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1 INTRODUCTION

With the uptake of self-tracking technologies [65], individuals are using personal data for varied health issues, from
general wellbeing [85] to managing health conditions such as diabetes [58] and cancer [53]. The engagement with
personal health data has typically been seen as individual-driven or self-oriented. However, recent studies show that
self-care is highly collaborative [77] and self-tracked data influence and are influenced by individuals’ relationships and
the contexts where the self-tracking activities are situated [75]. A growing body of research has focused on the collective
aspects of health data, investigating topics such as using data to support patient-providers collaboration [90, 91],

caregivers’ experiences of tracking those being cared [66], and collaborative data tracking in families [81, 88]. These
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studies cover a wide range of stakeholders who directly interact with individuals and can be directly impacted by their
self-tracking practices. Beyond direct relationships and interactions, other social environments and contexts may also
influence the ways individuals use personal data. For example, perceived neighborhood characteristics (e.g., presence of
parks or incidence of crime) may impact individuals’ ability to perform physical activity, thus, influencing their self-
tracked exercise data [87]. Other studies have discussed how self-tracked data are shaped by the broader social, cultural,
and political institutions and ideologies in which individuals are embedded [68, 93]. These studies call attention to the
different forms of social and environmental contexts involved in individuals’ self-tracking activities and data.

Inspired by this body of research, this study approaches the ecologies of care involved in the experiences of
individuals facing fertility challenges, a highly personal health context entangled with varied institutional needs and
societal taboos. Although infertility is not uncommon (13.1% of U.S. women of age 15-49 in 2017 [19] and 48.5 million
couples worldwide in 2012 [71]), it is still largely invisible: individuals often are not aware of how common it is, the
burden of struggling with infertility is underestimated [102], and the various loss associate with it (i.e., not only a
pregnancy but an entire envisioned life stage—parenthood) are not recognized [72]. Fertility is also data intensive [23]
and has been increasingly supported by self-tracking technologies, especially mobile apps, that promise to support
individuals’ conception efforts by helping them to time intercourse around ovulation. Such practices are expected to
directly impact the outcomes of their fertility trajectories.

Fertility tracking technologies are characterized by logging varied health-related data potentially associated with
female fertility cycles. Such data are often seen as private and individual. However, although (in)fertility is considered a
private matter, it is not isolated from the influences and interactions with other stakeholders. Partners and healthcare
providers are often directly involved in individuals’ fertility trajectories (i.e., their journeys towards conception). Others,
such as family and friends, are also important relationships that can positively (e.g., supporting) or negatively (e.g.,
pressuring) affect individuals’ fertility experiences. However, it is still unclear how all these relationships are influenced
by the intense data practices individuals engage in when trying to conceive. Furthermore, fertility care is clearly
influenced by organizations such as healthcare institutions and societal taboos related to the female body.

We conducted an interview study with people facing fertility challenges and healthcare providers specialized in
infertility to understand people’s (in)fertility experiences and their engagement with personal health data. Leveraging
the Ecological Systems Theory (EST), we explore the larger ecological systems of use in which fertility data are embedded,
and how these data influence and are influenced by different stakeholders, institutional spaces, and sociocultural factors
present in the context of our participants (i.e., mostly U.S. and western environments). We discuss how these different
interactions influence the data work individuals have to perform and the burden imposed on them through various social,
institutional, and social boundaries. We then discuss opportunities to counter-influence broader societal contexts
through personal health data. This study provides the following contributions: (i) we provide a rich description of
fertility ecologies of care, describing how fertility data influence and are influenced by different stakeholders,
institutional spaces, and sociocultural factors, (ii) we discuss how the entanglement between data work and the multiple
layers of influence adds burden on individuals, and (iii) we discuss opportunities for using data to counter-influence
from inside out. Finally, our findings point to the importance of taking a wide lens when analyzing the influence of self-
tracking technologies, focusing on more than activities of data collection and use. Such approach is important to HCI
because these activities and the technologies that support them do not exist in isolation and often involve managing
personal data amidst individuals’ daily lives and interacting and coordinating with different stakeholders, technologies,

and institutions.



2 BACKGROUND: (IN) FERTILITY TRAJECTORIES

Fertility is complex [92], sensitive, and entangled with taboos [1] and life goals [11]. Couples often start their fertility
trajectory trying to conceive without medical assistance for 6 to 12 months [92]. At this stage, trying to conceive can be
data intensive [22, 23]: individuals may track a wide variety of health-related data, such as menstrual cycle days, basal
body temperature (BBT), ovulation predictor kits’ (OPKs) results, cervical mucus, and symptoms, to identify ovulation
and time intercourse with the fertile window (i.e., period of the cycle when pregnancy is possible [92]). However, these
data can be very complex to analyze since none of them can precisely pinpoint ovulation. For example, OPKs measure a
rise in the Luteinizing Hormone (LH) before ovulation while the BBT, the lowest body temperature, rises by 0.5-1 degree
Fahrenheit the day after ovulation [23]. As a result, many individuals engage in intense self-tracking, increasingly
supported by technology (e.g., mobile apps), to compare and make sense of different types of health-related data.

If couples do not conceive during this time, they may seek help from medical professionals, from family doctors, to
gynecologists, and eventually Reproductive Endocrinology and Infertility specialists (REIs), with varying costs that may
not be covered by health insurances. Besides treating any underlying physical (e.g., tubal occlusion) or hormonal (e.g.,
PCOS) issues, some of the main fertility treatments are to medically stimulate ovulation, intrauterine insemination (IUI),
and in vitro fertilization (IVF) [82]. Even with medical treatment, individuals’ data are still central to fertility: diagnosis

and treatments require patients and providers to track patients’ cycles to define and time treatment appropriately.

3 RELATED WORK

3.1 Fertility-related research in HCI

A growing body of HCI research has focused on how technology can support different needs associated to female bodies
and experiences. Although pregnancy has been historically studied, with research on issues such as excessive gestational
weight [80] and information seeking behavior [44], stages pre- and post-pregnancy have been less examined. Many
people face challenges to conceive and recent studies have explored how individuals use self-tracking to try to overcome
them [23, 49, 50] and online forums for support [22, 79], especially when living painful related events, such as pregnancy
loss [4, 5]. Studies centering the parent post-pregnancy have analyzed issues such as finding places to breastfeed [8],
pumping experiences [28], and the struggles of dealing with fragmented healthcare systems [45, 46], highlighting the
lack of support individuals face.

Because of the gaps in knowledge related to the natural complexity of fertility [92] and the taboos related to the
female body [1], several studies have focused on technology to support menstrual education [54, 98, 99] and how people
use online spaces to find information, support, and make sense of their experiences in varied fertility-related contexts,
such as menopause [63], infertility [22, 23], endometriosis [73], and vulvodynia [103]. With the increasing availability
of menstrual tracking apps, other studies have analyzed users’ goals and challenges [33, 42], the information provided
by these apps [34], privacy concerns [37], and normative stereotypes of female bodies reinforced by such technologies
[33, 41]. Another line of work has focused on challenging such taboos by using alternative and speculative design [2, 10,
17, 18, 48], removal of self-tracking technologies [50], and feminist approaches to question the design of public
infrastructures and related technologies [40, 41].

These studies suggest that fertility-related issues involve aspects beyond the bodies of people who menstruate,
including challenges entangled with broader aspects of their lives, such as education, stigma, social taboos, infrastructure
breakdowns, and lack of support. Our study approaches self-tracking for the goal of conceiving, a fertility-related issue

that involves all these challenges and, in addition, is very data intensive [23]. Besides, fertility trajectories are hardly



individual (they often involve a partner and healthcare providers who are also influenced by individuals’ data practices)

and fertility self-tracking technologies are becoming increasingly entangled with our activities, bodies, and lives [22, 50].

3.2 Self-tracked data beyond the self: ecologies of care

Although the name suggests an individual activity, self-tracking and is often not exclusively personal, especially in the
health domain. Various aspects of health affect and are affected by multiple relationships [9, 81] and several studies have
explored how individuals’ self-tracking activities influence or are influenced by such relationships. For instance, patient-
provider relationships have been largely explored in HCI [30, 96], with many studies focusing on how self-tracked data
influence clinical encounters and shared-decision making [20, 91]. Such studies report how data can ally providers’
medical expertise with patients’ knowledge about their illness experiences [91], but both patients and providers face
challenges in supporting each other’s data needs [83, 90].

Other relationships that have been studied include partners, family, and caregivers [51, 81]. Studies analyzing the
influence of self-tracking in the family have discussed aspects of motivation [57], privacy [51, 81], division of labor [3],
and burden of caregiving, particularly when caregivers track the individual [59]. For example, Mishra et al. [74] describe
individuals with Parkinson’s disease appreciate their partners’ support in tracking symptoms they cannot perceive (e.g.,
sleep) but tensions arise with conflicting interpretations of ambiguous symptoms. In the fertility context, Homewood et
al. [49] developed a self-tracking device to support shared use by couples, however despite their intentions, tracking was
still mostly centered in the partner who would carry the baby. Other studies describe how individuals use data to make
an invisible condition visible to others from both close (e.g., family) and extended networks (e.g., work colleagues) [36,70].

Most of these studies focus on one type of relationship (e.g., family). However, a growing body of research has
considered the role of technology within ecologies of care, approaching multiple relationships at once. For example,
Evans et al. [35] examined the care ecologies of veterans with PTSD, analyzing how relationships with clinicians, trusted
others, and non-human intermediaries (e.g., technology systems) support the veteran. Other studies have included not
only relationships, but infrastructure and social aspects as important forces shaping individuals’ self-tracking activities.
Parker et al. [78] argue that health cannot be reduced to an individual effort of changing behaviors and health
interventions need to engage with broader community and socio-cultural forces that shape individuals’ living conditions.
Peyton et al. [80] investigated social, demographic, cultural, and economic factors that influence the gestational weight
of pregnant lower-income American women. Finally, Murnane et al. [75] explored self-tracking as a collective endeavor
that is embedded in multiple social structures. They used the EST [14, 15] to propose an ecological model that includes
an informatics layer to account for the mediation role data play in the social ecology of serious mental illness.

Our work builds directly on this previous research that highlight the importance of taking an ecological perspective
that considers the multiple stakeholders involved in health and illness contexts [62, 75]. Our study is particularly inspired
by Murnane et al. [75] use of the EST, since self-tracked data play an important role in (in)fertility experiences [22, 23],
influencing and being influenced by different stakeholders, institutional contexts, and sociocultural factors. Thus, we
leverage the EST to investigate how these multiple influences manifest during the fertility trajectories of individuals’
facing challenges to conceive. Our results suggest that the influence of data is more structured and intense in the fertility
context, in which individuals are expected to take responsibility to directly influence the outcomes of their fertility
trajectories through personal actions based on their data [64, 69]. Self-tracking is then seen as a possible way to directly
control individuals’ fertility trajectories [22], a belief that is largely influenced by societal views of healthcare (e.g., one

needs to take responsibility for their health) and expectations about gender (e.g., women are responsible for conceiving).



4 THEORETICAL FRAMEWORK: THE ECOLOGICAL SYSTEMS THEORY

First introduced for early children development, the EST describes how individuals are influenced by different types of
environmental systems that interact with and influence each other [15]. The EST model is composed of five nested layers
or systems that form the ecology of human development: the microsystem encompasses the immediate settings and
relationships that surround the individual, usually including family, friends, and peers. The mesosystem represents the
interrelations between the microsystem entities (therefore sometimes it is omitted from graphical representations [75]).
The exosystem comprises other settings and or organizations that surround the individual, such as workplace,
government agencies, and healthcare systems. Last, the macrosystem encompasses broader socio-cultural patterns, such
as educational, political, social, and economical systems that are manifested in the other systems [14, 15]. Besides these
main layers, the model also includes a chronosystem [15], which encompasses the dimension of time and accounts for
changes in environments during life transitions and throughout the individual’s life course. Since its creation, the EST
has been widely used as a theoretical framework in a variety of areas to explain and explore human relationships with
the surrounding environments, including studies that explore computational support for autism [6], substance use
disorders [104], serious mental illness [75], and asthma [55]. Similarly, this study uses the EST to investigate how
individuals’ fertility data tracking is influenced by these multi-layer environmental systems and to explore ways to better

support individuals’ fertility trajectories through an ecological perspective.

5 METHODS

To investigate individuals’ (in)fertility experiences and their ecologies of care, we conducted an interview study with
people who have faced or are facing challenges to conceive for at least 6 months and with medical specialists who
directly work with infertility. We approach the ecological model from the perspectives of the individual with female
fertility who is trying to conceive (the “individual” in the center of our model) to show how their fertility experiences
are situated in their complex relationships with others. The interviews with partners and healthcare providers were used
to understand their interactions with individuals. We did not interview stakeholders from outer layers of the model but
addressed these relationships through individuals’ accounts of their interactions with different roles, organizations,

institutions and broader social systems.

5.1 Recruitment

We recruited participants in three ways: (i) we used snowball sampling, (ii) we partnered with a fertility clinic located
in the west coast of the U.S. to distribute the research flyer, and (iii) we posted the flyer in an online health community
(OHC) focused on trying to conceive (TTC). These recruitment methods allowed us to obtain participants with rich and
varied experiences, from the ones managing infertility on their own to those who have gone to extensive clinical
treatments. In total, we recruited 19 individuals, 2 partners (hereafter represented by P1 to P21), and 5 REIs (D1 to D5).
Most of our individual participants were recruited through snowball sampling (10) or from the OHC (6), having no
connections to the fertility clinic. Although many patients from the clinic were interested in our research, only three
contacted us and completed the study. Partners were recruited from snowball sampling: we asked each individual if they
were willing to refer their partners, if there was one, but only two partners agreed in participating (P5 and P20, partners
of P4 and P19 respectively). 16 of our individual participants were located in the U.S. The others were located in Brazil
(3), Portugal (1), and the UK (1). Table 1 summarizes the characteristics of individuals and partners using the terms they
used in their answer. Since some participants faced challenges conceiving more than one child, we use “/” to separate

information for their first child / second child.



All five REIs were recruited from the same U.S. fertility clinic we partnered with. We will not disclose the name and
location of the clinic nor the name of the OHC to protect participants’ anonymity. To further protect providers’ identity,
we use a neutral pronoun to refer to them to avoid possible identification based on their gender. All participants verbally
consented to participate and received compensation for their participation. Our study was approved by the Institute

Review Board prior to recruitment and data collection.

Table 1: Individuals’ and partners’ characteristics

P# Age AgeTTC  Time TTC Conceived Gender Ethnicity Highest degree Marital status Profession

P1 43  25/37 4y 6m /1y Yes/Yes Female Philippine/Italian BA Divorced, Married ~ Transcriptionist
P2 43 36 7y Yes Female White BA Married Beauty industry
P3 35 29/33 ly / 6m Yes / Yes Female White MS Married Pre-school teacher
P4 35 29/32 2y / 3y+ Yes / No Female Hispanic College Married Stay at home mom
P5 30 24/27 2y / 3y+ Yes / No Male ® Caucasian PhD in progress ~ Married PhD student

P6 32 28 4y+ No Female White Bachelors Married Teacher

P7 40 39° ly+ No Female White/Ashkenazi Jew ~ MS Married Speech therapist
P8 34 30 4y+ No Female Asian Korean/Hmong - Married Math and Science instructor
P9 40 30 10y Yes Female Asian Chinese MS Married Accountant

P10 34 32/34 ly /5m+  Yes/No Female Hispanic Bachelors Married Medical field representative
P11 39 24 2y Yes Female White European PhD Divorced, Married  Professor

P12 31 29 1y 6m No Female Brazilian white PhD Married Professor

P13 28 23 2y 8m Yes Female Caucasian white BS Married Software engineer
P14 49  28/37 6y / 1m Yes / Yes Female Caucasian BA Married Non-profit worker
P15 31 29 3y+ No Female Caucasian Hispanic PhD Married Post-doc fellow
P16 33 30 4+ No Female Brazilian MS in progress Married Physician

P17 30 28 2y 2m+ No Female Caucasian JD Married Attorney

P18 31 28 3y 6m+ No Female Caucasian Some college Married Concierge

P19 34 30 2y Yes Female © Latina white College Married Program manager
P20 41 37 2y Yes Male © Brazilian white PhD Married Professor

P21 41 38 2y+ No Female White MS Married Researcher

“y” stands for years; “m” for months, and “+” indicates the person is still trying to conceive. 2 P7 conceived the first child with no challenges but is
facing challenges to conceive the second. b ¢: Partners

5.2 Data collection

Interviews with individuals and partners followed a narrative approach [32, 56] to solicit their lived experiences and
situated life events during their fertility trajectory. Narrative interviews support the investigation of ecologies of care
because they foreground the context of people’s experiences and their own explanations about them [32, 56]. The
interviews happened as follows [56]: first, the first author explained the project (initiation phase) and used “a generative
narrative question” [84] (i.e., can you tell me about your experience trying to conceive?) to invite participants to share
their personal experiences (main narration), signaling attentive listening to encourage the participant and taking notes
when necessary. After the participant clearly signaled ending the narrative, the first author asked clarifying questions
(questioning phase), to guarantee a clear understanding of their fertility trajectories, and follow-up questions when
certain aspects were not described sufficiently.

We used semi-structured interviews with healthcare providers because such method allows for openness of responses
and for ensuring all aspects of interest were covered. Because our focus was on individuals’ experiences and the
influences on them, our goal with providers’ interviews was on their interactions with patients, not on their own work

experiences or the factors that affect their work experiences. Therefore, semi-structured interviews were more



appropriate for this case. We developed the interview protocol based on previous literature review and an initial meeting
with the clinic. The interviews focused on (i) healthcare providers’ experiences conducting fertility treatments, (ii) their
attitudes towards self-tracking technologies and data, and (iii) their views of patients’ infertility experiences.
Interviews lasted from 23 minutes to 1 hour 21 minutes. Two interviews were conducted in person, while the other
24 were online or via phone calls. Each interview generated rich descriptions of participants lived experiences, work and

self-tracking practices, and the main relationships of their ecologies of care.

5.3 Data analysis

All interviews were recorded and transcribed. We used a mix of inductive and deductive approaches to data analysis
[26] in two different stages. First, the authors read a subset of interviews to discuss themes and identify ways of coding
the data. The first author then coded the whole dataset in an inductive manner. Relationships (individual-partner,
individual-providers, individual-others), data interactions (individual-data, partner-data, provider-data, others-data),
infrastructure, learning, and emotional experiences are some examples of codes that emerged from this analysis. At this
point, we identified the influence of multiple stakeholders and the different levels of environmental systems involved in
participants fertility trajectories specific to our data. The authors then decided to leverage the EST [14, 15] as a theoretical
framework to reanalyze the interviews and explore the ecologies of care involved in fertility trajectories and better
explore the different relationships described by our participants, the role data plays, and how data influences their
experiences. In this second stage of analysis, the first author re-analyzed the whole dataset conducting open and focused
coding [89] focusing on the layers of the ecological model, individuals’ main relationships with others and institutions,
the relations among them, and how this whole ecology influences individuals’ fertility trajectories. The authors met

regularly throughout the whole coding process to discuss data analysis.

5.4 Limitations

This study has limitations that reflect the challenging nature of this population and the nature of the model. First, because
fertility is sensitive, invisible, and stigmatized, recruitment is generally difficult. This is reflected in the low diversity of
our sample: participants were all heterosexual cis people, not representing diverse experiences and critical challenges
faced by other couples and individuals who menstruate. Our sample also does not include Indigenous, Black, and other
minoritized individuals who may experience diverse influences particularly in the exo and macrolevel. Second, most of
our participants (16) live in the U.S., therefore, as many of the factors in the ecological model are culturally and
institutionally shaped, our findings can only speak to the U.S. or western situations. Third, although the EST model
includes various stakeholders and different institutional and social factors, it is challenging and near impossible for us
to study all the involved entities as many of them are unknown and invisible to us (e.g., the designer of fertility app, the
insurance representative). Thus, we opted to focus on individuals and to unpack the relationships through their lived
experiences. We attempted to recruit their partners and the selected health professionals with fertility treatment

expertise. However, due to the sensitivity of fertility, we were not able to even recruit enough male partners.

6 RESULTS

In this section, we first provide an overview of fertility data practices. We then describe the application of the EST to
the fertility context, reporting data use in each layer, including how data mediate relationships and support treatments,
how different personal and institutional spaces need to be coordinated with data, and how broader socio-cultural

patterns influence individuals’ fertility experiences and data.



6.1 Fertility data practices: tracking the female body

Pregnancy is often seen as “a natural thing that happens” [P10] and is central to many people’s life plan. The combination
of complexity, invisibility, and life goals creates stress and stigma for individuals facing challenges to conceive (e.g., “you
feel alone, and you feel defective” [P14]). Hence, individuals turn to data tracking in the hope of increasing their chances
of pregnancy and sense of control. Fertility self-tracking focuses on two main activities: (i) to identify the fertile window
to time intercourse or fertility treatments around ovulation, and (ii) to identify early signs of pregnancy [23]. With these
goals in mind, individuals track various types of personal data. The most common ones are period days (tracked by all
19 female participants) and intercourse (tracked by 12), but individuals also track other health indicators that can be
used to identify ovulation: 16 participants used OPKs, 13 used temperature, 8 used cervical mucus, 1 used cervical
position, 3 used pulse, 1 used saliva, and 10 used general symptoms. Most of these data are also tracked to identify early
signs of pregnancy. Participants also mentioned tracking period flow (2), menstrual pain (2), medication (4), and vitamins
(5). Finally, individuals also monitor multiple lifestyle factors, such as weight (4), sleep (4), mood (4), stress (2), diet (11),
and exercise (9) “to improve my health” [P8] or to identify the reason why they are not conceiving. They tracked different
combinations of these data in different moments of their trajectories. They performed these activities using paper (2),
computer software (3, e.g., Excel), fertility apps (14, e.g., Clue, Glow, Fertility Friend, Ovia), wearables (5, e.g., Ava,
OvuSense), mini microscopes (1), or a combination of these. Lifestyle measures in particular were commonly tracked
only by memory. These activities are performed within each menstrual cycle, with some data tracked once a month.
Tracked data can help individuals learn about their bodies (e.g., “helping us to be more aware of our bodies and how
they function is pretty cool” [P11]) and support diagnosis and treatment (e.g., “the doctors would be like ‘Make sure you
track your ovulation and if you ovulate before, you need to call us” [P10]). It can also help individuals to set appropriate
fertility expectations: “it [app]...tells you...how much of an outlier that cycle is...I found that very useful, especially when
nothing was happening” [P15]. However, fertility data are often not easy to understand [23]. Some participants described
doubling down on tracking, tracking multiple measures, and using multiple tracking tools (e.g., P7 used up to 5 apps),
hoping more data would lead them to the desired result. For example, P17 reported using multiple devices, including a
wrist wearable, an intimate wearable, and a mini microscope to analyze saliva. Every month she wants to add more
lifestyle measures, health indicators, and even new devices hoping that at least one of them will help her to conceive: “I
don’t know that I'll be able to pinpoint it to one thing in particular because I’'m trying so many things at once. And I just
hope that I'm doing the right thing, because I feel like every month there’s some new thing that I wanna try” [P17].
Although these fertility activities and data may be personal and private in nature, they are situated in broader
contexts. They are influenced by diverse factors and stakeholders in the whole ecosystem, including partners, healthcare
providers, peers, healthcare institutions, social expectations. As P11 explains: “It takes over your whole life. It’s something
where, even getting up and going to work when you were dealing with recurrent pregnancy loss for three years or something
like that and you're supposed to be a productive worker is — that’s so hard. I feel like we need support on all levels, like social
support, institutional support, emotional support, medical support because I think it’s just, we don’t recognize the physical
and emotional burden” [P11]. To understand the broader context that shapes individuals’ fertility experiences and
identify ways to alleviate the burdens imposed on them, we use EST as a framework to analyze individuals’ fertility

experiences. The next sections describe each of the EST layers applied to the context of fertility.



6.2 Microlayer: data and immediate relationships

As the EST model suggests, the microlayer encompasses individuals’ closer ties: partners, healthcare providers, family
& friends, and peers, who interact with individuals directly. Below we summarize how data is extensively used and

shared across the entities of this layer, in different formats and amounts, and at different moments.

6.2.1  Partners: Involved in Fertility Process but not in Data Tracking

Partners are often individuals’ closer relationship in the fertility trajectory. Since all our participants were cis women in
heterosexual relationships, this section refers to male partners. Trying to conceive is often a couple’s shared trajectory
that is discussed and agreed by both parts. However, aligned with previous studies’ [49], tracking tends to be individual.

Unlike for the female body, there are not many health indicators directly related to male fertility that could be self-
tracked at home (e.g., sperm quality can only be analyzed in laboratory), as highlighted by P5: “we've been doing things
like basal body temperature and tracking cycle...My wife's. I'm not actually even aware of anything that is useful to track
for men...Most of it is for — it's just for her.” Mostly, the only indicators that can be tracked by male partners to improve
their fertility and the couple’s chances to conceive are lifestyle measures, such as exercise and diet, and medications or
vitamins. However, it is often the female partner who track and manage these data: “He was supposed to have lower fat
and I was supposed to have higher fat milk...I just tried to keep track of everything and kept a little schedule going on” [P13].

Tracking female fertility data is also often a task for female only. Among our participants, only one partner (P7’s
partner) directly engaged in data tracking. By far the most common attitude is to defer to the female partner, because it
is her body. Thus, the predominant dynamics is the female partner taking the initiative of tracking and bringing the
decisions to be discussed by the couple: “my perception is that he thinks it’s my life, it’s my body, I have the right to decide
when and what to do. We discuss but I never felt that he imposed something or really manifested something. It’s on myself.
I decide everything basically” [P12].

Although partners may not directly track, they are influenced by tracked data. For instance, P20 and P5 reported
being very aware of their partners’ tracking activities, describing them in detail and as a joint experience. Moreover,
partners need to act upon data results: having intercourse in the fertile window, often having to adapt their schedules
and work to accommodate various needs in the fertility process, and supporting their partners through every cycle
whatever the results are: “I was more invested, I guess, than he was. Emotionally invested and he was there for me, and with
me, and wanted children too, but it wasn’t the same kind of emotional investment. So, he was mostly as my support. And a
willing and engaged participant” [P14].

Some partners actually dislike tracking, as P20 describes: “She [P19] would show everything to me. And she was very
enthusiastic. And somehow, I think I didn't like it very much because it's mechanical...So, I didn't deal with that very well...She
even tried me to have the apps in my phone, too, but I wasn't very good with them.” As he suggests, these differences can
create conflicts, which was echoed by his partner, P19: “He wasn 't interested at all in my charts and in my fertility data.
It was actually like a turn-off for him.” However, P19 explained they managed to balance their different engagements
with data, and she felt supported by P20: “he did support me. He felt different, and it’s okay” [P19]. In fact, partners often
take this role of emotional support, trying to be stronger for the partner who experiences most of the physical and
emotional struggles of fertility tracking and treatments (e.g., “T always tried to be strong for her, so she wouldn't have both
of us down” [P20]). However, they can also be as emotionally impacted by tracking results as the female partner: “when
it doesn't work, it just makes you feel really down because you have done everything you could, and you have timed it. And

then, the period comes. And then, you keep doing that over and over again, it's discouraging” [P20].



6.2.2  Healthcare Providers: Sharing Specific Data to Facilitate Treatments

The second closer relationship in the microlayer is often with healthcare providers, which can vary greatly. Our
participants described working with OBGYNSs, OB nurses, midwives, REIs, traditional Chinese medicine doctors, holistic
doctors, fertility acupuncturists, homeopathic specialists, metabolism specialists. As shown in the background, people
with fertility challenges often go through a long and complex treatment process from the regular family doctor to
specialists such as REIs and going through different treatments.

Data provides a source of cycle information that allows treatment to begin sooner (e.g., “if...they don’t have any of
that information, it sort of delays their evaluation a bit,...because without tracking, they can’t really answer that question
about their menstrual cycle” [D1]). Providers use specific types of self-tracked data (i.e., “the beginning and the stop dates
of their menstrual period. And if they do use LH kits [OPK], the results” [D2]) in the initial consultations to gather patients’
medical and fertility history and identify patterns of ovulation.

Data also creates the need for healthcare providers to deal with patients’ engagement with data, dealing with their
expectations and anxieties. For instance, some individuals take their apps or data spreadsheets to providers. Despite not
needing these extensive records, all REIs we interviewed tried to check and help their patients interpret such data:
“There’s a lot of science behind all of these things that is not common knowledge. And I think without understanding of this,
it leads to a lot of anxiety...Itry to positively affirm them and then talk with them about what all this [extensive data] means.
A lot of what we do is reassurance that this is occurring. Then I talk with them about healthy lifestyle choices, healthy mental
habits to protect their mental health” [D4]. When providers do not engage in data interpretation with patients, they may
feel discouraged and disengaged. P1, P7, P17, and P21 complained that providers they have seen focused on their age (P1
was too young to face challenges; P7 and P21 too old), or weight (P17), but overlooked their individual experiences that
can be demonstrated through their personal data. Then, some individuals use data to try to show providers that there
may be other factors they could address: “at my age I don’t necessarily believe that doctors will take the specifics of my
case seriously...The apps...help me to demonstrate to them that these aspects of my cycle the apps can track are still viable
and I'm still worth taking seriously as a fertility case” [P21].

Finally, data can play a great role in educating individuals about fertility, which may support effective patient-
provider collaboration, as described by D5: “It’s good to have well-informed patients who understand their body and who
are in touch with their physiology. So, I think that these apps can help educate patients very well and they can be very helpful”
[D5]). Therefore, data are critical and commonly shared with healthcare providers. Although often patients and

providers have different data needs and use data in different ways, their practices complement each other through data.

6.2.3  Family & Friends: Sharing (Partial) Experiences Over Time

The next role in the microlayer is family & friends, who interact with individuals closely and influence particularly their
emotional experiences. However, they most often do not have access to data, partially because of the sensitivity of the
data and stigma. Individuals most often share only experiences, summaries, and high-level issues with their family &
friends, and this sharing evolves with time.

At first, individuals often do not even mention they are trying to conceive and avoid answering questions regarding
having children. Some of them consider fertility something very personal that other people do not need to know. With
time, when their challenges last longer, individuals often feel the need to tell some people, particularly their families.
They tend to share their situations with a few close family and friends without any data. For example, P15 and her
partner did not to tell their families in the beginning because they “didn’t want to get anybody’s hopes up” [P15] because

of her endometriosis (diagnosed years before). But over time, they felt they should let them know to avoid questions and
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comments that could be negative to their personal experience. “When we found out that it really wasn’t working, we told
both our families...once they knew, at least they were more careful about the kind of questions they asked, which made it a
little easier. Now, I can call her [mother] to complain about the prices of IVF. It’s better now, but that first conversation...you
could see in their face they don’t even know what to say” [P15]. Similar to P15, individuals’ relationship with their family
evolve alongside their fertility trajectory, with information being shared gradually in different formats. In addition, P5
(P4’s partner) explains that sharing is affected by many factors, including couple’s dynamics, their relationship with
others, and the fertility experiences of those they share data with: “I've left the decision of whom to share with more in
her hands because I feel like emotionally the judging that we would receive — she feels it more keenly...there's just a handful
in our family or others we've shared some things with. And to differing extents. Some just, in general, that we have been
trying, haven't been able to. Some know that we've tried IVF. And there are some, usually family members, who themselves
have gone through IVF, with whom we've discussed the entire process and everything that we've gone through” [P5].

In summary, family & friends are important relationships in individuals’ lives that can influence their emotional
experiences in both positive and negative ways. Sharing can become another burden to individuals, especially due to

expectations and social pressure.

6.2.4  Peers: Sharing Detailed Data and Experiences

Peers are the last microlevel entity, representing people who face similar challenges, with whom individuals are more
open to share. Peers can be “real life” relationships, as in P5’s experience described before, or peers from online health
communities (OHC) where individuals have no prior relationships. Peers are a central source of information and support
and are important for avoiding feelings of isolation. However, because infertility is invisible and entangled with taboos,
it is not uncommon that individuals do not know other people experiencing fertility difficulties among their real-life
relationships: “I don’t think most people really understood what I was going through when I went through it. I had a hard
time finding any people with that experience” [P11]. Others know a few peers in person, but because fertility challenges
vary a lot, some feel more comfortable turning to online spaces, such as OHCs, where they can find people with similar
infertility experiences more easily.

Individuals tend to exchange detailed experiences with peers. Data is often intensely shared in OHCs, especially
when participants use the same app to track data and befriend each other in the app, being able to access each other’s
tracked data, and send personalized messages based on the data: “By looking at each other’s charts, we knew ‘oh, this
person is in the second week of the two-week wait. So, she’s probably trying not to pee on a test’...If it was on those sensitive
days, we would not say anything like ‘oh, are you just dying to take a test.” And after someone got a negative or their period
that would be also in the chart. So, we could go and say, ‘Oh, I'm sorry you got your period again. This sucks” [P19]. Some
OHCs even organize buddy systems, pairing people with similar situations and facing similar challenges, so they can
share experiences, such as personal feelings during treatments: “because a lot of the women found it a little
alienating...they [OHC] had a survey saying put how old you were, how long you’ve been trying, what kind of issues you
were facing, and they would try to pair you with somebody who was very close to you” [P15].

Although some of our participants found real value in these OHCs (e.g., “I'm on them all the time. It's really helpful”
[P18]), not every person experiencing fertility struggles uses them and among the ones that do, some do not post or
interact with others much. Others may not like these spaces at all, as P20 described: “I just think that that's very depressing
because people just say, oh, I lost it, I lost it again. I'm like, I can't be part of a group like that” [P20]. P17 echoed this feeling,
describing she reduced her use of OHCs in part due to the burnout of “constantly seeing other people’s

disappointments...that are so similar to mine” [P17].
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These examples suggest that sharing tracked data can be an important way for individuals to obtain support and

information; and sharing data with people who can understand their experiences is critical.

6.3 Exolayer: individuals navigating organizational spaces

Individuals’ fertility trajectories do not exist in isolation; they are embedded in social and institutional spaces. In this
section we identify three main spaces entangled with fertility trajectories: healthcare, work and life, and technology.
Although personal data is not directly shared with the exolayer spaces, the exolayer must be aligned and coordinated
with individuals’ needs and data practices. These external spaces influence the trajectory work, affecting individuals’

emotional experience, and adding various coordination tasks.

6.3.1  Healthcare Space: Financial Cost and Infrastructural Fragmentation

Healthcare is perhaps one of the most important yet fragmented spaces in the exolayer, which requires extensive
coordination and management work that need to be aligned with individuals’ data practices. Below we summarize the
major elements in this space.

Insurance and financial cost — Fertility treatments can impose a huge financial burden on individuals. Generally, the
more complex the treatment individuals receive, the more expensive it is, since the treatment may not be covered by
insurance or the healthcare system. Many people simply cannot go for clinical treatment because they could not afford
it. D5 explained that this context of insurance and cost creates “a demographic gap in access to infertility care...Not all
insurances cover fertility services and that’s a problem. So, we end up selectively seeing the patients who can afford to see us,
who are well informed enough to realize that there’s a problem and to...make an appointment” [D5]. Echoing D5, P1
described her fears when she experienced financial hardships in her trajectory: “my first reaction was ‘there are no
programs for people with low income...because they don’t want people with low income to have children.” Even when
insurance or the healthcare system covers the procedures, it can take longer than individuals are willing to (and
sometimes can) wait. Facing this reality, those who have financial resources may opt for paying treatments out of pocket
because of the time pressure (e.g., P16). Although self-tracking can be a cheaper option when comparing with fertility
treatments, (i) it cannot solve all fertility problems and (ii) it can also be costly: “I have spent a good amount of money
Jjust on the process of becoming pregnant. I'm really privileged and glad I can do that. I know that a lot of other people can’t
buy several different pieces of wearable technology for this process” [P17]. The financial burden is so high that participants
often described it as a major challenge in their trajectories: “the emotional part...is exacerbated when it's also a big financial
sacrifice...because you have this extra big stake...because if it doesn't [work], it has bigger implications, or consequences, for
the rest of our family life because of our investment in it” [P5]. This financial burden adds pressure to an already complex
context in which individuals need to coordinate different organizations with each other and with their cycles and data.

Coordinating and aligning multiple healthcare facilities — Because of the temporal structure of fertility, all the
treatments have to be aligned with individuals’ menstrual cycles (and thus with individuals’ data), otherwise individuals
may miss their fertile window and have to wait for the next cycle. For example, P18 described the intense work she had
to do to carefully coordinate the multiple steps of her IVF treatment and medical appointments, insurance, and the
pharmacy with her fertility cycle: “The whole process moves very quickly...They're pretty much like “...you're gonna be off
of it [birth control] this day, you need to start your medication by this time.” And that’s a matter of weeks. Sometimes you
don't get your calendar for all the appointments until a week before they start. So, you have to call the pharmacy like, ‘Hey,
Jjust found out I need XYZ medicine.” And they ship it to you, but somebody has to be home to sign for it...And then trying to
manage that quick turnaround with my job...So, just the quick turnaround is probably the most stressful part’ [P18]
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Another extreme example of aligning different fragmented healthcare institutions with personal data comes from P4
and P5. After 6 IUIs that did not lead to full term pregnancy, the couple’s best option was IVF. However, they could not
afford the costs in the U.S. After intensive research, they decided to do an IVF in Mexico. The coordination work
increased since they needed to manage and time different healthcare institutions in different countries with P4’s cycle:
“We couldn't buy the plane tickets...in advance to get cheaper prices because they depended on a test that is done towards the
beginning of the cycle. We could only get them a week or two in advance. Or, if we wanted to get them more in advance...that
would cost more because we would need to pay for a hotel there for longer and I would miss more school...But we just bit the
bullet and did the test here, got the plane tickets when we had an idea of when she would be ovulating [based on personal
data]...But we were in for a bit of surprise because there were some irregularities with my wife's cycle, which hadn't happened
...for a long time. But it made it so that the timing of things wasn't going to work...so, we had to lose our plane tickets” [P5].

Finally, unexpected events can disrupt people’s carefully made plans, and require extra management and
coordination. This is the case of the COVID-19 pandemic: four out of the seven participants we interviewed during the
pandemic described it impacted their fertility plans. For instance, P15 had planned to do an IVF procedure in a low-cost
clinic in New York, far from where she lives. But New York was one of the places most impacted by COVID-19, and P15
does not know if she will be able to travel there: “Now, it’s even more stressful because I was really worried about the first
endo surgery...and then, it was canceled [due to COVID]. Now, I also have to think about the additional risk of catching the
virus. My husband has asthma and lung issues, so I have to be really careful, and now, I just feel like I'm getting older. I
know that these things have a time limit and I'm kicking myself for dragging my feet before the virus” [P15].

The healthcare space shapes people’s experiences, requiring careful and constant coordination that involves personal

data (i.e., timing with the cycle) and their relationships in the microlayer (e.g., their partners and healthcare providers).

6.3.2  Work and Life Spaces: Managing Life Amidst Fertility Challenges

Fertility treatments also involve tremendous resources that go beyond financial costs and distract individuals from their
normal life and work, as explained by D4: “it’s a significant investment of a couple’s resources and the resources of time,
energy, emotions, financial, work — away from work, all these different things” [D4]. As this quote surfaces, individuals
need to coordinate their fertility cycles with theirs and their partners’ work, and with their other activities. For example,
when using data to time intercourse, individuals and partners need to act upon the tracking results. P1 told her partner
that whenever she gets a positive OPK they would have to find a way to meet: “I just told my then husband that...if he is
really ready, that we would have to take the opportunity the next time that little symbol comes up. He was at [the University],
and I said you will have to bike home, and I'll meet you from the office, and we will just gonna have to do it” [P1].

More complex treatments may interfere with individuals’ work and life spaces more since they have to accommodate
multiple medical appointments and procedures. P19 described she had to disclose and explain to her boss that she was
doing IVF, to justify the work she would have to miss: “thankfully, she was very understanding, but I know that’s not
always the case” [P19]. In another example, P18 managed to coordinate her work by having extremely early appointments
when possible to have the minimum possible impact on her schedule: “I'm lucky in that my clinic offers appointments
extremely early in the morning at 6:30 AM and I have to be at work at 7:30. So, the majority of the time I can go to my doctor
and be back at work. But some of them are a little bit later than that, so I have to push my schedule a little bit” [P18].

Other aspects of people’s lives also influence and are influenced by their fertility trajectory and data practices. For
example, P16, who closely monitored hers and her partner’s lifestyle measures, explained that they had to change their
lifestyles to be “healthier” and save money, avoiding social events, entertainment, and unnecessary expenses: “we have

to have a very strict way of life to be the healthiest that we can...and to not waste money” [P16]. Other life decisions are
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also entangled in this context. Four of our participants faced the decision of moving countries while trying to conceive,
where they would be forced to figure out a new healthcare system under time pressure. P19 and P20 decided to do the
IVF before moving from Brazil to the U.S. to use P19’s prior “very nice health benefits” [P19], P16 decided to delay the
procedure until they settled in the new country (Portugal), and P20 considered returning to her home country (U.S.)
from the UK. but decided not to do it in part because of the COVID-19 pandemic.

The work and life space impacts how fertility trajectories are planned and carried out, and individuals had to carefully
make time in their work and life context, consider other stakeholders’ work and life (e.g., partner work, travel impact

on family members), to accommodate the rather intensive fertility treatments that need to be timed with their cycles.

6.3.3  Technology Space: The Data Industry

With the wide use of fertility technologies, individuals’ experiences are increasingly shaped by the data industry,
particularly through mobile apps and wearable devices, as well as the media surrounding them. Unlike the other spaces
in the exolayer, this space directly connects to personal data tracking. However, in this case data is not shared by the
individual: technology companies define how individuals track their data through their products, store their data, and
thus affect their fertility trajectories through such influence.

Technology define which health indicators individuals are expected to monitor, as illustrated by P18: “I just...picked
the two [apps] that seemed the most highly rated, and whatever they had in there to track, I tracked” [P18]. Technologies
also define who can track and access the data. For example, P21 argued that even if her partner desired to analyze her
data, he would not be able to: “the app on the phone, it's not something that he can get too into because he can't just be
curious and then go see it because it's not posted anywhere” [P21]. The only partner that was actively involved in data
tracking did it manually: “he physically writes it down, and there’s some code that he does” [P7]. As these examples show,
the design of tracking technologies can impose more burden on individuals and even influence them to track more.

Technology also adds limitations on how fertility data can be analyzed. P9, P11, P17, and P21 described they had to
manually copy data from wearables or apps to spreadsheets, so they could do different analysis that the original device
did not allow, or to other apps, so they could combine data from different apps to do more analysis. However, such
efforts were not easy: “It’s not transferable, the data in the app. You cannot get the conclusion from the app, but it’s not
easy to export the data to any other software” [P9].

In addition to shaping how individuals collect and analyze their personal data, fertility tracking technologies also
aggregate data in ways that can reinforce certain standards back to individual users: “they have some models based
on...data from many users...they have points that they'll give you out of 100, of pregnancy indicators which are based on
your own indicators and other people's indicators” [P21]. As P21 experienced, such features may help users to better
understand their data that can be difficult to interpret on their own. However, often there is not enough information to
show how these calculations are made and how valid they are, which can potentially lead to more stress and anxiety.

All these influences are entangled with technology companies’ economic interests. Such companies often offer paid
versions of their apps or other integrated products such as OPK strips that work with the app (e.g., “[app] sells its own
strips” [P17]) or secondary apps (e.g., “they push you into some sort of pregnancy version of their app” [P21]). Some of our
participants (P7, P13, P17) described finding out about the tracking technologies they acquired through advertisements
in social media, such as Facebook, Instagram, Pinterest, or in television shows: “a Facebook ad. And that was the first
thing that really introduced me to the world of tracking” [P17]. Similarly, P7 reported an experience of discovering a
fertility-related product randomly: “I ordered something for my labor...and Amazon was like, ‘based on your purchase of

this, you may wanna also buy this.” And it was a spray bottle for the bathroom. No one had told me that after delivery, I
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wasn’t gonna be able to wipe myself...Like, of course, that makes perfect sense. But why is Amazon telling me this? Why
didn’t anybody in the class tell me?” [P7]. It is not necessarily P7’s case, but this quote suggests that lack of knowledge
about fertility may influence individuals to purchase products following companies’ economic interests.

Finally, the marketing of tracking technologies may imply that tracking increases pregnancy chances and that if
individuals act on the fertile window predicted by the app, pregnancy is guaranteed. Such misperception can lead to
increased disappointment when people do not conceive: “People think that the chance of conception if you have sex during
the fertile window...is 100%. So, if it’s not happening for them, something’s wrong...that’s where the apps come in...In the
beginning I think it reduces anxiety, because it makes them feel in control. But then it becomes, actually, an anxiety in and
of itself and an obsession. And I see that quite a lot” [D4].

In summary, the pervasive use of fertility technology makes it a unique space that influences, defines, and dictates
how fertility data are used and fertility related activities are performed. The influences on data practices are profound
and can further reshape people’s daily activities, their interactions with others, and their engagement with other

institutional spaces.

6.4 Macrolayer: broader societal influences

The macrolayer refers to overarching societal contexts, such as ideological, cultural, economic, and political systems,
that affect and are manifested in all the other layers. Due to the demographics of our participants, our data speaks about
cis heterosexual women mostly in the U.S. or western contexts. Our study found many societal forces influencing
individuals’ fertility trajectories. The main ones are knowledge about female fertility and body, and social expectations

of gender. These forces shape the context in which individuals use self-tracking and their personal data.

6.4.1  Knowledge about Female Fertility and Body.

Fertility education and knowledge about the female body were discussed by most participants (individuals, partners, and
healthcare providers). The lack of knowledge about female fertility leads people to look for other sources of information,
particularly online. Although such spaces can be a great source of fertility information and support, misinformation is a
common risk (e.g., “people were claiming that a gel helped the sperm to survive better and move quicker. I almost bought it,
but I talked to a doctor and he said, ‘...we have to be careful, because sometimes those gels...can actually damage and kill
more sperm than help” [P4]). Some participants also mentioned “it was just a little bit of information overload” [P17] when
they looked for fertility information online. D4 highlighted how media plays a role in spreading misinformation: “People
have seen movie stars get pregnant at 45, 50 years old...Conscientious public figures will say ‘this was done with a donor egg.’
Or, ‘this was done with eggs I had frozen in my early 30s.” But oftentimes the public figure is not conscientious like that, and
she says, T got pregnant with my own eggs at 45 or 48.” And so, couples come in thinking, ‘well, I'm 48. Let’s get pregnant
with my own eggs.” And that’s just not possible” [D4].

Many participants reported that the lack of knowledge of how common infertility and fertility-related events (e.g.,
miscarriages) are increases their feelings of isolation and inadequacy. For instance, P7 uses herself as an example of how
even highly educated women do not know enough about their bodies: “All this information really could have been taught
to me much younger, and it would have been much less confusing... Women specifically are not taught enough about their
bodies...Why didn’t anyone teach me about my mucus? All these years, you’re like, ‘What’s in my underwear? I don’t know.

2

Whatever. Is it an infection? Whatever” [P7]. P19 described a similar but more severe experience: her extremely painful
periods were only taken seriously when she was diagnosed with infertility, suggesting that female bodies and

experiences may be more easily neglected when the complaints are not directly related to pregnancy: “I was the textbook
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case for endometriosis since my first period when I was 12...My cycles were 8 days long. I had really awful pain...[that] didn’t
get better with medicine, even though every time I went to an OBGYN they would say ‘you just have to take this one’... After
I was sexually active, I had pain during intercourse. I had everything...And it wasn’t until I was diagnosed with infertility
that someone took me seriously like — she is really in pain. After a while, I just started believing that it was all in my head
and that I was just weak. Because people, even doctors, kept telling me ‘no, your pain is normal. Every woman goes through
that. It’s just what it is.” And now I know that it’s not the normal way...But I was just neglected for almost 20 years” [P19].

Although our participants think knowledge about the female body should be more widespread (“I think it’s a public
health concern that should be taught more, even in school” [P19]), many of them believe that the use of tracking
technologies and personal data is an opportunity to learn more about their bodies, a thought also echoed by the
healthcare providers we interviewed. P13 builds on this thought and adds that such technologies can help in normalizing
fertility experiences: “as the [tracking] technology continues to improve and becomes more mainstream, I think people will
Jjust inherently understand more about how everything goes as has happened kind of in other areas. And then, it will be an
easier topic to talk about because more people will be knowledgeable” [P13].

This lack of knowledge about female fertility and bodies is connected with historical taboos [1], reinforces such

taboos, and plays a role in existing social expectations of gender, as described next.

6.4.2  Social Expectations of Gender.

Conception is strongly entangled with social expectations of gender. Pregnancy and motherhood are still seen as
women’s role and strongly entangled with what it means to be a woman. Many women internalize these beliefs and, as
D4 argues, “much of their self-identity is wrapped up in this idea that women are fertile, and providing a baby, and having
that ideal family” [D4]. In fact, many participants stated that facing challenges to conceive made them feel “defective”
[P14], “incomplete” [P12], or not “working right” [P1]. Such negative feelings are internalized oppressions [61] commonly
fed by media, as well as by other people’s expectations.

Because such expectations are so widespread and infertility is still so stigmatized, people reproduce these beliefs in
such a way that put the blame on the person having challenges (e.g., “I was frustrated with family members who didn’t
understand and thought we were doing it wrong or something” [P14]). And although “infertility is a couple’s disease” [D4],
this pressure is often placed mostly on women. D5 even commented that although male factors for infertility are not
uncommon, sociocultural beliefs about gender can interfere in treatments: “in some cultures the males think that it’s
always the female’s fault and they might even refuse to even get a semen analysis and they might say, ‘Oh, this is not my
problem” [D5]. Although our participants did not experience conflicts as serious as these with their partners, they were
still the ones responsible for all the self-tracking activities, including managing their partners’ lifestyle measures.

Although our sample was not significantly diverse, individuals described cultural expectations on pregnancy, for
example, in Hispanic (“they’re...Hispanic families...in my family, in my culture, it’s very normal. I'm very old [33 years old]
for my culture for not having a kid yet” [P15]), Chinese (“my in-laws, definitely, they can’t accept that [not having kids] —
for Chinese parents, that’s very normal” [P9]), and U.S. mid-western cultures (“I'm from the Midwest where people tend to
get married and have families younger...It seemed to make sense in my neatly laid-out Midwestern plan” [P11]). Although
these are different cultures, they revealed similar expectations towards pregnancy (i.e., essential, early) which indicates
that some ideologies are bigger than specific cultural influences and may be related to gender expectations in general.

Finally, conception expectations are also entangled with education, work, and other life decisions. Many women are
delaying pregnancy to pursue education and a career, but the plan (and the pressure) of conceiving remains. D4 explained

that this sociocultural context increases the pressure for conceiving in a short window of time, which may not be
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currently possible: “The [childbearing] age in the U.S. has been pushed back by 4 years...And that’s to pursue careers, pursue
education, find the ideal partner, what have you. So, that by the time we’re ready to conceive...there’s already this sense of
stress that they know they’re older. They know they’ve waited. And so, it has to happen right now. And it doesn’t work that
way” [D4]. The shorter the window of time the more important access to fertility treatments may become. However, as
described in the exolayer section, such treatments are often very expensive and not covered by healthcare insurances.
These aspects of the macrolayer influence data and practices through internalized socio-cultural values and biases

that can influence how individuals interact with technologies or even be reproduced in technology design. In summary,
as the results show, individuals’ fertility trajectories are bounded and shaped by their relationship with others, the
institutional and technological spaces they are part of, and the broader societal context. These factors generate additional

work for individuals who track data and manage the painful experience of (in)fertility.

7 DISCUSSION

Based on our findings, we first describe the specificities in the fertility ecological model related to fertility data and
temporalities. We then discuss how these unique characteristics, allied with the influence from out layers, make this a
challenging context for the individual in the center of this ecology. Such context demands individuals to perform intense
data work across multiple layers in the model with the constant pressure of time. Finally, we discuss opportunities to

influence broader layers through personal data collected by individuals.

7.1 An Ecological Model of Fertility Data Practices

Figure 1 presents a model of EST applied to fertility data practices. This ecological perspective is suitable and critical for
the fertility context for multiple reasons. First, it highlights the relations between the individual whose body is primarily
tracked, their partners, healthcare providers, peers, and family & friends, and how data influence and are influenced
by these relationships. Second, it recognizes the work of managing different organizations that need to be coordinated
with individuals’ fertility cycles and, thus, with their data. It also highlights the influence of the technology industry in
defining, supporting, and limiting people’s data practices. Finally, this perspective surfaces how these layers are
influenced by the larger societal contexts in which individuals’ experiences and related data practices are situated.
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Figure 1: Bronfenbrenner ecological model [14, 15] applied to fertility

These multiple layers of influence have always existed, but the increasing use of self-tracking data impact the

interactions between them and the individual. Fertility data are private and individually collected but shared to and

17



influenced by other layers, which is represented in Figure 1 by the yellow highlight surrounding the individual and
overflowing to the other layers. The color fades to symbolize that data are used more intensively in the inner layers but
influence and are influenced by the outside layers.

Previous research using EST have explored how technology can support different relationships [6, 55, 104], but did
not directly approach technology and data as mediators of these interactions. Inspired by Murnane et al. [75], we use
the EST model to analyze the influence of personal self-tracked data. Our findings suggest that the influence of data is
much more structured and intense in the fertility context when compared to other ecologies of care contexts [35, 60, 75].
This is partially due to the expectation of action present in fertility [64, 69], which is seen as a way to directly control
the results of their fertility trajectories [23]. Thus, individuals engage in intense self-tracking activities [22], which
influence and guide their interactions with stakeholders in the microlayer and institutions in the exolayer.

Another unique influential factor in the ecological model of fertility is time. Prior research using the EST often
describe time as an overarching layer representing changes in time or transitions that impact individuals [15, 75]. While
our study identifies this influence as well, time plays more direct and diverse roles in fertility. Time works both as a
structure and as a pressure: it structures all the activities an individual needs to perform (e.g., all layers need to be timed
with menstrual cycles’ temporalities), under the pressure of time, since pregnancy chances reduce over time and with
age [92]. For this reason, we represented time as multiple temporal circles surrounding the original EST layers,
symbolizing the multiple temporalities involved in fertility trajectories and how they relate to and influence each layer,
including cycle temporalities (e.g., length of the cycle, ovulation, and fertile window) and the pressure of time around
the individual, the differences in data tracking and sharing around the microlayer, the influence of time on individuals’
interactions with different institutions that need to be coordinated with their cycle around the exolayer, and the

transitions and changes in sociohistorical conditions that influence individuals’ lives around the macrolayer.

7.2 The influence from outer layers on individuals’ data practices

Although data practices in fertility are individual oriented and fertility data are often not shared and used beyond the
microlayer, there are profound influences from the outer macrolayer on individual’s data practices at the center. The
macrolayer influences the other layers through cultural and societal ideologies that are embedded in institutions,
technologies, relationships, and practices that produce, use, and influence data. Such connection may be subtle, but it
has much lasting influences and takes time to change.

As described in the findings, the social forces in the macrolayer directly and indirectly influence the experiences of
the individual in the center of the fertility model. They shape and influence both the knowledge about the body (that
fertility is private and a social taboo) and the expectations of gender (that females are expected to reproduce). Because
of these historically formed societal influences, our findings show that many individuals had to learn about fertility
knowledge and fertility technologies through advertisements they encountered randomly on social media. Without
appropriate knowledge about fertility, individuals may be more vulnerable to market influences, and more likely to be
affected by misinformation about fertility. Technologies and media may also reinforce unrealistic and idealized fertility
goals and experiences, reproducing and reinforcing societal values and biases. When these goals are not achieved,
individuals may experience increased stress and disappointment. Some may further question their identity (in this case
as women) and keep working with data in a trapped engagement hoping that something will work [22]. Lupton [69]
describes sexual and reproductive self-tracking apps portray women as “reproductive subjects,” reinforcing some of the
gender stereotypes we encounter in our data. Similarly, Epstein et al. [33] describe how menstrual apps assume the

gender and sexuality of individuals and their partners. Thus, these technologies may limit individuals’ experiences, their
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data collection and analysis possibilities. Thus, societal influences may be brought into design of technologies and then
indirectly influence individual’s data practices through these technologies.

Societal influence, including the political and economic policies and ideologies, also shapes the healthcare system in
the exolayer and how individuals are expected to deal with their own health. Countries like the U.S. (where most of our
participants were located) do not have universal healthcare coverage, and among the ones that do, many do not cover
infertility treatments (e.g., U.K.). This lack of support adds to neoliberal views of healthcare that promote a high level of
individualization of health and put the responsibility to be “healthy” on the individuals instead of providing institutional
support to them [38, 45, 86]. Under such views, persistent action is praised while doing “nothing” is seen as a failure [12].
Self-tracking technologies and data arise in this context, often embedded in “techno-utopian discourses” that emphasize
the potential benefits of technology for patient empowerment [68]. Individuals then have the moral responsibility to
engage in data practices and act towards their health goals, in our case towards conception. The narratives of self-
responsibility and the belief that persistent action ultimately leads to individuals’ goals (i.e., conceiving) directly
influence individuals to engage in more data work [12, 22]. Such narratives may also reinforce feelings of guilt, leading
individuals to double down on tracking or to blame themselves for not conceiving. As Homewood et al. [50] describe,
internalized socio-cultural values and biases also play out on how individuals interact with technologies. So, technologies
not only reproduce societal influences, but the ways in which individuals use and engage with them also reflect the
cultural and societal context in which individuals are embedded [50]. So, the macrolayer societal factors exert their
influences through infrastructure of healthcare systems and through leading to increased data practices by individuals.

Other societal influences were not very apparent in our data due to the representativeness of our sample, which did
not include individuals from some minoritized populations [52], such as Black, Indigenous, and LGBTQ+ people. While
our data show clear influence of gender stereotypes, such influences may be different and interconnected with other
social dimensions for individuals from these populations [25, 52]. For instance, infertility studies [43, 52] show that the
isolation and loneliness African-American women experience during their fertility trajectories have strong racial and
cultural components: they are reinforced by stereotypes about their sexuality and the public image of infertile couples
as white. People with low social-economic status often do not have access to infertility treatments (as described by D5)
and may be more often directed towards contraception than to assisted reproduction (as lived by P1), reproducing
negative stereotypes of hyper-fertility and sexual irresponsibility [43]. Technology and data can reinforce such

stereotypes as well [39, 47, 86] and even increase health disparities [100].

7.3 The data work of individuals

One aspect that was clear in our data is the intense and multifaceted work individuals do during their fertility trajectories
across multiple layers of the ecological model. Previous research has discussed different types of patient work, such as
illness trajectory work, everyday life work, and biographical work [21], uncertainty abatement work [101], sentimental
work [95], and infrastructuring work [45]. We found evidence of individuals performing all these types of work in their
trajectories. We also found that data work influences, merges, entangles, and shapes many of these activities.

Bossen et al. [13] define data work as “any human activity related to creating, collecting, managing, curating, analyzing,
interpreting, and communicating data.” Our findings show that individuals conduct intense data work in two main ways:
their direct work with data and their work influenced by data. First, individuals use data individually to understand their
own fertility cycles, particularly their temporalities (e.g., ovulation day, fertile window, two-week wait time [23]). Data
work is also present in their relationships and interactions with others, particularly with partners, who have to take

actions based on the data. Extending previous studies’ results [49], we found that although conceiving is a shared goal,
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individuals were not only responsible for all female tracking activities, they were also often responsible for managing
their partners’ lifestyle data and guide couples’ main decisions. These activities add to individuals’ data work, which
also includes the data work related to their relationships with healthcare providers, who need some of individuals’ data
to inform their own work, and peers, who can provide support in making sense of the data [23]. It can be an intense
daily work, which is often shaped by the technologies individuals use [13, 49].

Data work is often facilitated and structured by technology, particularly mobile apps and wearables, which support
and impose what to do, when, and in which order [13]. In fact, what is considered fertility data is almost (re)defined by
technology (e.g., what bodily measures can be tracked, which data can be stored, what data analysis can be done) [39].
However, when their needs are not fully supported, individuals in our study had to manually copy data from apps to do
more analysis or to cross examine data from multiple devices. In addition, how data can be shared is most often not
individuals’ choice but defined by the fertility technology. When the data cannot be easily shared (e.g., the partner is
not a default user of a fertility app), often times individuals have to copy the tracked data out of the technologies, curate
the data to an appropriate format, then share them to the stakeholders they wish to benefit from the data. These are
added data work imposed by technology.

The second form of data work plays out through the coordination activities centered in fertility data. As our findings
show, individuals need to coordinate multiple organizations, overcoming different breakdowns and allocating their time,
effort, energy, financial, and emotional resources to maintain a balance between different aspects of their lives and the
demands of their fertility treatments [21]. All these activities need to be coordinated with the temporalities of individuals’
cycles and, consequently, with their data (i.e., it is often through their data work that they identify their cycle phases).
As the findings show, everything needs to be carefully aligned together and mapped out following the cycle time, which
creates a significant amount of work that is influenced by and related to fertility data.

Unlike the direct data work that can be assisted fully or partially by technology, the second form of indirect data
work is seldom supported by technologies. Coordinating, aligning, anticipating and allocating work is often referred to
as articulation work in Computer Supported Cooperative Work [97]. Such work is characterized as complex, burdensome,
invisible and difficult to be automatized. For instance, fertility apps do not help individuals to coordinate their cycle time,
work schedule, life commitments, and treatment time. Even if they did, it would still be individuals’ task to pull and put
the different times into the apps. As such, this work is often imposed on individuals as a form of invisible work [94] that
contributes to the underestimation of individuals’ burden [102] and to infertility’s double invisibility: the invisibility of
the condition and of its painful consequences, reinforcing feelings of disenfranchised grief [72].

In summary, these data work and work around data can be intense and are often enforced on individuals through
the multiple layers of influences we identified in the ecological model. This work is also often performed by individuals

alone, imposing significant physical and emotional burden that adds on the existing stress of infertility.

7.4 The Data Influence from Inside Out

The ecological analysis shows clear influences and impacts from the outside layers to the individual data practices inside.
Although it may seem that individuals have to obey the societal norms, face the institutional constraints, follow the
guidance of technology design, in our study, we also found cases that suggest that the data and data practices from the
center of the model can act inside out to influence the outside layers. First of all, all our participants (individuals, partners,
and healthcare providers) appreciated the positive aspects of data tracking. None of them described tracking and
technologies as inherently negative. Our study shows that data and technology can enable individuals to learn about

their bodies and gain more fertility knowledge, make the internal fertility processes “visible” [86], and provide
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individuals a sense of control over their bodies and fertility experiences [7, 16, 22]. Similar to previous studies in rare
and invisible conditions [27, 36, 70], our participants also described occasions where they used data as advocacy to raise
fertility awareness to the public. Besides, although technology and data have the power to define what is fertility data
and how such data should be tracked, individuals do not simply comply with technology suggestions or impositions [39,
86]. For example, some of our participants circumvented the limitations of fertility technologies by actively copying data
from one technology to others to perform comparisons and further analysis. Therefore, as represented in the model, data
can also be used to influence the outer layers. Below we discuss a few open suggestions on bringing the data influence
inside out through technology design.

On the individual and microlayer: technology could support data ownership and multiple personal [39] and shared

[36, 70] uses of data. It could allow different and evolving relationships with data, both for the individual facing
challenges (supporting the different fertility temporalities, such as life stages and treatment) and for the other
stakeholders they need to interact with in their fertility trajectories. For example, designers and researchers could
explore designs that go beyond utility, efficacy, and accuracy (e.g., Ovum [48, 49]) or investigate how to reduce the
burden these activities may impose on individuals. Fertility tracking technologies could also engage more with partners,
not only allowing individuals to share data (if they desire), but also supporting partners in playing a more active role in
the fertility trajectory, by, for instance, offering information about their own fertility, allowing tracking their own
lifestyle data, and supporting partners in managing exolayer influences and helping to coordinate the interactions with
different healthcare institutions. Partners’ inclusion, particularly male partners, can also tackle the broader societal
pressures, such as expectations about gender, and relieve the burden of data work on individuals. Different levels of
disclosure [36] that are personalizable, modifiable [67, 75], and that support a “slow discovery process” [70] (allow others
to slowly transition from gaining awareness to understanding how to be helpful) could help in expanding individuals’
care network and potentially reducing their burden. Sharing data could also help individuals to find peers to gain support
and ease the emotional burden, especially for those who are not currently on online communities. Our participants
described enjoying the “cycle buddies” programs in the OHC, so fertility tracking technologies could replicate these
experiences. These interactions with peers, family, and friends can also indirectly influence macrolayer aspects such as
the lack of knowledge about fertility. Finally, technology could better bridge patients’ and providers’ different data
practices, supporting providers to identify the information they need and supporting patients to emphasize the

personalized aspects of their fertility trajectories that may need providers’ deeper attention [24].

On the exo and macrolayer: data can be a powerful tool to influence organizational design and cultural perceptions.
First, data from individuals can act up to reveal the prevalence of infertility cases, the struggles individuals experience,
the challenges they encounter in seeking health services, and the various burden they face. As Ruckenstein and Schiill
[86] suggest, self-tracking data can have social and political impacts if used to showcase health inequalities, by for
example, showing that negative experiences are tied to societal norms and pressures and not to individual characteristics
and personal actions. Fertility data can be valuable and powerful to influence health policy and organizational design
that direct impact people’s fertility experiences (e.g., [76]). For instance, initiatives such as data feminism [29] and Data
for Black Lives [105] have proposed the use of data science to challenge power inequalities and benefit marginalized
populations. Other initiatives like the Citizen Endo [31] create a citizen science community to support research through
individuals’ personal data, which can help in identifying symptoms and experiences related to endometriosis, an
enigmatic disease related to female fertility [73]. Such data-driven initiatives can exert the influence from inside out. In
addition, although many of our participants described tracking as a means to learn about their bodies, most current

fertility tracking tools are not designed with the goal of educating their users [34]. Fertility tracking technologies could
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explore the ways of using personal data to foster learning experiences. Promoting fertility education on a large scale can
make infertility experiences more visible to the public and lead to more structural changes in the outer layers. Fertility
education can also include learning about the complicated social relationships involved in fertility experiences. As
suggested by our participants, their interactions with others and their work across layers would be easier if more people
were knowledgeable about infertility experiences. Finally, changes on the outside layers take time, as the sociocultural
perceptions are formed historically, but data may help in this process. Frameworks such as the EST can be also useful in
self-tracking and HCI research to identify breakdowns that can be tackled by technology and aspects that technology

cannot (or should not) approach (e.g., imposing more “self-responsibility” and work on the individual).

8 CONCLUSION

Fertility data are often seen as private and restricted to the individual level, but (in)fertility experiences are embedded
in broader ecologies of care, that include their close relationships, the relations between personal and institutional
spaces, and larger and overarching sociocultural contexts. We interviewed 21 people facing challenges to conceive and
five healthcare providers specialized in infertility, using the Ecological Systems Theory to investigate (in)fertility
experiences with data. We described how fertility data influence and are influenced by varied stakeholders, institutional
contexts, and sociocultural factors. We then discussed how fertility unique characteristics and temporalities, allied with
the influence from out layers, make this a challenging context for the individuals in the center of this ecology, who need
to perform intense data work and work around data to manage all these layers of influences. Finally, we discussed

opportunities to use data to counterinfluence the outmost layers from the inside out.
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