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ABSTRACT

A grand challenge for computing is to better understand funda-
mental human needs and their satisfaction. In this work, we design
a personal informatics technology probe that scaffolds reflection
on how time-use satisfies Max-Neef’s fundamental needs of being,
having, doing, and interacting via self-aspects, relationships and or-
ganizations, activities, and environments. Through a combination
of a think-aloud study (N = 10) and a week-long in situ deploy-
ment (N = 7), participants used the probe to complete self- aspect
elicitation and Day Reconstruction Method tasks. Participants then
interacted with network visualizations of their daily lives, and dis-
covered insights about their lives. During the study, we collected a
dataset of 662 activities annotated with need satisfaction ratings.
Despite challenges in operationalizing a theory of need through di-
rect elicitation from individuals, personal informatics systems show
potential as a participatory and individually meaningful approach
for understanding need satisfaction in everyday life.
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1 INTRODUCTION

Understanding human needs and supporting satisfaction of those
needs is a central challenge in computing [82, 101, 105] and other
fields including psychology [111], development economics [74],
and environmental sustainability [104]. Our interest in contribut-
ing to this ongoing dialogue is animated by a overarching interest
in sustainability; that is, in helping society to “meets the needs of
the present without compromising the ability of future generations
to meet their own needs” [86], by better understanding “how hu-
man needs can be provisioned equitably and sustainably within
biophysical limits” [104]. However, progress in this endeavor is
challenging, largely because there is significant uncertainty about
how to operationalize the many existing theories of fundamental
human needs [25].

The many theories of need have led to a diversity of methods
for assessing needs and need satisfaction, including psychological
instruments [15, 26], community workshops [59, 75], and analysis of
large datasets [29, 106, 112, 113]. However, there is a lack of scalable
methods for directly eliciting need satisfaction from individuals in
the context of their daily experiences.

By design, personal informatics systems can be participatory [100]
and scalable [38], and they have the potential to shed empirical
light on how individuals experience and satisfy their needs. In this
paper, we investigate the use of personal informatics systems for
understanding human needs and their satisfaction in everyday life.
We design, deploy, and evaluate a reflective technology probe that
enables individuals to collect and visualize data on need satisfaction,
grounded in time-use in daily life. This approach aims to address
the challenge of operationalizing theories of human need and pro-
vides a method for understanding how individuals experience need
satisfaction in daily activities.

While personal informatics systems have been developed in
the domains of physical health [65], mental health [13], productiv-
ity [57], and more. However, the application of such a system for
directly assessing the satisfaction of fundamental human needs re-
mains largely unexplored. Our work seeks to address this by posing
the following research question:

e How could a personal informatics system support data
collection, visualization, and reflection on need and
satisfaction in daily life?

To explore this question, we used a mixed-methods approach
that combined a think-aloud study with a week-long deployment
of a personal informatics system in the form of a reflective tech-
nology probe. The probe uses McConnell’s multiple self-aspects
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framework [76] and Kahneman’s Day Reconstruction Method [52]
to scaffold data collection across the four existential categories
of human need suggested by Max-Neef [74, 75]: being (aspects
of the self [76]), having (people and organizations), doing (daily
activities), and interacting (locations). In the think-aloud study,
n = 10 participants completed a series of tasks using the probe
while thinking aloud their thoughts, helping us to understand how
individuals think about how their daily activities meet their needs.
Seven participants continued with the deployment, collecting need
satisfaction data about their daily activities for up to one week, in
addition to a closing interview where they explored visualizations
of their data and reflected on their experience of using the probe.
This combination of methods allowed us to gain insight into how
individuals completed the specific tasks scaffolded by the probe
and how individuals engage with need and satisfaction data over
time.

The expected contributions of this work include the following:

e Developing and evaluating a personal informatics system
for collecting and reflecting on data about the experience of
need satisfaction in daily life.

e Identifying challenges and opportunities in operationalizing
a theory of need based on a think-aloud study.

e Publishing an anonymized dataset of 662 activities and cor-
responding need satisfaction ratings from the weeklong in
situ deployment.!

e Providing evidence for the usefulness of new methods (the
Day Reconstruction Method), theories (Max-Neef’s theory
of fundamental human needs [75] and McConnell’s multiple
self-aspects framework [76]), and visualization strategies
(self-as-network) in personal informatics systems, more gen-
erally.

e Demonstrating benefits of reflection across multiple time-
scales of the self, including the potential for self-directed
behavior change.

The organization of the paper is as follows. First, we provide
background on theories of human need and the importance of
studying human need in daily life, alongside current methodologies
for assessing human need satisfaction. We then describe how the
field of personal informatics is well suited to contribute to a better
understanding of the individual experience of need satisfaction,
but has not yet explored this domain. We detail the design of our
reflective technology probe, and describe our think-aloud study,
weeklong deployment, and qualitative and quantitative evaluation
methods. Next, we describe the findings of our think-aloud study,
data collected from the system, and the participant outcomes and
evaluation of the use of the system. We discuss challenges in oper-
ationalizing a theory of human need, and how our methods may
be useful to personal informatics system design more broadly.

2 BACKGROUND AND RELATED WORK

In the section, we briefly review existing theories of need, how HCI
has engaged with theories of need, and current methods for assess-
ing need and satisfaction. Next, we provide an overview of personal
informatics before moving on to the design of the technology probe.

!Data is available online at https://osf.io/xnzaq/ [79]
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2.1 Theories of Human Need

Perhaps the most common needs-related theory used in HCI re-
search comes from self-determination theory (SDT) [94] and one
of its sub-theories, basic psychological needs theory (BPNT) [95].
BPNT proposes that human well-being and growth is a natural
inclination and largely a function of satisfaction (or frustration) of
a discrete set of basic psychological needs: autonomy, competence,
and relatedness [95, 108]. Although BPNT is commonly used in HCI
research, BPNT does not attempt to describe a complete set of basic
human needs [111]; it is limited only to psychological needs. BPNT
therefore does not cover all aspects of general human need, which
would be necessary for understanding what it means to live “the
good life” [31].

However, BPNT aligns closely with the eudaimonic approach
towards well-being [93], embodied by seeking meaning and flourish-
ing in life, as opposed to the hedonic approach, which emphasizes
positive feelings [51]. A eudaimonic approach to understanding
well-being has been initially explored in the HCI community, such
as by measuring the degree of eudaimonic vs. hedonic user expe-
riences in technology use [78, 81] and in arguing for eudaimonic
design considerations related to gamification [27].

While HCI research has historically had a focus on generally
meeting the “needs” of users in particular contexts (such as interac-
tion design [9] or gamification [110]), most work is not intended to
support or operationalize existing theories of need. This gap has
been noticed in the literature, resulting in a call for researchers to
advance a "research agenda based on human needs" [82] and create
a “handbook of human needs” [101]. Similarly, collapse informatics
calls for researchers to design “sociotechnical systems with basic
human needs at the heart of the process” [109].

These directions aligns with recent work of environmental sci-
entists in their efforts to develop the concept of sustainable con-
sumption corridors, which posit a minimum level of consumption
necessary to meet human needs, and a maximum level of consump-
tion, beyond which, planetary boundaries are exceeded [28, 39].
The design and operationalization of sustainable consumption cor-
ridors requires an understanding of human needs—what is needed
to live “the good life” within limits [31, 42]. This deeply aligns with
the OECD’s goal of helping people meet needs without sacrificing
the ability of future generations to meet their own needs [86].

However, there is no apparent consensus as to the constituents of
a universal set of basic needs. Multiple theories of basic human need
have been proposed, with needs that differ from those included
in SDT. Sen and Nussbaum’s capabilities approach proposes ten
fundamental capabilities [84, 99], while Doyal and Gough suggest
only two basic needs:physical health and autonomy [32]. Maslow
outlined a list of basic needs in both his original 1943 paper [70]
and his later update [71]. Max-Neef proposed a matrix of needs
along axiological and existential categories [74]. More recently,
Seligman developed the PERMA model of flourishing, with five
needs [97], and Kaufman reimagined Maslow’s hierarchy as having
three security-oriented and three growth-oriented needs [54]. As
Dean puts it, “[Despite its importance] need is also a concept that
is interpreted in a mind-boggling variety of ways” [25]. One com-
monality across these approaches is that measurement should be
participatory [25], as “effective and informed participation on the
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part of the population whose needs are being assessed is vital” [32,
p. 168].

A key distinction made by Max-Neef is the difference between
needs and satisfiers, the ways in which needs are satisfied. Accord-
ing to Max-Neef, needs are “finite, few, and classifiable” [75], while
satisfiers are culturally dependent and vary from individual to
individual across time and space [74]. In other words, humans
always have the same needs, but the ways in which they meet
them changes. Max-Neef created a matrix of needs and satisfiers,
with fundamental needs corresponding to the intersection of ten
axiological needs (subsistence, protection, affection, understanding,
participation, leisure, creation, identity, freedom, and spirituality)
and four existential categories (being, having, doing, and interact-
ing) [74, 74]. In this study, we chose to use Max-Neef’s theory to
ground the work for three reasons. First, it does attempt to pro-
vide a complete accounting of all fundamental human needs (as
opposed to SDT’s limited scope). Second, Max-Neef’s existential
categorization of needs corresponds well with data that could be
captured by a personal informatics system (being, having, doing,
and interacting). Lastly, Max-Neef’s theory has a precedent for use
in environmental science and sustainable consumption corridor
research [11, 112], and has also been used in HCI research for col-
lapse informatics [109] for games exploring willingness for Al to
satisfy needs [56], and transition design [49, 50].

2.2 Computational Approaches to Assessing
Need and Satisfaction

Scholars have approached need satisfaction using top-down and
bottom-up computational methods. Vita et al. attempted to estimate
the societal-level carbon cost of meeting each need from Max-Neef’s
matrix, using a database of 200 product categories linked to their
environmental impact [112], and estimating satisfaction from a
variety of 35 indicators, such as the social progress index [88]. At a
level closer to the individual, researchers in natural language pro-
cessing used machine learning to classify sentences from blog posts
according to their related human need (drawing from both Max-
Neef and Maslow’s theories) [29, 30, 87]. In both cases, researchers
made decisions about which needs were being satisfied, assumed
the patterns of need satisfaction were uniform across individuals,
and limited satisfying activities to either economic consumption or
inferences from blog posts.

While future efforts to scale assessment of human need may
benefit from these computational approaches, we believe it is pre-
mature to rely heavily on these results for three primary reasons.
First, as we will discuss later, the satisfaction of human need is a
deeply personal phenomenon. Individuals doing the same activ-
ity may experience a completely different kind of satisfaction, in
both category and scale. Secondly, the data is at least one step re-
moved from the “substance of everyday life” [62], and likely fails
to capture how needs are satisfied in daily life. Lastly, as there is
still no consensus on the construct of human need [25], an im-
portant first step is to seek to understand how individuals think
about their own need and satisfaction before seeking automation
with computational methods. These reasons help to motivate our
participatory approach of using a think-aloud study and personal
informatics technology probe to understand how need satisfaction
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is uniquely experienced by individuals, in the context of time-use
and money-use in daily life.

2.3 Workshop Methods for Eliciting Satisfiers

Perhaps the closest related works are the human scale development
approach (HSDA) workshops that seek to understand the set of
satisfiers (both inhibiting and satisfying) prevalent in a specific
community, and identify future potential satisfiers to improve need
satisfaction [59, 75]. While a full review of these workshops is be-
yond the scope of this paper, Spiering and del Valle Barrera provide
an overview of these methods and describe methodological consid-
erations [103]. In general, the process of HSDA workshops involves
three stages. The first, a diagnosis stage, involves identifying pos-
itive and negative satisfiers for each need, resulting in a current
state matrix of needs and satisfiers. Second, a synthesis stage, re-
sults in groups selecting and prioritizing satisfiers. Lastly, an action
planning stage leads communities to find potential "bridges" from
the current set of satisfiers to an improved future state.

Our probe design is motivated by these workshops, especially the
participatory intention—that individuals engage directly with a the-
ory of need and have agency to describe life in their own terms. No
assumptions are made about which activities satisfy which needs,
or to what extent those needs are satisfied. However, our approach
differs from these workshop methods in that we treat the elicitation
of needs and satisfiers as a primarily individual (instead of group)
exercise, and ground the satisfiers in objective time-use and money-
use. In addition, our probe does not facilitate any particular change
process, but simply seeks to provide a scaffolding for reflection on
time use with respect to fundamental human needs, and create a
complete record of time use with respect to need satisfaction. Lastly,
the digital approach offers the potential to scale the collection of
need satisfaction data to large populations, which is difficult to do
via collaborative workshops. In this paper, we create and deploy a
prototype system to elicit a systematic record of everyday life activ-
ities and how they relate to the satisfaction of basic human needs,
drawing on methods from personal informatics and psychology,
explained next.

2.4 Personal Informatics as a Mechanism for
Engaging with Everyday Life

Personal informatics (PI) is the study of personal data collection
and sensemaking at the individual level, and has been informed by
the “quantified self” community [17, 69], the transtheoretical model
of behavior change [89], and stage-based models of system use in
daily life [37, 64]. PI systems are participatory—that is, designed
to facilitate an individual’s collection of data about their lives in
situ, suggesting that they might be used to better understand how
activities of everyday life support need satisfaction. Furthermore,
they include affordances for interaction and reflection with col-
lected data [47, 53] and are scalable, holding the promise of being
“a mechanism for eliciting information on well-being directly from
the population” [80].

Personal Informatics (PI) systems to date have primarily fo-
cused on distinct aspects of lived experiences, such as tracking
fitness [20, 65], nutrition [22], mood [13], sleep [55], etc., or combi-
nation of these domains [90]. Some systems provide more flexibility,
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such as Trackly, a customizable app for pictorial based tracking,
and OmniTrack, which allows for user-defined tracking based on
self-report and automated sources [58]. The development of a PI
system that supports data collection, visualization, and reflection
specifically for satisfaction of fundamental human needs, however,
remains largely unexplored. In comparison to existing systems, our
approach places an emphasis on specific methods for collecting and
visualizing need satisfaction data in everyday life.

In order to scaffold data collection specifically on needs, we draw
from Max-Neef’s existential categories of being, having, doing, and
interacting, and connect each category to data that can be collected
with a personal informatics system.

2.4.1 Being via Self-Aspects. For the being category of needs and
satisfiers, we draw from McConnell’s multiple self-aspects frame-
work (MSF) [76], which suggests that one’s self is composed of
many context-dependent components, called self-aspects. Self-aspects
can include roles, social identities, relationships, goals, affective
states, and specific behavior tendencies, which are “activated” in
certain situational contexts [76]. The number and connectedness
of self-aspects can lead to more or less self~complexity [66], which
has been shown to have various effects on general well-being, such
as buffering against negative events in life [67]. Although a model
of the self has been proposed for personal informatics systems [91],
existing HCI research on the self mainly concentrates on prod-
uct design to help actualize ideal selves [115] or facilitate social
role transitions [116]. The integration of the multiple self-aspects
framework in designing PI systems has not been widely explored
by HCI researchers, although our previous late-breaking work pre-
sented preliminary investigations into reflecting on self-aspects in
everyday life [46].

2.4.2  Having via Relationships and Organizations. Max-Neef’s con-
cept of having is expansive, encompassing elements like “friend-
ships, family, partnerships, relationships with nature” and “insti-
tutions, norms, mechanisms, tools (not in a material sense), laws,
etc” [75]. Given the broad scope of this concept, we narrowed our
focus to relationships and organizations for this study, as these
were aspects individuals would likely be cognizant of in their daily
lives.

While personal informatics research has not extensively explored
the role of organizations in individuals’ everyday life, there have
been efforts to help individuals capture data about relationships
and social interactions. Reality mining studies, for instance, have
deployed bluetooth phones with data capture capabilities to under-
stand communication patterns between individuals [33]. Sochiatrist,
a personal informatics system, performs sentiment analysis on user
text messages from multiple sources in order to identify mental
well-being [72]. These systems utilize large-scale individual data to
make inferences, but do not directly prompt individuals to recall
episodes of interpersonal interaction for the purpose of collecting
meta-data about those episodes—in our case, need satisfaction.

2.4.3 Doing via Time Use. Time provides a context for scaffolding
reflection on need satisfaction in the existential category of doing.
We utilize Kahneman’s Day Reconstruction Method (DRM) to cap-
ture what an individual does in our technology probe. The DRM
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consists of asking individuals to break their day up into episodes, de-
scribe the episode, and provide additional metadata [52]. The DRM
attempts to be a middle ground between experience sampling [23]
(close to the moment, but interruptive) and a retrospective logbook
study (prone to biases and recall errors [34]). The DRM is similar
to traditional time use studies (see [6] for a short review) in that it
results in a complete record of time, but goes further to emphasize
“recovering affective experiences” by “reviving memories” [52].

While some commercially available time tracking systems (such
as Toggl) allow for a full record of time, these do not utilize the Day
Reconstruction Method to recall affective experiences. Previous PI
work on time-use has focused on in-the-moment time monitoring
and feedback [57], supporting focus work [114], and reducing time
spent using technology [19]. This work tends to focus on changing
time use in order to improve productivity.

2.4.4  Interacting with Environments. Interacting focuses on “times
and spaces” that support satisfaction [75]. There are multiple com-
mercial applications that support continuous self-tracking of lo-
cation [85], and previous HCI research has utilized continuous
self-tracking to create large datasets about a community [2] and
to visualize location data using a spiral [61]. Given our use of the
DRM methodology (where individuals reflect on the entire day at
once), our probe relies on the user to report the environment where
their activities took place.

In the next section, we discuss the design of our personal in-
formatics technology probe, which was used to support all three
components of our work: the think-aloud study, the in situ deploy-
ment, and the closing interview.

3 REFLECTIVE TECHNOLOGY PROBE DESIGN

Technology probes are simple, provocative tools meant to explore
the potential of new technologies and how individuals interact with
them [48]. Technology probes are similar to the build-it-yourself-
style tools developed by those who track data about themselves
(known as “quantified selfers”) to support their home-grown track-
ing practices [17], suggesting that technology probes might be an
effective way for researchers to experiment with new personal
informatics systems [3]. Apart from commercially available hard-
ware (such as a Fitbit or Apple Watch), spreadsheets were the most
commonly surveyed method quantified-selfers used for their track-
ing [17]. In addition, manual tracking methods (as opposed to au-
tomated data collection) are suggested to increase users’ engage-
ment with data, supporting self-reflection and awareness [17]. For
these reasons, we utilized a tabbed data entry form, implemented
using Google Sheets, to support data collection activities. While
quantified-selfers also commonly use spreadsheets’ charting func-
tions to visualize collected data [17], we developed a web-based
dashboard (using D3 [10]) to display a suite of researcher-defined,
interactive network visualizations of each participant’s data for the
closing interview.

As a result, our technology probe consists of two separate in-
terfaces: a structured spreadsheet in which individuals complete
specific data elicitation tasks, and an interactive, web-based dash-
board for viewing and reflecting on visualizations of the data. The
spreadsheet helped facilitate gathering data about time-use and
annotating activities with information across the four categories
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Date Time Activity Who with?

8/1/2022 8:00 Ate breakfast Daughter

8172022 8:15

8172022 8:30

8172022 8:45

8172022 9:00 Drive to work

8172022 9:15 Work

1st SA Strength 2nd SA Strength 1st Need

Father - T - Subsisti =
Nurse - 3 - Spiritua ~
Murse d 10 Caretaker ~ 5| Subsist =
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Org involved Location
Home
[ B BN
Car
Nonprofit Hospital Hospital
Strength 2nd Need Strengtk  3rd Need  Strength
4 Affection: M ~ 2 Participatiol = 4
2 - -
4 Participatiol = 3 Identity: Co ~ 5

Figure 1: Screenshot of the component of the technology probe used to capture the record of an individual’s day, utilizing the
Day Reconstruction Method (adjusted for width). Individuals record the activities they completed (Doing), who they were with
and any involved organization (Having), location (Interacting), self-aspects activated during the activity (Being), and needs
satisfied or inhibited due to the activity (along with a strength of satisfaction or activation).

of existential needs from Max-Neef’s matrix: being, doing, having,
and interacting [74].2

3.1 Reflecting on Doing: Time Use

To collect data on doing, we adopt the DRM [52] to capture a com-
plete record of time-use and the activities in which our participants
engaged. Our probe (screenshot shown in Figure 1) contains a tab
with a time grid broken into 15-minute segments arranged verti-
cally for a period of one week (similar to other web-based time
grids for time-use studies [14]). Horizontally, each time segment has
space for a description of the activity, along with a list of co-present
people, any organization(s) involved, a physical location, and space
to select self-aspects activated and needs satisfied by the activity.
In this sense, time-use serves as the shared ground for satisfaction
of being, doing, having, and interacting needs.

For annotating time-use with need satisfaction, the axiological
categories of subsistence, protection, aﬁection, understanding, partic-
ipation, leisure, creation, identity, freedom, and spirituality [75] can
be selected from a drop-down menu that lists both the name of the
need and example doing satisfiers from the matrix. Individuals are
prompted to enter the strength of need satisfaction (or inhibition)
on a scale from —5 (most inhibits satisfaction) to +5 (provides most
satisfaction). We chose an 11-point, end-defined scale as it enables
more response points than traditional 5- or 7-point Likert items,
and has been shown to not meaningfully bias the resultant data [24].
Participants could associate up to six needs with each activity.

3.2 Reflecting on Being: Self-Aspects

To capture the activation of self-aspects in daily life, we first prompted
participants for a global elicitation of their self-aspects. Our probe
included a “Self-Aspects” tab that prompts individuals to list out
their self-aspects (drawing from previous self-aspect and self-concept
elicitation studies [76, 102]). For each self-aspect, individuals are

2We modified the order in which these are presented for clarity on how the probe was
experienced by participants.
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prompted to provide a description and positivity rating from 0-10
from the prompt “how positive do you feel about this aspect of
yourself?” (wording from Banas and Smyth [4]). Individuals have
the ability to return to this tab at any time to add self-aspects that
later become apparent to them.

The self-aspects listed in this first tab are used to autofill a drop-
down menu so that participants can assign self-aspect activation to
specific activities that occur in daily life during the DRM task. This
allows the probe to capture the co-occurence of self-aspect activa-
tion with need satisfaction. For each specific self-aspect activation,
the participant is prompted to enter the strength of activation of the
self-aspect during the activity on a scale from 0 (no activation) to 10
(most activation). Participants could assign up to four self-aspects
to each activity.

3.3 Reflecting on Having: Involved
Organizations and People Co-Present

For Max-Neef’s existential category of having, our probe provided
structure for gathering data on organizations involved, and people
co-present for specific activities. Participants could enter, for ex-
ample, the name of their company, university, or religious group
under “Organization Involved.” In a separate column, participants
could enter the (comma-separated) names of individuals who were
co-present during a specific activity. Participants had the flexibility
to record either specific or general descriptions, such as an indi-
vidual’s name or a generic relationship such as “sister” or “friend
A2

3.4 Reflecting on Interacting: Environments

Max-Neef’s existential category of interacting is associated with
specific places or environments where needs are satisfied. To collect
this information in our probe, we prompt participants to enter the
location name where each activity is taking place (such as “school,”
“work,” or “home”). Again, participants had flexibility as to the level
of specificity of the reported environment.
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Structured Reflection Visualization Dashboard
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Select Type of Visualization: [ Needs -> Actitivites (Categories)

Select Date Range: [08/11/2022 - 08/17/2022

Need Satisfied Activity
Sleep 68 hrs (47%)
98.25 hrs (68%)  Subsistence
Work 26.25 hrs (18%)
21.5 hrs (15%) Protection -
. Talk 12.75 hrs (9%)
. Eat 8.25 hrs (6%)
54 hrs (38%) Affection Prep 7.75 hrs (5%)
- Chores 5.75 hrs (4%)
1 Play Game 4.5 hrs (3%)
25 hrs (17%)  Understanding - Use Tech 4 hrs (3%)
S Exercise 3.75 hrs (3%)
- Lounge 3.5 hrs (2%)
37 hrs (26%)  Participation - Camp 3 hrs (2%)
— Drive 2.5 hrs (2%)
Shop 2.5 hrs (2%)
) Cook 2.25 hrs (2%)
42.25 hrs (29%)  Leisure Reflection 2.25 hrs (2%)
Walk 2.25 hrs (2%)
Cycle 2 hrs (1%
19 hrs (13%) Creation ; Cﬁd(“e 1.5 hr(s ({l/o)
14.5 hrs (10%)  Identity - Play instrument 1.5 hrs gl%)
1.75 hrs (1%) Freedom Car.e ‘for Pet : Lhrs (1%)
'5 5h 40/" Spirituali — — Religious Service 1 hrs (1%)
'2 hrs (10/") Nplrltua ity === Receive massage 1 hrs (1%)
rs (1%) one — Listen to podcast 0.5 hrs (0%)

Figure 2: A screenshot of the interactive dashboard showing time-use satisfying each axiological need, corresponding to
activities. Users can hover over needs to filter down to activities. Percentages on the left can add up to over 100% as more than
one need could be satisfied at a time, so the percentage can be read as the percent of time this need was satisfied.

3.5 Interactive Visualization Dashboard

After the deployment of the probe, activity data was manually cate-
gorized into broad categories for simpler visualizations (categories
were iteratively combined until the visualization reasonably fit on
a single computer monitor). An interactive dashboard was created
for each participant using D3 [10], and shared as a single HTML file.
The dashboard consisted of a dropdown menu with nine choices
of visualizations: needs and activities [detailed and categorized],
self-aspects and activities [detailed and categorized], people and ac-
tivities [detailed and categorized], needs and self-aspects, needs and
people, and self-aspects and people. To support temporal manipula-
tion (shown to support reflection in PI systems [8]), the dashboard
also contained a date range picker allowing the participant to view
data aggregated across specific date ranges, such as a single day or
an entire week.

The visualizations were inspired by Max-Neef’s view that human
needs “must be understood as a system,” and that “needs are inter-
related and interactive” [74]. Given the usefulness of networks for
representing and visualizing complex systems [83], and Max-Neef’s
distinction between need and satisfier, we developed a bipartite
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network model (and visualization) of need satisfaction. The visual-
izations utilize an interactive Sankey diagram (a type of bipartite
network visualization) to visualize all needs at once, and their many-
to-many connections with either activities, people, or self-aspects.
Users can hover over particular nodes (needs, people, self-aspects,
or activities) to filter down to other connected nodes. Each node
is also labeled with a total time use and percent of the timespan
that particular node represents. A screenshot of the visualization
dashboard is shown in Figure 2.

4 METHODS

This study consisted of three parts, and was approved by the Uni-
versity of Colorado Boulder’s institutional review board (protocol
22-0219). The first part included a N = 10 think-aloud study [63]
consisting of the initial self-aspect elicitation activity [76] and a
Day Reconstruction Method task for a single day, using the tech-
nology probe previously described (annotating each activity of the
day with self-aspect activations, need satisfied/inhibited, location,
people co-present, and organizations). The second part was an in
situ deployment where participants (N = 7 after three participants
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dropped out) completed the same Day Reconstruction Method for
up to seven days. The third part was a one-hour closing interview
(N = 7) where participants explored the interactive visualization
dashboard.

4.1 Participant Training and Think-Aloud Study

We began the study with a 1-2 hour training and think-aloud ses-
sion over Zoom for each participant. Participants first received
an introduction to the theory of multiple self-aspects [76], and
Max-Neef’s theory of human needs [74, 75]. After explaining the
technology probe and study logistics, participants were asked to
complete the global self-aspect elicitation activity described earlier.
Next, participants completed the Day Reconstruction Method for
one day while thinking-aloud their thoughts [63] (for either the
current day or prior day, following guidelines for the day recon-
struction method [68].

4.2 Week-Long Probe Deployment

After completing the think-aloud study, participants were asked
to independently complete the Day Reconstruction Method every
day for the next 5-7 days (two days could be missed without losing
compensation to give participants more flexibility in the study).
Participants could add additional self-aspects at any time during
the deployment. Three participants dropped out of the study and
did not complete the week-long probe deployment. Two of these
participants stopped responding to researcher emails without a
known reason, while the third expressed difficulty in using the data
collection component of the probe and did not wish to continue after
the think-aloud session. Seven participants successfully completed
the week-long deployment.

4.3 Qualitative and Quantitative Evaluation

After the week-long deployment, the remaining N = 7 participants
completed a one-hour closing interview over Zoom where they
explored their visualization dashboard (while thinking-aloud) and
participated in a semi-structured interview. Participants were asked
questions about their experience, any insights they learned about
themselves, and they were prompted to provide feedback about
the dashboard and the study experience. After the interview, par-
ticipants completed a closing questionnaire, which included the
technology supported reflection inventory (TSRI), a validated in-
strument for assessing how well a system supports reflection [7],
and a net promoter score question [92]. Audio recordings from both
the think-aloud activity and closing interviews (a total of roughly
27 hours) were transcribed and analyzed in MaxQDA [41] using
inductive thematic analysis [21].

While it is difficult to determine an appropriate sample size for
reaching saturation in qualitative research [40], our think-aloud
study with N = 10 participants falls in within the range of 9-17
participants noted to have reached saturation in a recent review of
interview studies [44]. In addition, this work does not attempt to
make any statistical claims about the results, but rather explores
the potential use of a new technology and reports on how a variety
of different people interact with it in a representative use case.

The point of saturation in qualitative research, a complex and nu-
anced issue [40]. Although our N = 10 think-aloud study is within
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Participant Demographics (N = 10)

3 (18-24 years old)

7 (25-34 years old)

6 male (incl. trans m)

4 female (incl. trans f)

6 Black or African American
2 White

1 Asian

1 Other

3 have children

7 do not have children

5 for-profit organization
1 non-profit

4 student

1($1-$9,999)

4 ($25,000-$49,999)

3 ($50,000-$74,999)

2 ($100,000-$149,999)

1 high school

2 one or more years of college
1 associate’s degree

5 bachelors degree

1 masters degree

Age

Gender

Race

Parent Status

Employment

Income

Education

Five different states
(anonymized for peer review)

Location
(US state)
Table 1: Participant demographics (presented in aggregate to
preserve identity).

the range of 9-17 participants noted to have reached saturation
in a review of previous interview studies [44], it is challenging to
determine saturation in the broad context of understanding need
satisfaction in everyday life. However, we began to identify recur-
ring themes in the data, indicating at least some level of saturation.
Our focus was not on making statistical claims but rather on ex-
ploring the potential use of a new technology and documenting
diverse user interactions in a representative use case.

4.4 Participants

Participants were recruited broadly through email and social media
posts in Facebook groups and Reddit subreddits. Participation was
open to anyone over the age of 18 residing in the United States. Par-
ticipants were compensated up to a total of $40 for completing the
entire study: $15 for completing the initial think-aloud study, $3 per
day up to five days for completing the daily reflection exercises with
the technology probe, and $10 for completing the semi-structured
interview and closing questionnaire.

Ten individuals participated in the think-aloud portion of the
study, and seven completed the week-long deployment and closing
interview. Despite recruiting a convenience sample, the reported
demographics (Table 1) represent a relatively diverse set of individ-
uals across most categories. Age is one exception, as all participants
reported being under the age of 35. As anonymized participant
data is released as part of this study, demographics are presented
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in aggregate in Table 1 rather than on a per-person basis to help
reduce the risk of unintentional participant identification.

5 RESULTS

5.1 Overview of data collected and system usage

All ten participants completed the first 1-2 hour think-aloud ses-
sion and completed the day reconstruction activity for the first
day. Seven of those ten completed up to seven additional days of
reflection using the technology probe, and completed the closing
interview. Taking inspiration from Max-Neef’s original matrix of
needs and satisfiers [75], we constructed a matrix of needs and
satisfiers drawn from participants’ usage of the technology probe,
describing the data collected alongside example satisfiers for each
need (Table 2). Collectively, participants completed the reflection
exercise for a combined total of 41 days, representing an average
of 4.1 days/person.

Participants collectively reported 105 self-aspects, with an aver-
age of 10.5 per participant. On average, participants reported 7.9
self-aspects during the self-aspect think-aloud portion of the study,
and added, on average, 2.6 self-aspects some time later during the
reflection exercise. This suggests that some self-aspects are not
readily available during a global evaluation of the self, and may
only become apparent when reflecting about activation of the self
during daily activities.

Participants reported a combined total of 662 activities, for an
average of 66 activities per person and 16 activities per day. On
average participants associated 1.5 need satisfaction ratings (or
inhibition ratings) with each activity, and 1.1 self-aspect activa-
tion ratings with each activity. The maximum number of needs
associated with an activity was six, and the maximum number of
self-aspects associated with an activity was four. Both of these
represent the max number of spaces our probe had for needs and
self-aspects, respectively, indicating the possibility that activities
could be associated with more needs and self-aspects than our probe
made room for.

5.2 Quantitative Evaluation

The scores of the TSRI are shown in Table 3. While the TSRI is
perhaps more useful as a comparative instrument, given the dif-
ferent personal definitions of “reflection” [7], the scores for our
technology probe lean towards the higher end of the scale in all
three subscales. The average net promoter score value was 9.4, with
all individuals except for one indicating a 9 or 10 likelihood of
recommending this exercise to a friend. These ratings, alongside
qualitative data discussed later, indicate that participants found the
probe to be useful for reflection and an overall worthwhile exercise.

5.3 Think-aloud on Need Satisfaction

A thematic analysis of the think-aloud study on need satisfaction
in daily life identified the following themes: need is experienced
and interpreted individually, need satisfaction occurs across diverse
timescales, and tradeoffs associated with Max-Neef’s theory of
needs.
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5.3.1 Need is experienced and interpreted individually. Participants
used various cognitive processes to assign need satisfaction (or in-
hibition) to daily activities: recalling affect of an activity, comparing
the activity with normative exemplars, evaluating motivation for
the activity, and evaluating outcomes of the activity.

For some participants, the affective component of recalled memo-
ries played a role in assigning needs to activities. Participants would
recall a memory and evaluate if a specific feeling was present, asso-
ciated with a particular need. For example, when deciding whether
to assign leisure to eating breakfast, P8 mentioned “I was... trying
to remember if I felt very leisurely and if it felt nice to just sit there
and not work for a moment.”

Other times, participants relied on comparing the memory of
the activity to either normative exemplars or counterfactual al-
ternatives to the specific memory of the activity. For example, in
assessing the satisfaction of eating breakfast, P8 mentioned they
were rushed and “it would have been a lot more satisfying to not
[have been rushed]”

Participants also closely associated need satisfaction with moti-
vation for an activity, assigning needs that correspond to reasoning
for initiating an activity. For example, after assigning spirituality
to an activity of prayer, P1 said “I don’t think there are any other
reasons for why I would be doing this” Or P8 mentioning “that’s
definitely why I did it” when assigning leisure to listening to a
podcast.

Other times, the cognitive process for assigning need was less
clear. P2 assigned freedom for “sleeping” because “it just reminds me
of being free” While P4 appeared to be doing a semantic category-
matching process with the activities and needs, eventually saying
“I guess this is subsistence” when referring to “bathing”

This diversity of processes for assessing need satisfaction, in part,
led to a variety of different reported needs for similar activities.
P1, for example, considered “showering” as part of their identity,
saying, “it’s my identity, it’s something that defines me.” P3 de-
scribes how showering meets their need for spirituality, “to me, it’s
like meditation.” P9 described showering as meeting their need for
participation, “showing is definitely participating in society.” P6
mentioned how showering provides protection because “it keeps
me free from germs.”

Participants varied significantly in the frequency with which
they assigned certain needs (see Figure 3). Identity resulted in par-
ticularly high amounts of variance, as evidenced by the different
ways in which individuals thought about identity. For example, P3
mentioned how going to the gym satisfies the need for identity
because “I feel like I'm inventing a new me.... it requires commit-
ment” P9, on the other hand, had very few activities satisfying
identity and said “identity is a very, very small portion of me doing
activities and... living life”

Participants were more likely to report a positive need satisfac-
tion score (95% of all ratings), rather than a negative need inhibition
score (5% of all ratings). This might reflect an inherent difficulty in
determining how activities precluded the satisfaction of needs, or a
simple availability bias (recent memory of assigning positive need
satisfaction prompts more positive need satisfaction assignment).
For example, P8 said “I periodically forget there can be negative
satisfiers so I have to go back and think”
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Needs by
Existential Bei
Hstentia emg Having Doing Interacting
Category | (105 Self-Aspects . . o .
. (66 relationships, (662 activities (87 unique
Needs by Activated 26 organizations) over 41 days) locations)
Axiological 705 times) & Y
Category
48 self- t 33 relationshi .
. set-aspects rela 19ns .lps, 285 activities 55 locations
Subsistence (eg., worker, 11 organizations
. . (eg., eat, sleep, (eg., home,
(285 ratings) father, (eg., wife,
. . work) work)
productive) friend, company)
25 self- t 8 relationshi
. o seli-aspects relations ups, 52 activities 21 locations
Protection (eg., servant, 5 organizations
(52 ratings) caregiver (eg., boyfriend (eg., shower, (eg., home,
& giver, &~ boynend, visit doctor) doctor)
partner) sister, clinic)
37 self-aspects 29 relationships, 93 activities .
. o 27 locations
Affection (eg., partner, 2 organizations (eg., cuddle, .

. X ; (eg., neighborhood,

(93 ratings) friend, (eg., friend, spouse, talk on phone, )
. partner’s house)
loving) fast food org) donate money)
30 self- t 25 relationships, . .
. selt-aspects rea 19ns. 'S 64 activities 25 locations
Understanding (eg., student, 8 organizations

. . (eg., work, read, (eg., school,

(64 ratings) learner, (eg., client, peers,
. . class) work)
worker) university)
41 self-aspects 44 relationships, 118 activities .
S o 39 locations
Participation (eg., worker, 8 organizations (eg., hangout,
. . . (eg., home,
(118 ratings) friend, (eg., coworker, friend, housework, office)
active) company) work)
40 self-aspects 27 relationships, 144 activities 37 locations
Leisure (eg., friend, 7 organizations (eg., watch TV, (eg., home,
(144 ratings) musician, (eg., spouse, friend, bathe, park,
spirituality) restaurant) play instrument) restaurant)
30 self-aspects 12 relationships, 76 activities .

. o . 12 locations
Creation (eg., creator, 5 organizations (eg., make dinner, (e, home
(76 ratings) worker, (eg., client, colleague, program, g\;fork) ’

perfectionist) company) workout)
30 self-aspects 18 relationships, 61 activities .

. .. . 20 locations
Identity (eg., learner, 8 organizations (eg., hike, (e, home
(61 ratings) husband, (eg., niece, partner work, & ’

. coffee shop)
worker) company) reflection)
22 self-aspects 10 relationships, 61 activities .
o 18 locations
Freedom (eg., generous, 6 organizations (eg., sleep,
. . . . . (eg., home,
(61 ratings) active, (eg., friend, boyfriend, bike, streets)
spirituality) company) work)
31 self-aspects 9 relationships, 38 activities 16 locations
Spirituality (eg., spiritual, 2 organizations (eg., play tennis, (eg., church,
(38 ratings) naturalist, (eg., spouse, sister, attend service, home,
lover) gym) pray) gym)

Table 2: A matrix of existential and axiological needs, filled in with example satisfiers reported via the technology probe. The
total number of satisfiers for each cell is reported. Inspired by Max-Neef’s matrix of needs and satisfiers [75].

However, some participants did assign inhibiting satisfaction (“I was putting together a lot of needs and letting the score of my
scores. For example, P6 assigned a -3 to both leisure and freedom for other need impact this [different] need” P9).
a work activity, because “it takes up my leisure time” and “I don’t Recall of activity outcomes played a large role in assigning need
have the freedom to do whatever I want.” Participants would also satisfaction scores. This appeared to be a kind of self-evaluation of
assign individual need satisfaction scores from global assessments the activity, such as P5 assigning high satisfaction scores to a work

assignment because “I achieved what I planned to achieve.” The
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Figure 3: Participant lifestyles led to a large diversity in average hours of need satisfaction. Synergistic satisfiers (activities that
satisfy more than one need at a time) allow for more than 24 hours of need satisfaction in a day.

Table 3: Results of the technology supported reflection in-
ventory (TSRI) evaluation, broken down by subscale. The
possible range for each subscale is 3-21, while the possible
range for the total TSRI is 9-63.

TSRI Component Min Max Mean

Insight 15 20 17.1429
Exploration 15 21 19.7143
Comparison 14 19 16.8571
TSRI Total 49 56 53.7143

response of other individuals might also impact the assessed satis-
faction of a particular activity. P9 described rating the participation
satisfaction of work activity as a four (instead of five) because “one
person looked like they were on their cell phone”

5.3.2  Need satisfaction occurs across diverse timescales. Partici-
pants reported temporal disparities when assigning need satisfac-
tion to particular activities. A participant might report need sat-
isfaction associated with an activity that acts as a precondition
to another activity. For example, when assigning a satisfaction of
participation to the activity “showering,” P1 said “I want to be one
with my colleagues and bosses at work...I don’t want them to have
different opinions of me. I don’t stink. 'm okay... it’s kind of show-
ing respect to people that you work with.” P2 mentioned similar
reasoning, for the activity “waking up,” in that “when I woke up, it
was... participation, because I had to work.”

A common temporal difference was between preparing and eat-
ing a meal. P8, for example, assigned subsistence to both activities,
but rated preparing breakfast as a 3, while eating breakfast was a 5.
This highlights that time delay in satisfaction might be indicated
by a difference in satisfaction strength.

Specific needs appeared to have specific temporal patterns asso-
ciated with their satisfaction. P8 describes the difference between
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subsistence, satisfied on a short time scale, and identity, freedom,
and spirituality.

“It’s hard for me to identify when I'm satisfying the
needs for freedom and spirituality and identity...I see
less of the... long term effects of that activity being
repeated over time...It’s not like with eating...you
need to do it...then you just need to do it all over
again. But as you're satisfying those [freedom, spir-
ituality, and identity] needs it’s something that you
build up rather than something that runs out” -P8

The quote from P8 suggests that different mechanisms may be
necessary to evaluate need satisfaction across different timescales,
as needs with longer time horizons for satisfaction may not be
captured within a single week of observation.

5.3.3 Tradeoffs in Using Max-Neef’s Theory of Need. While Max-
Neef’s theory is used to elicit satisfiers of particular communi-
ties [73, 103], the set of basic needs proposed is debatable [60]. In
the deployment of our technology probe, Max-Neef’s theory was
put into direct contact with the daily activities of participants. As
such, multiple challenges and considerations for using Max-Neef’s
theory were identified.

One commonly noted theme mentioned by participants is the
broadness of the subsistence need. For example, P8 said “subsistence
is really the catch all for a lot of different things like eating, working,
and cleaning... like everything I do is subsistence” and P6 said
“subsistence. .. has to do with the majority of a human’s lifestyle””
The data concurs, as 48% of reported time use across all participants
had a positive subsistence satisfaction score.

Assigning needs to activities required the individuals to keep
some representation of the set of needs in their mind. Although
each need was listed in the drop down, individuals tended to quickly
scan and search for specific needs they knew ahead of time. As
such, certain needs could be “forgotten” over short time spans. For
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example, participants noted “wow, I haven’t really been paying
attention to identity” (P8) and “Ohhh this is, this is leisure” (P10).
P5 described how this challenge resolved itself over time, saying
“it [the study] wasn’t that difficult once I got to know what was in
there [the list of needs].”

Some needs were perceived as being more flexible in assignment
to activities than others. Satisfying the need for spirituality, for
example, was often perceived as any activity where a certain state
of mind was present. Participants assigned spirituality to activities
ranging from attending a religious service, showering, playing
tennis, and even completing the reflection exercise itself. Other
needs appeared to have a more narrow scope, such as affection
almost always requiring the presence of another person, or creation
involving some activity that results in a tangible product.

Participants were unsure how to interpret the need for protec-
tion: “I conceptualized it in a few different ways... I didn’t know
whether protection was referring to my own protection or protect-
ing somebody else, and so I just did it for both” This distinction,
between satisfying one’s own needs versus another’s, may have also
been present in other needs such as affection (giving vs. receiving a
massage) or understanding (attending vs. teaching a class).

Overall, however, participants felt that Max-Neef’s set of needs
holistically captured important aspects of life. P10 said “[the set
of needs] really covered most of what I was doing,” and P7 said “I
think all of them had a role to play in people’s life” P9, compared
Max-Neef’s theory with another they were familiar with, Maslow’s
hierarchy [70], “These are all really good needs, and I think that
they are very holistic...I think I prefer this [Max-Neef’s matrix
over Maslow’s hierarchy] honestly, because... it kind of put them
[the needs] on equal footing.”

5.4 Reflection in Data Gathering

Similar to quantified-selfers, our participants reported lessons-
learned about the data collection process itself (e.g., [16]). Partic-
ipants expressed that simply completing the day reconstruction
method had some effect or led to insight about their lives, prior to
seeing any visualization. For example, after selecting all the needs
associated with a work activity, P9 noted “This is making me realize
how much I enjoy my job actually” Simply interacting with the list
of needs can also highlight missing needs, as P10 said (during the
think-aloud), “I have no spirituality... at this time of my life”

The data gathering also led participants to become more mindful
about their day-to-day lives and the activities they chose to engage
in. P9 noted “It kind of shows you... what needs are being met,
why you’re doing what you're doing... what is this actually doing
for me? Like why do I do this habit? I've been doing it for years or
months or days but like why am I doing it?” After completing the
data gathering portion, P8 said “Now that I've completed this and
I’'m not filling in the spreadsheet anymore, I still sort of think about
the things that I do... I had got in the habit for a week of thinking
about my days like that [with respect to need satisfaction].” P7
simply found enjoyment in the data collection, asking “this sounds
fun, can I tell my friends about this?”
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5.5 Reflection in Interacting with the Network
Visualization

Seven of the ten participants completed the closing interview, where
they interacted with network visualizations of their data in the
prototype dashboard. We identified two primary benefits of using
such a visualization system: improved understanding of the self
and setting priorities in daily life.

5.5.1 Improved Understanding of Lifestyle and Self. All participants
reported interacting with the visualization dashboard resulted in
learning something new about themselves. For example, P9 said
“you see what you are, and places that you can work on to kind of
shift those to more to who you want to be, and I feel like this is a
really cool tool to like see that visually laid out” Specifically, four
participants expressed insight at discovering how much time they
spent alone. For example, when looking at the visualization shown
in Figure 4, P6 said

“Ehh no! Wow. It goes to show I need to make more
friends. Wow. So my social lifestyle, my social life is
a little bit bad. So I think I need to improve on my
social life....that’s the change I need to make. I need
to socialize more, make some friends.” -P6

P5 benefitted from the visualization of needs satisfied and people
co-present, saying “It makes it much more easier for me to under-
stand the needs that come with being associated with a particular
person or being alone.” P7 provided an example of this experience
when hovering over the node for his girlfriend (thereby filtering
for associated needs), saying “I thought affection would pop up, but
there’s not much affection, more of subsistence” The same visual-
ization helped P7 realize “I do spend most time alone. I don’t spend
much time with my family, because of work. I'm not really close
with my friends because I spent too much time working. . .it made
me realize... that I need to be out there with people” (P7).

P7 also highlighted how this technology probe and visualization
helped to make their daily life and routine salient and conscious,
directing attention to activities they might otherwise not think of.

“This study has been quite a journey sometimes. My
experience with this study has been fascinating...I
do stuff without even knowing it. Seeing this chart
and all, and seeing what I do, it feels like I don’t do
much. It’s kind of fascinating that I spend most of the
time being alone, just working, watching TV...to see
that me being alone is 60-70% of my time...is quite
fascinating to me.” -P7

The visualizations also highlighted needs that were missing in
daily life. For example, when P8 was reflecting on the aggregate
view of needs and activities, they noticed the low amount of time
spent satisfying spirituality, identity, and freedom, saying “it feels
like those are maybe the least nurtured needs of my entire life”

The visualizations also led to insights about the interactions
between need satisfaction and self-aspect activation. For example,
P8 said “my perfectionist self-aspect is never activated when I'm
receiving my need for affection... nor when I am satisfying my
need for spirituality... so that’s interesting.”
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Activity Categories

1 hrs (1%) A friend — B Bathe 3.25 hrs (3%)
D— == Chores 1.25 hrs (1%)
— BN Drive 3 hrs (3%)
B et 5.5 hrs (6%)
== Exercise 1 hrs (1%)
=== Have Coffee 1.5 hrs (2%)
—— Home 0.5 hrs (1%)
- Leisure 7.75 hrs (8%)
W= Pray 1.75 hrs (2%)
4 h 79 Al
64 hrs (67%)  Alone —— Read 0.5 hrs (1%)
I Sleep 33 hrs (34%)
/7 - Travel 4.5 hrs (5%)
= \/isit Doctor 1 hrs (1%)
19.5 hrs (20%) Colleagues
Work 31.25 hrs (33%)
11.25 hrs (12%) Niece .

Figure 4: A participant’s time use presented in a bipartite network relating activities with people the activity was done with.

The participant was surprised to see so much time spent alone.

5.5.2  Setting Priorities in Daily Life. The dashboard presented vi-
sualizations of self-aspects elicited via a global evaluation alongside
the activation of those same self-aspects in daily life. As such, the
system made visible differences between individuals’ perceived
selves (or, perhaps, ideal selves [45]) and the way in which they
actually live their lives. All participants elicited self-aspects related
to family, and many participants were surprised to see they spent
relatively little time with their family-related self-aspects activated.
For example when P8 looked at visualizations of self-aspects (such
as the one shown in Figure 5) they said,

"So I have nothing for ‘daughter’ so maybe that should
be telling me something... and also nothing for ‘sis-
ter’ Hmmm. Maybe I should have a weekly Zoom
call... with my family" -P8

P10 also realized they spent very little time with family in daily
life, saying “I had daughter as one of my self-aspects, but in this
week I did nothing to contribute to this... which may mean that I
need to... updating my family on how I'm doing and like, asking
that in return”

P5 saw the possibilities of using such a tool to focus on mean-
ingful or productive activities, saying “it [the system] can prompt
me to try to do things a bit differently, because if I analyze the
time I spend on something and I don’t see a lot of value out of it,
then it can be motivation for me to change the way I do things.” P6
expressed similar sentiments, saying “this will enable me to know...
where I need to put more effort. With this data I think I can be more
productive each day”
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6 DISCUSSION

Perhaps the largest challenge in operationalizing the concept of
“need” in daily life is the diversity of ways in which individuals
think about their needs and need satisfaction. Participants in our
think-aloud study appeared to make decisions about need satis-
faction based on affective recall of the activity, comparison with
normative exemplars, motivation for initiating the activity, and
evaluation of activity outcome. This aligns with the philosophical
view that needs themselves cannot be felt, per se, but rather are “in-
directly manifested in desires, in feelings and in other psychological
states” [77]. In other words, needs are not a mental state that can
be clearly measured through a single cognitive process, but rather
are abstract constructs that can be inferred through “sensations,
perception, and introspection” [77].

By using a personal informatics system to collect data about mul-
tiple facets of daily life, individuals can be supported in inferring
how their activities, self-aspects, relationships, organizations, and
environments relate to need satisfaction. The remainder of our dis-
cussion is structured around Max-Neef’s four existential categories
of need. For each, we discuss how participants’ experience with our
technology probe sheds light on collecting need satisfaction data
in that category. We also examine the ways in which our probe
suggests design considerations for personal informatics systems,
more generally.
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Need Satisfied

78.75 hrs (15%) Subsistence

81.75 hrs (16%)  Affection I
65.5 hrs (13%) Leisure l
51 hrs (10%) Creation .
1.75 hrs (0%) Freedom

44 hrs (9%)  Protection =-
81.5 hrs (16%)  Participation .
65.25 hrs (13%) Understanding .
I

36.25 hrs (7%)  Identity - L

L —

11.25 hrs (2%)  Spirituality —
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Self-Aspect Activated

Lover 137.5 hrs (27%)

Social Role B 69 hrs (13%)

Behavior B 13.75 hrs (3%)
Creator 28.75 hrs (6%)
Trait A 69 hrs (13%)

Learner 90.5 hrs (18%)

Social Role A 20.75 hrs (4%)

Behavior A 35.5 hrs (7%)

Friend 40.75 hrs (8%)

E===  Teacher 10 hrs (2%)
Sister 0.75 hrs (0%)
Daughter 0.75 hrs (0%)

Figure 5: Visualization of a participant’s data showing the co-occurrence of need satisfaction and self-aspect activation.

6.1 Doing: Using the Day Reconstruction
Method in Personal Informatics Systems

This technology probe and visualization prototype represents the
first attempt to use the Day Reconstruction Method (DRM) [52] as
part of a personal informatics system. A benefit of using the DRM
was the ability to capture a complete record of the day, as opposed to
an experience sampling method, which only provides momentary
snapshots of experience [43]. While most personal informatics
systems focus on a specific domain of life (such as fitness or screen
time), the DRM allowed for participants to see everything they did
over the course of one week, with meaningful annotations that they
provided (needs met, aspects of the self-activated, and people and
environments interacted with).

Figure 3 makes salient Max-Neef’s concept of synergistic satis-
fier, when a single activity meets more than one need [75]. Some
participants averaged less than 24 hours of “need satisfying hours”
per day (meaning they had some activities that satisfied no needs),
while others had over two days worth of “need satisfying hours” (as
they had activities that met more than one need concurrently). PI
systems could help to facilitate the sharing of synergistic satisfiers
to help improve overall need satisfaction.

The Sankey diagram used for visualizing the data might inad-
vertently suggest an objective of optimization. The visualization
displays the total time spent on various activities and their as-
sociated needs satisfied. It might imply that users should aim to
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maximize their satisfaction by dedicating more time to activities
that appear to provide more immediate or visible need satisfaction.
Our results show how perceived need satisfaction can occur across
diverse timescales, therefore focusing on immediate or easily re-
portable needs could result in neglecting other needs that might be
more challenging to quantify or articulate in short time-spans.

Our results also show that similar satisfiers (activities) can meet
different needs across different participants. This contrasts with
large-scale quantitative studies that attempt to assess need satisfac-
tion by assuming uniform need satisfaction across all individuals
(for a given purchase [112] or written sentence [29], for example).

A challenge of using the DRM was the cognitive burden of com-
pleting the task (similar to other time-use studies [12]). P4 lamented:
“Am I to do this every day? This is really draining.” (They did not
continue with the study.) Some participants would copy and paste
entire rows of activity data for repeated activities such as sleep,
short-circuiting the intended episodic memory recall of the instru-
ment [52]. As engaging in the same general activity can result in
different levels of need satisfaction, this could result in an inaccurate
record.

To reduce the burden of self-tracking, two participants brought
up the idea of using a voice-assistant feature to record spoken nar-
ratives of the day. P7 said “writing it down is quite slow and boring,
I think it should be more of a [audio] record, me just telling you
how my day is, what I did, how it affects me” A voice-recognition
and natural language processing system could parse a spoken
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narrative of the day into individual activities. While associated
needs could be automatically inferred (perhaps using the same
method used to classify sentences by human need described ear-
lier [29, 30, 87]), the system might present the parsed activities to
the user for need annotation, or utilize some other mix of automated
and user-performed tracking (similar to other semi-automated self-
tracking systems [58]).

While the Day Reconstruction Method is intended to be a middle
ground between the experience sampling method and retrospec-
tive reporting, participants still found themselves having difficulty
remembering everything that occurred during the day (“sometimes
you can forget that you did certain activities... and maybe those
activities were important.” —P3). Participants mentioned the possi-
bility of relying on digital exhaust [96] in order to help reconstruct
the events of a day. For example, “you could even look at my Github
commits to see exactly when all this happened” (P8) and “what did
I do at ten o’clock today, let me look at my calendar” (P9). This
suggests that personal informatics systems may be able to aug-
ment the cognitive recall process in the day reconstruction method
by supplying digital traces that help trigger memories of specific
episodes that occurred during the day, such as the daily photo sum-
maries [18] or other smart journaling features [35] identified in
previous lifelogging research [98].

6.2 Being: Visualizing the Self

As Levebvre puts it, people “do not know their own lives very well,
or know them inadequately” [62]. We see a small example here, in
that all participants who saw visualizations of their data (the seven
who completed the final interview) reported learning something
about themselves, and most (five) said they would change some-
thing in their life in response to what they had learned. Notably,
multiple individuals had strong reactions to the visualization of
their data, prompting changes that they may not have considered
earlier (for example, Figure 4). This suggests the individuals were
in the pre-contemplation stage of behavior change (according to
the transtheoretical model), which is a difficult stage for which to
design interventions [89].

The probe was designed to gather both a global assessment of
the self (via the self-aspect elicitation task), along with a day-to-
day record of how the self is activated (via the DRM). Participants
then interacted with a dashboard that visualized both the “global
self” and a “lived self” (aggregated from records of daily activities)
side-by-side. For some participants, the combination of the global
self-assessment (seeing oneself as a son, daughter, etc.) and the day-
to-day record (seeing little time spent with family), made salient
discrepancies between the participant’s current behavior and an
implicit goal state, leading to identification of areas of potential
behavior change.

Notably, our system was not designed with any behavior change
intention, but simply helped participants to identify areas of change
on their own (similar to the intentions of designing for the self [1]).
We can also imagine a more effective system for behavior change
might incorporate elicitations of possible “future selves” [91] or
“ideal selves,” and use that data to create visualizations that highlight
the concurrence between actual and ideal selves, rather than leaving
the ideal self implicit in the users mind.
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6.3 Having: Privacy Considerations for Personal
Data

As the DRM results in a full accounting of daily life, no activity is
outside the scope of record. This brings potentially sensitive and
private aspects of life into contact with the personal informatics
system, a common challenge for informatics systems [36]. While
participants knew that all data would be anonymized before use,
participants varied in their level of specificity of reported infor-
mation. For example, some participants always reported the full
name of the company they worked for, others simply reported
“company.” As the probe was intended to place attention on every
activity throughout a week, sensitive information was likely either
not revealed or missed entirely, which we expect to be partially due
to participants knowing that the researchers would have access
to and be looking at their data, especially during the think-aloud
portion of the study. After explaining the assignment of affection
to an activity, one participant (P7) said “this is weird to be talking
about my girlfriend”

Given the potential for these applications to include sharing
or following features, system design should incorporate features
for transforming data into representations with various levels of
anonymity depending on the use case, and could benefit by directly
applying a risk model (such as k-anonymity [107] or more realistic
models [5]) to data anonymization.

6.4 Interacting: From Personal Informatics to
Transition Design

Although our study recruited diverse individuals from different
communities across the United States, the environments where
need satisfaction occurs provide a shared context across individuals.
PI systems could serve to anonymously aggregate need satisfaction
data across individuals who visit particular locations. This data
could be used to profile how a specific location (such as Central
Park) or a generic class of location (such as home) helps to satisfy
the needs of community members. Community leaders and policy-
makers could then use this data to plan public projects that support
synergistic satisfiers. This data-driven approach, while in need of
robust privacy measures, could also be used to support efforts of
transition designers as they “design for the needs of particular
groups of people in particular places” [50].

6.5 Future Work

Every participant who completed the closing interview expressed
interest in continuing to use the system (“I'm interested in doing
more and more of this” —P3) at various intervals (weekly, monthly,
or quarterly), and many asked if their friends could participate.
As such, we are motivated to build a formal personal informatics
system inspired by this technology probe that facilitates data col-
lection on need satisfaction, self, and time-use. Given the lack of
consensus on a universal set of basic needs [25], we plan to build a
flexible system that can accommodate data collection across any
given set of needs drawn from different theories.

As part of this study, we created and released an anonymized
dataset of 662 activities, annotated with need satisfaction (or in-
hibition) strengths and the general location associated with these
activities. The dataset, along with a complete data dictionary, can
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be found on the OSF repository [79]. We hope that this dataset will
spark the HCI community to develop novel ways of visualizing
individuals’ daily lives and lead to participatory tools for collecting
data and reflecting on needs and satisfaction.

In the long run, improved representations of lifestyles and a
data-driven understanding of how self, time, and place satisfy fun-
damental needs can lead to novel applications to support more ful-
filling lifestyles. For example, we could imagine creating a lifestyle
recommender system that identifies new activities that might satisfy
needs that are currently unfulfilled or suggest lifestyle changes that
would improve need satisfaction while reducing environmental
impact.

6.6 Limitations

The generalizability of this study is limited due to a relatively small
sample size. In addition, the data collection supported by our probe
likely does not capture all components of need satisfaction. We
acknowledge the inevitability of building our own values into the
design of the technology probe, such as the assumption that time
can be broken up into discrete chunks (in this case, 15-minute
segments), and that need satisfaction occurs evenly across time
(which was an assumption implied by our visualization design).

Moreover, we recognize that our analysis could have delved
deeper into the impact of diversity, including race, class, gender,
among others, on the articulation and interpretation of needs. While
we provided a demographic table, we did not thoroughly analyze
how these individual differences influenced the findings, despite
acknowledging the variation in individual interpretations of needs.
This represents a limitation of the present work, and future research
should consider more in-depth examination of these factors in
relation to perceived need satisfaction.

7 CONCLUSION

Using personal informatics systems to gather data on need satisfac-
tion represents a middle path between the collaborative workshops
conducted by human scale development researchers (relying solely
on global self-report of groups) [103] and purely quantitative data-
driven approaches (which make assumptions about uniformity of
satisfaction) [29, 106, 112]. By having individuals annotate time-
use data with need satisfaction information, a personal informatics
approach remains both participatory and scalable, as well as being
closely connected to daily life.

In this research, we developed, deployed, and evaluated a novel
technology probe for capturing data about individuals’ daily life
and how they satisfy their existential needs of being (self-aspects),
having (relationships and organizations), doing (activities), and
interacting (locations). Our technology probe utilized two methods
from psychology, the Day Reconstruction Method and the self-
aspect elicitation task, to create a complete record of an individual’s
time use alongside a global representation of their self-aspects.
The probe was used to conduct a N = 10 think-aloud study and
then deployed in situ for N = 7 participants for a period of up
to a week, resulting in a new dataset of 662 activities in daily life
(with associated metadata and need satisfaction scores), which were
anonymized and released publicly to stimulate HCI research on
need and satisfaction.
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Our think-aloud study (1) revealed that participants think about
their needs and assign satisfaction ratings in a diversity of ways,
(2) showed that perceived need satisfaction occurs across differ-
ent timescales, and (3) uncovered challenges in operationalizing
Max-Neef’s set of fundamental human needs. Both qualitative and
quantitative evaluation of the experience of using the probe indi-
cated that individuals found that reflecting on the visualizations
of their data led to insights about how they live their life, and
prompted indications of behavior change. Overall, our results sug-
gest that while there are still open challenges to operationalizing
a theory of need via direct elicitation from individuals, personal
informatics systems that support reflection on need satisfaction
can be useful to individuals and provide meaningful visualizations
of how needs are satisfied in everyday life.
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