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ABSTRACT 
Displaying the information collected by mobile health technologies 
remains a challenge, especially when considering representation of 
health data for older adults - i.e., where and how to display data cap-
tured by health devices. We focus on an underrepresented group 
in HCI research: older adults in the global south, specifcally in 
Chile and Ecuador. We studied the opinions of a group of 18 older 
adults on health data representation through interviews and remote 
co-design practices, encouraging them to imagine representations 
of health data through a presentation of personal objects. They 
imagined representations of health data in analog formats, where 
contextual information would be included. Visualization designs 
can be integrated into objects that older adults use frequently or 
are close to them. This study contributes design ideas on repre-
sentations of health data for older adults in the global south and 
refections on how to engage this population in remote co-design 
activities. 
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1 INTRODUCTION 
The quantifed self - also called personal informatics - is a movement 
in which users use digital technologies to monitor their data, with 
the goal of remembering, fnding patterns, or improving their health 
[66]. The rapid advent of mobile technologies has made this type 
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of self monitoring ubiquitous through smartphones and activity 
trackers, which automatically record health data that users can then 
analyze. Older adults are able to use wristband activity trackers 
[77], but several usability issues remain, e.g. screen size, interaction 
techniques, and typography [50]. Past research has generally found 
that older users of activity trackers are on the younger end and 
interested in technologies [92], with more education and able to use 
more functions of the trackers [58]. However, extended education 
and technical abilities are less common in certain areas of the world 
for older adults, e.g. many older users in developing countries such 
as Chile and Ecuador have no computer experience (57.9% of older 
adults in Chile, compared to 31.8% in OECD countries) [82], and 
cultural factors may afect preferred wearable designs [50]. 

Data that is captured through activity trackers is most often ex-
plored by quantifed selfers through simple statistics and visualized 
as line and bar charts [13]. Meaningful representation is essential 
for users, since they have to interpret the data themselves [83], 
and simple visualizations may provide little value to people who 
are interested in knowing more about themselves [49, 84]. In this 
search for better representations, a variety of visualizations have 
been proposed, e.g. through infographics, physical lights, timelines 
[13], storytelling [40], a spiral to represent periodic characteristics 
of the data [55], and physical representations [46] - e.g. 3D printed 
artifacts [52] and data sculptures [72]. Some approaches to repre-
senting health data collected from older adults’ smart homes are 
described in the literature [6, 11, 96]. However, these are generally 
designed for researchers, clinicians, or caregivers, and not for the 
older adults themselves. 

As with any user group, it is important to include older adults 
in the design of technologies intended for them, and there have 
been positive experiences in this regard (e.g. [97]), although there 
is little work involving older adults in the creation of health moni-
toring technologies and the accompanying data visualizations [91]. 
User-centered, participatory, and co-design approaches have been 
used to create technologies for older adults [4, 86]. Co-design work-
shops generally ofer the possibility to think about meanings not 
yet experienced and technologies not yet developed [89]. However, 
the workshops themselves should consider their participants when 
deciding which activities to use. For example, older adults in one 
study reported feeling alienated from the material used in the de-
sign workshop, so they felt pressured to “accept” the technology 
rather than feeling empowered to create the new technology [86]. 
A related challenge is the lack of time to develop trust with older 
adult participants [104]. 
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Previous HCI research has often focused on negative aspects 
of aging [100], while other felds of research, e.g. critical geron-
tology, aim to expand our view about aging, promoting positive 
identities [48] and focusing on the capabilities and skills of older 
adults. The challenges in the design of health data representations -
i.e., devices and visualizations of data - for older adults, especially 
when considering older adults from the global south, which is un-
derrepresented in HCI research, led us to ask the following research 
questions: 1) What representations of health data can older adults 
from the global south imagine from personal, familiar objects?, and, 
stemming from the COVID-19 pandemic which led to long quaran-
tine periods in the region, 2) What considerations should we take into 
account when co-designing online with older adults?. As a result of 
the COVID-19 pandemic may continue to isolate people, especially 
older adults, for longer, there is a compelling need to support the 
human-computer interaction community through new knowledge 
on how to co-design remotely with this population. In this work, 
we propose a co-design approach where older adults are allowed to 
explore, imagine, and create representations of health data through 
the presentation of personal objects. Using everyday objects can 
allows us not to alter the environmental system of these users, in 
such a way that we can maintain a normative behavior with a low 
probability of rejection [8]. Also, the presentation of objects allows 
us to work from an emotion, an experience, or a story related to the 
objects to evoke the future of artifacts (technologies) and their use 
[88]. In particular, our approach focuses on providing a set of mate-
rials (paper, pencils, modeling clay) to encourage creative thinking, 
something that is often overlooked as we get older [61]. The re-
sults of this work allowed us to successfully engage older adults in 
a remote co-design process to create health data representations. 
This paper adds to a limited range of literature that examines the 
process of designing health data representations for older adults. 
The contribution of this work is twofold. First, we share ideas on 
designs of health data representations for older adults in the global 
south, providing insights into how health data can be acquired 
and visualized for this underrepresented population. Second, we 
refect on remote co-design with older adults and how such an 
approach can enable these users to imagine new technologies and 
representations of data. 

2 RELATED WORK 
Below, we discuss previous research related to two aspects of our 
work. First, we focus on health data representations, especially 
those used for older adults. Second, we discuss methods that have 
been used to elicit previous fndings. 

2.1 Health Data Representation for Older 
Adults 

Some works on information design and visualization of health data 
for older adults has focused on the information’s functionality, us-
ability, and aesthetic appearance. For example, one study involved 
older adults with heart failure (HF) to create a health data dash-
board. They identifed that visualizations should show a positive 
data perspective; numbers can be more valuable than words alone; 
they also saw the need to include educational information to sup-
port the monitored data [3]. Likewise, a study conducted in 2019 on 

touchscreen design guidelines for older people recommended pay-
ing attention to interaction styles to address these users’ declining 
vision and skill [76]. Another paper evaluated the usability prob-
lems of older adults using mHealth apps; they identifed that the 
most severe problems were related to navigation through the app, 
which was afected by slower cognitive performance, technology 
anxiety, learning time, and execution speed [105]. A systematic re-
view of the literature on mobile health technologies for older adults 
found that only 23.5% of studies evaluated visualization features, 
such as clarity of information organization, ease of understanding 
and interpretation of displayed images, or the "look and feel" of the 
visualizations [10]. 

Older adults have been found to prefer non-medicalized, discrete 
wearable technology, as medical-looking trackers may provoke 
anxiety or lead to early discouragement [99]. In terms of accessi-
ble computers, older adults prefer a friendly, conventional, non-
technological, and non-stigmatizing design [31]. Visualizations of 
the collected data are often focused on functionality rather than 
experience and aesthetics, so they are usually represented as bar 
charts or line graphs. Although they allow users to understand, 
analyze, and search for details [25], they are not engaging, ofer 
little context, and can be difcult to interpret by non-experts. 

As a result, an increasing number of interactive visualizations 
have been developed that are specifcally designed to allow non-
expert users to achieve an open and refective view of personally 
relevant data - sometimes trading interaction for aesthetics [41]. 
Haptic and tangible interfaces have been used to engage users with 
their data. For example, physical data visualizations with haptic 
interaction [43, 67] can encourage people to refect on their meaning 
and provide a more enjoyable and engaging experience [98]. Living 
metaphors have also been found to be motivating and easy-to-
interpret representations of data [60]. For example, the presentation 
of a virtual garden on a smartphone screen helped participants 
maintain their physical activity levels because they were interested 
in growing the virtual fowers [14]. 

Physical objects have been used as probes, to allow participants 
to think creatively, respond in comfortable ways, and respond either 
refexively or instinctually [102].Personal, familiar physical objects 
have also been used to present visualizations. For example, a mobile 
phone case was modifed with a 3D design, which contains heart 
rate information, so that the wearer can perceive the heart rate data 
while still having the unchanged functionality of the object [110]. 
This can make an everyday object more meaningful and afective 
[110]. Other studies have noted that in self-tracking practices, the 
physical artifact serves as a structured and constructive form of 
artistic expression giving rise to refection and a way to capture 
their data more realistically [2]. The slow pace of interaction with 
physical materiality when tracking health data has been shown to 
allow users to refect and explore the data, coupled with a digital 
disconnect [2, 8]. 

2.2 Involving Older Adults in Design 
Technology is seldom designed from the perspective of older users 
[9], and since older adults are a heterogeneous group with a wide 
range of comfort and experience with technology [23, 54], involving 
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older adults from underrepresented groups in technology design is 
essential. 

Researchers have increasingly involved target users in the design, 
development, and evaluation of assistive technologies by adopt-
ing co-design [22], participatory design [35], and user-centered 
design approaches [86]. These approaches allow users to create in-
terventions that describe future objects, concerns, or opportunities 
[90]. For example, one study involved older adults in participatory 
activities to create their own imagined mobile phone system to sup-
port memory [70]. Other work has explored tangible participatory 
designs with older adults to create unconventional computers, re-
sulting in well-evaluated, accessible devices [31]. Design probes, or 
craft objects, have been used to elicit from older adults meaningful 
information that can be used to design technologies that include 
participants’ refections [101]. 

Older adults may feel uncomfortable with technological devices 
that fail to take into account the heterogeneity of older adults, in 
terms of health conditions and social worlds [81]. For example, 
an alarm pendant can feel dehumanizing, and older adults often 
choose not to wear it, or to wear it selectively [81]. Ambient assistive 
technologies have also been implemented with input from care-
givers, but not older adults themselves, which may lead to resistance 
[59]. 

Involving older people in the design of technology found that 
older people were better critics than designers. For example, older 
people’s preference for technology is set by the design of the hard-
ware rather than the design of the interface, as they could imagine 
the use of the phone and suggest improvements, but found it chal-
lenging to draw the interfaces [70]. Users often focus on what is 
possible [12, 42] rather than thinking about what they want to 
design. In a study conducted with older adults using the Makey 
Makey toolkit, although participants successfully interacted with 
the physical tools, they felt pressured to “accept” the technology 
rather than being the ones to create the new technology [86]. A 
successful strategy to face these issues was proposed by Harrington 
[38], who proposes generating prior engagement with the tech-
nology to receive highly informed insights and opinions at the 
time of the co-design sessions [38]. More evidence of the use of 
design methods with this population - such as remote co-design 
with simple materials - can help uncover how to help them be active 
co-designers and not just evaluators of technology. 

2.2.1 Remote co-design. Most co-design studies with older adults 
have been developed in face-to-face sessions [71, 79, 86]. Many 
studies also discuss asynchronous models [53]. Co-design in an 
asynchronous model has limitations, as they cannot evaluate the 
method as it develops [69]. Studies that have employed co-design 
have demonstrated the value of face-to-face [71]. However, sev-
eral external and internal factors can disrupt co-design sessions 
in the synchronous remote format as sessions occur in real-time. 
For example, a study about distance design with and for children 
highlights unforeseen moments such as when a child joins a session 
from a moving car or that the online environment ofered more 
autonomy for the child to disconnect or turn of the camera and 
perform a diferent activity [57]. Another study noted a reluctance 
of young people to engage in design activities via Zoom, given that 
they were still adjusting to the long periods of interaction with 

Zoom [37]. At the same time, other authors have been concerned 
with connecting and controlling accessible hardware (e.g., portable 
projectors, mini-printers, and overhead cameras) to support remote 
design activities for older people with dementia [68]. There is still a 
need for HCI researchers to successfully adapt the in-person design 
or co-design methods to an online environment. Nevertheless, our 
study examined remote co-design among older adults to devise 
health technology. 

3 RESEARCH BACKGROUND 
This section briefy describes our research background. Since pop-
ulations in the global south have been underrepresented in HCI 
research, we discuss what it means to age in this region (specifcally 
in this case, in Chile and Ecuador) and the characteristics these 
populations have. 

3.1 Older Adults in Chile and Ecuador 
This section will discuss the social, economic, and technological 
characteristics of the older adults population of Chile and Ecuador. 
We found some similarities and diferences between these two 
countries. 

3.1.1 Chile. Chile has 2.6 million people over the age of 60, equiv-
alent to 16% of its population. Life expectancy for Chileans is 82 
years for women and 77 years for men [93], and by 2050 the pop-
ulation over 60 is expected to constitute 30.6%, which will exceed 
the percentage of the population under 15 years of age [34]. Ac-
cording to a national survey, 73.2% of Chilean older adults report 
general satisfaction with life. Society in Chile, as in other Latin 
American countries, is collectivist, i.e., interactions between people 
within the community are determined by collective interest, which 
is above individual interest [33]. Most people over the age of 60 live 
in a family or with a close, supportive family, while around 15% 
live alone, and only around 3% have no close family relations [87]. 
However, 63% of older adults report being concerned about "having 
to depend on other people" [87]. The vast majority of adults say 
that they belong to the Catholic religion, with women, people over 
75 years of age, and people with a lower level of education being 
those with the highest level of religiosity [87]. 

In terms of internet access, 74.9% of Chilean households have an 
internet connection; however, only 56.6%correspond to households 
headed by an older adult [16]. Among older adults with some higher 
education, 77% have internet access, and 64% own a smartphone, 
while among older adults with a primary education, 34% have ac-
cess to the Internet, and 27% own a smartphone [39]. Between 
2013 and 2019, Chilean older adults’ possession of information and 
communication technologies increased. For example, smartphone 
possession increased by almost 40%, and those who have Internet 
at home increased by almost 20% [39]. Wearable devices have in-
creased in popularity in Chile, with sales of wearable electronics 
climbing from 2.6 to 24.5 million dollars between 2014 and 2018 in 
Chile [19]. However, there is no available information about the 
use of wearables by older adults in Chile. 

3.1.2 Ecuador. In Ecuador, the percentage of older adults is ex-
pected to increase from 9% to 13% by 2025 and double to 26% by 
2050 [30]. This means that there will be more than three million 
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older adults by 2050 [103]. The life expectancy of older adults has 
steadily increased in Ecuador; men and women are expected to live 
an additional 21.4 and 23.6 years at age 60, respectively [24]. The 
increase in life expectancy does not mean that Ecuadorians will 
always live these additional years in good health. One study esti-
mated that in 2010 approximately 23% of Ecuadorian older adults 
lived in good social conditions, 54% in fair or poor social conditions, 
and 23% in conditions of extreme poverty or destitution [30]. 

Like Chile, Ecuador is a country that has collective interests 
above individual interests. For example, care for the elderly by fam-
ily members has traditionally been considered a central feature of 
national identity [20]. However, signifcant proportions of Ecuado-
rian seniors live alone and in poverty. Only 19% live with their 
spouse, and 5% live with their spouse and grandchildren. [27]. 

Religion plays an essential role in shaping the Ecuadorian peo-
ple’s political, cultural, social, and family life [74]. In fact, for many 
Ecuadorians, religion is the most important aspect of their lives. Ac-
cording to the last population census, 91.9% of the Ecuadorian pop-
ulation declared they were religious. Of these, 80.4% self-identifed 
as Catholic, and 11.3% said they were evangelical [44]. 

Regarding internet accessibility, in 2019 the percentage of house-
holds with internet access in Ecuador was 59.2%, in urban areas 
66.7%, and in rural areas, 42.9%. Among adults ages 55-64, 42% have 
a smartphone, and only 19% have a computer [45]. There is no 
available information about the use of wearables by older adults 
in Ecuador, nor are there reliable statistics about their use by the 
population in general. 

3.2 The Covid-19 Pandemic in Chile and 
Ecuador 

COVID-19 disease is an infectious disease caused by the SARS-
CoV-2 virus [107], which was declared a pandemic in March 2020. 
At that point, the disease was already present in more than 100 
countries, including Chile and Ecuador [21]. 

In Ecuador, like Chile, several measures were implemented to re-
duce the spread of the SARS-CoV-2 virus. These measures included 
closing land, air, and sea borders, and suspension of public services 
except for health, security, risk services, and food services. In Chile, 
extensive quarantines were implemented, along with a night-time 
curfew between 10 p.m. and 5 a.m, and these measures continue 
to be applied by region according to epidemiological indicators, 
health care network, active search, and traceability indicators, and 
vaccination progress [18]. For several months, in some areas of 
Santiago, Chile, people could only leave their homes twice a week, 
with a special permission that they had to request. On March 16 
2020, Ecuador declared a state of national emergency, along with 
quarantine and a night-time curfew from 21:00 to 05:00 hours. From 
March 25, the curfew was increased from 14:00 to 5:00 the following 
day [36]. These measures were applied for about 60 days. The situ-
ation during 2020 and the frst semester of 2021 in both countries 
made many services become 

4 METHODS 
To inform and extend our understanding of health data representa-
tion for older adults, we organized a remote co-design workshop 

in which we asked participants to imagine where and how to dis-
play health data. We used methods inspired by object presentation 
and followed an adaptation of methods from dialogue-labs [63] to 
achieve this. 

The co-design workshop was carried out completely online com-
plying with the health measures of the pandemic at that moment. 
It took place between April and May 2021. The sessions were 
previously coordinated with each participant. We explained the 
videoconferencing platform that would be used (Zoom), and asked 
them to have someone with them to help connect them to the 
session. Individual sessions were held, where each participant in-
teracted with one researcher (the frst 5 participants interacted 
with two researchers). The duration of each session was 1-hour 
maximum. All sessions were audio and video recorded and subse-
quently transcribed. The Ethics Committee of the Pontifcia Univer-
sidad Católica de Chile approved the research protocol under code 
190405002. Participation in the study was voluntary and informed 
consent was received digitally from the participants. 

4.1 Materials 
Before the co-design workshop, a box of materials was sent to each 
participant. The materials consisted of pencils, sheets of paper, an 
eraser, and modeling clay. In addition, a copy of the informed con-
sent form and copies of the DIGCOMP and IADL questionnaires 
were placed in the box. Participants were asked to read the in-
formed consent information and complete the questionnaires. The 
information from the questionnaires has been detailed in Section 
4.3. Due to the global pandemic context [1], gloves and alcohol for 
disinfecting the materials before use were included in the materials 
box. Participants were told that pencils and paper could be used 
during the workshop to brainstorm, draw or write, as needed. 

4.2 Participants 
We recruited 18 older adults (7 women, 11 men) aged 60-77 years. 
To recruit participants, we used non-random sampling, specifcally 
snowball sampling, in which the researcher establishes contact 
with specifc participants, and then they invite new potential par-
ticipants to the sample until the sample is complete. A message to 
recruit participants was sent through WhatsApp groups of family 
members and coworkers of two researchers; in the message, we 
explained the study’s objective, the activities to be performed, and 
the time the study will take. Also, in the message, we requested 
to spread the information with their contacts who could be inter-
ested in the study. People interested in participating contacted the 
researchers through phone calls. The details and objectives of the 
research were explained during the phone call; given the COVID-19 
restrictions (social distancing), we did not speak personally with 
the participants. One week before the session, participants received 
the box with materials and informative documents (see Section 4.1). 
Some interested parties were reluctant to participate in the study 
for fear of making mistakes in the control of Zoom and not having 
the technological support of someone. 

Nine participants were Chilean (and currently living in Chile), 
and nine were Ecuadorian (and living in Ecuador). All participants 
spoke Spanish as their native language. Spanish is the native lan-
guage of the researchers as well, so the study and analysis was 
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completely conducted in Spanish, and then translated to present 
in this article. The participants’ demographic data are shown in 
Table 1, which includes the nationalities, ages, gender, marital sta-
tus, education levels and occupation, and work status of the older 
adults. The mean age of our participants was 65.83 years. Twelve 
participants were married, four were widowed, and two were di-
vorced. The majority of participants had completed their university 
education (13/18, 72.2%), one had a technical education (1/18, 5.5%), 
and four participants had a high school education (4/18, 22.2%). The 
area where the participants worked included teaching, engineering, 
architecture, and law. Of the 18 participants, thirteen were retired 
(13/18, 72.2%), and the rest were still working (5/18, 27.8%). 

In terms of digital skills, the majority had an intermediate level 
(10/18, 55.6%), implying that participants were skilled in informa-
tion seeking, communicating with technology, and problem-solving 
such as accessing the bank via the internet. The remaining partici-
pants had a basic level (8/18, 44.4%); they were skilled in searching 
for data, information, and content in digital environments, access-
ing and navigating them. Of the older adults, ten were autonomous; 
they could perform activities of daily living, including preparing 
food, using public transport, shopping, housekeeping. Seven had 
a light dependency, and only one participant reported moderate 
dependency. The predominant disease among the participants was 
hypertension (10/18, 55.5%), followed by diabetes (5/18, 27.8%) and 
hearing loss (3/18, 16.6%). There were also heart disease (2/18, 11.1%), 
thyroid (2/18, 11.1%), visual (1/18, 5.5%), and arthritis (1/18, 5.5%). 
To manage health, participants have used both digital and analog 
technologies. More than half of the participants (10/18, 55.6%) use 
the Internet to look up health information, request medical appoint-
ments, or review test results. Other participants mentioned the 
use of a glucometer (4/18, 22.2%) and the use of a blood pressure 
monitor (4/18, 22.2%). Only one participant (1/18, 5.6%), had used a 
step counter, oximeter, or smartwatch. 

4.3 Data Collection 
First, we asked participants to fll out two questionnaires: DIG-
COMP and IADL. DIGCOMP is a framework used to assess four 
areas of digital skills: information, content creation, communication, 
and problem-solving. This framework allows users to be classifed 
into four possible levels: none, low, basic, and above basic [26] 
level of digital skills. IADL is Lawton and Brody’s Instrumental 
Activities of Daily Living Scale, which assesses a person’s ability to 
perform the instrumental activities necessary to live independently 
in the community (e.g., shopping, preparing food, handling money, 
using the telephone, taking medication) [56]. We also asked partici-
pants for demographic information, including country of residence, 
educational level, and marital status. 

Then, the co-design session began, with the goal of discussing 
their use and perception of current technology, their experience 
with health data and their preferences regarding data representa-
tion. The interview was audio and video recorded, transcribed, and 
assigned a code (P1 to P18). Each session consisted of six stages, 
with four main activities designed to help participants think of new 
ideas, scenarios, or concepts about health data visualization. Each 
stage is described in detail in Section 4.4. 

4.4 Procedure 
4.4.1 Stage 1: Welcome. First, the researcher welcomed the partic-
ipants and explained the main goal of the workshop. They were 
also informed that the study data would be collected for research 
purposes and that the results will be made available to them. Fol-
lowing this, questions about informed consent and DIGCOMP and 
IADL questionnaires were clarifed. The declaration to participate 
or not to participate in the study was audio and video-recorded. 

4.4.2 Stage 2: Introduction. Next, the researcher led an ice-breaker 
activity where each researcher and participant talked about their 
country of residence, educational level, marital status, and age. 

4.4.3 Stage 3: Brainstorming about diferent types of health data. 
Participants were presented with slides that provided details of the 
research and examples of technologies that collect health data (e.g., 
Alex posture tracker 1 ). We showed these technologies to provide 
examples to broaden participants’ knowledge of technologies that 
monitor health data. We also asked about their health and how 
they currently use technology to aid with their conditions, e.g., the 
use of alarms, calendars, notes for the doctor, and particular health 
devices. Specifcally, we asked them: What tools have you used to 
record health data? Furthermore, what other information about your 
health would you like to record? 

4.4.4 Stage 4: Presentation of personal objects. Then, the researcher 
conducted an exploratory interview with each participant about the 
personal objects they carry on or near their body. We asked partici-
pants to choose three personal objects, present them and describe 
them. The presentation of objects animates and illuminates subject-
object relationships [75], frames everyday experiences [106], and 
allows researchers to gain insight into users’ preferences [73]. The 
researcher asked participants questions about the objects, framed 
by the following questions: Can you describe the objects you have 
selected? Can you tell me how you imagine the data display when 
your object records health data? (see Figure 1). 

4.4.5 Stage 5: Molding technological device to imagine visualiza-
tions of health data. We challenged our participants to imagine 
technological devices that allow health data to be recorded from 
the presentation of personal objects. In stage 4, participants re-
fected on and imagined how their personal objects could become 
technological objects that allow for the collection of health data 
accompanied by a data visualization. Once the participants had 
refected and imagined technological objects, we encouraged them 
to capture those ideas by creating a fgure with modeling clay. 
Each participant was instructed to use modeling clay to mold an 
easy and comfortable fgure for them to wear. Finally, participants 
imagined what their health data would look like once their device 
collects data. This activity allowed us to collect new ideas about 
data representation, which would have been difcult to achieve 
using standard interviews. Once the device was molded, the re-
searcher asked about the specifc data that the device would record 
to contextualize the data collection and subsequent visualization. 
Then, using that data as an example, we put participants in diferent 
situations (e.g., daily blood sugar monitoring, step counting) to see 
1https://www.kickstarter.com/projects/891603560/alex-wearable-posture-tracker-
and-coach?lang=es 
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Table 1: Demographics of the participants. 

Education Labor Participant Nationality Age Gender Occupationlevel status 
P1 Chilean 66 Male Secondary Education Hotel Administrator Retired 
P2 Chilean 65 Male Professional Architect Working 
P3 Chilean 66 Male Professional Electrical Engineer Retired 
P4 Chilean 72 Male Professional Physicist Retired 
P5 Ecuadorian 63 Female Professional Teacher Retired 
P6 Chilean 60 Female Technical Medical technologist Working 
P7 Ecuadorian 64 Male Professional Public administrator Retired 
P8 Ecuadorian 63 Female Professional Teacher Retired 
P9 Chilean 61 Male Professional Bank manager Retired 
P10 Chilean 77 Male Professional Chartered Accountant Retired 
P11 Chilean 67 Male Professional Architect Working 
P12 Ecuadorian 64 Female Professional Teacher Retired 
P13 Ecuadorian 66 Female Professional Teacher Retired 
P14 Ecuadorian 64 Female Secondary Education Bilingual Secretary Retired 
P15 Ecuadorian 60 Female Secondary Education Salesperson Working 
P16 Ecuadorian 60 Male Secondary Education Accountant Working 
P17 Chilean 77 Male Professional Lawyer Retired 
P18 Ecuadorian 70 Male Professional Teacher Retired 

Figure 1: Personal objects: (a) keys, (b) wallet, and (c) watch were some of the objects chosen by participants during the inter-
views. These objects acted as probes to allow older adults to explore and imagine representations of health data 

what functions their device would have or what they imagine the 
data would look like. The researcher asked questions like: How 
would you know if there is an irregularity in your data? What would 
your data look like? How would you notice a disturbance in the data? 
What representation would help you fnd out if your data is within 
the range of your condition? 

4.4.6 Stage 6: Conclusion. Finally, the researcher thanked the par-
ticipants for their time and comments. 

4.5 Analysis 
All audio interviews were transcribed verbatim and thoroughly 
reviewed by two researchers. The researchers conducted open code 
analysis, using the grounded theory methodology as a basis. The 
choice of this stategy was because the purpose of the study was 
to explore, describe and understand the participants’ perspectives 
[15]. In this way, we were able to generate codes and organize them 
into categories, as follows. 

First, the data was analyzed line-by-line using open coding to 
determine initial categories. Subsequently, axial coding was used 

to identify relationships and create concepts from the initial cate-
gories. Consequently, the aim of this step was to reduce the number 
of categories by identifying similarities between categories and 
making the data clearer and more understandable. The ATLAS.ti 
program was used to organize the information. In order to ensure 
the methodological accuracy of the results, a triangulation strat-
egy [94] was used, which consisted of generating codes from the 
perspectives of two researchers. We paused after the frst four in-
terviews; this allowed us to discuss and refect on the granularity of 
the coding scheme. As a result of this discussion, a list of codes was 
generated and applied to the remaining interviews. As subsequent 
interviews matured, we moved to more focused coding, feshing out 
the concepts and themes. Regular meetings were held to evaluate 
and adjust the generated codes. During these meetings, the codes 
and transcripts were re-read to identify the main themes. These 
themes were generated through a process of interpretation, synthe-
sis, and iterative theorizing. Finally, a consensus was reached on 
the generated categories. 
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5 FINDINGS 
In this section, we highlight themes that when older adults imagined 
the representation of health data and molded technological devices 
for displaying health data. We also discuss older adults’ engagement 
with our design method in a remote environment, and their qualms 
about technology. We illustrate each theme with quotes from our 
participants (all quotes have been translated from Spanish). Table 2 
summarizes our fndings 

5.1 Imagining the Representation of Health 
Data 

From our analysis of how older adults imagine the representation of 
health data, two themes are conceptualized: trust in the things near 
where health data is displayed and the format of representation of 
health data. 

5.1.1 Trust in Things Close to Them. Over half of the participants 
(13/18, 72,2%) expressed interest in using technology that records 
health data as long as they feel comfortable with it. Participants 
talk about things close to them that they trust, things they are 
familiar with, such as a belt. “The thing is, I am lazy (...)... if it were 
as easy as that, just like putting on a belt, yes, I would defnitely 
see my heart rate to know whether it has accelerated or not” (P2). 
Another participant mentioned objects that are easy to wear, allow 
to see social information, and stated the possibility of embedding 
technology in ordinary objects. “You could incorporate into a ring, 
something that is easy to wear, or otherwise for users who always 
wear a watch (...) Some people talk on the phone, see their calendar, 
check their e-mails, check their WhatsApp messsages, etcetera. So 
maybe it [the phone] suits them better, but I think that, when you 
develop technology, you can attach it to other things, and those other 
things can be more than one” (P9). 

5.1.2 Format of representation of health data . Representing health 
data should not necessarily be associated with a statistical graphical 
representation. One participant mentioned “I would like, say, to have 
images: something visible and educational, so that I can understand 
what is happening, so that the camera can capture it and it can be 
easily interpreted. If it shows, for example, statistical tables or graphs, 
bars, I could be in trouble, I would not be able to understand” (P7). 
Often, technical information is obscure for older adults and they 
would like simpler representations, like numbers and reference 
values: “No, not graphs. Just numerical data, that is, comparisons... 
well, of course you have to know some rules, like with a measuring 
tape, it starts at 0 and ends at some number (...) ” (P3). One participant 
notes that the only way their blood glucose is shown in healthcare 
devices is through numbers, yet the user wants the technology to 
interpret the data for them. “I’ve seen so many, so many, so many 
times the values of my glycaemia [laughs], that I understand that 
there is no other way. For example, when it comes to my glycaemia, 
there is no other way, only numbers (...) But ideally, it would just 
tell you: ’you’re doing very well’ [laughs]” (P5). One participant 
stated a preference for seeing information in the form of fgures or 
emoticons rather than numbers. “A code could be displayed, (...) a 
fgure that tells you what is going wrong at that moment or what the 
information that is going to be shown to you refers to. And then you 
can give it a touch, and it will give you more information about it. 

It doesn’t give you a number immediately - rather, it frst gives you 
a fgure, an emoticon, let’s say, that tells you what the information 
refers to, and then you can fnd out more ” (P11). 

Data could be presented in various ways; for example, three 
participants have associated their health data with photographs 
stored in a mobile phone gallery. “So if at some point I go to the doctor, 
I review my photographs, for example, from May 2021. ’Doctor, I had 
these...’, but also for me to look at because memory is fragile” (P14). 
The participants imagine simple data representations like a photo 
gallery where they can organize the information chronologically 
and visually comfortable for them. For one participant, representing 
data on activities of daily living through pictures flls their spirit, 
and it is easy for them to retain that information. “The picture of 
when I exercise, that would be a picture of walking (...). The image of 
when I have stayed home would be two images: either I am working 
in my prayer workshop, or I cleaning my house in an exaggerated 
way... (...) What I can see visually registers in my mind, it registers in 
my soul” (P5). 

Health information could also be represented abstractly on the 
body to ft the users’ needs. Six participants commented on the 
difculty of looking at information on small screens; they prefer to 
see information on external devices, not directly on the monitoring 
devices; e.g., they prefer to see data on computer screens. “The 
graphs are so difcult sometimes to read on a small screen here (...) you 
have to start by making the one on top bigger, then see what you are 
measuring, enlarge the one below, but you can rarely read the whole 
picture, (...) I go back to my computer and my laptop, here it shows 
me the whole thing and I can zoom in like this, I can read it, I have no 
difculty, that is what I prefer ” (P1). Another participant makes a 
comparison between phone screens and computer screens. “I prefer 
the PC screen. When I have to interact on the mobile screen, it always 
makes me uncomfortable (...) either because several of the pages are not 
suitable for all platforms, or because in this adaptation I lose my macro 
vision, I fnd it hard to read, it’s too tight, and if I make the letters 
bigger there are too few words, so it makes me feel uncomfortable. So I 
prefer to watch on a big screen ” (P2). One participant mentioned that 
the most pleasant and understandable way to see information is 
through an analog representation. “(...) everything is analog, nothing 
digital. Why? The reason is straightforward: you recognize more 
quickly an analog image than a digital image. For example, this 
needle is showing here, ’Oh! The engine got hot!’. I don’t know how 
hot, danger, but if, for example, it shows you a display that says 99.99. 
What the hell does 99.99 mean? It’s the temperature of the engine, and 
how much can that vary? It could be 199, or it could be 10. It takes you 
much, much longer to mentally work out digital information than 
analog information ” (P4). 

The information displayed to users has to make sense to them; 
they have to understand it, and it also needs to be simple, but 
they have to feel comfortable and familiar with it. One participant 
points out the beneft of having contextual information to support 
health assessment regarding the relevant information to visualize 
in health devices. “So putting the two things together: on one hand, 
the information that the environment can provide, and on the other 
hand, three things: the activity that you are doing, how it afects your 
life according to your biological health parameters, and that it can 
suddenly give you an alarm, or say ’you know, just go on, it’s fne’ 
” (P11). 
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Table 2: Overview of themes and sub-themes, brief description, and illustrative quotes from participants 

Themes/Sub-themes Description Example Quote 
Imagining the representation 
of health data 

a) Trust in things 
close to them 

b) Format of representation 
of health data 

Technological device for 
displaying health data 

a) Health devices connected 
to their contextual factors 

b) Fashion sense in health 
data representation 

Technology Resistance 
and Adoption 

Close ordinary objects 
that could record 
health data 

Need for simple 
representations of 
health data 

Health technologies 
closely related to 
user beliefs 
and preferences 

Technological devices 
that allow showing 
their style and aesthetic 
preferences 

Unobtrusive technology 
that does not create 
dependency 

The thing is, I am lazy (...) if it were as 
easy as that, just like putting on a belt, 
yes, I would defnitely see 
my heart rate to know whether it 
has accelerated or not 

No, not graphs. Just numerical data, 
that is, comparisons well, of course 
you have to know some rules, like with 
a measuring tape, it starts at 0 and ends 
at some number 

So it could be something in between 
[laughs], between a badly made doll 
and a little crucifx (...) Because 
if I’m going to wear something, 
it has to be something I like, right? 

Something easy to wear inside the 
clothes, on top... something so pretty. 
If I’m going to wear it like that, 
if I’m going to wear it next to my chest, 
it has to be something so pretty, 
so soft and that catches my attention 
when I see it 

As far as I know, as doctors have often 
commented, people are enslaved by it; 
hey live in suspense of how many steps 
they have left, of what they have to do, 
if it is necessary they will interrupt 
any activity to go jogging for a while. 
So they transform their life into 
a kind of machine to achieve their goals. 
I don’t like that kind of thing. 

5.2 Technological Device for Displaying Health 
Data 

In stage 4, participants presented their personal objects. The per-
sonal objects presented by participants ranged from “necessary 
objects”, such as keys, glasses, or mobile phones, to personal ob-
jects, such as a wallet, a pencil, or a watch. Participants talked about 
the origin of the objects, the main characteristics, and the place on 
the body where they carry them. During their interaction with the 
personal objects, participants shared stories and secrets, recreating 
memories. 

In stage 5, they molded a technological device to imagine the 
representation of health data. In these sessions, each participant 
used three personal objects that they carry on or near their body 
and used modeling clay to mold a technological device that would 

allow them to imagine the representation of health data. The older 
adults’ ideas included health devices connected to their beliefs and 
their fashion sense. 

5.2.1 Health devices connected to their contextual factors. In mold-
ing the technological device, we encouraged participants to think 
about the shape of the device, where it would be worn, and how 
they would like to see the data the device collects. Participants 
imagined several devices to collect health data, including cards, 
coins, crucifxes, bracelets, and earrings. Some of these devices are 
shown in Figure 2. The created devices are closely related to their 
beliefs and preferences. For example, one participant shows a pro-
clivity for religious fgures (e.g. a crucifx) that can be worn near 
the chest “... So it could be something in between [laughs], between 
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a badly made doll and a little crucifx (...) Because if I’m going to 
wear something, it has to be something I like, right? To hang it from 
a chain here (...) That would be the idea. And while I’m carrying it, 
it’s going to give me some good information” (P5). The creation of 
technologies that record health data should not have shapes that 
overwhelm or are disconnected from users’ reality; participants 
wanted to feel receive health information but identify with their 
device. One participant molded a device that was easy to carry in 
the pocket. “Yes, yes, yes, yes... I imagine it should be like something 
simple, like a card, a light and fexible thing that I can simply keep in 
my wallet” (P2). There were also participants that created fgures 
according to their style and comfort in carrying these objects on 
the body. “ So, a handle on the left arm with little circles that would 
change color, for example, if my blood pressure goes up, one circle 
would light up for blood pressure, one for oxygen saturation, and the 
other one for glucose” (P14). 

5.2.2 Fashion sense in health data representation. The imagination 
of the participants was stimulated through the presentation of 
personal objects. Participants presented personal objects such as 
keys, mobile phones, handkerchiefs, or watches. Personal objects 
express a need or a person’s style [64]. One participant mentions 
the use of green pencils to diferentiate himself from others. “(...) 
regarding Literature, I love Pablo Neruda, and Pablo Neruda in his life 
wrote everything with green ink (...) And maybe I thought I was a poet. 
I’m joking, I’ve never written a poem, but sometimes you fnd people 
you want to identify with or you want to be like them, and in this case, 
it seems like I only the ink color” (P4). One of the participants also 
points out her enthusiasm for wearing beautiful, delicate things 
that catch her eye. “Something easy to wear inside the clothes, on 
top... something so pretty. If I’m going to wear it like that, if I’m going 
to wear it next to my chest, it has to be something so pretty, so soft 
and that catches my attention when I see it [laughs]” (P5). 

Regarding colors for the representation of health data, 11 out of 
18 participants (61.1%) associated the trafc light metaphor with 
representing the status of their health data. One participant de-
scribed the meaning of the colors associated with the seriousness 
of the information collected. “So, the red light would be something 
about danger, that you have to ask a doctor or something like that 
and, but if everything is green, or maybe a very light green, it means 
everything is very well. Or a bit of a faint green could mean it is not 
so, so, so good, but if it is disastrous, then a red light” (P15). 

5.3 Technology Resistance and Adoption 
One participant expressed resistance to using new digital technol-
ogy tools; for him, traditional tools (e.g., ruler, pencil) are simpler 
and easier to use. “One thing is for certain: while I was studying archi-
tecture, all I did was freehand drawing and maybe a plan or a model, 
but maybe with a ruler and other drawing equipment; but don’t ask 
me to draw now with Autocad, because it is impossible. I have never 
known how to do it, and I am not going to try either, because the things 
I do draw, I do them with a pencil and with a board on my desk, with 
my simple tools” (P3). Another participant expressed their feeling of 
non-dependence towards technology – they felt technology could 
turn them into a machine: “As far as I know, as doctors have often 
commented, people are enslaved by it; they live in suspense of how 
many steps they have left, of what they have to do, if it is necessary 

they will interrupt any activity to go jogging for a while. So they 
transform their life into a kind of machine to achieve their goals. I 
don’t like that kind of thing. I’m a great admirer of an individual’s 
freedom, so I would not be voluntarily enslaving myself with that kind 
of thing that tells you what you have to do and what you don’t have 
to do. If one day you feel like running 100 kilometers and another day 
you don’t feel like moving, why do you have to make it an obligation, 
a sacrifce? Hey, in short, you’re wasting your life with that thing 
if you can’t do what you want to do” (P17). Participants were also 
wary of how others would perceive the devices. One proposed that 
the device should be discreet so as not to alert people nearby. “I 
imagine a chip, more or less like the one I have in my hand; it’s a little 
thing I could even have behind my ear, attached to my earring. That 
is, it’s not necessarily going to be in my chest, but it can be attached 
to my earring, and nobody will know what I am wearing it. That chip 
can beep when my blood pressure goes up or when my blood pressure 
goes down because it would be monitoring my blood pressure, and if it 
controls my saturation the moment my saturation is too low, it could 
also beep, and I would look for a way to solve the problem. Maybe the 
people next to me wouldn’t even know how I realized because I would 
use a very tiny thing attached to my earring” (P8). 

Among the participants, 11 expressed interest in customizable 
technologies (11/18, 61.1%), wanting to make the device their own. 
One participant considered that health technology functions should 
be able to be associated with the user’s illnesses.“ Well, we could 
put alternatives, for example, Monday would be pain, hyperglycemia, 
temperature rise. So I would use symptoms, typical symptoms of each 
disease. So when you buy it or you get it as a gift or whatever, you input 
the disease you have, you know? So the language will be associated 
with the illness you have” (P6). 

6 DISCUSSION 
This study demonstrates that remote co-design activities enable 
older adults in Chile and Ecuador to imagine future health technolo-
gies through their personal objects; these activities provide a voice 
to an underrepresented group that is typically neglected in tech-
nology development. Although the creation of new technologies to 
support the health monitoring of older adults has been explored 
[38, 86], it is advantageous to examine the process of designing rep-
resentations of health data for older adults through their personal 
objects, which can generate novel concepts and perceptions about 
future health technologies. 

6.1 Design Insights for Health Data 
Representations 

6.1.1 Contextualized data. Graphs, charts and numerical repre-
sentations (e.g., bar, line, pie charts) have typically been used to 
represent health data collected by mobile devices (e.g., Fitbit). How-
ever, participants in this study expressed interest in other types of 
visualizations. For them, it is appropriate to have representations 
of data that are connected to their previous life experiences. For 
example, some participants mentioned their preference for analog 
representations because they see these data representations on the 
controls of a car or a clock with hands. For them, it is important 
to know the possible range of values to make sense of the data. It 
has been noted in the literature that although much of society has 
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Figure 2: Technological devices for collecting health data: a) crucifx, b) earrings, c) card, d), e) and f) bracelet. 

incorporated digital technologies into their lives, older adults tend 
to opt for ofine, analog, and face-to-face alternatives [29, 109]. In 
line with the above, it has been shown that numeracy may be lower 
in the older population [5] due to age-related analytical processing 
and reasoning [78]. Health technology can ofer new ways of repre-
senting health data, especially for users who have little experience 
handling health data and difculties processing digital information. 

This study also identifed the need for health data visualizations 
that include contextual information. Participants imagined a photo 
gallery, where they can see information about their physical activ-
ity, the clothes they wore, and the place where they did the activity. 
Displaying information about the clothes they wore allows them to 
deduce whether they stayed at home or went for a walk. We also 
identifed that our participants were interested in having informa-
tion from the environment, from the activity being undertaken so 
that this data supports a comprehensive assessment of their health. 
This data representation could be feasible for an older adult popu-
lation that is detail-oriented when looking at a picture or has a low 
numerical ability. 

Providing older adults with a familiar object that displays health 
data, such as a photo gallery with contextual information, could 
make them feel more motivated to consult their data, which is in line 
with previous studies that have found that physical objects make 
users aware of their data [51, 110]. Physical forms also activate per-
ceptions beyond the visual and provide pleasurable multi-sensory 
experiences [47]. Interviewees mentioned the importance of writ-
ing down their medication and medical appointment schedules on 
paper to process and remember the information. 

6.1.2 Acceptance and Trust in Technology. Although older popu-
lations in Chile and Ecuador generally have less experience with 
technology, our participants had basic to intermediate digital skills. 
Having some knowledge about technology may have helped them 
imagine new types of data visualizations and devices. Still, some 

of the participants did not readily accept the idea of displaying 
health data. Although they understood its usefulness, they worried 
about becoming dependent on a device whose information could 
alter their health status, i.e., constantly checking health informa-
tion could damage their mood.Our participants also refected on 
the appearance of devices that display health information. They 
prefer small devices such as an earring that are not noticeable to 
the people around them. Other researchers have come to similar 
conclusions; for example, not all older adults readily accept the 
idea of using activity trackers to be more physically active [25], 
and older adults have been found to prefer unobtrusive and non-
medicalized health technology[99]. Alarm pendants are perceived 
as dehumanizing technology for older adults [81]. 

The creation of technology for health monitoring of older adults 
has generally considered usability factors and the accuracy of these 
technological tools [17]. However, little attention has been paid to 
trust. Older adults need to discard the embarrassment of interacting 
with new technologies (e.g., robots) before they allow themselves to 
build a relationship with them [17]. So why not create technology 
from things close to older adults, things they already trust? Some 
work has addressed constructs related to the role of trust in older 
adults’ adoption of technology. One study showed that physical 
personas were indeed more trustworthy but less empathetic than 
the virtual persona for self-management of the health of older 
adults with diabetes [62]. Some authors have investigated ways 
to increase trust through afective aspects (e.g., reducing anxiety) 
[28]. We propose that technology for monitoring the health of older 
adults could have the starting point of things that are close to them, 
things they already trust. 

How data is displayed is critical to the older adults interviewed; 
it is essential to them that these data do not cause unnecessary 
pressure or unease. An essential dimension of the close experiences 
they have seen of self-tracking is the ambivalence that people may 
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feel in reversing their reliance on numbers and altering their per-
ceptions to adapt to the demands of the technologies they use. At 
the same time, participants have expressed fear that the technology 
could turn them into a machine where they lose control of their 
decisions . This resistance to quantifying their health is not only 
seen in older people. Some authors argue that resistance to the 
dominant ways of living with data is a "soft resistance" - a partial 
resistance, which alters according to idiosyncratically changing 
priorities and goals [65]. 

6.1.3 Personal and Cultural Connections. Participants in this study 
talked about their personal styles, about the things that distinguish 
them from others. There is an obvious connection with spiritual 
objects and objects that make them feel diferent from others, for 
example, a green ink pen (for one participant, talking about his 
style means talking about old man quirks).The co-design of tech-
nology can help us design devices with the styles, tastes, and "old 
people’s quirks" of its intended users. This is in line with previous 
research stating a need to include the experience of older adults in 
the technology research process and to move away from relying 
on stereotypes of gerontology [91, 100]. Social and cultural aspects 
also need to be considered, as the meanings of these aspects play an 
essential role in the design of technologies [8, 95]. It becomes even 
more critical when research on technology and the representation 
of health data for older adults has been studied primarily in frst-
world countries, where the context, preferences, and tastes may 
difer from other countries [82]. A contextual understanding of the 
complex and diverse life experiences and needs of non-frst-world 
older adults is required. Chile and Ecuador, for example, have col-
lective interests over individual interests [33]. Older adults in these 
countries prefer to live their last years with their families or with 
people close to them. In addition, religion plays an essential role in 
shaping political, cultural, social, and family life. Some participants 
in this study imagined seeing their health data on religious objects; 
for example, a crucifx. 

Most of the participants in this study completed their university 
education. They worked in professional felds, which presupposes 
an advantage in accessing technology, and can take much greater 
control over their lives than older people who live in a disadvan-
taged situation. However, more than half of older adults (54%) live 
in common or poor social conditions in Ecuador, and 23% in extreme 
poverty or indigence conditions [30]. The literature has shown that 
older people, those with low levels of education, lower incomes, 
people with disabilities and chronic health problems, and those 
living in rural areas have less access to digital technologies and 
fewer skills to use them [7, 50, 58]. In Chile, Older adults (57.9%) 
are much more likely to report having no computer experience 
than the OECD average of 31.8 percent [82]. Although technology 
use by older adults in Chile increased between 2013 and 2016, gaps 
persist based on age and education level, with those over 75 and 
individuals with lower education levels being the least likely to 
engage with technology [34]. There is a need to incorporate socio-
cultural characteristics that could infuence the design of health 
information and data visualization; it is necessary to explore the 
perception and knowledge of older adults about health data from 
the social and cultural aspects of Latin America. 

6.2 Remote Co-Design Experience with Older 
Adults 

The needs for physical distancing resulting from the COVID-19 
pandemic [1] led to limitations in the possibilities of face-to-face 
interaction. Researchers and co-design practitioners had to rethink 
ways to carry out the co-design process. 

In this paper, we used remote co-design with older adults as an in-
novative approach to the ideation of health data representation. The 
literature notes unique value in leveraging exposure to technology 
in co-design [22, 31]. The results of this work show that developing 
ideas about technologies that visualize health data through remote 
co-design can be particularly valuable when working with older 
adults. 

In stage 4 of the co-design session, we invited participants to 
select and present three personal objects they frequently use and 
wear on or near their bodies. This activity provided a tangible and 
concrete way to initiate discussion on the representation of health 
data, allowing participants to bring their opinions and multiple 
perspectives from the beginning of the session. This presentation 
of personal objects also generated an atmosphere of trust between 
participants and researchers. Thus, for the participants to present 
their personal objects meant going back to the time they acquired 
them and their value. They shared stories and secrets by recreating 
periods of their lives. This presentation allowed them to explore 
and devise new representations of health data that can be integrated 
into personal objects that are frequently used and close to these 
participants. At the same time, this activity encouraged participants 
to imagine which part of the body they would like to wear the health 
technologies. 

Sending out the box of materials before the session allowed par-
ticipants to prepare, e.g. to calmly read the informed consent, fll 
out the questionnaires, and raise questions about the development 
of the co-design session. All questions and recommendations were 
indicated in the introduction stage. In addition, giving the partic-
ipants materials used in their childhood, such as modeling clay, 
helped them to easily shape their ideas and engaged them in the 
activity. Some co-design studies with older adults have noted that 
by ofering a kit of materials (e.g., Makey Makey), participants felt 
pressure to accept the technology rather than create the new tech-
nology [86]. Other studies have suggested using various materials 
in co-design sessions with older adults to encourage more visual 
concepts among these users [38]. In our case, most participants were 
initially reluctant to manipulate the modeling clay, with comments 
such as “I suck at arts and crafts”, “arts were not my forte at school”, 
“my skills are bad, this was my worst subject at school”. However, 
after the frst impression and interaction, the adults were satisfed 
when they shaped the device in modeling clay. The simplicity and 
familiarity of the material helped older adults remain relaxed, open 
to discussion, and imagine the functions of the technology. For 
example, the smell of the modeling clay allowed one participant to 
devise feedback according to the odor levels of this material. 

Some studies that applied online co-design claimed to have fewer 
visual cues to interpret the emotions and experiences of child par-
ticipants as they had control over turning the camera on or of 
[57], another study showed that participants showed resistance to 
Zoom interviews as they were adapting to long periods of Zoom 
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sessions [37]. The older adults in this study felt comfortable hav-
ing the camera on; they could show their personal objects and the 
prototypes created in detail (color, shape, size, or functioning); this 
excited them, and they felt accompanied. It should be noted that the 
sessions conducted in this study were individual. However, during 
the co-design sessions, there were external distractions, such as a 
ringing doorbell, the presence or noise of pets, or taking medication. 

In the face of sensitive conversations from participants, such 
as recovery from chemotherapy, death of family members, or the 
anguish of retirement, the researchers improvised emotional reac-
tions to these factors. For example, we gave positive feedback to 
make participants feel welcomed and listened to. Other improvi-
sation situations led us to change the order of the questions, but 
we kept the activities in the pre-established order. As for the exter-
nal distractions generated during the sessions, these were subtly 
inserted into the conversations; for example, when the pet barked, 
the topic of conversation was about the type of pet we have, then 
we returned to the topic of co-design. 

6.3 Lessons Learned from Applying Co-Design 
with Older Adults Remotely 

In this section, we discuss the considerations to consider when 
co-designing online with older adults. We present three sub-themes 
that emerged about the individual experience of the participants 
and researchers during the online co-design session: 1) Atmosphere 
of trust; 2) Playful activities; 3) Unforeseen situations. 

6.3.1 Atmosphere of trust. In general, the participants were op-
timistic about the execution of our design sessions. For example, 
in phase 4, presenting their personal objects meant going back to 
the time when they acquired them and the value they had. They 
shared stories and secrets by recreating periods of their lives. This 
presentation created an atmosphere of trust between researchers 
and participants. For example, when one participant described his 
wallet, they also talked about their photographs with their family 
and remembered each family member. “This is a pocket diary of 
mine, which also has photos (...) This is the last photo before my spouse 
died. Here, on the side, my son, my daughter-in-law, this grandson of 
mine is now 15 years old...” (P5). 

6.3.2 Playful activities. The presentation of objects also helped 
participants imagine the shapes of the technology where health 
data would be displayed and think about the part of the body where 
they would like to wear the technology. One participant expressed 
interest in a card that would be as portable as a mobile phone. “It is 
like a card, but thin, not a credit card, more like a long card, which 
will have a screen (...) I would carry it in my pocket, like a mobile 
phone with a casing so that it does not break; it does not spoil, a glass 
sheet on top to prevent an accident, because everything falls out of 
your hands, so a glass sheet and a keyboard down here” (P6). Another 
participant refected on what object he often carried close to his 
body. He identifed that it was the belt and imagined a device that 
would attach to it. “What I always carry with me, because I think 
it’s creative, is a belt; so actually if you want, on my belt, I would put 
this on my belt like this, attached to my belt, like this” (P2). 

Another theme that stood out in our observations of the co-
design sessions was the participants’ reaction when they were 

asked to use modeling clay to mold a technological fgure. Most 
participants were initially reluctant to manipulate the modeling 
clay, with comments such as “I suck at arts and crafts”, “arts were 
not my forte at school”, “my skills are bad, this was my worst subject 
at school”. However, after the frst impression and interaction, the 
adults were satisfed when they shaped the device in modeling 
clay. One participant commented that in the end, it was a relaxing 
activity “And by the way, it even was relaxing. I found it to be a 
relaxing activity” (P13). After manipulating the modeling clay, one 
participant imagined functions of the technology that they would 
not have imagined without the contact with this material. For him, 
the smell of modeling clay may be an indicator of health status. 
“Now that I’m inspired (...). You could incorporate another sense: the 
smell so that it has a pleasant smell (...). When it’s green, it smells 
like cologne, and when it’s something wrong, it smells terrible” (P1). 
One participant also acknowledged that the modeling clay activity 
helped him generate more ideas about technology. “you could add 
a scroll here (...). You did well to push me to do the activity and put 
up with my usual reluctance to do things in the modeling clay ” (P2). 

6.3.3 Unforeseen situations. This subtopic covers unforeseen situ-
ations that arose during online interactions. One of the challenges 
for the researchers in conducting the remote co-design with older 
adults was to improvise the interview guideline in the face of sensi-
tive topics from the participants. For example, when they spoke of 
a chemotherapy recovery “ (...). In 2002 I was diagnosed with breast 
cancer, and I had surgery. They removed my entire breast with the 
lymph nodes from my arm” (P14). When a personal item reminded 
them of dead family members. “(...). This is the last photo before my 
spouse died” (P5). Or distress when talking about their retirement 
“When I had just retired, I had an anxiety problem, I could not fnd my 
way around ” (P15). Another challenge generated was the difcult 
task of identifying the mood of the participants; a camera gives us 
fewer clues as to what is happening on the screen or behind the 
camera. Also, speaking through a camera is less close than speaking 
face-to-face. 

In our session, improvisation depended not only on the sensitive 
issues of the older adults but also on the external situations. There 
were short moments of distraction on the part of participants and 
researchers; when the doorbell rang, when pets barked and peered 
at the screen, or when the participant needed to pause the session 
to take medication. 

6.4 Limitations and Future Work 
First, we would like to acknowledge the limitations of the present 
study. Regarding external validity, we used a sample of 18 older 
adults living in Chile and Ecuador. The results of this study may 
not be generalizable to older adults in other places and diferent 
populations. The participants in this study had a university de-
gree and worked in professional felds. The leading indicators of 
a person’s position in contemporary society are income, occupa-
tion, and educational level [80]. Furthermore, studies have shown 
that socioeconomic status is a strong predictor of technology use 
[108] and health information literacy [32]. Therefore, the sample 
in this study could imply greater access to and experience with 
technologies and digital skills, resulting in a better ability to imag-
ine various interaction modalities and representations of health 
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data. The data analysis conducted in this study is interpretive so 
that it may present possible biases due to our beliefs, values, and 
assumptions. 

Designers or researchers of health technologies for older adults 
might consider using everyday, normal things that this population 
uses to introduce technology. To achieve this requires that older 
adult users are provided with various means to encourage refection 
and dialogue around the things they trust and identify with during 
the design process, as in the design probes that have been used to 
elicit information from older adults [101], as the tangibility and 
physicality of the probes facilitates the discussion and the objects 
mediate the dialogue. In this way, we can leverage the objects that 
older adults already feel comfortable with and trust, and we may be 
able to help these feelings transfer to the technologies. This study 
broadly discusses health data - however, the health information 
needs of a specifc person are highly dependent on their specifc 
health conditions, and older adults are a heterogeneous group, as 
any other age group. Therefore, future work should focus on a 
narrower group of older adults with specifc health needs, to focus 
on a “situated community” [85], in which design is informed by the 
needs of the specifc population. 

7 CONCLUSION 
This study presents design ideas for the representation of health 
data for older adults. We conducted a remote co-design session 
with 18 older adults from Chile and Ecuador. The co-design ac-
tivities consisted of brainstorming about types of health data, a 
presentation of personal objects, and the molding of devices to en-
courage participants to explore, imagine, and create representations 
of health data and the form of the object or device where this health 
data is displayed. When older adults in this study talked about 
representations of health data, they refected on their usefulness 
and appearance. They imagined representations of health data in 
analog formats, and images, where contextual information would 
be included. Visualization designs can be integrated into tools or 
devices that older adults use frequently or are close to them. We 
suggest that these devices be unobtrusive and that the design of 
these devices considers the cultural context and idiosyncratic needs 
of older adults. We encourage developers and designers to create 
technologies that display interpreted health information, which 
could beneft older adults who have lower levels of numeracy and 
health information literacy. 

The remote co-design approach, including object presentation 
and the molding of devices, allowed us to understand and refect 
on the needs and preferences of older adults regarding the repre-
sentation of health data. The older adults enjoyed the activity and 
were able to propose new objects and discuss their properties and 
afordances. 

ACKNOWLEDGMENTS 
This paper was partly funded by ANID/FONDECYT 1211210, ANID-
PFCHA/Doctorado Nacional/2018-21180784 

REFERENCES 
[1] 2020. Coronavirus Disease (COVID-19) Pandemic. https://www.who.int/ 

emergencies/diseases/novel-coronavirus-2019. Accessed: 2020-02-01. 

[2] Parastoo Abtahi, Victoria Ding, Anna C. Yang, Tommy Bruzzese, Alyssa B. 
Romanos, Elizabeth L. Murnane, Sean Follmer, and James A. Landay. 2020. 
Understanding Physical Practices and the Role of Technology in Manual Self-
Tracking. Proc. ACM Interact. Mob. Wearable Ubiquitous Technol. 4, 4, Article 
115 (dec 2020), 24 pages. https://doi.org/10.1145/3432236 

[3] Ryan Ahmed, Tammy Toscos, Romisa Rohani Ghahari, Richard J Holden, Eliza-
beth Martin, Shauna Wagner, Carly Daley, Amanda Coupe, and Michael Mirro. 
2019. Visualization of cardiac implantable electronic device data for older adults 
using participatory design. Applied clinical informatics 10, 04 (2019), 707–718. 
https://doi.org/10.1055/s-0039-1695794 

[4] Aloha Hufana Ambe, Margot Brereton, Alessandro Soro, Min Zhen Chai, Laurie 
Buys, and Paul Roe. 2019. Older People Inventing Their Personal Internet of Things 
with the IoT Un-Kit Experience. Association for Computing Machinery, New 
York, NY, USA, 1–15. https://doi.org/10.1145/3290605.3300552 

[5] David W. Baker, Julie A. Gazmararian, Joseph Sudano, and Marian Patterson. 
2000. The Association Between Age and Health Literacy Among Elderly Persons. 
The Journals of Gerontology: Series B 55, 6 (11 2000), S368–S374. https://doi.org/ 
10.1093/geronb/55.6.S368 

[6] Christian Bock, George Demiris, Yong Choi, Thai Le, Hilaire J. Thompson, 
Arjmand Samuel, and Danny Huang. 2016. Engaging older adults in the visual-
ization of sensor data facilitated by an open platform for connected devices. Tech-
nology and Health Care 24 (2016), 541–550. https://doi.org/10.3233/THC-161150 
4. 

[7] Robyn Broadbent and Theo Papadopoulos. 2013. Bridging the digi-
tal divide – an Australian story. Behaviour & Information Technol-
ogy 32, 1 (2013), 4–13. https://doi.org/10.1080/0144929X.2011.572186 
arXiv:https://doi.org/10.1080/0144929X.2011.572186 

[8] Christina Buse, Daryl Martin, and Sarah Nettleton. 2018. Conceptualising 
‘materialities of care’: making visible mundane material culture in health and 
social care contexts. Sociology of health & illness 40, 2 (2018), 243–255. https: 
//doi.org/10.1111/1467-9566.12663 

[9] Roxana Barrantes Cáceres and Angelo Cozzubo Chaparro. 2019. Age for learning, 
age for teaching: the role of inter-generational, intra-household learning in 
Internet use by older adults in Latin America. Information, Communication & 
Society 22, 2 (2019), 250–266. https://doi.org/10.1080/1369118X.2017.1371785 
arXiv:https://doi.org/10.1080/1369118X.2017.1371785 

[10] Gabriela Cajamarca, Valeria Herskovic, and Pedro O. Rossel. 2020. Enabling 
Older Adults’ Health Self-Management through Self-Report and Visualiza-
tion—A Systematic Literature Review. Sensors 20, 15 (2020). https://doi.org/10. 
3390/s20154348 

[11] Fangyuan Chang and Britt Östlund. 2019. Perspectives of Older Adults and 
Informal Caregivers on Information Visualization for Smart Home Monitoring 
Systems: A Critical Review. In Proceedings of the 20th Congress of the International 
Ergonomics Association (IEA 2018), Sebastiano Bagnara, Riccardo Tartaglia, Sara 
Albolino, Thomas Alexander, and Yushi Fujita (Eds.). Springer International 
Publishing, Cham, 681–690. 

[12] Minjoo Cho and Daniel Saakes. 2017. Calm Automaton: A DIY Toolkit for 
Ambient Displays. In Proceedings of the 2017 CHI Conference Extended Abstracts 
on Human Factors in Computing Systems (Denver, Colorado, USA) (CHI EA ’17). 
Association for Computing Machinery, New York, NY, USA, 393–396. https: 
//doi.org/10.1145/3027063.3052968 

[13] Eun Kyoung Choe, Nicole B. Lee, Bongshin Lee, Wanda Pratt, and Julie A. 
Kientz. 2014. Understanding Quantifed-Selfers’ Practices in Collecting and 
Exploring Personal Data. In Proceedings of the SIGCHI Conference on Human 
Factors in Computing Systems (Toronto, Ontario, Canada) (CHI ’14). Association 
for Computing Machinery, New York, NY, USA, 1143–1152. https://doi.org/10. 
1145/2556288.2557372 

[14] Sunny Consolvo, David W. McDonald, Tammy Toscos, Mike Y. Chen, Jon 
Froehlich, Beverly Harrison, Predrag Klasnja, Anthony LaMarca, Louis LeGrand, 
Ryan Libby, Ian Smith, and James A. Landay. 2008. Activity Sensing in the 
Wild: A Field Trial of Ubift Garden. In Proceedings of the SIGCHI Confer-
ence on Human Factors in Computing Systems (Florence, Italy) (CHI ’08). As-
sociation for Computing Machinery, New York, NY, USA, 1797–1806. https: 
//doi.org/10.1145/1357054.1357335 

[15] Juliet Corbin and Anselm Strauss. 2014. Basics of qualitative research: Techniques 
and procedures for developing grounded theory. Sage publications. 

[16] Ministerio de Desarrollo Social de Chile. 2020. Personas mayores, envejecimiento 
y cuidados. 

[17] Maartje M.A. de Graaf, Somaya Ben Allouch, and Tineke Klamer. 2015. Sharing 
a life with Harvey: Exploring the acceptance of and relationship-building with 
a social robot. Computers in Human Behavior 43 (2015), 1–14. https://doi.org/ 
10.1016/j.chb.2014.10.030 

[18] Ministerio de Salud de Chile. 2020. Plan de acción coronavirus (COVID-19). 
https://www.minsal.cl/149-informe-epidemiologico/ 

[19] Universidad de San Sebastian. 2018. II Informe de adopción de tec-
nologías en el mercado chileno: Smartwatch. Retrieved April, 2022 
from https://www.uss.cl/wp-content/uploads/sites/14/2018/12/PPT-Informe-
SMATWATCH-Adopci%C3%B3n-Tecnolog%C3%ADas-USS.pdf 

1814

https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
https://doi.org/10.1145/3432236
https://doi.org/10.1055/s-0039-1695794
https://doi.org/10.1145/3290605.3300552
https://doi.org/10.1093/geronb/55.6.S368
https://doi.org/10.1093/geronb/55.6.S368
https://doi.org/10.3233/THC-161150
https://doi.org/10.1080/0144929X.2011.572186
https://arxiv.org/abs/https://doi.org/10.1080/0144929X.2011.572186
https://doi.org/10.1111/1467-9566.12663
https://doi.org/10.1111/1467-9566.12663
https://doi.org/10.1080/1369118X.2017.1371785
https://arxiv.org/abs/https://doi.org/10.1080/1369118X.2017.1371785
https://doi.org/10.3390/s20154348
https://doi.org/10.3390/s20154348
https://doi.org/10.1145/3027063.3052968
https://doi.org/10.1145/3027063.3052968
https://doi.org/10.1145/2556288.2557372
https://doi.org/10.1145/2556288.2557372
https://doi.org/10.1145/1357054.1357335
https://doi.org/10.1145/1357054.1357335
https://doi.org/10.1016/j.chb.2014.10.030
https://doi.org/10.1016/j.chb.2014.10.030
https://www.minsal.cl/149-informe-epidemiologico/
https://www.uss.cl/wp-content/uploads/sites/14/2018/12/PPT-Informe-SMATWATCH-Adopci%C3%B3n-Tecnolog%C3%ADas-USS.pdf
https://www.uss.cl/wp-content/uploads/sites/14/2018/12/PPT-Informe-SMATWATCH-Adopci%C3%B3n-Tecnolog%C3%ADas-USS.pdf


DIS ’22, June 13–17, 2022, Virtual Event, Australia Cajamarca et al. 

[20] Susan De Vos. 1998. Regional diferences in living arrangements among the 
elderly in Ecuador. Journal of Cross-Cultural Gerontology 13 (1998), 1–20. 

[21] Ensheng Dong, Hongru Du, and Lauren Gardner. 2020. An interactive web-
based dashboard to track COVID-19 in real time. The Lancet infectious diseases 
20, 5 (2020), 533–534. 

[22] Judith Dörrenbächer and Marc Hassenzahl. 2019. Changing perspective: A 
co-design approach to explore future possibilities of divergent hearing. In Pro-
ceedings of the 2019 CHI Conference on Human Factors in Computing Systems. 
1–12. 

[23] Jeannette Durick, Toni Robertson, Margot Brereton, Frank Vetere, and Bjorn 
Nansen. 2013. Dispelling Ageing Myths in Technology Design. In Proceedings 
of the 25th Australian Computer-Human Interaction Conference: Augmentation, 
Application, Innovation, Collaboration (Adelaide, Australia) (OzCHI ’13). As-
sociation for Computing Machinery, New York, NY, USA, 467–476. https: 
//doi.org/10.1145/2541016.2541040 

[24] Pilar Egüez-Guevara and Flávia Cristina Drumond Andrade. 2015. Gender 
diferences in life expectancy with and without disability among older adults in 
Ecuador. Archives of gerontology and geriatrics 61, 3 (2015), 472–479. 

[25] Chloe Fan, Jodi Forlizzi, and Anind K Dey. 2012. A spark of activity: exploring 
informative art as visualization for physical activity. In Proceedings of the 2012 
ACM Conference on Ubiquitous Computing. 81–84. 

[26] A. Ferrari. 2012. Digital Competence in practice: An analysis of frameworks. 
Technical Report. Research Centre of the European Commission. 

[27] Wilma Freire, Edgar Rojas, Lourdes Pazmiño, M Fornasini, S Tito, P Buendía,
and Pablo Álvarez. 2010. Encuesta nacional de salud, bienestar y envejecimiento 
SABE I Ecuador 2009-2010. Quito: Ministerio de Salud Pública/Universidad San 
Francisco de Quito (2010). 

[28] Omri Gillath, Ting Ai, Michael S. Branicky, Shawn Keshmiri, Robert B. Davi-
son, and Ryan Spaulding. 2021. Attachment and trust in artifcial intelligence. 
Computers in Human Behavior 115 (2021), 106607. https://doi.org/10.1016/j.chb. 
2020.106607 

[29] Daniel Gooch, Vikram Mehta, Blaine Price, Ciaran McCormick, Arosha Bandara, 
Amel Bennaceur, Mohamed Bennasar, Avelie Stuart, Linda Clare, Mark Levine, 
et al. 2020. How are you feeling? Using tangibles to log the emotions of older 
adults. In Proceedings of the Fourteenth International Conference on Tangible, 
Embedded, and Embodied Interaction. 31–43. 

[30] Pilar Egüez Guevara and Flávia Cristina Drumond Andrade. 2015. Socioeco-
nomic and lifestyle factors associated with chronic conditions among older 
adults in Ecuador. Revista Panamericana de Salud Pública 38 (2015), 226–232. 

[31] Florian Güldenpfennig. 2018. Tailor-Made Accessible Computers: An Interactive 
Toolkit for Iterative Co-Design. In Proceedings of the Twelfth International Con-
ference on Tangible, Embedded, and Embodied Interaction (Stockholm, Sweden) 
(TEI ’18). Association for Computing Machinery, New York, NY, USA, 231–236. 
https://doi.org/10.1145/3173225.3173237 

[32] Yanqi Guo. 2021. The Efect of Socio-Economic Status on Health Informa-
tion Literacy among Urban Older Adults: Evidence from Western China. In-
ternational Journal of Environmental Research and Public Health 18, 7 (2021), 
3501. http://ezproxy.puc.cl/scholarly-journals/efect-socio-economic-status-
on-health/docview/2566034267/se-2 Copyright -© 2021 by the authors. Licensee 
MDPI, Basel, Switzerland. This article is an open access article distributed under 
the terms and conditions of the Creative Commons Attribution (CC BY) license 
(http://creativecommons.org/licenses/by/4.0/). Notwithstanding the ProQuest 
Terms and Conditions, you may use this content in accordance with the terms 
of the License. 

[33] Francisco J Gutierrez and Sergio F Ochoa. 2016. Mom, I do have a family! Atti-
tudes, agreements, and expectations on the interaction with Chilean older adults. 
In Proceedings of the 19th ACM conference on computer-supported cooperative 
work & social computing. 1402–1411. 

[34] Macarena Rojas Gutiérrez, Torrealba Francisca Campos, Diana Leòn Aguilera, 
Lama Marìa Teresa Abusleme, and Vera Marìa Paz Causa. 2014. Chile y sus 
mayores: análisis de la encuesta nacional calidad de vida en la vejez (2007, 2010 
y 2013). Sociologia e politiche sociali (2014). 

[35] Lilit Hakobyan, Jo Lumsden, and Dympna O’Sullivan. 2014. Older adults with 
AMD as co-designers of an assistive mobile application. International Journal of 
Mobile Human Computer Interaction (IJMHCI) 6, 1 (2014), 54–70. 

[36] Angel Santillan Haro. 2020. Caracterización epidemiológica de Covid-19 en 
Ecuador. InterAmerican Journal of Medicine and Health 3 (2020), 1–7. 

[37] Christina Harrington and Tawanna R Dillahunt. 2021. Eliciting Tech Futures 
Among Black Young Adults: A Case Study of Remote Speculative Co-Design. In 
Proceedings of the 2021 CHI Conference on Human Factors in Computing Systems 
(Yokohama, Japan) (CHI ’21). Association for Computing Machinery, New York, 
NY, USA, Article 397, 15 pages. https://doi.org/10.1145/3411764.3445723 

[38] Christina N Harrington, Lauren Wilcox, Kay Connelly, Wendy Rogers, and 
Jon Sanford. 2018. Designing health and ftness apps with older adults: Ex-
amining the value of experience-based co-design. In Proceedings of the 12th 
EAI international conference on pervasive computing technologies for healthcare. 
15–24. 

[39] Mará Soledad Herrera, Beatriz Fernández, Javiera Rossel, and Macarena Rojas. 
2019. Chile y sus mayores. Resultados quinta encuesta nacional Calidad de 
Vida en la Vejez 2019 [Chile and its elderly people: Results of the ffth National 
survey on life quality in the old age 2019]. Santiago: Servicio Nacional del Adulto 
Mayor, Pontifcia Universidad Católica de Chile y Caja de Compensación Los Andes
(2019). 

[40] Dize Hilviu and Amon Rapp. 2015. Narrating the Quantifed Self. In Adjunct 
Proceedings of the 2015 ACM International Joint Conference on Pervasive and 
Ubiquitous Computing and Proceedings of the 2015 ACM International Symposium 
on Wearable Computers (Osaka, Japan) (UbiComp/ISWC’15 Adjunct). Association 
for Computing Machinery, New York, NY, USA, 1051–1056. https://doi.org/10. 
1145/2800835.2800959 

[41] Craig Wisneski Hiroshi, Hiroshi Ishii, Andrew Dahley, Matt Gorbet, Scott Brave, 
Brygg Ullmer, and Paul Yarin. 1998. Ambient Displays: Turning Architectural 
Space into an Interface between People and Digital Information. Springer, 22–32. 

[42] Steven Houben, Connie Golsteijn, Sarah Gallacher, Rose Johnson, Saskia Bakker, 
Nicolai Marquardt, Licia Capra, and Yvonne Rogers. 2016. Physikit: Data en-
gagement through physical ambient visualizations in the home. In Proceedings 
of the 2016 CHI Conference on Human Factors in Computing Systems. 1608–1619. 

[43] Samuel Huron, Pauline Gourlet, Uta Hinrichs, Trevor Hogan, and Yvonne Jansen. 
2017. Let’s Get Physical: Promoting Data Physicalization in Workshop Formats. 
In Proceedings of the 2017 Conference on Designing Interactive Systems (Edinburgh, 
United Kingdom) (DIS ’17). Association for Computing Machinery, New York, 
NY, USA, 1409–1422. https://doi.org/10.1145/3064663.3064798 

[44] INEC. 2012. Primeras estadísticas ofciales sobre fliaciǿn religiosa en el Ecuador. 
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