 43.5 million informal 
caregivers who provide unpaid care. Accordingly, the 
economic value of unpaid care has risen steeply from 
USD375 Billion in 2007 to 470 Billion in 2013. When older 
adults have care needs, family caregivers undertake a 
significant and critical burden. In a meta-review of programs 
where family caregivers were explicitly integrated into post-
hospitalization care, [36] showed clear medical benefits such 
as shorter rehospitalization and lower costs of care.  

Figure 1. Illustration of the changing health management roles 
of healthcare professional, patient and caregiver as chronic 
disease progresses. 

In Singapore, where this study was conducted, people are 
expected to spend an average of 10.6 years living in disability 
towards the end of life [30]. The work of family caregivers 
during these years consists of communication (35.1%), 
feeding (32%) and bathing duties (21.1%) [46].  As disease 
progresses, patient independence is compromised, and family 
caregivers often rise to take on increasing responsibility for 
the patient [12]. We illustrate this phase in Figure 1 (green, 
right), describing a period of chronic disease that we call 
“caregiver management”.  

Previous studies [28,29] have focused more on patients’ self-
management and their relationship with healthcare 
professionals, or on family caregivers alone [6,42,43], but 
less emphasis has been given to the relationship between 
family caregivers and healthcare professionals. 

Previous research also showed that patients appear to be 
mostly open to caregivers accessing personal health records 
[20], even though there remains some tension between 
patients and caregivers regarding the use and sharing of data 
from patient portals [15]. There is also evidence that family 
caregivers may be unreliable reporters of systematic 
assessment outcomes [27]. Beyond this, there remain many 
open questions as to the behavior of family caregivers 
when acting as patient proxies during their interaction 
with healthcare professionals. 

Due to the previously identified difficulties in the 
collaborative relationship between patients and healthcare 
professionals [1,28], our goal was to examine both the 
information elicitation needs of healthcare professionals and 
how information-gathering tasks are viewed by family 
caregivers. We used a user-centered research approach and 
developed a remote data gathering system in coordination 
with occupational therapists. The purpose of the system was 
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to enable caregivers to gather home environment data for 
occupational therapists’ (OTs) to remotely assess the home 
for safety for mobility-compromised patients. The target 
home user was the primary family caregiver.  

We evaluated our system, HomeAx, with family caregivers 
who had brought home a patient with impaired mobility after 
discharge. We checked for system usability and interviewed 
caregivers on their caregiving experience and their response 
to the system. We analyzed the qualitative results using 
thematic analysis.  

Similar to research on patients, our findings show a disjunct 
between what healthcare professionals see as important and 
the types of information that family caregivers feel the need 
to report. New in this study is the substance of this disjunct. 
Firstly, family caregivers seek to direct OTs to support 
problem-solving at home, regardless of whether it deviates 
from the requested information. Secondly, family caregivers 
wish to include their own perspectives on how to best meet 
patients’ care and safety needs in their communication with 
healthcare providers. In our discussion, we look at the 
implications of these findings with respect to other work in 
this field, and on the design of at-home systems in the 
management of long-term, chronically ill patients in 
Singapore.  

The contributions of this paper are 1) an implementation of a 
remote home assessment system 2) a description of proxy 
care reporting behaviors of family caregivers 3) design 
opportunities for supporting the management of long-term, 
chronic care at home. 

RELATED WORK 
Family Caregivers within Patient Care 
On the left of Fig 1, we reproduced Pollack et al.’s [24] 
diagram from their study on patients’ information and data 
needs from the hospital, through discharge and to the home. 
In this study,  Pollack et al. indicated that information 
systems for at-home care needed to begin use in the hospital, 
before discharge [35].  We adapted their diagram to reflect 
the role of the family caregivers who accompany the patient 
in the hospital, through discharge and towards patient 
recovery [23,29,34,38].  

In the middle segment of Fig 1, which we label “self-
management”, patients are sufficiently cognitively intact to 
engage in technology use, data analysis and reflection and 
discussion of their gathered data. In these circumstances, 
many studies have focused on ‘personal informatics’ and the 
gathering and use of personal health data [7,21,47].  

In this phase of patient self-care, a large number of studies 
have identified various challenges that healthcare 
professionals have with patient-reported data.   Healthcare 
professionals can find patient-generated data unwieldy – 
difficult to interpret, not clinically relevant and more 
mundanely, incompatible with their record-keeping practices 
[1,7,14,47]. For example, [13,28] identified a gap between 

the format and content that healthcare professionals want to 
collect and the type of data generated by non-medically-
trained patients. Within the healthcare visit, Mentis et al. [28] 
described how patients and clinicians needed to work 
together to “reshape” data during a clinic visit. 

On the patients’ end, there are also a variety of issues with 
patient-healthcare professional reporting. Firstly, patients are 
not satisfied with what they perceive as the unappreciated 
work of gathering data. Despite their efforts, they report that 
physicians may trust patient-generated data less than lab-
generated data [1]. Secondly, patients wished to expand the 
collected data to purposes not commissioned by healthcare 
professionals. For example, Nunes et al. [32] described how 
patients want to, but may not be able to put the data arising 
from self-care technologies to uses such as sharing and 
reflection.   

Taken together, these findings have led to calls to innovate 
systems that allow for collaborative conversations between 
clinicians and patients over the reported data [14,16,28,41].   

In longer-term chronic care and HCI, family caregivers are 
increasingly being recognized as an important stakeholder. 
They are often acknowledged as “collaborators in self-care” 
[8].  However, caregivers are often mentioned as one part of 
a “patient and caregivers” dyad. This treatment assumes full 
alignment of patient and caregiver perspectives and 
prioritizes patients as the main focus of the patient-caregiver-
healthcare provider relationship. Some countering evidence 
suggests that family caregivers behave differently from 
patients in their purposes and sharing of patient data [15,20]. 
Family caregivers may also be inaccurate when assessing 
patient outcomes for healthcare professionals [27].  

Since there exist circumstances in which family caregivers 
must assume primacy as the advocate and main caregiver of 
the patient [10,39,46], our goal was to examine deeper the 
behavior of family caregivers in this role.  

Family Caregiver as Target User Group 
In HCI research where family caregivers are studied, the 
focus has often been on the family caregivers’ own needs. 
For example,  Tixier and his colleagues [42–44] studied the 
social and support needs of family caregivers, particularly in 
regards to other family caregivers, and with the resources 
available in the community. This body of work called for 
online social support systems for groups of caregivers to 
share both instrumental and emotional concerns, and also for 
connecting caregivers to offline resources.  

Another deep dive into family caregiver needs comes from 
Chen et al.’s [6] work on “integrality” and caring for 
caregivers. In this study, Chen et al. identify four “selves” in 
caregiving that should be served, outlining the multiple roles 
of caregivers in physical, emotional, social and reflective 
selves. We place our study of family caregivers as a closer 
examination of what Chen et al. call the physical self [6], 
addressing the activities and conditions of caregiving when 
they act as proxies for the patient at home.  



 

 

To study this bridging role between care at home and 
healthcare professionals, we selected a project that involves 
these two parties. We partnered with occupational therapists 
who wanted to create a system to enable remote home 
assessment of a patient’s home before the patient’s 
discharge.  

Background on Remote Home Assessments  
Home assessments are conducted for patients who have 
heightened fall risk at home due to a loss of mobility [19]. 
During a home assessment, an OT’s role is to use knowledge 
of patient and household composition to address functional 
deficits arising from the medical problem. The home 
assessment results in recommended modifications to the 
patient’s or family’s home.  If there are difficulties with the 
recommendations, the OT helps to find alternative solutions 
[19].  A home assessment typically ends with a to-do list for 
caregivers which would include items like installing grab 
bars or re-organizing shower areas for independent bathing. 
When completed, these modifications are effective in 
decreasing the risk of home injuries and falls, especially for 
older adults [9,17,25]. 

Despite the proven benefits of home assessment, the time and 
cost of travel to the home can be prohibitive. Thus, previous 
work has suggested conducting remote home assessments 
with trained assistants who transmit synchronous videos to 
therapists [10]. More recently, a photo-based approach with 
caregiver-generated data [4] was proposed. Evaluations of 
these methods show that they are viable strategies, but each 
had some combination of the following limitations – the need 
for trained personnel to be on-site [10] which negates the 
travel savings, photos fail to show wet/slippery floors [4] and 
may not show everything an OT needs to see [4] due to 
occlusion or limited field of view. The combination of video 
and photo systems for this purpose has not yet been explored. 

METHOD AND STUDY DESIGN 
Given the difficulties with patient-reported data being 
incompatible with healthcare organization goals mentioned in 
the literature review, we sought to maximize the likelihood of 
a smoother collaboration using our system. Our goal was to 
reduce the friction over the formatting and specificity of the 
data collected.  

In the first study, we conducted participatory design [18]  
sessions with OTs to gather the functional requirements of a 
system that requires caregivers to report data on the lived 
experience of mobility in the home. By observing simulated 
tasks and querying decision-making processes, we explored 
the requirements of healthcare professionals for reporting 
data on caregiving in the home. Then, we implemented the 
home assessment system HomeAx with these requirements. 
The app guides caregivers in taking a series of photos and 
videos at specific locations in the home.  

In the second study, we evaluated our system with caregivers 
who have the lived experience of bringing home a family 
member with a change in functional mobility. We observed 

the process of using the system and analyzed the challenges 
faced by the caregivers.  

Throughout, our goal was to use the findings and analyses to 
improve collaborative systems where family caregivers act as 
proxy reporters. We conclude by identifying the 
opportunities and challenges in supporting this relationship.  

STUDY 1: PARTICIPATORY DESIGN WITH 
OCCUPATIONAL THERAPISTS 
We partnered with 4 hospital-based occupational therapists 
(OT) from a public acute care hospital, and another 3 from a 
public acute and rehabilitation care hospital who work with 
long-term rehabilitation patients. The first group had a 
combined experience of 18 years among 4 OTs (mean = 4.5 
years) while the second group had a combined experience of 
5 years among 3 OTs (mean = 1.6 years).  

Over two sessions of participatory design per group, we 
iteratively designed a low-fidelity prototype between sessions 
and conducted short user testing sessions with the OTs to 
gather feedback.  

Our objective in this study was to 1) generate the 
requirements for a hospital-originated system that utilizes 
non-expert family caregiver input to document the home 
environment, and 2) understand current OT practice and 
values in conducting home assessments.  

In the first session with the OTs, we walked through various 
items in paper-and-pen home assessment tools. The paper-
and-pen tool was the “Fall Prevention and Home Safety 
Checklist” specifically developed by Singapore OTs for 
assessing apartments that form 80% of housing in the country 
(available in Supplementary Materials). Next, we asked the 
OTs to assess 4 photos of bathrooms taken from different 
angles. We focused on bathrooms as falls in bathrooms 
happen more often, with more serious results, compared to 
other locations in the home [12].  

The therapists assessed the images based on two scenarios 
that they commonly encounter: “a patient who is newly 
wheelchair-bound” or “a patient who is returning home 
ambulant but frail”, resulting in 8 annotated images per group 
of OTs (sample in Figure 2, top). The OTs were encouraged 
to discuss and explain their annotations, thus allowing us 
further insight into the thought process and goals of a remote 
home assessment.  

To explore how OTs gain an understanding of conditions at 
home, we brought with us 2-dimensional home plans, and a 
spherical photo-taking app Bubbli1.  

Finally, we requested the OTs to complete two tasks on a 
prototype iPad application from a student project (Fig. 2 
bottom). This iOS application was structured on the afore-
mentioned Fall Prevention and Safety Checklist with an 

 
1 Bubbli (https://bubb.li/)  



 

 

additional photo-taking and annotating function. Through 
this exercise, we could observe the challenges faced by OTs 
when the same task of annotation was conducted using a 
digital interface. While performing these tasks, we 
encouraged OTs to freely suggest additional features.  

We used the insights to create low-fidelity prototypes. In the 
second session, we asked for feedback based on these 
prototypes.  

Findings 
Heavy User Burden  
Recall that the initial prototype application was a naïve, 
digitized version of a paper-based assessment protocol with 
72 tasks. The OTs’ feedback was that a) completing the 
entire assessment may be too heavy a task burden on the 
caregiver, since caregivers have many other caregiving duties 
to attend to simultaneously, and b) OTs often conduct just a 
subset of these tasks, depending on the patient’s unique 
needs. Thus, it would be a wasted effort to require caregivers 
to document the entire home. From here on, we focused on 
our efforts on strategies to minimize the data gathering tasks.  

The Nature of Situational Awareness in Home Assessment  
During a discussion of using blueprint-style plans as a way of 
arranging the gathered media, we were surprised to learn that 
the full details of the exact location of the room in the home 
were not important. Instead, it was more critical for the OTs’ 
understanding of the potential mobility hazards at home to 
see the path traveled, leading up to each room.  

Once a room was reached, it seemed important for the OTs to 
gain a thorough understanding of objects and the space 
around them. For example, in Fig. 2 (top), the OT annotated 
the figure with a request to see what is “behind the door”.  
On another picture, the annotation asked, “What about on the 
left?” when the narrow field of view limited what could be 
seen. 

We then discussed with the OTs the pros and cons of using a 
spherical photo as a possible solution to the limited field of 
view. After experimenting with this method of gaining 
contextual overviews of the home environment, the OTs 
raised the concern of privacy as a 360-degree image covers 
the entire home, including areas not relevant to the patient or 
task at hand. This technique was also less useful as the image 
was warped for perspective correction and distorted in the 
stitching process.   

Thus, we concluded that the system should support videos for 
documenting paths between places. Videos will enable better 
contextual understanding but does not easily permit close 
examination. On the other hand, in places such as bathrooms 
and bedrooms, the system should require multiple photos 
from different angles.  

 

 
Figure 2. Outcome of the photo annotation activity on paper 
(top), and the outcome of OTs doing a similar annotation on our 
prototype iPad app (bottom). 

Communicating Assessment Outcomes  
When we discussed the bathroom image annotations, the OTs 
explained that they wanted to be able to point to an object, or 
circle an area, then annotate it with instructions for the 
caregiver. In the digital version, they indicated that the 
annotations should not overlap each other nor cover too 
much of the image. These occlusions block important 
information about the room’s context. 

The OTs explained that these image annotations have two 
benefits. For the caregiver, it forms a list of contextually 
displayed recommendations. For the OTs, it becomes a 
documentation of the assessment, which they can use in their 
record-keeping and sharing the recommendations with 
caregivers.  

The OTs initially requested for a messaging interface where 
comments on the recommendations could be read like 
conversations. We implemented this feature in a visual, click-
through prototype using Adobe XD (Fig. 3). In this suggested 
interface, both the OT and caregiver can write and reply to 
comments tagged to individual images/video frames. 



 

 

 
Figure 3. A visual Adobe XD prototype of a conversational 
space to discuss recommendations. This suggested function was 
rejected. 

However, during the feedback session, all OTs became 
concerned that the conversational interface might “waste a lot 
of time” because the dialogue function opened up the 
possibility for the caregiver to ask questions beyond the 
scope of the home assessment. While unrelated topics are a 
common occurrence during a family caregiver consultation, 
having a messaging function seemed to open up their 
availability and obligation to reply, and to reply in a timely 
manner. Additionally, the OTs were also concerned that they 
could not be sure when the patient was going to see their 
comments on the platform or follow up with them. In all, the 
conversational interface became undesirable as it was likely 
to increase the OTs’ work burden.  

This led to a discussion of current communication practices. 
The OTs shared that their existing process is sub-optimal. 
Until about a year before the study, they had requested for 
photos using a locally popular messaging app, but this was 
stopped in order to comply with new hospital guidelines on 
data privacy. However, when they moved the conversation to 
email, our public hospital OTs were limited by the lack of 
storage in shared computers for data-heavy images. 
Additionally, this technique required a separate process of 
using software for marking up the image and resaving it. 
Phone calls supported 2-way communications, but not the 
efficient transfer of images. In summary, the OTs wanted the 
system to document and share the assessment outcomes in a 
way that was easier and quicker than current methods.  

In the end, it was agreed that follow up conversations should 
still be constrained in time over the phone or face-to-face 
with both parties viewing the hard copy results of the 
assessment.  

This envisioned process had the following advantages: 
limiting discussion time to the call or meeting and reducing 
the requirement for English and digital literacy for caregivers 
to view the annotations. As Singapore is a multi-ethnic 
country, OTs in Singapore often learn to speak multiple 
languages in order to bridge the language gap with clients.  
Reading in English and typing on a digital platform might 
limit access for some caregivers in Singapore. 

Finally, the completed recommendation document should be 
in their standard report format, and available to the OTs as a 
digital copy for filing as part of the patients’ medical records, 
and to initiate payment upon service completion.   

 
Figure 4. Screenshot for photo-taking task for family caregiver. 
(a) text and visual progress indicator informing user on their 
progress. (b) text instruction informing user on the specific 
feature of the environment to be capture in the photo or video. 
(c) example of right and wrong image. 

IMPLEMENTATION 
We arrived at a guided data gathering approach that 
combines videos and photos for the caregiver to document 
the home environment in ways that the OTs need to see.  

Although each home is different, there are locations of 
critical importance across every home. The OTs helped 
identify these locations as the home’s entrance, bedroom, and 
bathroom. By focusing on these areas, we could minimize the 
number of tasks required to communicate the conditions at 
home.  

Based on these requirements, we worked with the OTs to 
create a set of text instructions for each individual task. Next, 
we visited model homes at the Singapore Housing and 
Development Board (HDB) to take example photos/videos 
correspond to each text instruction, using the iPad camera. 

Finally, we implemented HomeAx as an iOS application for 
iPads. The application supported remote home assessment by 
tasking caregivers with media capture tasks (Fig. 4). The text 
instruction and accompanying examples were displayed to 
the user for each photo or video task. For the photos, we 
included a good and bad example, but for videos, we only 
included a good example. This was because a single “bad 
example” video might not sufficiently capture all the 
potential mistakes. Even worse, it might confuse the users.  

Once the tasks were completed, users would be given the 
option to accept or change the media. Once the user was 
satisfied with the input photos/videos, they would send the 
information to the OTs and the system will update the OTs 
interface for them to review and annotate.   

STUDY 2: FAMILY CAREGIVER EVALUATION 
Our research questions going into this study were: 1) How 
has their experience of being a caregiver to a family member 
needing chronic care support been? and 2) Given this 



 

 

experience, what were their opportunities and challenges 
when using HomeAx to report data as requested by the OTs? 

Recruitment and Participants 
Following ethics board approval, we recruited, using 
convenience sampling, individuals who were primary family 
caregivers. We put up posters at community centers and 
online via Facebook. We used the following recruitment 
criteria for care recipients (henceforth, “patient”):  at least 65 
years old and have had a history of at least one 
hospitalization followed by a return home with limited 
mobility. We also required that the caregiver in the dyad 
must have had consulted a professional about home 
modification and/or had an OT conduct a home assessment 
for the patients’ home. People who met the recruitment 
criteria were given informed consent forms. A home visit 
was then arranged for the interview and prototype testing. 

A total of 14 family caregivers, who were caring for 13 
patients, participated in the study. One family had a pair of 
sisters who shared caregiving duties (P5a and P5b), so we 
decided to interview them together. Caregivers had a mean 
age of 56.8 years (SD=6.9, min = 47, max = 70) old. All 
participants could converse and read English fluently. 8 
(61.5%) of the dyads lived together with the care recipient, 
while the other 5 (38.5%) caregivers did not. 11 (84.6%) of 
the caregivers were children of the patients. The remaining 
two were the nephew (7.7%) and the spouse (7.7%) of the 
patient. The caregivers had an average of 5.9 years of 
caregiving (SD=9.2, min 3 months, max 34 years).  

All 13 of the aforementioned patients were female. Patients’ 
mean age was 80.8 years (SD=10.8). All patients met the age 
criteria except for one who was 52 and bedridden. However, 
this dyad was included because her caregiver husband (P4) 
had met the main purpose of the recruiting criteria - he had 
extensive experience interacting with hospital personnel in 
the course of care for his bedridden wife.  

In terms of mobility within the house, 5 (38.5%) of the 
patients depended on a walking-frame and had to be assisted 
while 4 (30.8%) were wheelchair-bound. 2 (15.4%) of them 
were ambulant but frail – they could walk independently but 
very slowly. 3 patients (23.1%) stayed in a multi-story house 
that required movement up and down the different floors, 
while the remaining 10 (76.9%) stayed in a single-level 
apartment or were restricted to a single level in a multi-story 
house. 12 out of 13 (92.3%) patients were additionally cared 
for by a foreign domestic worker, a common care option in 
Singapore [33]. Overall, the data matches with local and 
global informal caregiving statistics that have a high 
representation of females both as care recipients and as adult 
children caregivers [33,48].  A table of participants is 
available in the Supplementary Materials.  

Study Design 
Semi-structured interviews 
We began the session with a short semi-structured interview 
focused on the participants’ caregiving experience. We asked 

1) “Can you tell me more about your relationship with the 
care recipient?” and 2) “How long have you been a 
caregiver?”  

If the participant made no mention of their interaction with a 
hospital OT, we asked them if they had consulted an OT on 
home modifications, their experience on the consultation, and 
whether or not the OT’s recommendations were 
implemented. 

Finally, we asked participants questions about their 
experience during the transition of the care recipient from 
hospital care to home care: 1) “What was the homecoming 
process like?” or 2) “Did you try to do something different 
(to prevent future falls)?” 

Usability and Acceptability Evaluation 
To understand how family caregivers’ caregiving experience 
influenced the way they report information to the healthcare 
professional, participants were given the following scenario 
and task. 

 “While the person you are caring for is in the hospital, your 
occupational therapist gave you an iPad and instructed you 
to task pictures and videos of [care recipient name]’s home 
using the HomeAx application. She wants to see whether the 
home is friendly and safe for the patient when he or she goes 
home. She also tells you that after you are done taking the 
necessary pictures and videos, she will receive them on her 
own iPad, and she will then assess the home for risk and 
possible modifications.” 

During the task, we observed and recorded notes on user 
behavior. Caregivers were instructed to ‘think-aloud’ [11] to 
provide insight into usability issues. Most participants 
completed the task within 20 minutes. When usage 
difficulties were encountered, we prompted participants to 
explore possible solutions before we provided assistance. 

To compare the user experience between a paper-based home 
assessment checklist and our HomeAx application, we gave 
the participants the “Fall Prevention and Home Safety 
Checklist” to complete. Once again, we instructed the 
participants to think-aloud while they were completing the 
checklist and we recorded notes on the user behavior 
observed. Finally, caregivers completed a modified System 
Usability Scale [5]. We removed two items from the SUS 
that referred to a “system” so that we could compare results 
for both HomeAx (the digital prototype) and the paper-based 
checklist. We also added one question to the questionnaire - 
“The time needed to complete [method] was reasonable” in 
order to understand if our method was burdensome to use. 
All questionnaire items were rated on a 5-point Likert Scale, 
with higher total scores being better.  Participants were also 
prompted to give direct feedback or suggestions.  Each 
caregiver was compensated with ~15 USD worth of grocery 
vouchers.  



 

 

Analysis 
We calculated the average score across the eight SUS 
questionnaire items (max score 40), and we conducted t-tests 
to compare outcomes.  

We used thematic analysis [3] to examine the interview data. 
Each interview and user testing session was audio-recorded 
and subsequently transcribed. Two authors individually 
coded two interview transcripts.  Then, with two more 
authors, we created a coding scheme iteratively and 
reconciled themes across coders before coding the rest [4].  

QUANTITATIVE RESULTS 
The SUS was significantly higher for the HomeAx (t13= 
4.316, p=0.02, HomeAx mean=27.7/40 SD 2.89, Checklist 
mean=20.85/40, SD=8.47). HomeAx was perceived to have a 
more reasonable completion time, as compared to the 
Checklist (t13=1.917, p=0.03, HomeAx mean=4.62, SD 0.51, 
Checklist mean=4.08, SD=1.04). We asked participants 
about their preference for HomeAx versus the current 
checklist method. 7 (53%) preferred HomeAx, 1 (8%) 
preferred the checklist, and 5 (38%) indicated that both had 
strengths that they would like to see incorporated. 
Specifically, participants liked the way the questions in the 
checklist helped them be more aware of the safety challenges 
at home.  

Despite the participants’ preference for HomeAx, we 
observed that participants seemed to not follow the 
instructions in HomeAx. In our analysis of the qualitative 
data, we found various motivations that seemed to explain 
this behavior. The following qualitative analysis expands on 
these motivations. 

QUALITATIVE ANALYSIS RESULTS 
We present the qualitative findings according to the themes 
that arose from the analysis. We note here that we have left 
colloquialisms in the text for reporting integrity, although 
they may not be grammatically sound. 

Family Caregivers Filter Recommendations by Patients’ 
Preferences 
We found that family caregivers wanted to attend and 
respond to the patient’s expressed needs and desires over the 
healthcare professional’s recommendations.  

P3 is a 53-year-old man who cares for his 76-year-old mother 
with limited upper limb mobility. He had removed previously 
recommended shower modifications because she had 
complained they were “in her way”.   

P11 is a 50-year-old woman. In this excerpt she relates her 
challenges when choosing medical equipment for her 83-
year-old mother who had fractured her hip seven months ago:  

“We got her a rollator which is what she was using in 
the hospital initially. It is like a walker with wheels. 
When she saw it, she flipped. That was a cause of great 
tension initially… So actually we returned the item to 
the supplier because I thought we always have to 
struggle over that issue, and she was telling every single 

visitor about how sad she was about the rollator, ‘Look, 
it's so high, I will fall’. And how ‘it is really not my 
home anymore’. That was also recommended by the 
OT. And we had actually purchased it and it wasn't 
cheap also. And it was so hard to get one that had an 
adjustable level as well. I think, that was the hardest 
part. Not so much putting the OT's 
recommendations into effect but rather how 
accepting she was of those changes. Because she just 
wasn't ready.” 

In these cases, family caregivers who attempt to follow 
healthcare professional’s advice were met with pushback by 
the patient for reasons that were not medical, but 
psychosocial. Eventually they decided in favor of the patient, 
without incident.  

However, there were also instances where family caregivers 
encountered problems when not complying with OT 
recommendations. Some solutions had unintended, 
unexpected health consequences. P13, a 62-year-old woman 
with 10 years of experience caring for her 90-year-old 
mother related her learning journey: 

“In fact, I think we did all she (the OT) recommended. 
And maybe more. We installed a ramp outside as well 
as the bedroom toilet. There is a drop, so my brother did 
that. But subsequently, because (my mother) fell… 
something happened to her, she suddenly like couldn't 
move - she couldn't coordinate. All the food she eat, 
start(ed) dropping. We didn't know what is wrong with 
her, so that kind of set her back in her mobility as well. 
Then we realised maybe we should not create ramp, 
she must be forced to move. So we took out the ramp 
from outside the door and removed the one at the 
bedroom. (Has it been better?) Yah, she needs to step 
out. It's better for her.” 

The above example illustrates the importance of 
communicating care goals between healthcare professionals 
and family caregivers. When it takes place, this negotiation 
produces ideal problem-solving processes. P11’s open 
communications with the OT about mobility solutions for her 
mother illustrates the ideal case: 

“In terms of furniture, I suppose the geriatric chair that 
was recommended - we talked about it a lot... Like we 
can flip it to a lying position and we can roll it about 
and all that - but she (the OT) recommended that we not 
get that because it was good to encourage my mom to 
start moving. If you have one chair that does 
everything, there is no need for the person to get out of 
the chair. The ideal is to recover as much of the ability 
my mom had before. So we got the cheap and simple 
but highly recommended geriatric chair.” 

Hence, while it may be intuitively appealing that caregivers 
should prioritize patient preferences, this finding on 
unintentional care outcomes cautions that the inherent 



 

 

knowledge limitations of informal caregivers should still be 
complemented by input from trained professionals.   

Family Caregivers Sought to Direct OT Attention 
As mentioned above, we saw seven participants (P3, 5, 6, 8, 
9, 10, 11) who were not directly following the instructions. 
This mainly manifested through the behavior of ignoring 
instructions or using the app to take unrequested photos of 
areas and objects. Since the app was rated highly on the SUS 
scale, these issues did not seem to be usability problems. 
Instead, it might have been related to the app’s perceived 
usefulness.  

For example, P8 was thinking aloud while following the 
instructions to take pictures of the entryway to the house 
(front door). She decided to re-interpret the instructions to 
take pictures from the entrance of the building, including the 
stairs leading up to her apartment: 

“Entry. But I want to go more than entry. I want to go 
staircase. So, okay, I can interpret it as entry from the 
estate straightaway. I am assuming entry does not just 
mean the unit, but I will go downstairs and take the 
picture for the OT from the staircase because when she 
was at [rehab hospital], I specifically spoke to the OT to 
say we stay in a walk-up apartment, there is no lift, she 
needs to make sure she is trained to be able to walk up.” 

In this case, P8 was cognizant of a mobility obstacle that she 
knew her mother had to face in everyday life, so she had 
specifically directed OT attention to it both in conversations 
at the rehab hospital, as well as through the app. In another 
case, P11 summarized the need as wanting to “deal with the 
trickier places that require the OT’s input”.  

P4, a 58-year-old man who had cared for his 52-year-old 
wife in a vegetative state for the past 1.5 years, had done 
extensive thinking about the problems he had to deal with in 
his house to enable a high level of care at home. His main 
purpose of interacting with OTs was to leverage another 
source of knowledgeable input, and not for 
recommendations:    

“So what I needed to do is to share with the OT what 
my house will need then she will agree or not agree, or 
(say) why not we do this or that.” 

We concluded that at different levels of caregiving 
experience, participants seemed to want to direct OT 
attention to achieve more competent care solutions. They 
seemed to expect the caregiver input app to facilitate their 
problem-solving in the home, and not just deliver what the 
therapists were requesting data for.  

This finding suggests that one way to improve the usefulness 
of the system is to enable them to lead the process so that 
they can highlight the issues they encounter, rather than 
confining them to OT instructions to scan for issues most 
commonly encountered by patients and caregivers. P9’s 
frustration with the generic types of information therapists 
ask for illustrates this need to lead the reporting relationship. 

At 61 years old, P9 has cared for 4 single, elderly aunts for 
34 years. He described his previous interaction with OTs as 
being unsatisfactory due to a difference in focus:  

“(Did you consult any OTs in the hospital for 
advice?) No, they won't help me with these things. 
They will only help me with like - maybe that's one of 
the limitations. They will help me with things they 
know, things they are supposed to do - maybe grab bar, 
they have a list. But sometimes, you look at it and it's 
like, I don't care what your established checklist is.” 

Another four caregivers (P2, 4, 8, 11) reported experiencing 
similar limitations arising from medical experts’ advice. This 
seemed to be the case when these tasks come from guidelines 
that address the common needs of most patients. However, 
family caregivers, due to their focus on one patient’s needs, 
will often want to deviate from the requested tasks.  

Family Caregivers Offer Home Care Expertise 
The previous excerpts showed that at-home care involves a 
learning process and a series of daily challenges of attending 
and responding to patient care needs and adapting home life 
accordingly.  

Over time, family caregivers’ competence for care at home 
grows. This next excerpt is from P13, a 63-year-old woman 
who has cared for her mother for 7 years. She relates the 
learning process she went through and challenges she had to 
overcome in facilitating her mother’s walk from the bed to 
the toilet:   

“We wanted to have a clear space in front of her when 
she (mother) gets up, she goes straight to the toilet so 
she doesn't have to manoeuvre. I think this one is 
commonsensical, we don't need the OT. But the bed 
frame - because she is heavy, she might not have the 
strength to get up, and our bed is not the hospital bed. 
So we had to go looking on the Internet for something 
to grab so she could get up herself… (Then) we realised 
… we need a lower bed. We never knew she would fall 
so she just slips because her leg was not quite touching 
the floor when she got up. The bed is not good so we 
swapped beds among the siblings. Then we realised 
since she is not steady, we needed a frame so that all 
came together. So that it's secure for her. … Very 
recently, because it happened near the bedroom, she 
passed her urine, the floor was wet then she almost 
fell…   So I guess, it's always a learning process. The 
nurses, the OT won't teach us all these. What happens 
when she pass urine and the floor is wet? But then we 
realised there is a high probability the person will fall. 
The nurse won't alert you to all these.”  

From our work with the OTs, we know that slippery surfaces 
are part of the home assessment check. Nevertheless, this 
perception that the healthcare professionals cannot address 
certain issues due to their absence in the family members’ 
daily lives was prevalent among our participants, as 
mentioned in the previous sections.  



 

 

Together with the previous point of attention directing for 
problem-solving and prioritizing patient preferences, there is 
evidence here that family caregivers seem to take on the role 
of experts in patient care at home.   

Care Needs of the Family Caregiver 
Our findings showed one more element that is specific to 
caregivers’ expertise. In our analysis of the interviews, we 
saw that long-term caregivers often learn to develop habits 
and practices that are sustainable over time.   

For example, P4, the participant who cares for his vegetative-
state wife, describes why he rejected an assistive shower 
device recommendation that he saw as unsustainable: 

 “The caregiver doesn't just look at medical or person-
centric needs. He also looks at the household needs. 
The OT doesn't have to worry that somebody has to 
wash the clothes, the poo sheet or change the curtain 
but we have to do that. They don't have to worry if 
somebody falls sick, then how? So since the caregiver 
is also the housekeeper and the cook and the person 
who buys the groceries, then I cannot be sick. So in the 
whole setup, I also must cater for the wellbeing of the 
caregiver …That's a lot of work we have to do every 
day… The caregiver will also be very tired and you 
burn the person out very quickly. So I said cannot, you 
cannot offer such a suggestion. It is not a good 
suggestion.” 

In a follow-up discussion with our OT partners, we asked 
how they respond to objections to their recommendations, 
particularly those based on the family caregivers’ coping 
needs. Their response was that they usually promote 
discussion to find an alternative solution. There were no a 
priori measures to address family caregivers’ needs.  

DISCUSSION 
Our findings indicate that family caregivers want to comply 
with patient preferences, and often prioritize those over 
instructions and requests from healthcare professionals. Daily 
interactions with the patient grow their ability to advocate for 
the patient, eventually turning them into the expert on home 
care. This expertise then influences how they liaise and 
negotiate with healthcare professionals.  

This journey bears similarity to studies that describe patient 
self-management, e.g. [32,35]. Patients also grow in 
knowledge, resources, and efficacy to manage care. 
Furthermore, as with Chung et al.’s study on patient 
behaviors when sharing data, artifacts placed in the 
collaborative relationship between family caregivers and 
healthcare professionals have characteristics of boundary 
objects [7]. They are used for communicating, negotiating 
and aligning different needs. Similarly, we showed that 
family caregivers wanted to use HomeAx for asking for input 
and for negotiating care practice at home versus care practice 
as required by healthcare professionals.  

However, this desire is in tension with our other finding that 
the OTs sometimes want to limit communications in order to 
manage workload. Resolving this tension is important so that 
we can move forward with better at-home care systems. 

What differs between patients and family caregivers as 
reporters of at-home care is the advocacy position. Miller et 
al.’s work on the role of the caregiver in the hospital [29] 
suggests that this advocacy position begins in the hospital. 
Our study shows how, in the longer term, this role continues 
to develop. It encompasses patient needs, but additionally 
covers the needs of the household, the needs of sustainable 
care and the goals of the caregiver.  

The importance of the advocacy role lies in the way the 
family caregiver becomes the channel through which patient 
care is filtered. Similar to patient behavior, family caregivers 
filter incoming information against patient needs. However, 
when information is outgoing, the mediation creates data that 
is influenced by the family caregivers’ understanding of these 
multiple other needs. In reporting on raw, quantitative data 
this may not matter, but for qualitative, interpreted reporting, 
the caregivers’ influence will be significant.   

Given the family caregivers’ mediating role, we conclude 
that there are two key points of consideration when designing 
systems for home care. 

Implications for Design of Home Care Systems 
1. Home care systems should recognize the “home expert”.  
Our findings suggest that home care systems are where 
medical expertise meets home expertise. We showed that 
both elements are important in the creation of sustainable 
care practices that benefit the patient. Yet, despite our best 
efforts, we continued to find a disjunct between what 
healthcare professionals want to elicit and what caregivers 
want to communicate. This suggests that there remain areas 
for alignment. 

Potential alignment may arise from recognizing the role of 
the home expert. It is given that healthcare professionals, in 
their stance and knowledge, are mostly correct when 
directing caregiving practice to longer-term goals. They are 
the voice of the collective knowledge of medical practice and 
are trained to direct recovery and rehabilitation. At the same 
time, family caregivers live with the everyday implications of 
care practice. Hence, it is important that at home care 
systems recognize their role as the experts in the patients’ 
preferences, the preferences of other co-resident family 
members, and in the demands of the particular context of 
each unique home.  

The call for collaborative partnerships with family caregivers 
is not new in the health [10] and HCI [31,34] literature. We 
add to this call by suggesting that an explicit recognition of 
the role of the family caregiver as “home expert” can do 
more to reify the contribution of the family caregiver in 
advanced chronic care. For example, with HomeAx, after the 
caregiver evaluation, we redesigned the interface to have 



 

 

options for additional, open-ended reporting at every place or 
path in the home. Additionally, we re-organized the order of 
tasks to create three home tours that are led by the family 
caregiver. Our stance was to invite family caregivers to be 
the authority when it comes to reporting about care at home. 
When we demonstrated this design feature to our partner 
occupational therapists, they indicated that this approach 
supported their understanding of the home context better than 
a series of logically ordered, but not necessarily meaningful 
locations.  

2. Home care systems are an opportunity for caring for the 
caregiver. 
The findings suggest that there is an opportunity to 
incorporate care for the caregiver into at-home care systems.  
Incorporating care channels for the caregiver into patient care 
systems can seem to be an unnecessary dilution of purpose. 
However, it does bring the benefit of placing both family 
caregiver and patient under the same medical care umbrella. 
Schumacher et al., in a nursing review article on how to work 
with families of older adult patients, call for nurses to pay 
attention to caregiver strain and to assess when family 
caregivers are at risk for poor health outcomes [39]. The 
authors recommend that being in partnership with caregivers 
means that nurses support them in the following areas: 
caregivers’ roles and responsibilities, caregiving difficulties, 
the caregivers’ preparedness, the quality of care, the 
caregiver’s physical and mental health and self-care 
activities, and the relationship between caregiver and care 
receiver.  

Neither the number nor the reach of these recommendations 
is insignificant. It means that including “caring for the 
caregiver” in home care systems begins from the healthcare 
organization itself. This may be outside the scope of systems 
development. Our findings on the OTs need to manage work 
burden further sensitize us to the possibility that such care 
features also lead to an increase in the burden on healthcare 
professionals who operate these at-home channels. 
Furthermore, the recognition of the family caregiver as the 
expert at home risks increasing the burden of care for family 
caregivers, since it might mean that they are given even more 
care tasks.  

Yet we argue that the parallel development of telecare 
systems for chronic care management may represent an ideal 
opportunity to support the home expert [26,45]. Increasingly, 
telehealth nurses act as the communications partner with the 
home [2] and are likely the right personnel for meeting the 
needs of an open channel of communication with the home. 
A growing recognition of the tremendous care burden on 
informal caregivers [10,44,46] may further increase the 
likelihood of such family caregiver initiatives.  

LIMITATIONS AND FURTHER WORK 
The results from the quantitative analysis may have limited 
generalizability due to the small sample size. Furthermore, 
our recruitment specifically seeks out individuals, both OTs 
and caregivers, who had some experience with a home safety 

assessment. Thus, the conclusions drawn from our data may 
have limited applicability to those who are new to such 
procedures. Further study will be necessary to understand if 
there are any differences in the requirements between 
experienced and inexperienced caregivers. 

Our study was conducted in a multi-ethnic, Asian urban 
context. Still, it is similar to many other developed countries, 
because the country is grappling with demographic changes 
arising from a rapidly aging population and the 
accompanying rise in prevalence of chronic diseases. This 
improves the transferability of the finding on opportunities 
for family caregivers’ care. 

The transferability of recognizing the home expert should be 
balanced against some recent evidence suggesting that, 
among East Asian populations, worry about caregiving 
performance is higher compared to non-Asian populations 
[22,24].  This worry may provide a partial explanation for the 
finding on the family caregivers’ need for problem-solving 
support from healthcare professionals. However, an 
examination of family caregiver studies from France [42], 
Germany [38], and the US [6] suggests that elements of these 
problem-solving needs are present within caregivers’ social 
support needs and communication needs, but it is difficult to 
fully compare these findings since the relationship with 
healthcare professionals was not the focus in those studies. 

We worked with allied health professionals in this study 
because, compared to hospital settings, clinicians (doctors 
and nurses) play a smaller role in chronic care at home. 
Nevertheless, future work is needed to connect this work to 
studies of family caregiver reporting practices with 
clinicians.   

CONCLUSION 
We presented HomeAx, a remote system to elicit family 
caregiver input for home assessments by occupational 
therapists. Through two studies, we showed that while 
HomeAx is more usable and is preferred over current paper-
and-pen methods, there are unmet needs from family 
caregivers when it comes to communicating health and care 
practice in the home. Family caregivers grow into their 
expertise as patient advocates, and in this role, they want to 
be able to direct healthcare professionals’ attention and to 
include their own perspectives on how to best meet patients’ 
care and safety needs in their communication with healthcare 
providers. 
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