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Abstract

Growing availability of self-monitoring technologies creates new opportunities for collection of
personal health data and their use in personalized health informatics interventions. However, much
of the previous empirical research and existing theories of individuals’ engagement with personal
data focused on early adopters and data enthusiasts. Less is understood regarding ways individuals
from medically underserved low-income communities who live with chronic diseases engage with
self-monitoring in health. In this research, we adapted a widely used theoretical framework, the
stage-based model of personal informatics, to the unique attitudes, needs, and constraints of low-
income communities. We conducted a qualitative study of attitudes and perceptions regarding
tracking and planning in health and other contexts (e.g., finances) among low-income adults living
with type 2 diabetes. This study showed distinct differences in participants’ attitudes and behaviors
around tracking and planning, as well as wide variability in their sense of being in charge of
different areas of one’s life. Ultimately, we found a strong connection between these two:
perceptions of being in charge seems to be strongly connected to an individual’s proactive or
reactive tracking and planning in that area. Whereas individuals with a greater sense of being in
charge of their health were more proactive, meaning they were likely to engage with all the stages
of personal informatics model on their own, those with less of a sense of being in charge were
more likely to be reactive—relying on their healthcare providers for several critical stages of self-
monitoring (deciding what data to collect, integrating data from multiple sources, reflecting over
patterns in collected data, and arriving at conclusions and implications for action). Perhaps as a
result, these individuals were less likely to experience increases in self-awareness and self-
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knowledge, common motivating factors to engaging in self-monitoring in the future. We argue that
adapting this framework in a way that highlights gaps in individuals’ engagement has a number of
important implications for future research in biomedical informatics and for the design of new
interventions that promote engagement with self-monitoring, and that are robust in light of
fragmented engagement.
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1. Introduction

In recent years, health and wellness self-monitoring technologies have enabled the collection
of personal health data on an unprecedented scale.[1] Such devices as Apple Watch® and
Fitbit® have become increasingly accessible, affordable,[2] and capable of collecting data
with more detail, variety, and in greater amounts.[3, 4] These data can benefit individuals
with health challenges who need to engage in proactive self-management. For example,
examining and reflecting on data with personal informatics solutions can lead to increased
self-awareness and self-knowledge.[1, 3] These data can also be shared with important
stakeholders, including clinicians and caregivers.[5, 6] In addition, these data present new
opportunities to personalize both medical treatment and self-management strategies to the
unique physiology and lifestyle of each individual.[7-9]

In response to this increasing interest in data-driven technologies for personal health,
research communities have generated a rich body of knowledge on ways individuals engage
with self-monitoring in a variety of domains including health.[10-12] In addition, theoretical
frameworks emerged that can help researchers and practitioners develop a richer
understanding of this phenomenon and guide future work. One such framework, the staged-
based model of personal informatics, has become particularly influential and inspired a slew
of research projects and design solutions.[13-15] However, the vast majority of previous
research on attitudes towards self-monitoring and self-tracking has focused on individuals
who are intrinsically motivated to engage in data collection and who want to discover more
about themselves and their health.[16, 17] These individuals comprise the Quantified Self
movement, characterized by their curiosity and desire for self-knowledge.[16, 18] They also
share specific demographic characteristics: a recent study found that “quantified selfers” are
primarily young and middle-aged men of white or European descent.[18, 19]

In contrast, individuals most in need of effective solutions for personal health often reside in
economically disadvantaged, low-resource communities that have a higher prevalence of
chronic diseases, such as obesity and diabetes, than their more affluent counterparts.[20, 21]
Evidence suggests that these individuals are far less likely to spontaneously engage in
proactive self-monitoring.[18, 22] Specifically, there is increasing evidence that individuals
reporting lower incomes and education attainment are less likely to track a health indicator
or symptoms, and are less likely to use an application or medical device to do so, compared
to individuals with higher levels of income and education.[19, 22, 23] This lack of
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engagement with self-monitoring may preclude these individuals from the opportunities to
improve their health using personalized interventions that rely on data. Moreover, it can
further increase the digital divide and create a new data divide between those who can take
advantage of personal data and data-driven solutions and those who lack the knowledge,
motivation, and skills to do s0.[24]

While engagement among well-resourced individuals has been well described, there exists a
considerable knowledge gap in understanding what motivates low-resource individuals to
engage in self-monitoring, how these individuals engage with personal data, and whether
there are important differences in engagement between different populations. Therefore, in
this research we aimed to develop a better understanding of how individuals in low-resource,
medically underserved communities with a high prevalence of chronic conditions engage in
self-monitoring for health, their attitudes towards personal data, and factors that both
facilitate and inhibit such engagement, with the goal of increasing both empirical and
theoretical knowledge in this area. Our specific focus was on individuals with Type 2
Diabetes Mellitus (T2DM). Individuals living with T2DM must make numerous daily
decisions that affect their blood glucose levels and ultimately their risk of diabetes-related
complications.[25] These decisions include dietary choices (what, when, and how much to
eat), exercise, sleep, and stress management, among many others. While there exist general
guidelines for self-care behaviors,[26, 27] due to the high individual differences in blood
glucose regulation,[28] specific self-management strategies must be tailored to each
individual.[29, 30] Data collected through self-monitoring can inform these strategies and
provide between-visit measurements for healthcare providers.[31] Yet there exist
considerable challenges to engagement in self-monitoring for individuals with T2DM.[32-
34] Moreover, T2DM is disproportionately prevalent among individuals who are older,
reside in economically disadvantaged communities, and Latino and African American
individuals.[35, 36] Many of these individuals are medically underserved [7, 37] and
effective self-management interventions could bridge existing gaps in care.[5, 38]

In order to address this knowledge gap, we conducted a qualitative study of attitudes and
perceptions about tracking and planning among low-income Latino adults diagnosed with
T2DM. To gain a richer understanding of participants’ perceptions about tracking and
planning, we explored the topic in both health-specific and non-health (e.g., finances)
contexts. In this paper, we present empirical and theoretical findings from this study,
proposing refinements to an existing theory and drawing implications for the design of
informatics interventions to engage these populations in self-monitoring in health.

2. Methods

2.1 Participants and recruitment

Individuals with T2DM were recruited from a database of participants who were previously
enrolled in the Washington Heights/Inwood Informatics Infrastructure for Comparative
Effectiveness Research (WICER) study.[39] WICER participants were recruited from
community centers and ambulatory care clinics in the Washington Heights-Inwood
neighborhood of New York City. As part of their participation in WICER research, these
individuals gave their consent to be contacted for participation in future research studies at
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Columbia University Irving Medical Center (CUIMC). Participants indicating willingness to
participate in future studies were contacted and enrolled in individual and focus group
interviews. Inclusion criteria for the participants were: 1) self-reported diagnosis of T2DM,
2) age from 18 to 65, and 3) proficiency in either English or Spanish. Both the original
WICER study and the individual and focus group interviews described here were approved
by the CUIMC Institutional Review Board (IRB).

2.2 Data collection

This study included individual and focus group interviews conducted either in English or
Spanish as the primary data collection approach. While focus groups are at times
conceptualized as group discussion activities, we used a definition provided by Patton of
focus group as “an interview with a small group of people on a specific topic,” where the
objective is “... to get high quality data in a social context where people can consider their
own views in the context of the views of others.”[40] All sessions were scheduled as focus
group interviews; when only one participant was present at the scheduled time, focus group
interviews were converted into individual interviews but followed a similar structure and
discussion guide. Each session lasted approximately 90 minutes (range: 45-120 minutes);
the sessions were conducted during August and September of 2016. All of the authors
participated in some or all English sessions as moderators. A Spanish-speaking moderator
affiliated with the WICER project moderated Spanish sessions. The moderator was
introduced to the study goals and trained on the use of the focus group guide. All individual
and focus group interviews were conducted at CUIMC. Participants were provided with
refreshments and a $20 incentive. Demographic data on all participants were obtained from
the WICER research database.

We used a focus group guide divided into two sections: first, participants were asked to share
their experiences with making changes to different areas of their lives (health and non-health
related) and maintaining these changes; and second, participants were asked about specific
strategies for keeping track of data and records in both health and non-health related areas.
We approached the topic broadly and asked the participants about their experiences keeping
records in various areas of their lives, including finances and childcare as well as health. We
specifically framed our questions as “keeping track of records” rather than “self-monitoring”
because the term self-monitoring is typically used only in health-related contexts.[41]
individual and focus group interviews were conducted until saturation was reached,
specifically, after 13 sessions (7 focus groups and 6 individual interviews) that included 25
participants. We conducted 7 focus groups (1 English and 6 Spanish) with 19 participants;
each session included 2 to 4 participants each. We also conducted 6 individual interviews (3
English and 3 Spanish). Interviews and focus groups were audio-recorded and transcribed
verbatim. Spanish interview and focus group transcripts were translated during transcription.

2.3 Data analysis

The analysis was conducted in two distinct stages. First, in order to understand individuals’
attitudes towards self-monitoring and self-monitoring behaviors, we used inductive thematic
analysis[42] in NVivo 11.4.0 (QSR International, Inc., Burlington, MA). We collaboratively
coded two transcripts as a team. Once consensus on an initial coding scheme was achieved
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through team coding, the first author (MRT) coded and categorized the remaining data.
Three additional researchers independently read the interview and focus group transcripts
and coded results (EGM, MB, LM). The researchers met periodically to discuss the
emerging themes; all conflicts in coding were resolved through consensus. The coding
scheme during the first stage consisted of four major themes that emerged inductively from
the data. These themes described participants’ life circumstances, health management,
perceptions of being in charge in life and health, and attitudes and behaviors related to
tracking and planning in both life and health. One of the most notable findings during this
stage of coding was the identification of different levels for perceptions of being in charge
(high/low) and different attitudes and behaviors related to tracking and planning (proactive/
reactive). Consequently, we developed these two categories along their dimensions,
identifying additional sub-categories describing each dimension.

Memos of developing ideas about the data and the emerging themes were incorporated
throughout the analysis. Review of these memos and further discussions within the team
suggested a potential connection between two of the main findings: perceptions of being in
charge in life and health, and attitudes and behaviors related to tracking and planning. To
examine this connection, we cross-tabulated the codes that were categorized under different
dimensions of “perceptions of being in charge” (high/low) and different dimensions of
“attitudes towards tracking and planning” (proactive/reactive).

In the second stage of the analysis, we related our findings to the stages of the stage-based
model of personal informatics. Specifically, we examined evidence supporting the stages of
the framework and noted findings that were inconsistent with the stages as they are currently
described. We related these differences to the different dimensions of categories described
above (“perceptions of being in charge” and “attitudes towards tracking and planning”). This
led us to identify several proposed modifications to the framework needed to reflect the
attitudes towards self-monitoring and self-monitoring behaviors reported by the study
participants.

We took several steps to ensure rigor throughout the data analysis process. To enhance
confirmability, we member checked during the individual and focus group interviews and
confirmed the content of the audio recordings and transcripts to ensure accuracy.[43] In
addition, the research team openly shared audit trails, including notes on each code and
developing themes, to illustrate the evidence that led to their conclusions.[44] Finally, to
further enhance rigor in developing the findings, we cross-checked emerging themes with
the participants’ original statements, and recorded detailed notes outlining the analysis.[45]
Although in many cases we were unable to attribute quotes to specific participants due to
cross-talk, quotes were attributed to the focus group in which they were stated. All four
researchers contributed to the development of the themes, contributing alternative
perspectives due to their diverse backgrounds in biomedical informatics, nutrition, public
health, and nursing. This contributed to the richness and increased the validity of the
findings.
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3. Results

Below, we present results in three sections. The first two sections offer rich depictions of
participants and provide context for their experiences attempting to manage their health. In
the third section, we specifically focus on tracking and planning and the central finding of
this study: the connection between the sense of being in charge of a particular area of an
individual’s life and their willingness to engage in data tracking and planning in that
area. We unpack this finding through five themes: (1) sense of being in charge in life, (2)
sense of being in charge in health, (3) tracking and planning, (4) sense of being in charge
and tracking and planning, and (5) additional facilitators and barriers to tracking and
planning.

3.1 Description of the participants

The 25 individuals with T2D who participated in this study were predominantly female
(n=22), middle aged adults (mean age 51.2+8.7 years; range 20-61 years). Most were of
Hispanic or Latino origin (n=22) and most were born in a Spanish-speaking country (n=23).
The majority had an education level at high school or below (n=23) and 19 reported
receiving Medicaid health insurance, suggesting low income.

Throughout the individual and focus group interviews, we identified several subgroups of
participants with similar life experiences. Some participants (two or three) described a series
of life challenges, including unstable housing, unsafe neighborhoods, financial struggles,
and strained social relationships. All of these participants were English-speaking. For
example, one participant explained the multiple life challenges she had faced: “/ have
enough bad stories. My cousin, she just died Friday, she was 91, you know, so | don’t want
to hear your sad stories when 1’m struggling. 1 lost my mother. She had aneurysm. She was
in the coma, she suffered. | don’t want to hear your sad stories, because 1’m living one.” —
FG 4 (English)

Another group of participants (approximately one-third) reported working as home
attendants or community health workers and found their work to be fulfilling and rewarding.
These participants did not report the hardships experienced by the first group. Furthermore,
they took pride in their ability to help others: “So / was able to start working in my own field
which is amazing...doing community work, because | always love to do community work
and didn’t want to get away from that in my life.” —FG 7 (English)

The largest sub-group within the sample (approximately two-thirds) included middle-aged
female immigrants from Spanish-speaking countries with strong ties to their culture. Though
they were different ages when they emigrated, ranging from infants to adults, they all
appeared to have tapped into resources and networks of support within their communities to
build a stable life in the United States. Many were positioned as family matriarchs who saw
themselves as the head of the household, taking care of themselves and their families. One
participant explained: “/ was really blessead, because I was well connected when I arrived to
this country like | know that many immigrants have to pass through difficult situations
before they even have the feet inside the door... 1 was able to start working in this school and
after that | got so many supports.” —FG 7 (English)
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Finally, there were a few participants (two or three) that did not fit any of these identifiable
sub-groups. Specifically, the Spanish-speaking male participants were overall less vocal in
focus groups than their female counterparts and provided fewer details regarding their life

experiences.

3.2 Health self-management

Regardless of their life circumstances, the majority of the participants saw their health as
difficult to manage and as a continuous source of struggle. Most experienced multiple health
challenges, including chronic, co-morbid medical conditions and mental health problems.
They described how challenges and hardships they experienced in life contributed to
unhealthy habits: “/ had anxiety and | coped with eating sweets... Oh and a lot of pasta 1 ate.
A lot of pasta.” —FG 3 (Spanish)

At the same time, participants were aware of the importance of healthy daily behaviors in
managing T2DM. Diet, in particular, was frequently mentioned as the most common
approach to self-management. One participant stated: “Diabetes is what you eat. It’s the
mouth. 1 look at the portions. And the size is the first. You have to pretend you’re at a
restaurant you serve yourself a little bit because you eat from your eyes, but you have to
recognize you have to eat that small size... Diabetes is definitely the mouth. Diabetes is
what you eat.” —FG 2 (Spanish). Reported strategies for healthy eating included creating
limits (e.g., portion control, proportion of macronutrients), meal planning, seeking sources
of healthy food (healthy grocery stores, healthy restaurants), creating variety within their
diet, and very commonly, using USDA’s MyPlate graphic from the Dietary Guidelines for
Americans [46]: “My doctor says that half of my plate has to be greens and a quarter has to
be a grains and on the other side has to be the protein, so that’s the way that | manage it
now.” —FG 2 (Spanish)

Participants who worked within the healthcare system were especially cognizant of the
importance of health behaviors, in particular diet, and seemed to have internalized the health
advice that they offered their patients. These participants reported that through their
professional experiences, they came to better understand their own health. One participant
described applying the information she provided to her patients to herself as well: “Because
1 have a meal plan. We are given a nutritional plan. 1 take care of elderly patients... I apply
the plan with the patients, but I also apply it to myself because that majority of the patients
that I care for are diabetic. That’s the majority, it’s like an epidemic.” —FG 12 (Spanish)

3.3 Main theme: sense of being in charge and tracking and planning attitudes and

behaviors

The main finding that emerged from the study was that there were considerable differences
in participants’ attitudes towards tracking and planning in life and health, and in their reports
of their actual tracking and planning behaviors. Furthermore, we noted wide variability in
participants’ perceptions of being in charge in life and in health. Importantly, the results
suggested that differences in tracking and planning were connected with individuals’
projected sense of being in charge of a particular area of their lives. When individuals
exhibited a greater sense of being in charge of a particular area of their lives, they were more
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likely to exhibit proactive attitudes towards tracking and planning within that area and to
have a set of established practices for data collection and analysis. This was most common
with participants’ approaches to finances and child rearing; it was also the case for tracking
in health, although only a few participants perceived themselves in charge of their health and
proactively tracked and planned in this area. On the other hand, individuals who exhibited a
lesser sense of being in charge of their health often exhibited reactive attitudes towards
tracking and planning and only engaged in it when prompted by external factors or other
stakeholders, such as healthcare providers. This was often exacerbated by their lack of skills
necessary to interpret health data and use it to inform future action. We describe these
findings in more detail below.

3.3.1 Sense of being in charge in life—Overall, the participants in this study varied
greatly in the way they described their own roles in building their lives, an attribute we came
to refer to as the perceived sense of being in charge. Some participants spoke of themselves
as active agents that determine their own destinies, and of the importance of their own
choices in life. One participant described building a life for herself and taking initiative to
learn her way around a new city when she arrived in the United States: “/nitially if you don’t
get yourself together, you can maybe lose yourself in that process— you never stop, so once
you feel comfortable with something, you got to move. And that was the first 2 years— let me
9o to the school, if I cannot pay for the school, let me go to the library to learn English
which is what | did first. | was helping my husband to make a life together; | cannot be at
home sitting down waiting for him.” —FG 7 (English). This was particularly the case for the
Spanish-speaking matriarchs, who described themselves, “the mothers,” as prominent
members of their communities and the central figures in their households, as one exchange
revealed:

Moderator Who makes the decisions at home?
Participants 3-6 [all at once] The mother.

Moderator Everyone here makes the decisions. Including the bank account, savings, who is
going to pay the bill, everything?

Participants 3-6 [all at once] Yes.
—FG 2 (Spanish)

These women actively engaged with their communities, leveraged available resources and
social connections, and, in return, were often actively helping others. These women were
also in charge of organizing and planning family activities, and were responsible for many
decisions regarding the lives of their families, including managing family finances: “/ don’t
let my husband handle not even $10... | give him $20 a week. If somebody asks him—
Saturday my brother asked him, ‘Can you give me $20?° He took out his pocket and he saia,
‘L ook ask your sister, she don’t give me nothing.’” —-FG 8 (Spanish).

Other participants felt little sense of being in charge of their lives and often attributed
hardships they experienced in their daily lives to unfortunate circumstances, other persons,
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or a higher power such as God: “/’ve had to get to the point where 1’d gotten on the floor
and actually kneeled on the floor and pray that 1’d stop this, or 1’d stop that. ‘Please, Goa, if
Yyou do the--,” and make a deal with Him. And probably, I'll try to be good.” —FG 1 (English)
These perceptions were particularly notable among the English-speaking participants of the
study. The perception of not being in charge of one’s life was further complicated by the

lack of stability and life challenges that some participants faced, and by a lack of social
support. Participants who described unstable living conditions also described feelings of
hopelessness surrounding the circumstances they were in. One participant described how
these challenges created competing priorities with health concerns: “Like there are a lot of
things that | have to have done, and | can’t do it, because 1’m so busy helping my family, or |
can’t get the help that I need. I’ll be honest with you. 1’m living in a room... I cannot even
use the kitchen... I get food stamps, because 1’m on a fixed budget. And I’'m on social
security income, which is nothing.” —FG 1 (English).

Notably, while these participants often attributed their own hardships to other people or to
higher powers, they derided poor choices made by others and attributed hardships
experienced by others to their personal shortcomings. This was particularly true in the case
of receiving government subsidies, which they typically considered necessary in their own
situation, but irresponsible when speaking of others: “Well, | don’t take welfare. I think
welfare will help me pay my rent. All right. | take welfare all the time. Thank you for the
food stamps. Thank you for the cash... but on Long Islanad, there’s no reason for that. People
get housing. You have to put into it. You have to get off your ass and put into it.” —FG 1
(English)

3.3.2 Sense of being in charge in health—Despite these apparent differences
regarding perceptions of being in charge in life, the majority of study participants did not
feel in charge of their health. Instead, they talked about external forces as driving factors
when it came to health; these included heredity, the environment, and the healthcare system.
Some participants felt confined by hereditary diseases and conditions, especially in the case
of T2DM as one participant stated: “/ would like that that the diabetes would go away but it
can’t happen because it is also hereditary. | can’t be healthy.” —FG 6 (Spanish). Others felt
that the environment directly counteracted their efforts to manage their health: “Everything
has sugar. Then how is one supposed to control themselves if everything has sugar?” —FG 3
(Spanish). Rather than taking a proactive role in monitoring their health, making decisions,
and seeking resources, they preferred to let their healthcare providers manage their health: “/
was surprised by my glucose. In the hospital they told me that when I got there it was bad.
Thank God after they controlled it, it was going down to 7 but then it came back up again. |
do not know how much—on Tuesday they took out blood to see what level it is.” —FG 5
(Spanish).

There were, however, a few participants who reported feeling in charge of their health.
These participants discussed maintaining accountability for their decisions and spoke of
“will power” to make healthy choices. As one participant described: “/ had will power. You
see, yesterday when my grandson arrived from school... he told me grandma can you make
me a hamburger? | made him the hamburger, but what did | make for myself? Vegetables.” -
FG 2 (Spanish). Another participant described being the one who was ultimately in charge
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of maintaining their health and wellbeing: “/ take the accountability of my health... by
maintaining a balanced diet, healthy. Keeping in shape, doing exercise, eating healthy. |
prick myself | am determined to take care of myself.” —FG 3 (Spanish).

3.3.3 Tracking and planning—Just as we observed differences in participants’
perceptions of being in charge in both health and life, we observed differences in attitudes
towards tracking and planning. The majority of participants in this study had previous
experience with tracking and planning in many different areas of their lives. However, they
varied greatly in both their attitudes towards these activities, and their actual experiences
with them. Specifically, some participants described proactively tracking and planning in
health and life, while others described a more reactive approach—tracking and planning
only in response to a strong external cue, such as a healthcare’s providers request. Below we
unpack these two approaches to tracking and planning.

3.3.3.1 Proactive tracking and planning: Some participants exhibited both proactive
attitudes and a set of established practices for planning, organizing, scheduling, and self-
monitoring. These were particularly common in non-health related aspects of participants’
lives, for example, managing their finances: “/ write it down, yes... 1 get all the bills, so |
have a journal and like let’s see, connect a $100.” —FG 6 (English). Other common areas in
which participants were proactive were managing appointments and schedules, and planning
for their household (e.g., buying groceries, cooking meals). One participant explained a
system she devised for planning purposes: “/ keep notes, for example, of what I have to do
the next day. 1 put a note on the refrigerator because 1 forget things so, for example, Saturday
morning | have to go to church, | have to help take care of the boy in the afternoon, in the
afternoon 1 have a visitor so | would have to cook, this is what | have on paper on my
refrigerator.” —FG 13 (Spanish).

A few participants exhibited similarly proactive attitudes towards tracking and planning in
health and saw self-monitoring as a way of increasing their knowledge and their ability to
improve their self-management. These participants made their own decisions to track their
diet, weight, and blood glucose, and described doing so because they felt it would ultimately
improve their health: “Especially that | want to bring [my blood glucose] down...every day
that I’m going to eat I’m going to check.” —FG 13 (Spanish). They also took an interest in
experimenting with health behaviors, identifying meaningful patterns from the information
they were collecting themselves, and incorporating these insights by tailoring their
medications and diet accordingly. One participant described looking for trends in her blood
glucose data: “/ would wake up in the morning 1 said okay maybe sometimes will be low or
good in the morning when | ate breakfast I’ll check it again and compare them.” —FG 11
(Spanish). By reflecting and acting on the data, these individuals noticed improvements in
their health, which encouraged them to continue self-monitoring: “/ write down what I eat...
If it lowers to 80, I’'m alreadly shaking. | have not eaten for three hours. | would write down
why | am shaking... [This helps] because 1’m more careful. | can’t eat rice, | can’t eat
yucca.” —FG 2 (Spanish).

3.3.3.2 Reactive tracking and planning: However, the majority of participants did not
exhibit such proactive attitudes to tracking and planning in health and did not perceive it as
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an important part of their self-management. While these participants often had previous
experience with self-monitoring, they were most commonly engaged in it reactively, in
response to a request from their healthcare provider, who decided what to monitor, how, and
for how long. One participant stated: “They told me to take [my blood sugar] after | eat. And
then later in two hours. To see how I have it...they gave me the pill to see how I had it but
after that they told me not to check it so often.” —FG 3 (Spanish). Similarly, these
participants typically did not examine the collected data, but rather handed it over to
healthcare providers for analysis: “When the blood sugar is very high, I have to write it
down for the doctor. And 1 take it to her until it’s controlled again.” —FG 8 (Spanish).
Frequently these participants stated that they did not view regular self-monitoring as a
critical part of health maintenance and were content to receive periodic snapshots of their
blood glucose from clinicians: “/ ask the doctor and she checks it for me.” —FG 8 (Spanish).
Overall, these participants found self-monitoring to be a frustrating experience with unclear
benefits for their health: “A/l right. I would like to track my health, and I try to. I’'m in this
like situation where I’m damned if | do and I’m damned if | don’t.”” —-FG 1 (English). While
these participants often reported making changes to their behaviors as a result of self-
tracking, they mostly relied on their healthcare providers to make recommendations for the
needed changes: “/ wrote down everything I ate. | am put on a diet. The doctor gave me a
diet of what I can eat, what | cannot. There are things | do not eat for the diabetes.” —FG 3
(Spanish).

3.3.4 Sense of being in charge and tracking and planning—Cross-tabulation of
participants’ reported perceptions of their sense of being in charge and their attitudes
towards tracking and planning showed a strong association between the two (Figure 1). In
the majority of cases, those participants who talked about feeling in charge of their health
were also the ones who were proactive in their tracking and planning. These participants
described maintaining healthy behaviors, proactively seeking health information and
resources, and feeling that they were ultimately accountable for the health. At the same time,
these participants also described proactive self-monitoring; they made decisions to
consistently self-monitor, frequently evaluated and reflected upon the data they were
collecting, and made adjustments to medications and diet based on the data.

For instance, in one session, a participant discussed seeking classes and other resources to
improve diabetes self-management, as well as consistently self-monitoring blood glucose,
evaluating the recorded data, and adjusting her medication accordingly:

Moderator Think for a moment about a time you decided to do something totally different —
changed your lifestyle in some way.

Participant 3 For me, taking classes has been very important. This one and the other ones
I’ve taken because | also at the senior center | take a lot of classes of anything covering
diabetes. To learn to eat and all of that.

Moderator Why did you decide to make this change?
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Participant 3 Because of my health. | weighed 416 pounds. It’s true. | had surgery but from
there | learned how to eat less of carbohydrates in general since it worsens diabetes. Because
it is what causes people to get more sick.

Moderator Ok. What helped you make that change? And what didn’t you do?
Participant 3 Recognizing. Learning to eat, learning what is good and bad.
[time elapses]

Moderator How do you maintain records of your information regarding your diabetes? Like
sugar levels? We know already how you eat, how do you write it? Do you save it on your
phone, computer, paper, notebook?

Participant 3 For me, on the glucose machine, it has memory but aside from that | write it
down. | use pills and insulin so it’s very important to maintain records and to know because
if my sugar level is up to 110, I can’t put it 90 units of insulin which is what | usually give
myself in the mornings. So | every day | have to check it out. For example, | checked my
diabetes today and it was at 103. | couldn’t take two pills of 500. Today I said, I’m not going
for that, 1 don’t want pills today.

—FG 2 (Spanish)

On the other hand, those participants who described other factors as major drivers of their
health were also more likely to rely on others and to be reactive when it came to tracking
and planning. These participants described feeling trapped by their hereditary,
environmental, and socioeconomic circumstances, relying on healthcare providers to make
health decisions, and ultimately feeling unable to change their health outcomes. Similarly,
these participants relied on healthcare providers for tracking and planning decisions,
specifically, what data to collect and when, how to interpret it, and what to do in response.
They were also more likely to perceive tracking and planning as unnecessary on a routine
basis. For example, one participant described self-management as following the “rules”
given by a healthcare provider, and also described checking and recording blood glucose
only when requested by a provider:

Participant 17 | also learned the doctor when | was told that | was diabetic # 2, she herself
gave me something about what | can eat.

Moderator So the doctor gave you pamphlets? Or some graph or she gave you a pyramid?

Participant 17 No no, she gave me something like the fruit that thing that | could eat me
and that helped me a lot.

Moderator Okay and you followed there are the instructions that the doctor gave you?
Participant 17 The rules.

[time elapsed]
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Moderator Tell me how you maintain your glucose. Where you write it or how you
remember it.

Participant 17 No | do not write it down...only when | have it very high, | have to write it
down for the doctor.

Moderator Okay then there if you check it and write it down in a notebook?
Participant 17 No, it’s a little book that she gives me and | take it.
Moderator It’s a booklet that comes and then you start to write it down.
Participant 17 Of course, | have to take it three times a day.

Moderator Okay. And then when it is controlled again?

Participant 17 | follow my normal routine. It’s very rare for me to get out of control but
that’s how I do it. A lot of time passes, | do not get out of control.

—FG 8 (Spanish)

3.3.5 Additional facilitators and barriers to tracking and planning—Beyond
reported differences in the sense of being in charge as one of the main factors driving
tracking and planning, participants reported other factors that either aided or inhibited their
efforts to track their health and other areas of their lives. One of the most common
facilitators of tracking and planning activities was the development of organizing structures
that focused their efforts. Examples of such structures included reminders and the creation of
routines, for example receiving regular bills in the mail: “So when the bill arrives, they are
Just like ok I have to pay the bills.” —FG 3 (Spanish). Structures could also be derived from
social contexts, such as recruiting family members to be more proactive in tracking and
planning as a group: “/ told my daughter, we live with the budget and we manage ourselves
in a budget base. And she’s like -- she never asks me for money because she says...my
family lives in a budget, that’s what she said to her friend and that’s funny -- that’s what |
said.” —FG 7 (English). Tools were also helpful for participants in tracking efforts,
particularly in health. Many received booklets from their healthcare providers in which to
keep track of their health-related data. However, for the majority of participants these tools
were limited to paper-based organizers. Despite a general familiarity with the Internet and
smartphone technology, only two participants discussed using technology as an organizing
structure: one participant used a calendar application on her smartphone to track
appointments and schedules, and another used a patient portal provided by her health
system.

In regard to barriers, all participants experienced challenges with consistently and
systematically tracking records in both more general areas of life and in health. Many
patients reported financial and resource-related barriers to self-monitoring, such as the
inability to afford enough test strips to regularly self-monitor: “Her strips would not last too
long. And her pharmacy won’t give her more. Her insurance only gives her 50 for a month.”
—FG 3 (Spanish) Health records in particular were often perceived as burdensome and labor
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intensive because most participants used paper organizers (if anything), which require
manual data collection. Health records also presented a unique additional barrier related to
the need to interpret the collected data. Several participants discussed confusion regarding
their self-monitoring records, particularly records that required some degree of
transformation to be useful for health: “/ guess that will be the most confusing part, because
in the real life try to take the information and what you really eat... that’s the sandwich...
how can | convert this in what 1’ve seen in this picture.” —FG 7 (English)

4. Re-Examining the Stage-Based Model of Personal Informatics

In this research, our focus was on developing new empirical and theoretical knowledge
regarding ways individuals in low-resource communities engage in self-monitoring in
health. Given this broad goal, we used the themes that emerged through thematic analysis,
particularly the central finding surrounding connections between perceptions of being in
charge and tracking and planning, to examine the applicability of the staged-based model of
personal informatics to the target population in this study. We chose this specific framework
because of its influence over research and design in technologies for personal health.[13-15]
We used themes developed through thematic analysis to re-examine the data from the
perspective of the stage-based model of personal informatics. We specifically examined
differences and similarities between the steps outlined in the existing model and our
qualitative findings. This allowed us to identify areas for modification within the model that
would offer a better description of experienced reported by the participants.

We found that the stage-based personal informatics framework adequately explained
tracking and planning behaviors among participants who had a greater sense of being in
charge of their health. These participants described undertaking each step of the self-
monitoring process themselves, from deciding to self-monitor, to collecting data, to
identifying important trends from the data and changing behaviors based on those insights.
For example, one participant described the entire process of deciding to keep track of weight
and blood sugar, proactively identifying behaviors that would improve weight and blood
sugar, implementing the behavior change, and noticing an improvement afterwards: “/ do it
every day. I check to see if anything changed or is still the same. My records go 6 years
back. 1 started seeing a change after | started to change the way I eat. I used to eat a lot of
fatty food, but not anymore. | changed the oil—I used to cook with the corn and vegetable
oil, but now everything I do I cook it with olive oil. I found it on the Internet, | looked for the
best oil to cook and that’s what came up. They have a group of diabetics and I love to see
what other people put on there -- | also look for the way to lose weight and stay like that,
that’s what I look for.” —FG 2 (Spanish). Importantly, these participants described noticing a
benefit from self-monitoring in terms of increased knowledge and self-awareness, which
may have motivated continued engagement.

However, we found that the steps of engagement in self-monitoring looked distinctly
different for those who had /ess sense of being in charge in health. While these individuals
often engaged in the actual process of data collection, they were more likely to “outsource”
or rely on healthcare providers to initiate self-monitoring, and to determine what data to
collect, how to collect it, and for how long (preparation). One described stopping and
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starting self-monitoring based on her provider’s cues: “The doctor gave me a notebook so |
could write it down, so when I go see her I bring it with me. At the beginning | wrote
everything down. Well now she knows more or less what I eat.” —FG 6 (English). In
addition, they relied on their healthcare providers to review and synthesize the data
(integration) and to interpret it (reflection). One participant described relying on their
provider for data collection and interpretation of normal ranges: “You know the range that
the doctor has—he does the blood work, and I go by that number.” —FG 4 (English).

Moreover, they expected healthcare providers to draw implications for future actions, and to
translate inferences from their data into recommendations they could incorporate into their
medical regimen and daily behaviors. Thus, the action step was actually described in two
distinct sub-steps — the Jidentification of what to change and the /mplementation of that
change. Specifically, participants with a lesser sense of being in charge were often willing to
introduce changes to their behaviors suggested by healthcare providers but were rarely the
ones to identify an appropriate change. Accordingly, many preferred to take direction from
providers regarding behavior change, as one participant stated: “For what 1’m eating, | may
be wrong, and I would like to have somebody that has knowledge on that field to be able to
correct me.” —FG 7 (English).

These findings suggest the need to expand and adjust the model to account for these
differences (Figure 2). Specifically, the study suggests that while the stages of the
framework may be consistent across different populations, multiple stakeholders may be
involved in carrying out these steps. Most participants of our study, who did not perceive
themselves in charge of their health, collected health data and later implemented necessary
changes suggested by the data, but “outsourced” other critical steps to providers, including
deciding to collect data (preparation), synthesizing (integration) and reflecting upon the data
(reflection), and deciding what to do in response (action). Related to this last step, “action”
described by Li et al. can be more usefully conceptualized as including two distinct sub-
steps: identification and implementation. Whereas our findings suggested that participants
who did not perceive themselves in charge of health were rarely the ones to identify a
change based on insights from their health data and thus outsourced this step, they were
willing and able to implement the change after it was identified by their providers.

5. Discussion

In this study, we investigated perceptions and attitudes towards tracking and planning in
different areas of life and health among low-income adults diagnosed with T2DM. Overall,
the study showed that individuals varied in the degree and impact of hardship they
experienced in their lives: while some were well-established in their local communities,
others reported challenging circumstances and constrained resources. The study also showed
that individuals differed in their perceptions of being in charge; while some were more likely
to see themselves as proactive agents driving their choices, others were more likely to
attribute their situations to external forces. Despite the wide variability in these perceptions
regarding life in general, most participants experienced challenges managing their health and
felt they had little control over it. Importantly, this study suggested that there exists an
association between an individuals’ perceived sense of being in charge of a particular area of
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their life and their willingness to engage in tracking and planning in that area. For those
areas where individuals perceived higher degree of being in charge, such as finances, they
were more willing to keep track of records and plan their future choices. In contrast, when
they felt little sense of being in charge, such as in health, they perceived self-monitoring as
lacking in clear benefits.

In this study, an individual’s perception of being in charge emerged as a central driving
factor in explaining their engagement with self-monitoring. While the concept of perceptions
of being in charge was empirically derived from our findings, there is a congruence between
this finding and several theoretical constructs described in theories of human behavior and
psychology. For example, Self-Determination Theory (SDT) includes autonomy—the
perception of control over behaviors and outcomes in life—as one of the fundamental human
needs. Furthermore, SDT posits that autonomy, together with competence and relatedness,
two other fundamental needs, play a critical role in influencing individuals’ motivation to
engage in different activities: greater autonomy leads to internal motivation, lower autonomy
leads to external motivation.[47] A related concept, self-efficacy, is an individual’s belief
that they are able to execute necessary actions in order to achieve their goals.[48] Locus of
control is a psychological construct describing an individual’s beliefs about the extent of
control that they have over things that happen to them.[49] Locus of control is oriented along
a spectrum from internal—the belief that one controls their fate, to external—the belief that
fate is determined by external forces, such as a higher power or environmental factors.

These constructs, while originating in different theories, have considerable conceptual
overlap with each other, and with the sense of being in charge identified in our study. For
example, previous examination proposed that self-efficacy is a component of perceived
behavioral control (or perceived control over performance of a behavior).[50] Others have
suggested that locus of control and autonomy are similar in that both create a dichotomy
between internal versus external forces driving behaviors and outcomes.[51] The concept of
being in charge that empirically emerged from our findings appears to be conceptually
related with both of these constructs: both of them align with the continuum between the
greater and the lower sense of control exhibited by our study participants. While the primary
focus of this study was on understanding attitudes and perceptions towards self-monitoring,
these findings suggest a need for further exploration of these constructs and, potentially, for
a more systematic examination of differences in individuals’ perceptions of being in charge,
and the relation to such constructs as locus of control and autonomy, which could be
measured by established and validated scales.[49, 52] Furthermore, while our study
identified an association between perceptions of being in charge and self-monitoring, future
work should look beyond association and examine whether a causal relationship exists
between them: whether perceptions of being in charge can lead to proactive tracking and
planning behaviors, proactive tracking and planning behaviors foster a greater sense of being
in charge, or, alternatively, whether there is a synergistic, bi-directional relationship between
them.

Re-examination of our findings from the perspective of the stage-based model of personal
informatics suggested that the model requires refinement to translate into more diverse
populations with different degrees of perceived control. Previously, this model has been
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applied primarily to highly engaged individuals or “quantified selfers.”[53] Previous
research has also noted that high perceived control is common among in the Quantified Self
community[54] and others who self-monitor for health self-management.[55, 56]. In
general, we found the stages of the model were consistent with participants’ reports but the
degree of their engagement with different stages varied greatly between those with a greater
sense of being in charge of their health and those with less sense of being in charge.
Specifically, those with lower perceived control over their health were less likely to decide
when and what to monitor and to actively reflect on the collected data. Instead, these
individuals relied on their healthcare providers for making key decisions and arriving at key
conclusions. In addition, we identified that the action steps may be two distinct sub-steps
involving the /dentification of what to change and the implementation of that change;
participants with a lesser sense of being in charge often engaged in implementation but
rarely identification. Furthermore, our analysis suggested that the degree of engagement in
different stages of self-monitoring may have an impact on individuals’ perception of its
benefits and, as a result, their willingness to continue their engagement. Participants who
engaged in each step of self-monitoring reported increased knowledge and self-awareness,
which motivated continued engagement. In contrast, participants who outsourced the
decision to self-monitor and reflection on the data did not see much benefit in self-
monitoring and were unlikely to continue engaging in it. For these participants, self-
monitoring did not lead to increased self-awareness, thus breaking the positive
reinforcement loop reported in the previous literature.[32]

Our findings are consistent with previous critiques of the stage based model, particularly
those who described that self-monitoring as ongoing and iterative[57] and social in nature,
often involving caregivers, healthcare providers, and the broader sociocultural context.[57,
58] Moreover, previous research suggested that there may exist distinct sub-stages of the
preparation stage (deciding to self-monitor and selecting appropriate tools to do so) and the
collection, integration, and reflection stages (#racking and acting).[14] Additionally, our
study further expands on previous critiques by contributing to refinement of the framework
regarding differences in the social nature of the framework by perceptions of being in charge
—specifically, individuals who perceive themselves as being less in charge rely more on
healthcare providers to complete many of the steps, while those who perceive themselves as
more in charge rely less on healthcare providers. Our study also contributes a new
conceptualization of the action step—/dentification and implementation.

These findings, and the resulting recommendations for modifications to the stage-based
framework for personal informatics, have several implications for informatics interventions
in low-resource, medically underserved communities. First, given the apparent association
between perceptions of being in charge (or perceived control) and individuals’ engagement
in self-monitoring, informatics solutions can target perceived control itself. Applying health
behavior theory may suggest concrete opportunities to intervene on individual’s perceptions
of control. Our study suggests that the degree of perceived control can vary between
different areas of an individual’s life, and as such is a malleable state, rather than an
unchangeable trait: many who reported /ower control in health also reported Aigher
perceived control in other areas of life, such as finances and scheduling, and proactively
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tracked and planned in these areas. This suggests an opportunity and, possibly, a need to
tailor self-monitoring interventions to different levels of intrinsic motivation, focusing on
providing incentives to those who are extrinsically motivated, and on highlighting intrinsic
health benefits for those who are intrinsically motivated. Aligning interventions with
intrinsic motivation may help to bolster perceived control, self-determination, and,
ultimately, motivation to self-monitor.

Second, given that lack of skills needed to interpret data collected with self-monitoring in
health was one of the main barriers for more proactive engagement in reflection, it may be
possible to close the loop of self-monitoring through applications of data science. For
example, future interventions can incorporate computational data analysis to automatically
detect trends and patterns in the collected data, thus reducing the need for individuals
themselves to engage in the cognitively demanding task of reflection.[59] Moreover,
innovative patient-facing decision support tools can translate detected patterns into
predictions and recommendations to guide future action.[60] However, this raises questions
regarding trustworthiness of automated inferences and recommendations, and an
individual’s ability to critically examine them. Recently studies have begun examining
trustworthiness of predictions and recommendations generated by machine learning
algorithms,[61, 62] and how individuals decide when to follow recommendations and when
to contest them.[63] However, the majority of this research has been conducted with
healthcare professionals. It is plausible that questions of trust and reliability will be of even
greater importance for individuals with low sense of being in charge of their health and with
higher reliance on healthcare providers.[64, 65] One approach to addressing this challenge is
closer integration of healthcare professionals as moderators of computationally generated
inferences and recommendations. Another approach is to develop new ways to communicate
trustworthiness and reliability of computational inferences to populations with diverse
literacy levels and different perceptions of being in charge.[60]

Furthermore, this study suggests the need to re-examine the conceptualization of
engagement in self-monitoring and to consider the possibility that sustained engagement
may not be a realistic, or even desirable, goal for all individuals all of the time. A proportion
of the participants in this study reflected on a number of hardships and barriers to prolonged
self-monitoring, including the high cost of test strips of other supplies, and other constrained
resources. These findings align with prior research on self-monitoring in underserved
populations with diabetes, which has reported similar barriers.[33, 34] For these individuals,
diabetes self-management concerns had to compete with many pressing needs and were
often overshadowed by more urgent priorities. Thus, this study reinforced the impact of
systemic barriers to engaging in proactive health management, including self-monitoring.
Accordingly, we found in this study as well as our prior work[66] that participants were
more likely to engage in short bursts of proactive tracking with a clearly defined goal, such
as addressing particularly problematic patterns in blood glucose levels, rather than prolonged
self-monitoring with a more general goal of self-awareness. In the context of these broader
systemic and socioeconomic barriers that many low-resource patients face, designing
systems that can be highly effective during short periods of use represents a rich area of
future work.
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Finally, while the primary focus of this work is on self-monitoring in health, it raised
important questions related to the conceptualizations of perceived control and its
relationship with structural inequalities experienced by different populations. Much has been
written on how the relationships between actual power in situations, the unique advantages
and disadvantages created by interacting components of identity, including race, gender, and
others (e.g., intersectionality [67]), and the interlocking structures of power and oppression
that stem from intersectionality (known as the matrix of domination [68]) further
disempower underserved populations[69] and may exacerbate existing health disparities.[70]
However, the question of how actual control influences the sense of being in charge, or
perceived control, is an important, open question for future work.

This study has several limitations. Given the focus of this research on medically underserved
low-income populations, we purposefully sampled from the WICER cohort. As such our
participants were predominantly Latino, female, and middle-aged and our results may not be
generalizable to other populations. For this reason, the proposed recommendations for
refinement to the stage-based model of personal informatics should be further explored in
future work with larger, more diverse samples. The few men who participated were less
vocal during focus groups and may not have contributed their perspectives as equally as their
female counterparts. Future research should include the option for individual interviews.
Furthermore, while trends in the behaviors of the different individuals in this sample seemed
to emerge, we were unable to attribute quotes to specific individuals. Trends observed in this
study should be confirmed in future work.

5. Conclusion

In this study we adapted an existing theory, the stage-based model of personal informatics,
to unique attitudes towards tracking and planning in both health and non-health contexts
among low-income individuals with T2DM, and found clear differences in the way
participants engaged with tracking and planning which appear to relate to perceptions of
being in charge. These results allowed us to propose an expansion to the stage-based model
of personal informatics to better describe the unique ways individuals who do not perceive
themselves in charge of health engage with self-monitoring. These recommendations for
modifications may be useful to other researchers studying understudied or underserved
groups, for whom existing frameworks may be relevant but not adequately tailored. In
addition, our findings have multiple implications for future work at the intersection of health
behavior change and data science and motivate future research questions around appropriate
degrees of self-monitoring for underserved individuals, who report multiple challenges in
the context of competing priorities and constrained resources.
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Figure 1:

Cross-tabulation of codes for perceptions of being in charge and attitudes towards tracking

and planning
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* Reliance on healthcare providers for motivation,
interpretation, and behavioral recommendations

+ Missed opportunities for increased knowledge and self-
awareness

Differences in engagement with self-monitoring among those with a greater and less sense

of being in charge
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