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Abstract
Personal informatics tools can help users self-reflect on their experiences. When reflective thought occurs, it sometimes leads to
negative thought and emotion cycles. To help explain these cycles, we draw from Psychology to introduce the concept of
rumination—anxious, perseverative cognition focused on negative aspects of the self—as a result of engaging with personal
data. Rumination is an important concept for the Human Computer Interaction community because it can negatively affect users’
well-being and lead to maladaptive use. Thus, preventing and mitigating rumination is beneficial. In this conceptual paper, we
differentiate reflection from rumination. We also explain how self-tracking technologies may inadvertently lead to rumination
and the implications this has for design. Our goal is to expand self-tracking research by discussing these negative cycles and
encourage researchers to consider rumination when studying, designing, and promoting tools to prevent adverse unintended
consequences among users.
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1 Introduction

Personal informatics (PI)—defined as the practice of collecting
data about oneself to acquire self-knowledge or achieve a goal—
is becoming increasingly popular as more technologies support
self-monitoring, self-tracking, and the quantified self [1]. Self-
tracking technologies, often in the form of mobile applications
(apps) and wearables, have been touted as tools that will posi-
tively impact individuals’ health, finances, sustainability efforts,
productivity, andmore [2, 3]. A key component of the process of
using self-tracking for personal improvement is self-reflection,
which acts as a catalyst for positive changes and self-

knowledge [4–6]. In fact, PI tools are intended to help users
collect personal data for self-reflection [4].

While users may experience thought cycles that lead to
new insights and progress (i.e., self-reflection), they may also
experience negative thought cycles that inhibit personal de-
velopment. Although researchers have drawn attention to the
potential for negative thoughts and emotions associated with
engaging with self-tracking tools [6–11] as well as the down-
sides to self-reflection [12], our field’s conceptualization of
self-reflection does not adequately account for these negative
thought and emotion cycles.

In order to begin to address this gap, we draw from
Psychology literature to introduce the concept of
rumination—anxious attention paid to the self, often tinged
with a fear of failure and having detrimental impacts on self-
worth, which negatively affects self-improvement efforts
[13–15] (see Section 3). In Psychology, self-reflection is a
type of self-awareness [16], and self-awareness includes both
self-reflection and rumination [16]. In PI, rumination may be
at play when this anxious or negative self-attention occurs
from engaging with data. Without the terminology and under-
standing, it becomes difficult to study this other side of self-
awareness adequately. This limits the ability to understand
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and prevent negative thought and emotional cycles that inhibit
personal progress and self-development.

Other researchers have suggested rumination as a possible
explanation for negative experiences [12, 17]. For example,
Mols et al. [12] found some people want to reflect less often
and attribute this desire to the potential adverse effects of
reflection (i.e., rumination). Similarly, van Dijk et al. [17]
discussed how excess self-focus in self-tracking can lead to
ruminative cycles, which can be harmful to users. Although
some studies have investigated reflection, mood, rumination,
and/or well-being [18–21], this paper takes a step back to
provide a foundation to better understand rumination in the
context of self-tracking or PI. We believe that bringing the
concept of rumination to the HCI community in this way will
help researchers develop better self-tracking tools by provid-
ing (1) the terminology and theoretical background to account
for negative thought and emotion cycles around self-tracking
and (2) characteristics to differentiate rumination from self-
reflection to distinguish these two concepts. These contribu-
tions will allow us to begin to explicitly account for rumina-
tion in PI and find ways to promote reflection without inad-
vertently supporting rumination or negatively affecting users’
well-being and mental health [22, 23]. Because rumination
undermines the goals of PI and can negatively impact users,
it is advantageous for PI researchers and designers to take an
interest in rumination.

This paper is mostly conceptual—providing the ground-
work to understand rumination, why it is critical for PI, and
how it differs from reflection. We first describe self-reflection
and then introduce the concept of rumination. When
discussing rumination, we also discuss the need to understand
context, the user, and common design elements of PI technol-
ogies. We conclude with implications for PI generally as well
as PI design using the example of diet and fitness apps. This
paper contributes to an understanding of the mental and emo-
tional processes around self-tracking. Specifically, we articu-
late an opposing concept to self-reflection (i.e., rumination),
which applies to multiple PI domains.

2 Self-reflection

2.1 What is self-reflection?

There are various definitions of self-reflection (sometimes just
referred to as reflection), mostly coming out of Psychology.
They have in common a focus on the self, a changed concep-
tual perspective, and forward momentum. In particular, many
conceptualizations of reflection deal with gaining awareness
and learning about oneself, which lead to personal growth. For
example, Morin [24] defined self-reflection as “a genuine cu-
riosity about the self, where the person is intrigued and inter-
ested in learning more about his or her emotions, values,

thought processes, attitudes, etc.” Along those same lines,
Lengelle et al. [15] defined it as “an active and intentional
process of becoming conscious of and understanding experi-
ences in order to learn from them for the future.” Reflection
can help individuals to problem-solve or act in their best in-
terest. It has been linked to healthy psychological functioning
[25] and is positively associated with well-being [22].

Atkins and Murphy [26] described three crucial stages of
the reflection process: awareness of uncomfortable feelings
and thoughts, critical analysis, and development of a new
perspective. This means reflection involves a deep thought
pattern, even if it is triggered by negative emotions. An essen-
tial aspect of reflection is the ability to get psychological dis-
tance from whatever is driving the negative thoughts in order
to gain perspective. That is, there is a directionality, growth, or
purpose of the thinking process. In the process of reflection, a
person should gain forward momentum or progress. When
this occurs, self-reflection can be beneficial [15, 27], especial-
ly concerning behavior change. In this way, reflection is pre-
cisely the type of self-attention that can potentially lead to
greater self-knowledge or personal growth. In a nursing paper
on health behavior change theories, Ryan [28] states that “de-
sire and motivation are prerequisites to change, and self-
reflection facilitates progress.” This means that self-
reflection acts as a catalyst for personal growth when an indi-
vidual is motivated to change. Characteristics of reflection
include being motivated by a genuine curiosity or interest in
the self [15, 16, 24], ability to acknowledge temporary nega-
tive emotions and learn from them [29], encouragement from
an awareness of discrepancies between one’s desired state and
actual state [30], and the ability to attribute failure to external
factors and not tie failure to self-worth (i.e., not having a
tendency to blame oneself) [15].

2.2 Role of self-reflection in PI

Self-reflection is a central piece of PI [4, 5]. For example, Li
et al. [4] explained that reflection “makes the user aware of
their current status,” “reveals trends and patterns,” and leads
users to a “newfound understanding of themselves.” Choe
et al. [31] argued that in self-tracking, the “ultimate goal is
to reflect upon one’s data, extract meaningful insights, and
make positive changes,” and that technology must “support
self-reflection on personal data with an aim to enhance posi-
tive reactivity effects.” This is due to an underlying assump-
tion that reflection is valuable [32]. Thus, self-reflection in PI
can be thought of as the process of observing, interpreting, and
reaching insights based on the data collected through tracking.
In such frameworks, self-reflection is necessary to achieve the
desired outcomes of PI, namely, increased self-knowledge or
changing behavior. Therefore, researchers have sought to un-
derstand ways to promote reflection [33].
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We, too, believe that reflection can be, and often is, positive
and valuable. However, there are cases where reflection does
not lead to the intended outcomes. Therefore, we cannot as-
sume that more reflection is necessarily better [12]. For exam-
ple, Mols et al. [12] discuss how the positive assumptions of
reflection translate to technology design: “Design concepts for
reflection support systems often assume positive effects and
aim to increase its frequency or intensity.”Working off of this
assumption, we strive to promote or support reflection, yet we
do not fully understand the role of reflection or its counter-
points in PI.

Although the importance of self-reflection has been
stressed, our understanding of self-reflection in the context
of PI is limited. As Baumer [32] explained, while self-
reflection is known to be a crucial part of the tracking process,
the process of reflecting itself is not very well understood:
“Despite this central importance, work on PI provides relative-
ly little detailed explication of what actually constitutes reflec-
tion.” In spite of its pivotal role in PI and the vast amount of
literature in Psychology on the topic, most of the papers in
self-tracking literature do not explicitly define self-reflection
by grounding it in existing theory. This gap limits our ability
to discover ways to promote self-reflection through design
(see [32] for a thorough overview).

Because reflection plays a fundamental role in self-
knowledge and growth, it is also a critical piece of PI models.
Two main PI models have been proposed, both of which em-
phasize reflection as the catalyst that converts data examina-
tion to actual action, which is key to behavior change [32]. Li
et al. [4] have proposed the Stage-BasedModel of PI Systems.
In this conceptualization, self-tracking consists of five stages:
preparation, collection, integration, reflection, and action.
Although these stages are distinct in this model, they are also
iterative. The reflection stage is where users view, explore, or
interact with their data and reflect on it. In the action stage,
users use the insights they have gathered about themselves
from reflecting and decide what their action will be.
Building off of the work of Rooksby et al. [6], Epstein et al.
[5] expanded on this model and maintained reflection as a
major part of tracking. While HCI researchers acknowledge
facilitators and barriers to reflection, the more emotionally
laden or cognitive barriers are not accounted for in the concept
of reflection.

2.3 Does self-reflection (always) fit?

Within most of the literature from HCI, it is hoped that when
confronted with data on the self, users will reflect in such a
way that will lead to new insights about the self and eventually
cause users to act towards self-improvement (e.g., [4]).
However, numerous papers suggest that engaging in thought
about oneself does not always lead to valuable insights [15,
17, 34]. For example, Lengelle et al. [15] described how

reflection can teeter into negative thought cycles, negating
the positive effects of reflection in career learning.
Awareness of and reflection on one’s behaviors, skills, and
thoughts may not lead to successful self-growth and self-
development [35]. In some cases, thinking about oneself can
be harmful [22] and inhibit individuals from problem-solving
and acting [15].

When self-tracking, users may experience negative
thoughts and emotions that spiral or cycle rather than lead to
new insight. In this way, the reflection process is stifled be-
cause users are unable or unwilling to critically analyze their
negative emotions and thoughts in order to gain a new per-
spective. Several studies have found that users experience
negative thought processes and emotions from self-tracking
[4, 6–10, 36]. For example, in the development of their PI
model, Li et al. [4] described self-criticism as a barrier to
reflection across numerous types of tracked personal informa-
tion, such as bank statements, electricity bills, work activities,
and weight. Eikey and Reddy [7] found that college women
with eating disorder behaviors express a persistent pattern of
negative emotions from engaging with their data that exacer-
bate eating disorder symptoms even when their objective is
eating disorder recovery [7]. Despite their best intentions, the
act of tracking among these users fuels repetitive negative
thoughts about body image and the self.

Similarly, women who track for fertility can experience
anxiety, stress, and frustration from viewing data inconsistent
with their goals [8, 36]. People with multiple chronic condi-
tions can also experience strong negative emotions and moral
judgments from tracking, including being reminded of their
illnesses and feeling upset or guilty after seeing their data [10].
Along those same lines, Rooksby et al. [6] discussed how
tracking is directly related to some users’ self-esteem. They
found that self-tracking can exacerbate issues about body im-
age, aging, and broken relationships, suggesting users are not
gaining a new understanding about themselves but rather re-
inforcing negative thought patterns about themselves through
tracking. In some cases, these adverse emotions and thoughts
that occur as a result of users persistently tracking personal
data lead to negative effects on users’ mental well-being and
often to goal or technology abandonment [7, 36].

These instances illustrate how self-tracking and self-
awareness can lead to adverse outcomes for users.
Therefore, we believe our understanding and conceptualiza-
tion of the mental processes around self-tracking is incomplete
because reflection does not adequately account for users’ ac-
tual, lived experiences. Reflection only represents one side of
self-awareness. Ideally, our use of self-tracking and PI tools
would lead us to positive self-reflection, but users do not al-
ways engage in insightful self-reflection but rather experience
another form of self-focused thought, known as rumination
[12, 17]. As users try to understand themselves, make sense
of their data, or reach their goals, they sometimes get trapped
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in a negative cycle. We believe that considering a broader
understanding of self-awareness to include both self-
reflection and rumination is an important step towards our
understanding of the goals of self-tracking, well-being promo-
tion, and better technology design.

3 Introducing rumination

3.1 What is rumination?

Rumination is distinct from yet related to self-reflection.
According to Trapnell and Campbell [16], self-reflection and
rumination are types of a broader concept of the self, known as
self-awareness. Self-awareness can be defined as the “capacity
to become the object of one’s own attention; to focus one’s
attention inward toward the self; to actively identify, process,
and store information about the self” [37]. People engage in
both types of self-awareness. Rumination and reflection are
understood as not only personality traits but also fluctuating
states. This means that some individuals may bemore likely to
engage in reflection or rumination; however, these tendencies
can change over time and in particular contexts. In this sec-
tion, we introduce the rumination, the counterpoint to self-
reflection.

In Psychology, rumination has related yet different
conceptualizations and definitions based on various theo-
ries and models (see [13] for an overview). Many of these
conceptualizations share similar factors, including deep
and recurring negative thoughts, ties to self-worth, and
stagnation. While with self-reflection there is directional-
ity or purpose of the thinking process, rumination is cir-
cular and does not involve growth. Although the focus is
still the self, unlike self-reflection, rumination consists of
“anxious attention paid to the self, where the individual is
afraid to fail and keeps wondering about his or her self-
worth” [24]. Morin [37] defined rumination as “negative,
chronic, and persistent self-focus motivated by perceived
threats, losses, or injustices to the self; neurotic self-atten-
tiveness.” Highlighting loss and failure, Smith and Alloy
[13] offered a similar definition: “repetitive thoughts that
contain themes of personal loss or failure.” Nolen-
Hoeksema [38], well-known for her work on rumination
(particularly in depressive symptoms), described rumina-
tion as “the process of thinking perseveratively about
one’s feelings and problems rather than in terms of the
specific content of thoughts.”

Studies suggest a lack of goal progress, specifically dis-
crepancies between goals, standards, and desired outcomes
and actual state, elicits rumination, particularly when tied to
important, higher-level outcomes or self-worth [13, 30, 39,
40]. People are more likely to ruminate about goals that they
perceive as tied to their well-being or identity [39]. Further,

individuals who “link” lower-order goals to higher ones are
more likely to ruminate (e.g., weight to happiness) [39].
Building on this notion, Smith and Alloy [13] propose a broad
view of rumination, one characterized by “a response to the
awareness of a difference between one’s current status and
one’s target status.”

Based on these definitions, rumination can be thought of as
thinking deeply or repetitively where that thought pattern is
directed in a negative, unprogressive way, which makes indi-
viduals get stuck in a negative cycle and unable to problem-
solve or act in their own best interest. Rather than take action
or problem solve, those who ruminate stay fixated on prob-
lems and their feelings about those problems [23, 38].
Rumination decreases motivation [38]. Thus, rumination of-
ten results in stagnation, where individuals think, rethink, and
rehearse something without making any progress about or
understanding of what that something means for the big pic-
ture. In contrast to reflection, an important aspect of rumina-
tion is the inability to get psychological distance and gain
greater perspective. Characteristics of rumination include be-
ing motivated by fear, loss, threats, or self-injustice of the self
rather than curiosity or interest in the self [15, 16]; negative
emotions or emotional states, or avoidance of negative affect
[13, 15]; being discouraged or overwhelmed by an awareness
of discrepancies between one’s desired state and actual state
[13, 30]; and attributing failure to oneself and one’s self-worth
(i.e., self-blame) [15, 38].

Both internal aspects of a person (e.g., emotional states, cog-
nitive beliefs, coping styles) and external aspects of the person’s
life (e.g., adverse life events and goal incompletion) [13, 41] can
trigger rumination. Emotions, such as anxiety [42–45], anger
[46], and aggression [45, 47], as well as psychopathologies, such
as depression [27, 38] and suicidal ideation [48], are associated
with rumination. Rumination has been shown to be a predictor of
depressive disorders, including new onsets of depressive epi-
sodes [44] and suicidality [49]. Further, rumination exacerbates
and prolongs depressed mood [50]. Rumination is said to be a
maladaptive and misguided emotion regulator, whereby individ-
uals try to avoid the private experience of negative affect but
actually worsen their mood in the process [13]. Those who ha-
bitually ruminate lose social support over time [38], which may
also further exacerbate negative affect. Individual and personality
factors may also contribute to ruminative cycles [13, 15]. For
example, rumination is correlated with excessive investment in
interpersonal relationships, hopelessness, self-criticism, depen-
dency, neediness, neuroticism [38], a lack of spontaneity [15],
need for absolute truth [51], and pessimism [15, 38].
Additionally, some research shows women tend to ruminate
more than men [15, 52]. Certain individuals may be more sus-
ceptible to ruminate about specific events, especially if they tend
to ruminate generally. While individual characteristics may play
a role in rumination, anyone can experience negative thought and
emotion cycles.
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3.2 How rumination differs from self-reflection?

Both reflection and rumination are characterized by an aware-
ness of a desired state or goal discrepancies and deep thoughts.
They consist of individuals thinking through themselves or
something that is relevant to them. This process can be trig-
gered by new information (e.g., their own tracked data).
However, the effects of reflection and rumination are vastly
different. Rumination has a negative, maladaptive effect,
whereas reflection has a positive, adaptive effect, yielding
insight or meaning [27]. Because of this, it is essential to
differentiate between these two concepts. Therefore, in
Table 1, we provide distinctions between self-reflection and
rumination. Whether a person engages in rumination or self-
reflection depends on both the information they have and also
how they interpret and react to it.

Rumination and reflection are related conceptually and
practically. Rumination can be triggered by reflection, and
people can reflect and ruminate at the same time. Thus, en-
couraging or provoking reflection could lead to rumination as
a side effect [15, 27, 51]. Studies show that reflection is a
positive predictor of rumination, but rumination is not a pos-
itive predictor of reflection [27]. This means reflection can
turn into rumination, but it is unlikely that rumination will turn
into reflection. Elliot and Coker [53] provide an explanation
for reflection triggering rumination: “It may be that people
who have a tendency to self-reflect find it difficult to disen-
gage from this process in the face of adverse circumstances,
unfavorable outcomes, and negative events in their lives.”
Similarly, Takano and Tanno [27] state, “Self-reflection may
easily turn into rumination, when individuals attempting to
understand their current problems fail to generate solutions
during their problem-solving attempts.” Thus, it is likely that
the same individuals who self-reflect also ruminate [27, 51,
53]. Although reflection may be beneficial, these benefits may

be overcome by the maladaptive nature of rumination [27].
This relationship between reflection and rumination may at
least partially explain why the anticipated positive effects of
reflection are not always evident [15, 51].

4 How rumination undermines PI

Rumination undermines PI by impeding the objective of self-
tracking, intensifying technology use but with poorer out-
comes (e.g., mental health), or leading to technology abandon-
ment. Because the outcomes of self-tracking are largely de-
pendent on the reflection process, when users do not engage in
the full process of self-reflection, but rather rumination, the
expected positive effects and benefits of self-reflection are not
achieved. The main focus of PI is reflecting on one’s data to
gain new insights or self-growth. However, if users ruminate
either as a result of engaging with their data or through the
process of self-reflection triggering rumination, then their
thought cycles become unproductive; they get stuck in a neg-
ative cycle. Further, because rumination inhibits motivation,
instructive action, and problem-solving, users are unable to
make personal progress through the process of rumination.

In addition to lack of new insights and self-development,
users who ruminate are more likely to abandon self-tracking
tools either to mitigate their negative feelings or because they
end up abandoning their goal and have no need to track. This
is in line with prior research that found individuals avoid self-
focused stimuli when presented with a discrepancy but no
means of reducing it [54, 55]. In the case of PI, having a
negative experience triggered by self-tracking that is incon-
gruent with the self may lead people to abandon the practice
sooner, particularly when they feel there is no way to address
it. For example, “discomfort with the information” learned
from tracking has been identified among the reasons that lead

Table 1 Differences between rumination and self-reflection

Self-awareness

Rumination Self-reflection

Motivation Fear, loss, threats, injustices [15, 16] Interest, curiosity, understanding [15, 24]

Emotions Persistent negative emotions or emotional states;
negative emotion cycles; avoidance of negative
affect [13, 15]

Temporary negative emotions; acceptance
of negative affect [26, 29]

Awareness of discrepancies Being discouraged or overwhelmed by an awareness
of discrepancies between one’s desired state and
actual state [13, 30]

Desired goal discrepancy motivates [30]

Attribution Attributing failure to oneself and one’s self-worth
(i.e., self-blame) [15, 38]

A tendency not to blame oneself, not connecting failure
to self-worth, can attribute failure to external factors
where appropriate [15]

Thought pattern Repetitively or perseveratively thinking; staying
fixated on problems and feelings about those problems
[13, 23, 38]

Deep thinking that lead to forward momentum and progress;
facilitate action, problem-solving, and self-development
[15, 24, 26, 27]
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people to stop using their devices, as ceasing tracking is a way
to stop experiencing the discomfort [11]. Additionally, some
users may slip into ruminative cycles when attempting to en-
gage in insightful reflection, and this may lead them to want to
reflect less often [12] and ultimately to abandon self-tracking
tools to avoid reflection and alleviate the negative thoughts or
emotions they experience (see [11, 56] for abandonment due
to negative feelings). While in some cases abandonment is
positive, it is problematic if users’ goals or desired state are
realistic and self-tracking could be beneficial to them (e.g., if a
clinician recommends tracking for fertility, if a financial ad-
viser suggests tracking expenses).

When goals are healthy, achievable, and sustainable, we
want users to continue to pursue them rather than disengage
from them. Rumination undermines this pursuit as users be-
come overwhelmed by the perceived size of the gap between
their current and desired state as well as their lack of progress.
Without fully understanding the mental processes around self-
tracking, technology may inadvertently negatively affect
users’ mental health and well-being, particularly if users are
engaging in rumination rather than self-reflection.When users
ruminate, they often experience intense negative cycles that
are difficult to overcome, which negatively affect their well-
being and contribute to poorer mental health [22, 23, 27], an
issue in any PI domain. Therefore, we need to carefully con-
sider rumination when studying, designing, and promoting PI
tools in order to minimize adverse consequences.

5 The need to understand context, users,
and technologies in PI

Addressing rumination in PI requires an understanding of the
users and their context as well as the technology itself, includ-
ing what it does and how it does it. Thus, in this section, we
discuss contextual factors that influence how people engage
and respond to their data, provide a look at the user, and
examine common elements of existing self-tracking tools.

5.1 Context: high-stake goals

Self-tracking does not exist in a vacuum; thus, considering the
context that surrounds the user and the PI tool is necessary to
understand how users may be impacted by engagingwith their
data. For example, rumination is more likely to occur when
users are engaging in high-stakes goals (i.e., those that have
perceived or actual dire consequences), their goals are tied to
their identity or self-worth, and lower-level goals are connect-
ed to high-order or culturally valued goals [13, 30, 39, 40].
Some contexts may make users more prone to rumination,
such as health and finance tracking. Health tracking may be
especially ripe for rumination because health goals are often
tied to cultural values. For example, young women who are at

risk for eating disorders engaging in diet and fitness tracking
may have strong feelings about their weight and body image,
which are linked to society’s values of idealized beauty.

Embedded in tracking are moral and social values, and
users tend to criticize themselves (e.g., calling themselves
bad or lazy) if they feel as though they are not living up to
these standards. For instance, Ancker et al. [10] stated, “There
was also a ‘good/bad patient’ aspect to tracking itself. People
with diabetes frequently called themselves a ‘bad patient’ or
‘not a good patient’when they did not monitor blood glucose.
One participant explained the fact that she did not track any of
her health indicators (including diet and exercise) by calling
herself ‘lazy’.” These negative self-perceptions may make it
more likely to blame oneself for failure, which can inhibit
growth and get users trapped in negative cycles.

Similarly, women using PI tools who are struggling to con-
ceive a child can internalize feelings of failure to meet their
desired societal role of motherhood. In fertility tracking,
Figueiredo et al. [8] talked about the negative emotions expe-
rienced by women who are tracking health indicators in an
attempt to get pregnant: “When women have been trying to
conceive for a long time, self-tracking may become frustrating
and burdensome, especially when they cannot find an expla-
nation for not being able to get pregnant… focusing exces-
sively on health indicator results, without offering alternative
possibilities and emotional support, may trigger negative feel-
ings, such as frustration, stress, and depression.”

Additionally, not tracking one’s health and not reaching
one’s health goals may have extremely dire results. One in-
stance canbe seen in chronic diseasemonitoring. Individuals
with diabetes who stop tracking their blood sugar or
adjusting their diet based on the blood sugar readings may
put themselves at a higher risk for stroke. Because tracking
(or not tracking) chronic conditions can have a severe impact
on an individual’s life, individuals may be more likely to
ruminate. In their study of patients with multiple chronic
conditions, Ancker et al. [10] found self-tracking reinforced
feelings of fear and depression around health indicators, stat-
ing that a participant “said they [her tracked data] made her
‘scared.’” If seeing this data continuallyworries her about the
progression of her chronic illness, then she may ruminate
about her data, her illness, and herself. Further, Ancker
et al. [10] stated, “An individual who did not monitor her
blood glucose regularly said her values were ‘depressing’.”
Similarly, Katz et al. [57] found “diabetes management can
be frustrating, and interacting with undesired data can in-
crease stress.” Self-tracking may trigger these types of neg-
ative feelings, and when individuals are unable to gain a
broader perspective of their tracking, they may get trapped
in their negative thinking and feelings. In chronic condition
tracking, relapses also have to be carefully considered be-
cause tracking may not always progress towards the desired
goal [58], which may promote rumination.

606 Pers Ubiquit Comput (2021) 25:601–616



Health goals can also be easily linked to higher-order goals.
For example, a user who engages in self-tracking diet, exer-
cise, and weight in order to achieve their weight loss goal may
be more inclined to ruminate if they have linked their weight
loss to a larger goal of achieving happiness; in this case, indi-
viduals believe that the inability to attain a weight goal impairs
their ability to be happy because the goals are tied together
[39]. Further, self-tracking may promote healthism: the idea
that individuals are responsible for controlling their health
(e.g., “bad” health is the user’s fault) [17, 59]. This is prob-
lematic when users feel guilty when circumstances beyond
their control inhibit their ability to “perform,” yet they attri-
bute failure to themselves [17].

Finance tracking may be another context in which users are
more susceptible to rumination because money can also be
linked to identity, self-worth, and cultural values. For exam-
ple, Epstein et al. [11] found when users tried to reflect on
their financial data, they sometimes felt uncomfortable: “[I]
didn’t like being so aware of how little money I had” [P133];
“I felt guilty every time I tracked an expense that was not a
necessity” [P163]. With money comes status. Individuals may
hold purchasing “status” items, such as high-end clothing or
cars in high regard. Thus, expense data may reflect an inability
to achieve this status, which may negatively affect their self-
esteem, making it more likely they will ruminate.
Additionally, the consequences of not achieving one’s money
goals can also be quite devastating (e.g., inability to pay rent,
low credit score). The higher-level the goal, the more critical
the goal becomes to the user’s sense of self [15]. In these
cases, people may interpret issues in a way that damages their
perceived self-worth. This makes it more difficult for users to
disengage from these goals, which keeps them trapped in the
negative cycle [15].

5.2 User: vulnerable populations

While some past studies suggest that rumination does not play
a negative role in engaging with past experiences, researchers
caution that future work is needed with individuals who may
be pre-disposed to rumination [18]. Thus, it is possible that
rumination may be more common among vulnerable popula-
tions as their goals may have more critical outcomes or repre-
sent their identity or self-worth in extreme ways. Examples
may include people with chronic illness, individuals with
mental health conditions or symptoms (e.g., depression, anx-
iety, obsessive-compulsive disorder, eating disorders), and
women facing fertility challenges. For instance, consider col-
lege students; they are going through a major life transition,
which means they face new stressors. They also face mental
health issues (e.g., depression, anxiety, eating disorders)—
meaning they may be predisposed to ruminating in general.
Diet and fitness tracking may reflect and reinforce society’s
values and judgments around what is attractive and how

attractiveness relates to self-worth. Thus, when they engage
in fitness tracking, for example, they may be more likely to
blame themselves for not getting the data they want and then
repetitively thinking about their data as a failure. Users may be
motivated to continue self-tracking due to fear (e.g., of weight
gain) rather than a genuine interest in the self or for the pur-
poses of self-awareness, which is associated with rumination.
They may also be more likely to experience extreme negative
emotions (also related to rumination) when their data do not
meet their expectations.

For example, in their study on college students’ general
self-tracking practices and mental wellness, Kelley et al. [9]
found some users became obsessive in tracking when their
motivation is fear: “PN96 was ‘somewhat obsessive in track-
ing while I was losing weight and can’t shake the habit for fear
of gaining back the weight.’” In this example, the user talks
about being motivated to continue self-tracking due to fear of
weight gain rather than a genuine interest in the self or for self-
awareness. This persistent negative emotional motivator (i.e.,
driven by fear) may inhibit positive reflection and result in a
ruminative cycle.

Kelley et al. [9] also found “there was frequent description
of failure to achieve goals or lack of progress towards a goal,
as well as lack of self-control and, correspondingly, lack of
control over the data… As PN254 explained, “I wasn’t mak-
ing progress as quickly as I would have liked… I am afraid
that it shows that I am lazy (despite the fact that I know I’m
not).” This showcases how the gap between where users are
and where they are may make them feel negative.

Eikey [60] found that college women with eating disor-
der behaviors often feel extreme negative affect when track-
ing and viewing data they do not desire: “Once it [the app
data] hit 200 [calories] or more, I would get really stressed
out, even panic…” [U21]. Sometimes the negative experi-
ences around self-tracking are too intense for users, so they
attempt to avoid feeling them. For example, some college
women with eating disorders refuse to log their calories
when they know they will exceed them: “What actually
happens is if it’s way over, I just don’t log it [because] I
don’t want to see the damage. So I literally won’t log it…
I avoid that negative emotion by just simply not logging it”
[U10] [60]. Users may be reluctant to engage in tracking
because attention devoted to the issue may result in negative
thoughts and feelings that they are unable to control.
Additionally, specific PI domains, such as stress, mood,
mental health tracking, may be more likely to result in ru-
mination because individuals interested in tracking these
indicators may already be experiencing and trying to control
ruminative thought. In these cases, we have to be careful not
to reinforce negative emotions and thoughts.

Stressful or traumatic events (e.g., new job, college, di-
vorce, loss of a loved one) may make users more likely to
engage in negative thought and emotion cycles, as they
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predict rumination [41]. For example, a person who recently
moved across the country to begin a new career may be
more inclined to ruminate when tracking their expenses
due to the combined stress of the transition and the amount
of money spent moving.

These contexts might make particular people at certain
times in their lives more prone to engage in rumination.
People who have a physical or mental illness or have experi-
enced a stressful or traumatic event recently might be more
likely to interpret their data in a negative light and ruminate.
This means we need to rethink how we design our self-
tracking tools. For example, some work is already underway
to investigate how to design data visualizations for people
with bipolar disorder [61]. Their research recognizes that rep-
resentation and interpretation of personal data is not a “one
size fits all” approach and that the way in which data is visu-
alized and presented must take these various groups’ needs
into consideration.

5.3 Technology: existing PI design

How people interpret and respond to their self-tracking data
rely on how the data are presented and the affordances of the
technologies they use. Thus, the onus of engaging in self-
reflection rather than rumination is not solely on the user but
rather the design of existing tools. In other words, the design
of PI tools may contribute to rumination by focusing heavily
on behavior change goals, negative motivational strategies,
and quantified behaviors that often act as proxies.

5.3.1 Goal-focused

Ideally, self-tracking systems should support self-reflection
and discourage rumination. However, strategies used to sup-
port behavior change, such as increased awareness of goal
discrepancies and emphasis on negative feedback, can pro-
voke both self-reflection and rumination. Further, reflection
itself can trigger rumination. How can we prevent rumination
without compromising the goals of self-tracking? By being
aware of the contributors and dysfunctions of rumination,
we can reduce the likelihood that we accidentally promote
rumination through technology design.

The gap between the current state and goal or desired state
can be used to motivate users, which is a common strategy in
behavior change. The idea is that if users discover a discrep-
ancy when comparing their perceived current state to “salient
reference values such as their goals, standards, or desired out-
comes,” they will change their behavior in order to get closer
to the reference [30]. The Cognitive Dissonance theory ex-
plains that people experience discomfort from knowing their
state or behaviors differ from their goals, which can increase
motivation [62], and research shows motivation due to mod-
erate distress leads to more successful behavior change [63].

However, too much distress hinders behavior change [63],
and it is likely that people who experience rumination from
self-tracking are experiencing more distress than is intended
due to not having reached their goal. Distress may trigger
rumination when the goals set are unreasonable or unsustain-
able, the gap seems too large to overcome, or the user believes
they are unable to change to make progress.

In order to avoid rumination, researchers and designers
might encourage users to set appropriate goals or shy away
from goals altogether. Although goal setting is a good behav-
ior change approach, having users set goals without under-
standing if they are reasonable or not is problematic. Some
self-tracking technologies require users to establish what their
goals are before the system provides them with information
about their past behaviors or performance. All data and infor-
mation about the user then revolve around this goal. A prime
example is diet and fitness trackers that require users set a
weight plan before showing their food and exercise logs.
They set a weight goal and subsequent plan without any un-
derstanding of their current behaviors (e.g., how many calo-
ries do they normally consume?). Without this information,
users may set extreme goals or unreasonable goals, whichmay
later contribute to rumination when they feel they have not
made enough progress. We suggest self-tracking systems help
users first establish their personal baseline so they can then set
more reasonable goals that are personalized to them. If and
only if the goal is appropriate, PI tools could provide action-
able steps to help make users’ goal seem more attainable.

5.3.2 Negative feedback

A number of PI tools attempt tomotivate users by highlighting
their failures for the same reasons they emphasize goal
discrepancies—to motivate them to change [62]. Often this
is done through visualizations, color choice, and negative
messages. For example, often in diet tracking, users are pre-
sented with a red progress bar when they have consumed too
many calories. Similarly, in some finance tracking apps, users
are shown a progress bar based on how much money they
have spent per category (e.g., gas and fuel, groceries).
However, some users find the negative focus overwhelming
and discouraging [7, 64]. This can contribute to negative emo-
tions and perceptions of the self, which can lead to rumination.
Further, people who have a more negative, “glass half empty”
perspective when seeing their data might be more prone to
ruminating.

Are there alternative or more nuanced approaches to moti-
vate users? One way could be to place more emphasis on
positive behavior in the design of tracking itself. As an exam-
ple, a smoking cessation strategy that involved tracking in-
stances of resisting an urge to smoke was more successful in
discouraging a smoking habit than a more common strategy of
tracking each smoking incident [65]. The former increases
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awareness of positive behavior, actions that are aligned with
the goal of the intervention. In contrast, the latter increases
awareness of negative behaviors, which might be interpreted
as failures. A design that highlights positive behavior will
likely lead to less rumination. Still, more work is needed to
understand how to balance punishments and rewards in order
to maximize behavior change and minimize rumination.

While research has shown that negative feelings like sad-
ness, regret, and remorse are associated with perceived suc-
cess, many users express wanting to see more positive results
[34]. Thus, it is important to note that self-tracking may pos-
itively impact self-improvement in a single domain (e.g.,
weight) while negatively impacting other aspects of well-be-
ing. That is, it may not be that users are unable or unwilling to
critically analyze their negative thoughts and emotions, but
rather that doing so could be detrimental to their mental, spir-
itual, or physical health. For example, in the case of women
who engage in binge eating, self-tracking food may help them
identify binge triggers but visualizations after binges may trig-
ger compensatory behaviors, such as purging. Further, it is
possible that rumination might be happening even if it looks
like the user is getting benefits from the system, especially if
indicators like mental health are not tracked. Thus, in PI, we
need to think of outcomes as multidimensional. The “success”
of PI tools needs to be determined by not only the explicit,
easily measurable outcomes, but also more implicit objectives
like well-being.

5.3.3 Quantified self

Most self-tracking tools take a reductionist approach [17],
focusing on quantified measurements. This heavy focus on
quantification can be problematic because numbers tend to
mask complex processes and are often viewed as having a sort
of authority [66, 67], which reinforce some users’ need for
absolute truth and may contribute to negative thought and
emotion cycles [51]. Numbers appear to be objective and neu-
tral even though they reflect meanings, assumptions, and
values [68]. They also give the illusion of control and put
responsibility on the user [68]. For example, in the case of
fertility tracking, women attempt to control their bodies
through tracking, and they evaluate themselves according to
numbers used as proxies to denote fertility [36]. However,
infertility is a complex problem, so even if users “do every-
thing right,” they may still not get pregnant, resulting in ex-
treme negative emotions.

6 Approaches to mitigating and preventing
rumination in PI

Although understanding the context, user, and technology is
critical in designing better PI tools, researchers and designers

must also begin to uncover ways to explicitly mitigate and
prevent rumination because eliminating all negative experi-
ences is not possible. In fact, having people reflect on past
negative experiences has repeatedly shown to be beneficial
[18, 19, 21, 69]. For example, the work of Konrad et al. [18,
19] explored how apps influence how people think about past
negative experiences and how these reflections can impact
well-being. Through their work on MoodAdaptor, Konrad
et al. [19] found with technology-mediated reflection, incon-
gruent reflection was useful for mood regulation, suggesting
that revisiting negative memories can have different advan-
tages depending on one’s mood.

Given that users will likely engage with data that signifies
or incites a negative experience, how can we ensure they do
not get stuck in negative emotion and thought cycles yet can
reap the benefits of self-reflection? PI tools can empower
users to leverage and overcome their negative experiences in
ways that benefit them. In the remainder of the paper, we
explore design suggestions rooted in evidence-based practices
to prevent rumination and promote well-being. But first we
discuss the ethical implications of detecting and predicting
rumination, as these avenues are plausible first steps at ad-
dressing rumination.

6.1 Ethical considerations

While devising ways to systematically detect and perhaps
even predict rumination is a possibility, the ethical implica-
tions of doing somust be considered. In theHCI community,
there is a larger discussion around using computational ap-
proaches to identify and label potentially sensitive human
experiences like mental health (e.g., [70]). Researchers have
sought to identify and classify mental health experiences
from social media data [71–73] as well as wearables and
app data [74, 75]. As researchers, we recognize the potential
of these approaches (i.e., early detection and intervention).
However, we also acknowledge the downsides and risks. For
example, researchers studying the use of a digital phenotyp-
ing app to assess mental health found students had concerns
about their autonomy, control, and dignity [75]. Others
studying what can be inferred from social media and online
communities have discussed privacy issues, unintended
harm, and mislabeling, to name a few [70]. Attempting to
detect and label rumination within PI tools also poses these
risks and reveals similar questions. Who owns the data that
infer a user is prone to rumination? What happens if those
data are shared?What happens if data aremislabeled? If high
rumination is identified, will there be support available to
users? In this case of rumination, we recommend against
detection and prediction, as segregating users who ruminate
from users do not is not necessary to address rumination.
Without identifying and labeling mental health indicators,
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researchers and designers can benefit all users by reframing
the PI approach through a lens of well-being.

6.2 Design implications

Designers and researchers can mitigate rumination through
design without identifying and classifying behavior indicative
of rumination. As a way to understand how to do this, we
present a theoretical model, shown in Fig. 1, explicating ways
to combat and perhaps even prevent rumination in PI.
Grounded in Psychological theory and research, this model
lays out a set of hypotheses that researchers can test in future
work. Specifically, we posit three central mechanisms can be
used to understand the links between PI and rumination: (1)
emotion, (2) cognition, and (3) behavior.

When ruminating, people experience heightened states
of arousal involving emotions of sadness, guilt, anxiety,
and frustration. One way to reduce rumination is to target
users’ emotional experiences while engaging in PI. There
are numerous evidence-based ways of directly modifying
emotional experience, including increasing self-compas-
sion, promoting relaxation (e.g., through reducing aver-
sive physiological arousal and can be accomplished
through diaphragmatic breathing or progressive muscle
relaxation), and fostering mindfulness to reduce anxiety
and arousal. People who ruminate are also more likely
to make attributions regarding their unwanted or undesir-
able behaviors in ways that worsen depressive symptoms
and anxiety over time. According to attribution theory
[76], causes for behaviors can vary on three dimensions:
(1) internally/externally, (2) globally/specifically, and (3)
stable/unstable. People who ruminate are more likely to
attribute their undesirable behaviors to internal (their
fault), global (about everything in their life), and stable
causes (going to last forever). For instance, in a study

with college students, researchers found ruminating in an
abstract, analytical mode triggers and exacerbates nega-
tive attributional style [77]. If we can change these cog-
nitions by reframing attributions, then we can reduce ru-
mination itself and/or the power it has over people’s
emotions.

Short of detecting rumination, emotion and cognition may
be the most appropriate mechanisms to develop subsequent
design recommendations. This is because targeting behavior
is difficult; it requires the need for both detection of a partic-
ular behavior (in this case, rumination) and interpretation of
that behavior, which has a number of ethical and practical
concerns. Additionally, according to cognitive behavioral ap-
proaches to change [78], changes in any of these mechanisms
have cascading impacts on the other two, suggesting that pre-
vention or intervention tools can identify multiple targets
(meaning focusing on only two mechanisms can be beneficial
to all three).

We frame the design implications around the two mecha-
nisms of emotion and cognition, shifting the focus away from
what is known on behavior change theories to focus more on
new insights about rumination as it pertains to PI. By looking
at ways to target emotion and cognition, we present ways PI
tools can help users learn from negative experiences when
they are presented in particular ways. In order to provide con-
crete examples, we use one case: diet and fitness apps.

7 Example: diet and fitness apps

Diet and fitness apps provide a useful context to explore
design suggestions. In order to prevent and/or mitigate
rumination, understanding who the user (or a user sub-
group) is and unpacking the context around diet and fit-
ness apps are promising first steps. The users of diet and
fitness apps tend to be younger and more educated [79,
80], and women are more likely to use those apps that
focus on nutrition [81]. Thus, we can identify one possi-
ble user subgroup as younger, educated women.

Just looking at the USA, the context around these tools is a
pervasive thin ideal, which suggests there are norms and
values that may influence the use of diet and fitness apps,
especially among this population. Many women have poor
body image, including distorted body image and body dissat-
isfaction, and a high drive for thinness; they engage not only
in dieting, but also unhealthy weight control methods. When
women feel as though they do not live up to society’s picture
of how they should look, which is unattainable for most wom-
en, some develop a distorted view of their body. For example,
one study found that 23.4% of healthy weight women per-
ceive themselves as overweight [82]. Those who are under-
weight also mislabel their weight. Even when viewing images
of other women, women have skewed perceptions of whatFig. 1 Mechanisms of rumination model
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qualifies as “normal” weight, often referring to models who
are underweight as “average” [83].

Because of unreachable standards and constant com-
parison to others, many women are dissatisfied with their
bodies and have negative body image. In North America,
there is such a pervasive body dissatisfaction and preoc-
cupation with weight that psychologists have developed
the term “normative discontent,” which describes the
“normalcy” of being unhappy with one’s weight as a
woman [84]. Especially for girls and women, body dissat-
isfaction increases from middle school to high school and
further increases during the transition to young adulthood
[85]. For example, Juarascio et al. [86] found that weight,
eating disorder behaviors, and body image dissatisfaction
increased during the first year of college. These body
issues negatively impact psychological health [85]. In
fact, almost two-thirds of women report their happiness
is negatively affected by their body and weight concerns
[87]. Thus, extant literature suggests that lower level
goals of weight loss are often tied to higher-order goals,
such as happiness and worth.

This unattainable idea of beauty, pressures to be thin,
distorted body image, and constant discontent with one’s
body partially explain why dieting is so prevalent among
girls and women in the USA. A study using data from
2003 to 2008 found that 73% of adult women want to
weigh less and 46.2% are trying to lose weight [82].
While dieting and desire to lose weight are common for
overweight and obese women, women who are in the
healthy weight range and even underweight also want to
lose weight or are pursuing weight control. Researchers
have found that 48.2% of healthy weight women want to
weigh less and 46.3% of healthy weight women and
13.5% of underweight women are pursuing weight control
[82]. These results are similar to another study that
showed 43.2% of college-aged women diet and 32.3%
actively avoid weight gain even though 78% are in a
healthy weight range [88].

Although dieting may include healthy behaviors, often
people view unhealthy weight control methods as part of
dieting [89]. Researchers have found that 31% of women
without a history of anorexia nervosa or binge eating reported
having purged to control weight [87]. Other studies have
found 25% of college women have engaged in binging and
purging as a weight loss method [90]. Dieting behaviors and
unhealthy weight control methods are also risk factors for
developing an eating disorder [89, 91, 92]. For example, “nor-
mal dieters” develop eating disorder behaviors and even par-
tial or full eating disorders [91].

College women in particular are at an increased risk of
developing eating disorders and eating disorder-related behav-
iors [93–97]. In fact, it is estimated that 8 to 17% of college-
aged students have an eating disorder, and 20% of college

students believe they have had an eating disorder in their life-
time [97–99]. Additionally studies have shown that many col-
lege students’ eating disorder symptoms persist and reoccur
[97]. This may be partly due to the age of onset of some eating
disorders during college years; however, those who attend
college are more likely to develop eating disorder behaviors
than similar women who do not attend college [96]. Thus,
some have suggested the college environment itself poses a
number of challenges, including new academic and social
pressures, which may contribute to the development of eating
disorder behaviors and eating disorders [96].

Being aware of the users’ experiences and how society’s
norms and values may play a role in their tracking help us to
think through general principles of design. For example, given
young women’s predisposition to disordered eating and body
dissatisfaction, numeric goals around weight and calories
should play a lesser role in self-tracking. Rather than empha-
size goals and indicators that further exacerbate issues related
to societal norms and values around weight and appearance,
which may increase the chances of rumination, designers and
researchers may want to focus on other indicators of health,
such as measures of well-being, qualitative aspects about food
(e.g., variety, color), and experiences around food and exer-
cise (e.g., enjoyment and savoring), which can serve to pro-
mote self-reflection [100]. Instead of suggesting users input a
goal immediately when using the app, the app could develop a
baseline of behaviors to reduce the possibility of users setting
unrealistic goals.

Even when users set realistic goals, negative experi-
ences are bound to occur. Thus, in self-tracking, negative
experiences will be and should be represented. Part of
personal growth comes from awareness and acceptance
of uncomfortable feelings, but gaining a new perspective
is critical for the act of reflection to be beneficial [26].
The problem is that rumination seems to occur when users
cannot gain perspective from their negative experiences or
emotions, and they get trapped in maladaptive thought
and emotion cycles, unable to learn from them. For
young, educated women users, it may be difficult to over-
come negative thoughts and emotions in PI, such as ex-
ceeding one’s calorie budget or gaining weight, if their
motivations for self-tracking are tied to society’s values,
if their weight or appearance represents their happiness or
self-worth, if they are experiencing other traumatic or dif-
ficult life events, or if they are predisposed to rumination.

One possible way to prevent and mitigate rumination and
promote positive thoughts by targeting emotion is self-
compassion [101–104]. Self-compassion can be thought of
as treating oneself with care and concern especially during
times of failure, mistakes, feelings of inadequacy, and painful
experiences [105]. Not only is self-compassion negatively as-
sociated with rumination, but it also negatively associated
with self-criticism, depression, anxiety, thought suppression,
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and neurotic perfectionism and positively associated with life
satisfaction and social connectedness, making it a key marker
of mental health [102, 103]. Thus, self-compassion, is a pre-
dictor of psychological health [101]. It is made up of three
basic components: “1) extending kindness and understanding
to oneself rather than harsh self-criticism and judgment; 2)
seeing one’s experiences as part of the larger human experi-
ence rather than as separating and isolating; and 3) holding
one’s painful thoughts and feelings in balanced awareness
rather than over-identifying with them” [103].

Designers and researchers could translate aspects of self-
compassion to the design of PI systems and then build the
tools around these principles. This would serve to prevent
rumination and help users get out of negative cycles if they
do begin to ruminate. For example, if a user falls short of their
goals or milestones, the app could interject a self-compassion
statement or exercise (e.g., [105]), such as in Fig. 2.

In this case, a self-compassion message could appear when
diet and fitness app users exceed their daily calorie budget.
This message in particular is designed to extend kindness to
the user by asking them to state a compassion phrase (1) and
positions their experiences as part of being human (2).
Building in ways to promote self-compassion into PI tools
could help build resilience and reduce rumination [105],

which can help users overcome negative emotions resulting
from unwanted data to reflect in a way that leads to growth.

In addition to self-compassion, another possible way to
impact users’ emotional experiences is by fostering redemp-
tion sequences through self-reflection. A redemption se-
quences is a “transition in a life narrative account from an
emotionally negative scene to a positive outcome or attribu-
tion about the self” [106]. In numerous contexts, research has
shown that individuals who describe past events in terms of
redemption sequences where positive outcomes come from
struggle and adversity experience benefits to their mental
health and well-being [107–112]. This is aligned with
Pennebaker’s work on emotion reflection, which has found
people benefit from writing or talking about upsetting experi-
ences [69]. Prior research has explored technology-mediated
ways of engaging users in redemption sequences [113]. For
example, Isaacs et al. [113] developed a smartphone app
known as Echo, which enabled users to record and revisit
memories. Recording and reflecting on memories was associ-
ated with improved well-being; recording memories alone
helped users savor positive events and analyze negative ones,
and recording and reflecting helped users extract positive les-
sons from negative experiences. This suggests designers and
researchers may be able to utilize similar mechanisms in diet
and fitness tracking by having users record their experiences
as they occur and encouraging them and even prompting them
to revisit them. If users exceed their calorie budget, for exam-
ple, then the system could prompt them to reanalyze past
negative experiences to see how they were able to adapt and
overcome these challenges.

To aid in the process of reflecting on past experiences in a
way that benefits users, designers and researchers can draw from
insights gleaned in attribution retraining programs (which have
been widely used in widely used in cognitive behavioral thera-
pies and school-based programs) [114] to afford PI technologies
the ability to capture contextual reasons for a given behavior,
including external pressures, aspects that are temporary, and
things that are unique to this experience. For instance, diet and
fitness apps could provide a space to input alternative explana-
tions and extenuating circumstances to reframe from an internal
to external attribution, such as in Fig. 3. These tools could assist
in helping users think about their data in a new light, which could
help disrupt the maladaptive cognitive processes that happen
when engaging with unwanted data.

While some researchers have begun to investigate ways to
capture contextual data around self-tracking (e.g., [100, 115,
116]), many popular self-tracking technologies still do not focus
on contextualizing users’ data.Without contextual information, it
becomes difficult to situate one’s data. Users are unable to un-
derstand the reasons behind possible failures (e.g., I was sick; my
kids were off school; there was an emergency) and instead attri-
bute failures or lack of progress to themselves, whichmay lead to
rumination [15, 38]. While there is evidence suggesting

Fig. 2 Example of a self-compassion message in a diet and fitness track-
ing app
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attribution styles can be malleable, which is promising for inter-
ventions [117], it is important to note that reframing attributions
can be difficult and may require the assistance of trained coun-
selors. Therefore, more research is needed to understand the
possible benefits of doing so in the context of PI.

8 Conclusion

We introduced rumination in PI, as a counterpoint to self-
reflection. In this paper, we contrast the concepts of self-
reflection and rumination and discuss how they can impact
self-tracking practices. More research is needed to fully un-
derstand how to balance promoting self-reflection and
preventing and even mitigating rumination. There is not an
easy answer to avoiding and getting people out of negative
cycles. Users’ feelings, thoughts, and reactions result from the
interaction between the user and the technology. Thus, aspects
of the individual, their life experiences, and the context, as
well as features of the technology itself influence these cycles.
This paper is good first step at understanding rumination in PI.
We provide initial ideas grounded in Psychology literature to
reduce rumination, including possible design suggestions. It is
important to note, however, that the efficacy of these sugges-
tions is not yet known; how to deliver the most appropriate

exercises, to whom, and in what circumstances in the context
of self-tracking requires much scientific inquiry. Rumination
is a complex state, influenced and triggered by many factors.
Therefore, as a community, we must carefully consider who
our users are—not only the “ideal” target user but also anyone
who uses our system—and the context surrounding them and
understand that rumination can occur across various user
groups. Despite these challenges, we hope this paper opens
the dialogue around rumination in PI in order to maximize the
full potential of self-tracking.
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