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Chapter 1: Introduction

As the global population ages, researchers and health professionals have increasingly
focused on the lifestyles of older adults. This attention is particularly directed towards the
prevalence of sedentary behavior, which is characterized by prolonged periods of minimal
physical movement and extensive screen time [54]. Studies have documented that older
adults spend between 65 to 80% of their waking hours engaged in such activities [80].
Sedentary behaviors are associated with a range of negative health outcomes, including in-
creased risks of sarcopenic obesity [S7], diminished bone mineral density (BMD) [51], and
heightened cardio-metabolic risks [25]. The recognition of these associations has prompted
the development of intervention approaches aimed at promoting more active living. The
traditional spotlight on the negative health outcomes associated with sedentary habits has
led to recommendations for moderate to vigorous physical activity (MVPA) [52]. How-
ever, such an approach often encounters obstacles including barriers related to confidence
and accessibility to appropriate facilities or equipment [7], as well as the limitations of cur-
rent technologies in recognizing and adapting to individual differences and unique needs
among older adults [78]. These challenges may potentially influence the effectiveness of
maintaining recommended levels of physical activity (> 420 min/week, ~ 60 min/day) and
could contribute to a high dropout rate from exercise programs [39]].

One promising strategy is the displacement of sedentary behavior with more active
movements. This approach has been well-received among older adults, who find the idea

of incorporating light physical activities into their daily routine both feasible and accept-



able [43]. Displacement strategies involve substituting sedentary behaviors with alternative
behaviors or postures that are less sedentary or more active [[72], which can be categorized
into sequential and concurrent displacement. Sequential displacement involves replacing
a sedentary behavior with a different activity either immediately or after some time, while
concurrent displacement refers to integrating a different behavior within an ongoing seden-
tary activity without interrupting it. These strategies are conceptually supported by the
isotemporal substitution model in epidemiology, which analyzes the estimated effects of
reallocating time from one type of behavior to another across a broader time scale. Practi-
cal examples of displacement strategies include standing or walking meetings [16], taking
short active breaks during prolonged sitting periods [18], and using standing desks [55]] are
practical displacement strategies that can effectively reduce sedentary time without neces-
sarily increasing structured exercise sessions. While these strategies have shown promise
across a broad demographic, particularly among young working groups, the specific adap-
tations and efficacy of such interventions for older adults need more attention to fully un-
derstand their preferences and needs within this group. Studies suggest that simple modifi-
cations to the physical environment [30], alongside encouragement [22]] and education [20]
on the benefits of breaking up sedentary time, can facilitate these behavior changes. Tech-
niques such as self-monitoring [13] and problem-solving [40] can further support individ-
uals in integrating displacement activities into their daily routines. Such interventions not
only lead to improved muscle activation [35] and energy expenditure [64] compared to
static standing, but also have been shown to contribute to acute improvements in metabolic
health markers [46,79] and long-term physical function [26]. Despite the clear benefits [11],
there has been a lack of focus on the agency of older adults in adopting these behavior
displacement strategies within different contexts. The exploration of their willingness to
engage in such strategies, their preferences in integrating them into their lifestyle, and the

impact of these strategies on the productivity of the displaced sedentary activities are areas



that warrant further investigation.

This thesis aims to shed light on the decision-making processes and strategies employed
by older adults to displace sedentary and screen-based behaviors. Drawing from theories
in psychology and sports science, I investigate the concept of behavior displacement as a
means to promote healthier, more active lifestyles among the aging population. By examin-
ing the contexts and preferences for behavior displacement, this study seeks to understand
how such strategies can be effectively integrated into the daily routines of retired older
adults. Specifically, I start by investigating the following research question:

How do older adults decide whether, when, and how to displace their sedentary
behavior?

To answer the question above, this research explores how older adults decide to employ
behavior displacement in their daily routines, identifying opportunities for and barriers to
the displacement of sedentary and screen-based activities. Specifically, I designed a base-
line survey for participants to self-report their sedentary and active levels and conducted a
7-day diary study which had participants’ descriptions of daily sedentary activities and their
thoughts about displacement. After the diary study, I conducted debriefing interviews to
further explore participants’ daily routines and their reasons for whether to displace certain
sedentary and screen-based activities.

To analyze the data collected, I adopted both qualitative and quantitative research meth-
ods to thoroughly examine the factors and contexts influencing displacement intention and
strategy among older adults. I conducted thematic analysis of diary data and interview
transcripts to provide insights into the subjective experiences and preferences of the par-
ticipants, and built a logistic regression model to identify the factors influencing their will-
ingness to adopt displacement strategies. This mixed-method approach allows for a robust
analysis of the effectiveness of different displacement strategies and their impact on en-

hancing the productivity and quality of daily life for older adults.



The thesis is structured as follows. Chapter 2 details the related work surrounding older
adults’ sedentary and screen-based activities and behavior displacement to understand what
the current landscape is like. Chapter 3 presents the methodology of my study and breaks
down into parts. Chapter 4 depicts the findings of the study and interviews, including
generalized descriptive statistics, conditions that older adults decide whether to displace,
catalysts showing when they decide to displace, as well as displacement strategies they
considered employing. Chapter 5 discusses the findings in regard to the research question,
as well as limitations and future research for this work. Finally, Chapter 6 discusses the

conclusions made from this study.



Chapter 2: Related Work

2.1 Older Adults’ Sedentary and Screen-based Activities

Sedentary behaviors, particularly those associated with screen time, have been exten-
sively studied due to their implications for health [[17]. Studies have shown that older adults
may tend to spend a significant portion of their waking hours in uninterrupted bouts of
sedentary time [/0]. Technological advancements have led to an increase in screen-based
activities, introducing a significant shift in lifestyle patterns globally [33]]. This universal
trend towards increased digital device use, encompassing smartphones, tablets, and laptops,
has initiated a growing interest in its health implications across all age groups [9, 28], [75]].
Particularly in older adults, previous evidence has revealed the risks associated with pro-
longed inactivity, indicating the relationship between sedentary behavior and metabolic
syndrome [358]. Vancampfort et al. also demonstrated that higher sedentary behavior is
linked to depression among older adults, emphasizing the psychological dimensions of
sedentary lifestyles [77]].

However, considering the diversity and heterogeneity of the aging population, it is cru-
cial to acknowledge that this demographic’s engagement in sedentary activities is multi-
faceted, reflecting a blend of personal choice, environmental constraints, and behavioral
factors in sedentary time accumulation [[10]. Studies emphasized the diverse determinants
of sedentary behavior and the varying perceptions of sedentary activities’ value among

older adults [38]]. This variability influences the effectiveness of interventions designed to



encourage displacement with physical activities, suggesting a need for tailored approaches
that respect the unique preferences and circumstances of older adults.

Despite the clear risks associated with sedentary behavior, some sedentary activities
hold meaningfulness for older adults, serving as avenues for social interaction [44], cog-
nitive engagement [73], and relaxation [S3]]. For instance, Compernolle et al. synthesized
qualitative evidence on older adults’ perceptions towards sedentary behavior, revealing that
while some recognize the health risks, others value the social and cognitive benefits of ac-
tivities like reading, watching TV, and engaging in hobbies [[12]]. This duality underscores
the complexity of designing interventions to reduce sedentary time among older adults.
Further, Wang et al. revealed that older adults’ preferences for activity tracking were in-
fluenced by what they perceived to be the meaningfulness of various activities, including
those considered sedentary, arguing for a personalized approach in technology design that
respects older adults’ diverse values [78]. Additionally, the context and daily patterns of
these behaviors, as explored by Leask et al., provide insights into when and where in-
terventions might be most effective, particularly emphasizing the home environment and
afternoon hours as critical targets for reducing sedentary time [32].

Moreover, older adults often exhibit positive attitudes and perceptions towards certain
sedentary behaviors, suggesting they possess a complex and multifaceted understanding of
sedentary lifestyles. Studies such as those by Maher and Conroy suggest that older adults
can engage in sedentary behavior due to habits and lack of awareness, pointing to the
interventions that increase awareness and promote active alternatives [37]. Ramalho and
Petrica further highlight that some sedentary behaviors, when active and socially engaging,
can have protective effects on mental health and cognitive function, suggesting that not all
sedentary activities are equally detrimental [56].

This landscape of research on sedentary and screen-based activities among older adults

reveals a complex interplay of factors influencing sedentary behavior. While consider-



able progress has been made in understanding the scope and impact of sedentary behav-
ior among older adults, gaps remain in capturing the granularity of daily sedentary and
screen-based routines, and how these factors can affect older adults’ decision-making on
displacing their activities. This thesis, through a 7-day diary study, seeks to address these
gaps by exploring the specific contexts, purposes, and perceptions of displacing sedentary
and screen-based activities, paving the way for more targeted and effective interventions to

promote active living among older adults.

2.2 Behavior Displacement in Sedentary Time

Displacement, within the context of sedentary behavior and physical activity, is fun-
damentally about the reallocation of time from one activity to another [23] 45], a concept
central to the isotemporal substitution model in epidemiology. In this model, “displace-
ment” refers to the act of substituting one type of activity (sedentary) with another (physical
activity) to assess potential health impacts [45]. Here, the term “substitution” is more nar-
rowly defined as replacing one type of sedentary behavior with physical activity, focusing
on the immediate and measurable health benefits [21]]. This principle is not only important
in epidemiology but also resonates in sports science, where the emphasis is on the health
enhancements from replacing sedentary activities with physical engagements [4872].

Rhodes and Blanchard later explored the concept of “time displacement” from a psy-
chological perspective, focusing on “reallocation” which examines the systematic redistri-
bution of time among different activities [59]. It emphasizes the outcomes of substituting
specific time segments with alternative behaviors. Rhodes and Blanchard revealed that
limited leisure time decreased individuals’ confidence in displacing preferred sedentary
behaviors with physical activity, highlighting the impact of psychological factors on the

displacement of sedentary time [S9]. This angle complements the broader discussion on



displacement by acknowledging the mental barriers to replacing sedentary habits with more
active ones [22, 165]].

Healy et al. support the displacement concept by suggesting that even short breaks in
sedentary time can offer benefits to metabolic health [27]. Similarly, Grieco et al. show
that incorporating physical activity into traditionally sedentary settings, like classrooms,
not only enhances students’ engagement but also serves as an effective strategy to displace
sedentary behavior with physical activity [24]].

Displacement has been applied to reduce sedentary time by promoting breaks in pro-
longed sedentary activities or substituting sedentary behaviors with physical activities [42].
Aimed at mitigating the health risks associated with prolonged sedentary behavior [23],
these strategies encourage more active lifestyles across various settings and populations.
Beck et al. systematically reviewed empirical studies to examine whether physical activity
is compensated for or displaced by sedentary behavior in children and adolescents, em-
phasizing the importance of creating interventions that encourage physical activity without
inadvertently increasing sedentary behavior [4]. Similarly, in the context of workplace set-
tings, interventions targeting working adults have focused on practical displacement strate-
gies like standing or walking meetings, as well as the use of standing desks to reduce
sedentary time without necessarily increasing structured exercise sessions [S5, 69].

While there is a wealth of research on displacement strategies in general population,
specific work focusing on displacement in sedentary time among older adults is less preva-
lent [[14]]. Displacement interventions have explored the effects of environment modifica-
tions [22]] and the role of self-monitoring [[11] in encouraging active breaks and reducing
overall sedentary behavior among older adults. The principles of behavior displacement—
such as encouraging short active breaks during prolonged sitting periods [43]—remain ap-
plicable and beneficial for this population. Generally, previous interventions on addressing

sedentary behaviors among older adults have often emphasized enhancing awareness about



the health implications of extended sedentary periods and suggesting physical activity as
a feasible substitute [2, 3]]. However, such interventions have tended to overlook the older
adults’ agency to make informed decisions about their activities and the complex interplay
of personal and environmental factors that influence their willingness to displace.
Recognizing this oversight, I explore the opportunities of displacement within the daily
lives of older adults, acknowledging the complexity of sedentary behaviors. The goal is
seeking to not only foster an active lifestyle but also respect the significance of certain
sedentary activities, thereby preserving older adults’ agency. Through an in-depth explo-
ration of the contexts, barriers, and facilitators associated with the displacement of seden-
tary behaviors, this study aims to fill a critical research gap by providing insights on how to
seamlessly integrate displacement into the daily sedentary routines of older adults in order

to improve the productivity and enjoyment of their activities.



Chapter 3: Methods

3.1 Background

Informed by a review of the current landscape surrounding the sedentary behavior
among older adults, and identifying notable gaps in this area, I designed the study, com-
prising a screening questionnaire, a 7-day diary study, and concluding with debriefing in-
terviews. The aim is to understand the decision-making processes and the implementation
behind behavior displacement in sedentary time among older adults. Often, the reasons
behind their choices to engage or not engage in more active behaviors can be subtle or
even unconscious, necessitating a study that encourages self-reflection and provides rich,
contextual data.

To address this, the study methodically collects data on daily activities, specifically
focusing on sedentary behaviors and the considerations given to displacing these with more
active movements. This approach addresses a common challenge in behavior research:
participants’ recall bias or their difficulty in fully articulating the context surrounding their
behaviors without structure prompts. By requiring participants to document their activities
and thoughts in a diary, this study aims to capture situated insights into the intricacies of
their daily routines and their willingness to incorporate displacement strategies.

However, recognizing the potential burden that extensive data collection can impose on
participants, this study was meticulously planned to streamline the data collection process,

ensuring that I only solicited information directly relevant to my research questions, thus
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avoiding overwhelming the participants. This balance between depth of inquiry and par-
ticipant burden was achieved through iterative refinement of both the survey and interview
questions. These steps were crucial in designing a study that minimizes participant effort
while maximizing the richness and relevance of the collected data. The methods in which

I enabled capturing such data are as follows.

3.2 Study Procedures

I conducted this study between January and February 2024 in the US. Besides one
participant opted for in-person tutorial session, all other participants engaged in remote
procedures, such as the tutorial session and the interview, conducted via Zoom. The study
has been approved by the institutional review board at the University of Maryland. Each
participant was compensated with 60 to 75 USD depending on their completion of the study
(i.e., $20 was provided for engaging in the tutorial session and debriefing interview, and
$40 for successfully completing the diary study. An extra $15 was provided as a bonus for
all seven days of diary writing). Compensation was provided after the debriefing interview

in the form of an Amazon or Target gift card.

3.2.1 Screening questionnaire

In the screening questionnaire, questions were designed based on the Sedentary Be-
havior Questionnaire (SBQ) to assess the amount of time individuals spent on sedentary
activities [62]. Once participants gave consent to participate in the study, they completed
a baseline survey that included questions modeled after the International Physical Activ-
ity Questionnaire (IPAQ), enabling participants to self-report their activity levels [15) 34].
Specifically, this survey asked participants to reflect on and report on the frequency of their

sedentary behaviors, such as time spent sitting or lying down with no apparent breaks, par-
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ticipation in vigorous and moderate physical activity and walking over the past week, as

well as total weekday sitting time.

3.2.2 7-day diary study

Before the beginning of the diary study, participants completed a one-on-one tutorial
session of approximately 30 minutes either remotely via Zoom or in person at UMD cam-
pus. The tutorial session included detailed explanation of the study purpose and participants
were informed how the diary study would be conducted. To ensure their accurate under-
standing, participants were asked to complete the diary using one of their daily activities as
an example.

Participants were provided with two diary formats to cater to their varied preferences
and technological proficiency: an online format accessible via Google Forms or a tradi-
tional physical journal in PDF format. For those participants who were unable to submit
their diaries as soon as the activity was over for some reason, or who were more comfort-
able with hand-writing, they were allowed to print off the PDF version of the diary for
note-taking, and then transcribe the write-ups into the online diary form and submitting it
at their convenience on the same day. I also included the audio-recorded option in online
diary forms, thereby enriching the data captured through varied modes of expression.

The diary was designed to capture specific details regarding participants’ sedentary and
screen-based activities, including any strategies they employed or considered to displace
such behaviors Participants were instructed to document any activities charac-
terized by sedentary behavior or screen usage. They were asked to submit diary entries
daily, with a minimum requirement for at least three entries per day for six out of the seven
days to ensure the integrity of the research. For each diary entry, participants jotted down

the date, time, location of the activity, and provided a detailed description of the sedentary
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Figure 3.1: Screenshots of the Diary Designed in Google Forms

Date *
Date

mm/dd/yyyy ]

Location *

Your answer

This report is about... (check all that apply) *

|:| Sedentary time

|:| Screen time

When did you start and finish this activity? *

Your answer

Please provide a description for each of the following aspects:

1. The purpose of this activity.

Your answer

13



or screen-based activity. This included the purpose of the activity, the postures adopted,
involvement of other people, and any relevant context. Moreover, if the activity involved
screen time, further details were requested, such as the devices and specific apps used, en-
hancing the granularity of the collected data. Reflective sections prompted participants to
identify opportunities where any active movements or physical activity could be integrated
into these sedentary moments, offering insights into potential displacement strategies. Dur-
ing the 7 days, participants received email reminders to submit their diaries on the day they

failed to complete the minimum requirement.

3.2.3 Debriefing interview

Participants completed the debriefing one-on-one interview of approximately 60 min-
utes after their diary study was completed. The introductory part of the semi-structured
interview included an open-ended discussion, inviting participants to share their general
thoughts about the diary study procedure and their perceptions of behavior displacement. I
also asked about their educational, occupational background, and their daily sedentary and
physical activities.

Next, I discussed some specific entries that warranted further clarification through a
shared-screen review of their submitted diaries on a Google Sheet. Before the debriefing
interview, I summarized each participant’s data, highlighting the total number of their re-
sponses regarding whether they displaced a certain activity or not. Participants were then
asked about the challenges or barriers they faced when thinking about behavior displace-
ment, as well as the opportunities they identified for potential displacement in their seden-
tary routines. Further inquiries explored participants’ reflections on moments of challenge
or reward in displacing sedentary activities.

In the final part, I focused on displacement strategies that participants mentioned to em-

14



ploy in their diaries. Questions were asked to explore their preferences for specific strate-
gies, the effectiveness of various approaches, and their views on the relationship between
sedentary or screen-based activities and physical activity. Additionally, I probed the poten-
tial role of technology as a facilitation or any other motivators in encouraging displacement

among older adults.

3.3 Participants

Participants were recruited for this study through the local senior community mailing
lists around the University of Maryland campus and the CJE Senior Life mailing list in
the Chicago area, as well as the snowball sampling. Qualified participants (a) were living
in the United States, (b) were 65 years old or above, (c) had retired from their full-time
occupation, and might be currently involved in either voluntary or unpaid work or hold
a part-time job, but not exceed four hours of sedentary work-related activity per day, (d)
spent at least six hours on sedentary behavior per day during waking hours, (e) did not
have significant mobility issues that might prevent them from engaging in basic physical
activities. They also required a stable Wi-Fi connection at home, devices to join video calls,
and proficiency in English. Participants were asked to self-report their age, sedentary level,
and health conditions in the screening questionnaire, which was included in the recruitment
advertisement or sent to them after they contacted the researcher.

After advertising the study, 16 eligible participants expressed interest and consented to
enroll in the study. During the data collection phase, 2 participants withdrew after the tuto-
rial session and another stopped participation during the 7-day diary study. Their data was
entirely excluded from the dataset prior to analysis. Finally, 13 participants successfully
completed the study (9 females and 4 males, as detailed in [Table 3.1), aged between 65

and 83 (Mean = 71.8, SD = 6.0). This sample exhibited diverse professional backgrounds
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and employment status, with 7 fully retired and 6 engaged in part-time or voluntary work.
All were smartphone users, including 8 iPhones and 5 Android users. Additionally, 11
participants reported using computers, with 9 using Windows computers and 2 on MacOS
systems. The participant demographic leaned towards highly educated older adults, with a
notable overrepresentation of women. Regarding the disability status, 3 disclosed the need
for a cane due to hip and knee replacements (P6) or for extended walks (P3, P12). During
the screening process, various health issues were reported, including arthritis or back and
knee problems (P3, P4, P6, P7, P8, P9, P12), heart disease or hypertension (P3, P4, P6, P9,
P12), asthma or chronic bronchitis (P9), and diabetes or other chronic systemic illnesses

(P1, P3, P7, P9, P10, P13).

Table 3.1: Participants’ demographics

ID | Age (Gender) | Employment | Latest Occupation Education
P1 66 (F) Fully retired Addiction Counselor Master’s
P2 73 (F) Part-time work | Educational therapist Master’s
P3 69 (F) Part-time work | Chemistry teacher Master’s
P4 74 (F) Fully retired Claim adjuster High school
P5 83 (F) Part-time work | Nonprofit organizational consultant | Ph.D./M.D.
P6 77 (F) Fully retired Rehabilitation counselor Master’s
pP7 65 (M) Part-time work | Healthcare management Master’s
P8 65 (M) Part-time work | Peer Navigator Bachelor’s
P9 73 (F) Part-time work | Psychotherapist Master’s
P10 67 M) Fully retired Teacher Master’s
P11 70 (F) Fully retired Focus group researcher Master’s
P12 82 M) Fully retired Professor Ph.D./M.D.
P13 70 (F) Fully retired Teacher Bachelor’s

16




3.4 Data Analysis

First, general descriptive statistics were generated from the screening questionnaire to
understand the participants’ sedentary and active levels, including the self-reported average
daily duration of various sedentary and physical activities. Following this, I processed the
diary data by cleaning and categorizing the reported activities including the location, the
activity purpose, the posture participants adopted, the place when engaging in the activity,
and the digital devices they used. Specifically, activities were coded into categories such as
work and studying, household, socializing, entertainment, religious or spiritual practices,
and maintenance based on established frameworks [71], with a reference to the ATUS
Activity Coding Lexicons [76]. The thematic analysis [6] was performed by first coding
diary entries to capture the contexts of activities and participnats’ detailed thoughts about
displacement. Some participants mentioned more than one activity per diary. In such cases,
I coded only the activity that they considered to displace, if it was clarified in other diary
entries or during the interview; otherwise, I coded the first activity mentioned.

Next, I conducted the thematic analysis to debriefing interviews. The interviews, last-
ing between 35 and 60 minutes, were transcribed manually with the help of Zoom Cloud
transcription services. As themes emerged, the codes were refined and merged. This cod-
ing framework was then applied to the interview transcripts to enrich the understanding
of participants’ decision-making processes regarding sedentary behavior displacement and
the strategies they considered or implemented. The thematic analysis was dynamic, with
the development and refinement of themes as new insights were uncovered through the
coding process.

To achieve a deeper insight into the factors that influence participants’ perspectives on
displacement, binary regression models were developed to explore the influence of dif-

ferent factors on participants’ willingness to employ displacement strategies during certain
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sedentary periods. I used Python 3.9.13 for the data analysis, leveraging the pandas library
for data manipulation, the MultiLabelBinarizer from scikit-1learn for encoding cat-
egorical variables, and the train_test_split function to partition the dataset into training
and testing sets. For statistical modeling, I used the statsmodels library. This analysis
aimed to identify key determinants that may motivate or hinder their willingness to engage

in displacement.
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Chapter 4:  Findings

4.1 Summary of the Diary Data

Participants submitted 332 diaries in total, in which there were 223 (67.2%) responses
of “Yes” and 109 (32.8%) responses of “No”, to the question of whether they are willing to
displace their current sedentary or screen-based activity. Among all the “Yes” responses, 24
(10.8%) diaries were about displacement options participants considered and 199 (89.2%)
for displacement they have implemented. Participants submitted 232 (69.9%) diaries in-
volving both sedentary and screen-based activities, 80 (24.1%) diaries about sedentary ac-
tivities, and 20 (6.0%) about screen-based activities.

The reported locations of sedentary or screen-based activity included living room (41.9%),
office (18.1%), kitchen (15.7%), dining room (11.4%), bedroom (10.2%), public places
such as restaurant and hospital (7.5%), car or bus (4.5%), porch (1.5%), and bathroom
(0.3%) (Figure 4.I). Most activities were engaged with sitting postures (96.1%), oth-
ers with lying (4.2%) and standing (1.5%) (Figure 4.2). In 205 diaries, participants re-

ported places where activities happened, which involved chair (49.3%), couch (17.1%), bed
(12.2%), recliner (6.3%), computer chair (6.3%), rocker (5.4%), transportation seat (4.4%)
such as car seat and bus seat, bench (1.0%), stool (0.5%), and hot tub (0.5%) (Figure 4.3).
Participants engaged in half of the reported sedentary activities alone (55.1%), sometimes
others were also involved, including spouse (20.8%), other family members (9.3%), friends

(8.7%), and others presented (13.6%) such as doctors and repairmen (Figure 4.4). The
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Figure 4.1: Locations Reported in Diary
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reported screen-based activities predominantly involved smartphone (49.0%) and laptop

(46.7%) devices. Additionally, other devices included TV (24.9%), tablet (13.2%), PC
(6.6%), and smartwatch (1.2%) (Figure 4.5).

4.2 Considerations on Whether to Displace Sedentary Behaviors

In this section, I explore the considerations participants made in deciding whether to
displace sedentary behaviors. The focus is on the conditions that influenced older adults’
decisions to either facilitate displacement or constrain their decisions. Participants’ reflec-
tions revealed a balance between the necessity for concentration in certain activities and
the opportunities for movement in others, as well as other scenarios where displacement
was permitted or restricted due to physical fatigue, social norms, personal awareness of

sedentary duration, or equipment or physical space limitation.
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Figure 4.2: Postures Reported in Diary
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4.2.1 Attention Demands in Activities

The decision-making process regarding whether to displace sedentary activities among
older adults is frequently influenced by the level of attention required by the task at hand.
Many participants generally expressed this in the interview that when they considered
whether to displace their sedentary activities, usually this decision depended on if focus
was needed, and whether displacement could then become a distraction from the activity or
not. As participant P7 stated, “the only issue is that you have to be at a point where you can
make a change without interrupting whatever you’re doing at the moment.” Here, I explore
how participants navigated their decisions on displacement, categorized under two condi-
tions: when divided attention allows for displacement and when full attention necessitates

task completion without distractions.

Tasks Feasible with Divided Attention Allow for Displacement

In scenarios where tasks that can be handled with moderate or divided attention, par-
ticipants found opportunities to displace their sedentary behaviors. These activities usually
include attending online sessions (P2, P7, P9), leisure reading (P11), and watching TV
(P11, P12). P2 shared several instances where familiarity with the content or the nature
of the engagement allowed for displacement, such as “I did know some of the information
which was discussed, so I was able to get up from my chair and walk a short distance
while listening to the webinar.” This suggests that prior knowledge or passive participation
in an activity enables the implementation of displacement without sacrificing engagement
quality. This can also be applied to religious activities, which are typically considered to
require intense attention. During an online prayer session, P2 felt comfortable enough to
“try walking around while he spoke before beginning the prayers” since “several times a

week I participate in this prayer session with a rabbi and others on the phone.”
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Similarly, the ability to displace during less demanding moments of a Zoom session, as
echoed by P9: “when we were asked to turn video off, I did go upstairs for tea and walk

»

around when I got back on.” P7 further exemplified how the perceived requirement for

concentrated attention influences the decision to displace:

The Zoom session required concentration, however the beginning of the con-
ference recording and several emails didn’t require as much focused attention,
so I could stand up, stretch and bend, so walk a short distance and back while

still listening to the recording.

Additionally, P2 utilized moments of less intense concentration during a Zoom presen-
tation to attend to her physiological needs, “got up for a cup of coffee and stretched when I
didn’t need to focus as intently,” demonstrating how even short breaks for self-care can be
incorporated into less demanding segments of their schedule.

P11 highlighted certain leisure reading activities where the need for intense focus was
lower, allowing her to incorporate movement. She mentioned, “Reading on the couch, 1
did stop every few pages to do a few minutes of tai chi... And earlier I did walk around
while reading and stood while writing texts.” P12’s approach to integrating exercise while
watching TV demonstrated a deliberate strategy to displace sedentary behavior when atten-
tion on the primary task allows for it: “Exercise is a valued activity. TV makes it tolerable.”
P11 also showed the same feeling, “Especially watching sports, I am motivated to move

around more.”

Full-Attention Tasks Hinder Displacement

While divided attention allows for displacement in certain contexts, sedentary activities
that demand full attention often hinder such displacement. Participants identified activi-

ties requiring deep thought, concentration, or emotional engagement as those necessitating
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undivided attention. These activities include work-related activities (P2, P7, P9, P11), so-
cializing with family and friends (P2, P10, P11), religious and spiritual practices (P1, P2),
household financial management (P7), playing puzzles and games (P10).

Work-related activities are particularly noted for the high levels of focus they demand.
For example, P2’s involvement in discussions with educational therapists and P9’s psy-
chotherapy sessions with her clients are situations where displacement is avoided to main-

tain task effectiveness. P2 described:

This was a discussion with other educational therapists problem-solving and
sharing instructional techniques and strategies to help our students. It required

focused attention and thought, so I didn’t move around.

Similarly, P9 noted the importance of concentration in her work:

Doing psychotherapy takes my full concentration, it would be disruptive if 1
stood up. Today I was very absorbed and leaning forward to try to connect

with client further.

In terms of social interactions, the nature of conversation can determine the potential
for displacement. P2 highlighted a moment of deep engagement with her family, “I was
more focused on asking specific questions about her (daughter) and the family, and think-
ing out brief explanations about my recent activities to save time, so hadn’t thought to
stand up and walk a little.” P10 also showed the same worries when he was interacting
with grandchildren: “talking to my grandson about what he read requires staying in one
spot so he doesn’t lose focus,” highlighting a common perception that certain tasks not only
require full attention but also that displacement could compromise the activity’s integrity
or the quality of the engagement. Meanwhile, P11 reflected on the distractions that could

occur while attempting to multitask during socializing: “I feel distracted when I do this -
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neither paying attention to the person on the phone, nor the material I'm reading.” How-
ever, P11 also acknowledged a balanced approach where displacement did not detract her
from engagement: “Instead of walking around the house talking, I thought the YouTube
lesson while talking was a good idea... I think some calls require or deserve undivided
attention, but it was easy and satisfying to talk and do gentle gigong while talking and not
feel distracted.”

Religious and spiritual activities also demand a high degree of focus, as participants
like P2 wish to “focus and concentrate on the meaning of the prayers”. Similarly, P1’s
meditation practice was also described as a time that required concentration, where she
focused on reprogramming her brain using DBT techniques to change longstanding un-
healthy thought patterns stemming from childhood trauma, “I need to focus on changing
thoughts, other activities would be a distraction to me internalizing what I need to change.”
But she also pointed out the potential for behavior displacement, in her proficiency in the
skill of meditation, “I think in the future I will be able to add movement once I learn how to
actively listen,” which can correspond to the decrease in attention required for the activity
due to the familiarity I mentioned previously.

Moreover, some participants expressed their concerns about disrupting the flow of their
work or being unable to maintain the necessary level of engagement if they were to intro-
duce displacement. For example, when finishing his financial management, P7 wrote that
“I really had to concentrate for this because it was a part of the application I had missed |
didn’t want to interrupt the flow or take any longer doing them than necessary.” P10 found
the same when he was engaging with puzzles and games like Sudoku which required high
cognitive demands: “All of the activities involved sitting in one spot in order to fill out the
puzzles. Getting up to move around would stop the creative flow required for completion of

the task.”
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4.2.2  Overall Productivity and Quality

The relationship between displacement and overall activity productivity reflects a care-
ful balancing act by participants between maintaining engagement in activities and enhanc-
ing their health and well-being. The decision to remain sedentary or to displace involved
a nuanced consideration of how movement interacted with task effectiveness and personal

satisfaction.

Displacement Impedes Overall Productivity and Quality of Activities

For many participants, the decision to remain sedentary instead of displacing the activ-
ity often extends beyond work-related tasks, including leisure activities and situations re-
quiring timely completion, based on the understanding that certain activities require seden-
tary postures to keep task productivity.

Entertainment immersion was frequently mentioned by participants as a compelling
reason to stay sedentary, including watching movies and TV shows (P3, P4, P5, P9, P13),
playing the piano (P9), reading articles (P9), and relaxing with a cigar (P10). For example,
P3 experienced being attracted by a movie, as she expressed, “the movie was good so I did
not want to get up.” This reluctance was mirrored in situations where the entertainment
experience was so engaging that even the thought of displacement seemed disruptive, as
PS5 reflected on being caught up in an unusual story: “The movie was very riveting and an
unusual story so I felt somewhat reluctant to get up and move.” Similarly, P9 described
an instance of being so captivated by an interesting TV show that the thought of displace-
ment just slipped his mind: “I could have interrupted the activity, but I forgot, just wasn’t
thinking about doing so. I was perfectly comfortable watching the show which was funny
and engrossing.” Watching games is another leisure activity that led participants to keep

sitting and focused, as mentioned by P13, “I usually stay with a game during the first half,
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especially one that is as social as this one was.”

Additionally, personal interests can influence the preference to stay sedentary. P4 loves
cooking and found herself fully engaged in watching cooking videos. P9 shared a similar
depth of engagement, describing the act of playing the piano as “very absorbing” and “love
sitting there playing.” The same feeling was mentioned when P9 was reading articles,
“Getting restless, feeling like I need to get up, but at the same time, very absorbed in
reading articles.” P10’s choice to remain seated and enjoy a cigar, “Movement would
have disrupted my peaceful time,” also exemplified how personal enjoyment can influence
participants’ decisions on whether to displace or stay sedentary.

The urgency to complete tasks efficiently, often without allowing for displacement,
appears to contribute to deliberate decisions to remain sedentary. This is vividly illustrated
through the experiences of several participants who faced tight schedules or were absorbed
in completing specific tasks in one sitting (P2, P3, P4, P5, P7, P11, P13). P2 highlighted a
scenario that she rushed to prepare for an online meeting, “I had just heard about the Zoom
session shortly before it began so I quickly tried to finish my earlier messages and emails so
I could begin on time, and therefore didn’t get up and move.” Similarly, P3’s description of
a constrained morning routine, “My time was limited because I had to begin facilitating my
Zoom class at 3:30 and had to shower first,” demonstrated how the necessity to adhere to
a schedule can prioritize sedentariness. P4 further talked about the time-limited transition
to household chores, in which task urgency superseded the consideration for displacement:
“Had to quickly move on to laundry...no time to be mindful about posture/exercise.”

PS5 also described a compelling nature of engaging tasks, who was determined to finish
a book in one day, “There was about 1/4 of the book left I decided that I wanted to finish
it today as it was an excellent read.” Similarly, P7 jotted down her rush to organize and
complete a set of disorganized and urgent documents, “I just happen to have a lot of de-

tailed documents I need to provide which were all last minute and unplanned. That gets me
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disorganized and hyper-focused on getting them complete.”

Both P11 and P13 shared their strategies for managing time-sensitive projects and tasks
in one sitting. P11 aimed to complete short projects in a single session, “When I work
on a short project like this, I try to get it done in one seating,” reflecting a preference for
efficiency over displacement. P13’s goal to quickly navigate tasks to return to daily chores,
“I wanted to get through this task quickly so I could get back to my daily chores,” also led

to extended periods of inactivity without displacement.

Displacement Improves Productivity and Quality of Activities

However, participants also noted instances where such displacement served not as a
distraction but as a means to enhance overall productivity. Rather than impeding the task
at hand, certain forms of displacement have actually contributed to better performance and
increased older adults’ mental and physical well-being.

Multitasking and Efficient Learning. For some participants, displacement is an opportu-
nity to multitask effectively, combining necessary chores with learning or screen time (P1,
P2). P2 mentioned maximizing time by combining eating with screen time, “combine both
eating and brief screen time to maximize my time,” illustrating the productivity that can
come from multitasking and save time. P1 took this advantage of displacement to improve

her learning efficiency, as noted in her diary:

I would like to help with my short term memory whilst including mopping and
sweeping my apt. helping with not being sedentary whilst learning new infor-
mation. Which could be a reinforcement for learning a new language improv-

ing my memory.

This concurrent displacement mentioned by P1 also spoke to a broader goal of en-

hancing cognitive function through physical activity: “Reprogramming my brain to match
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exercise and DBT practice skills — build tolerance to exercise at the same time as practicing
my DBT skills.”

Enhancing Physical Health for Productivity. Displacement was also seen as a way to
improve stamina and physical health, which in turn contributes to productivity (P1, P5, P6).
For example, P1 observed a renewed vigor from displacing her sedentary time, “It feels
less tiring since I stopped working out about a year ago, and I am building my stamina
back up again.” She also articulated a transition plan that involved “changing from sitting
to standing and doing low-impact senior class exercises and incorporating weights for
strength” in order to “increase cardiovascular with time and persistence.” Meanwhile, PS5

found motivation in an article about balance, which prompted immediate action:

I am always looking for ways to improve my balance. The particular article
in the newsletter was about balance and strength and included instructions
for balance improvement, which was the cue that I needed to engage in the

activities.

Moreover, P6 saw displacement as an opportunity to continue the benefits of physical
therapy after its conclusion, choosing to “renew physical exercise since termination of PT
for my back,” reflecting a proactive approach to maintaining and advancing one’s physical
health as a component of daily productivity.

Promoting Mental Well-being. From a mental health perspective, displacement emerged
as a therapeutic tool (P1, P8, P11). P1 noted the benefits of incorporating exercise into
her meditation for mitigating depression and anxiety, “I feel better with movement when I
feel depression or anxiety coming on; it really helps my anxiety subside.” The intentional
addition of weights to her exercise routine was seen as beneficial rather than burdensome,
“The added weights to exercise is not a distraction, I feel less feelings of exhaustion with the

extra 5 min today.” Connecting physical movement with social interaction also proved to be
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energizing for P1, who wrote that “doing some stretching while FaceTiming with family can
make me feel more connected in body and spirit.” She further planned on “switching into
stretching half into to audio to keep my mind and body healthy and in tune with each other,”
reinforcing the link between displacement and mental well-being for activity productivity.
Echoing with P1’s experiences, P8 shared a similar feeling that displacement improved his
well-being while working: “I feel better than I have in a long time by including exercise
and movement during my sedentary time.” P11 also mentioned strategies for making her

activity more enjoyable when implementing displacement, as she described:

I want to pace myself better for more active and pleasant departures from
sedentary time - that is, not just moving about the house cleaning, feeling over-
whelmed by how much there is to do, but balancing what has to be done with

time engaged in more pleasurable movement.

To achieve this, P11 tried to “switch to music during chores to add some ’pep to my
steps’ instead of having TV on, so I don’t get caught up in a movie or show and just keep

working.”

4.2.3 Physical Fatigue

Physical fatigue, whether from the day’s activities or specific exercise routines, stands
out as a significant barrier to displacement. For example, P2 reflected on choosing to
remain sedentary due to tiredness from the week, “Although I had thought of getting up and
moving, I was tired from the week and needed to devote my energy to reading and reflecting
thoughtfully on a number of the articles.” This sentiment is echoed by many participants.
P3 described her relaxing morning, illustrating how physical tiredness can evolve into a
cherished opportunity for rest, “I am tired since I woke up earlier than usual today so it

was nice to just sit and watch Hallmark movies, the news, and late night shows.” Similarly,
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P4’s varied reasons for sedentariness, from post-dentist visit fatigue to simply wanting to
rest after a day filled with kitchen repairs, further highlighted the preferences to seek rest
in response to physical tiredness.

P7 provided insight into how preceding physical activities shape subsequent sedentari-
ness, explaining a period of rest was needed after a “45-minute high-intensity workout
class... I was tired and felt I banked enough time with the class to make up for the sit-
ting during work.” This notion of “banking” physical activity to justify later sedentariness
underscores a common rationalization process among participants.

The feeling of requiring rest is repeated by P9, who, after a day filled with shoveling
snow and treadmill work, expressed, “I could’ve interrupted the activity, but didn’t want
to. Tired after a long day... It’s just nice to sit sometimes.” Similarly, P10 reflected on
the aftereffects of exercise, “I just completed 90 minutes of biking and I was a bit sore...
I felt I had gotten enough exercise for the day,” highlighting how recent physical exertion
influences their willingness to engage in further movement. P13’s writing about exhaustion,
“I'm ready for bed, exhausted”, alongside “using time to relax and catch up on the mail
after a busy day”, outlining a wider trend among participants.

The decision to remain sedentary was often directly related to physical fatigue, whether
from daily routines, exercise, or simply the cumulative effect of a busy day. This collective
perspective underscores an understanding among older adults that while physical activity
is valued, the need for rest and recovery is equally important and can influence the decision

of sedentary behavior and displacement.

4.2.4 Social Norms

Social contexts and the presence of others often play a critical role in determining the

appropriateness of displacement. Situations like lectures, social gatherings, and work meet-
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ings typically require participants to maintain a stationary position. For example, P1 high-
lighted the need for sedentariness during a community lecture, noting, “Lecture did not
include anything except listening and speaking, any kind of movement would be disruptive
for the speaker.” Similarly, P3’s experience during a distressing phone call, “My friend
called because she saw an ad on TV that upset her and wanted to talk...I needed to listen to
her concerns and not think about changing my posture,” showcasing how social etiquette
and the need for focused engagement limit opportunities for displacement.

The influence of social settings extends to more casual environments as well, where
even the potential for interaction can limit opportunities for displacement. P3 felt restricted
by the possibility of needing to respond during a Zoom meeting with breakout rooms,
“Even with many break out rooms, I felt that I could not get up from my computer in
case someone came out of the room with a question.” Meanwhile, P7 and P8 encountered
social dilemmas that prevented movement, whether for fear of altering the group’s mood
or needing to address a patient’s immediate needs, as P7 described, “I was behind on my
work and had a patient contact me right as I was going to stand up. Had to sit for another
hour to take care of him.”

P9’s consideration to stand at the back of a theater, “I got tired of sitting and it occurred
to me that I could stand...but this isn’t socially accepted,” along with P10’s challenge of
integrating movement in a quiet college library, revealed the pervasive influence of social
conventions on individual behavior. Even in more private settings, the reluctance to appear
unconventional can be a significant barrier, as P11 admitted about not standing up at a
neighbor’s house, fearing to “seem weird,” only to later recognize, “She certainly wouldn’t
have cared...Lesson learned.”

Pets can also contribute to these social norms, despite in a more personal and comfort-
ing manner. P3’s and P9’s diaries about their pets, “Old cat sitting on my lap” and “Hard

to get up from sofa if cat is on lap,” respectively, highlighted how the companionship of
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pets can lead to prolonged sitting, adding another context to the complex decision-making

process of displacement.

4.2.5 Individual Awareness on Sedentary Duration

Another aspect of whether to displace a sedentary behavior relates to the duration of
being sedentary that doesn’t warrant movement based on older adults’ self-awareness. This
concept was evident in several participants’ descriptions of their activities.

For example, P6 noted the brevity of inputting lottery data as “not sitting long enough”,
considering it as too short to “think about standing or stretching”. Similarly, P9 shared that
“I'was only going to be here a short time” when she was reading the news in bed, implying
that the expected short duration diminishes the motivation or thought to move.

P10 echoed this feeling across several tasks, each with a defined and limited timeframe
that did not justify displacing the sedentary behavior. Whether it was researching a hot
water heater, “I was only going to be online for a short time,” completing puzzles, “I knew
that I'd only be doing the puzzles for an hour,” or reading the newspaper, “I only sat for
about an hour,” the time boundary of these activities led to the perception that displacement
was unnecessary.

Furthermore, P10 also rationalized the decision to remain seated based on the activity’s
length, “The goal was to read the Washington Post for information and entertainment. [
did not feel the need for exercise due to the shortness of time for this activity,” highlighting
how the anticipated end of sedentary time can prevent the desire or thought to implement
displacement. P11’s morning routine provided a similar context, “The time I had was too
short to even think of doing more than sitting...or standing instead,” suggesting that when
sedentary activity is perceived to be brief, the priority remains on the primary task rather

than on opportunities for physical activity or any movements.
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4.2.6 Equipment Use and Physical Space Constraints

Equipment use and physical space constraints also play a crucial role in limiting dis-
placement opportunities. For instance, P3 describes the physical challenge posed by furni-
ture, “Her couch is hard for me to get off of, so getting up once to leave is difficult enough,”
acknowledging how the effort required to get up from a comfortable place can prevent her
from getting up more frequently.

Similarly, the necessity to remain in proximity to technology, such as P9’s experience
where “the iPad was charging near the bed,” showing the physical constraints of devices
can limit their mobility. P6 mentioned the use of landline phones, which inherently re-
stricted mobility, also emphasizing this.

Furthermore, the act of driving, as noted by P8, “While driving, I cannot interrupt to
change my posture,” is a clear example of an activity that physically confines an individual,

showcasing a sedentary state for the duration of the task.

4.2.7 No Displacement without Purpose

Displacement from sedentary activities among older adults is often a decision motivated
by specific reasons or needs that arise during their routines. Participants reported that there
is usually a discernible purpose behind the choice to displace sedentariness. In contrast,
participants were not compelled to displace without a purpose.

Participants like P2 stated the need for preparation during spiritual practices to avoid
interruptions: “I had already brought all the prayer books and sheets which I needed before
I sat down,” suggesting unnecessary reasons for displacement once settled into a task that
requires focus and devotion. Further illustrating this point, P2 expressed a deep engagement
with the act of praying, “I was focusing intently on the prayers and didn’t think of any

reason that they needed to be interrupted,” indicating the absence of a compelling reason
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to move.

P3 echoed this during a Zoom meeting, having made sure that “I had everything I
needed at my desk,” and also by her recognition in the interview that displacement only
occurred out of necessity: “I realized that I only interrupt sedentary postures when I have
something I have to do.” This revealed a pattern where participants only consider displace-
ment if a particular task or need calls for it, which is also reflected in P11’s statement: “/
had no reason to get up from the table.”

The need for displacement or the choice to remain sedentary can also be influenced by
the completion of goals, as P7 described, “If I get prompted by the Health App I might

stand up a bit but I won’t since I passed the goal a long time ago today.”

4.3 Catalysts for When to Displace

Following the exploration of “whether” to displace, this section shifts focus to “when”
older adults decide to displace their sedentary activities. The timing of displacement is
influenced by a variety of catalysts that prompt movement. In the context of behavior
and psychology, a catalyst can be any external or internal factor that prompts a change in
behavior or mindset without being fundamentally changed itself [63] 166].

While Section[d.2] focuses on the evaluative process which considers the cognitive and
physical implications of displacement, Section [4.3]is more about seizing or creating mo-
ments for displacement based on external and internal catalysts. In addition, I also describe
what participants reflected on their thoughts about displacement and sedentary activities

from this study.
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4.3.1 Mitigate Pain and Discomfort

The internal catalysts influencing participants’ willingness to displace sedentary activ-
ities largely revolved around relieving physical pain or preventing discomfort.

Pain and stiffness were recurrent themes that necessitated movement, as participants
reported a need to relieve stiffness and pain caused by long-time sitting (P1, P5, P7, P9,
P11) or to mitigate coldness caused by the cold temperature since the study was conducted
during the winter (P5). For example, P1 reported “getting stiff after sitting for 2hrs” and
P6 reported “lower back pain” as triggers for displacement, while P7 wrote that “my back
hurting was the cue to stand up and move back and forth”. Similarly, P5 was prompted
many times to move to alleviate coldness, underscoring how bodily discomfort acted as a

powerful stimulus for activity. Like she wrote in her diary:

Being cold caused me to interrupt sitting so that I could benefit from warmth

generated by exercises.

Concerns about the negative health consequences of prolonged sedentary behavior also
emerged as a common internal catalyst (P2, P3, P9). P9’s reflection that “the cues were
thinking of these big blocks of sedentariness I am now realizing I have,” highlights an
awareness of sedentary patterns, which then motivated displacement implementation. This
awareness, coupled with the experience of restlessness as mentioned by P9, showcases her

thoughts about initiating a break from sedentariness:

I get restless sitting for long periods so I considered keeping my video off and
walking around for the training. Doing this was good for my joints and mus-

cles.

P1 also expressed a proactive attitude towards displacement to keep active. She wrote

that “standing after any period of [sitting] will keep me flexible as part of the aging pro-
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cess” and “staying in movement is vital as I age so I can enjoy retirement fully”, indicating
an awareness of the long-term benefits of regular movement. This sentiment was echoed
by her acknowledgment of increased tension with age: “I notice as I age my shoulders and

above my neck get very tense”.

4.3.2 Unplanned Events and Scheduled Tasks That Prompt Movements

Conversely, external catalysts are influential factors that provoke a shift from sedentary
behaviors, compelling participants to integrate displacement through activities or respon-
sibilities [61]. These catalysts can be divided into two main categories: unplanned events

and scheduled tasks.

Unplanned Events

Unplanned events refer to spontaneous occurrences that prompt participants to con-
sciously incorporate movements into their sedentary routines as displacement.

Social requests from others are a common trigger for displacement. Participants demon-
strated a proactive approach to these requests, using them as opportunities to break seden-
tary patterns (P2, P3, P5, P6, P9). For example, P2 remarked that “As soon as my husband
asked me to pick up an item at the store, I immediately got up to add it to my list, so that |
wouldn’t forget and to move.” Other participants also encountered instances where interac-
tions with other people required them to displace their sedentary activities. P3, for instance,
described “setting up the kitchen for daughters and granddaughters who are coming over
for beignets and coffee” in her TV commercial time, an activity that naturally displaced
sitting time.

Other requests from the community also played a role in prompting intentional displace-

ment. P5 received a notification that a neighbor required assistance due to a misdelivered
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package, and P6 described responding to a call to deliver hot lunches within the building.
These examples illustrate the significant impact of community engagement on sedentary
behavior among older adults.

Spontaneous tasks that involve responding to phone calls or sudden to-dos, prompting
participants to intentionally stand up and address the issues at hand instead of waiting for
other time (P2, P3, PS5, P7, P12). For example, P2 described a variety of instances where
unexpected tasks necessitated movement: “The landline phone rang while I was sitting so
I purposely jumped up and checked the phone’s answering machine in the basement ” and
“While praying, I remembered the name of a person who was just injured, so got up to
add the name to my list of ill and injured people for daily prayer.” Game-related tasks also
emerged as unexpected in P3’s experience. She mentioned a task from Pokémon Go as a
potential reason for displacement, which reflects the opportunities for leisure activities that

require physical action to become prompting tasks that displace sedentary behavior:

There are Pokémon Go tasks that involved walking certain distances. Maybe |

should walk around the house since it’s below zero outside.

Physiological needs including necessities such as food, beverage and bath also worked
as prompts for displacement for most participants. For example, P2 stopped screen time to
make coffee, while P13 had to stand up to make a snack when she started to feel hungry.
Medication is another critical part of daily routines among older adults, as P6 gave an
example of her routine, “Remembered to take medications. Moved to kitchen for water,
then to bedroom for meds.”

A noteworthy point of reflection came from participants who expressed that they tend
to displace sedentary activities only when something needs to be done. P3 acknowledged
in her interview that “I only interrupt sedentary postures when I have something I have to

do”. Similarly, P11 discussed about the reality of needing a compelling reason to get up,
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“I have no reason to get up from the table”, emphasizing the role of purpose in motivating

movement.

Scheduled Tasks

Scheduled tasks include household chores and personal management that inherently
involve physical movement, essential for daily living or maintaining a household. These
tasks often offer a predictable break from sedentary activities and include chores and other
planned activities (P4, P5, P6, P7, P11, P13). For example, P5 stated that she decided to
complete the laundry to break her screen time: “The buzzer on the clothes dryer dinged
and when I heard it, I chose to leave the computer to take garments out.” P6 also resonated
with this when she was reminded to pick up her mail: “I needed my mail and the laundry
cart”, requiring her to immediately leave the sitting status.

The need to maintain order within the home environment can often displace sedentary
time, as P5 found that “I knew that I had this time free and last evening I became aware
that my supplies of yarn were in a mess and needed to be cleaned up,” so she decided to
“tackle this chore in the amount of time before starting checking emails.”

Moreover, P11 conveyed the high volume of activity that can be inherent in household
management, “Household chores are extensive right now... so the sit time probably would
have been longer if I didn’t "have to” get up to tackle chores and errands that must be
done.” This suggests brief but frequent opportunities for displacement due to household
in older adults’ daily life. The act of meal preparation for family members and friends
also became a catalyst for displacement, as P5 described repetitive stand-ups required in
cooking: “I had also put together lunch which I had to get up to continue to watch that it
didn’t burn,” as well as in P13’s diary, “need to get up and cook dinner for grandchildren”,

which further emphasized the role of these everyday responsibilities in displacing sedentary
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behavior.

Pets can also play as a significant catalyst of a scheduled responsibility in prompting
movement. As P9 wrote in her diary, “took short break (between piano practice sessions)
to pet the cat,” illustrates how even brief interactions with pets can encourage breaks in

sedentary time.

4.4  Strategies for How to Displace

Participants in this study considered or employed a variety of behavior displacement
strategies in their different sedentary and screen-based activities. Based on time displace-
ment by Rhodes et al., I categorized these strategies into sequential and concurrent dis-

placement [S9]].

4.4.1 Sequential Displacement

Sequential displacement involves replacing a sedentary behavior with a different activ-

ity either immediately or after some time.

Take a Break Within a Sedentary Activity

The adoption of short, deliberate breaks for standing and stretching is a common strat-
egy among participants, serving as an effective way to the discomfort and stiffness associ-
ated with prolonged sedentary activities (P1, P2, P3, PS5, P7, P8, P10, P11, P13). For exam-
ple, P1 described a scenario reacting to her physical discomfort by incorporating stretching
into her routine, “MYy back started hurting, and so I stood and stretched.” This displace-
ment evolved into a habit of standing to break the sedentary cycle, as she stated, “Standing
up to trigger me out of a sedentary position and into rolling my neck around and shrugging

my shoulders to relax what’s tense above my neck.”
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Similarly, P2 used breaks to engage in different forms of exercise: “Stopped after a
few emails to do sit-ups.” Further, she also took advantage of scheduled breaks, “A break
was offered after two of the speakers, so I got up and walked around for about 5 minutes,”
demonstrating how designated breaks can facilitate productive displacement. P7 recog-
nized the value of natural breaks in work, preferring to finish tasks before taking a break
to avoid any leftover tasks. Similarly, rather than simply being on their feet to get tasks

done, P11 chose to engage in movement-focused activities during breaks like tai chi for

displacement:

During the ” get out of the chair” time, instead of doing things like dishes, laun-
dry, etc., did more walking tai chi and active movement only - swinging arms,
wall planks, etc. so that the break movement were focused on the movement

and meditative thoughts - not just on my feet getting things done.

P3 took a structured approach to breaking up grading tasks, “I broke grading papers up
a bit by doing PT band exercises in my chair every three papers,” showing how integrating
movement can be both a break from and a complement to sedentary work. She also talked

about teaching the importance of movement to her participants in a Zoom class:

One little thing I taught Monday was two pieces of the research on timing in
lessons. One was 37-90 which states that for every 37 minutes of sitting, people
need to move for 90 seconds for optimum learning. It made me think of this
study! I modeled it for my participants and structured an opportunity for them

to get up in the middle of the 2 hour Zoom session.

Moreover, P5 found opportunities to integrate balance exercises during the breaks: “Siz-
ting to standing, first on both legs and then on one plus sit to stand... Got up and did a series

of balance exercises for 15 minutes.” P10 adopted a routine to ensure regular movement,
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taking short walks every 30 minutes for water, and P11 emphasized a proactive approach
by “establishing the limits - incorporating some time off the couch at least every 30 minutes
and some of the time on the couch to 'move’ with stretches and ’chair’ tai chi.”

P7 and P8 recognized the benefits of defining clear breaks from work for movement,
“It works if I break completely from work and take a defined period of movement,” and
P8 utilized the flexibility of a less busy driving schedule to “fake time to walk around to
increase my daily steps,” both showcasing how a short break within a sedentary activity
can serve as a rest for physical health and enhancement for the overall well-being and
productivity.

Additionally, the aspect of displacement sometimes serving as necessary relief from
less enjoyable tasks was also highlighted, with P3 mentioning an aversion to grading papers
and seeking movement as a form of relief: “Grading papers is one thing I do not enjoy
about the consulting work that I do. I broke this task up a bit by doing PT band exercises in
my chair every three papers. Maybe I could get up every few papers and do standing PT or
something.” This approach not only alleviated discomfort but also increased productivity
once participants returned to their tasks, further emphasizing the multifaceted benefits of

integrating deliberate breaks into sedentary periods.

Add a Stop to Screen-based Activities

Implementing displacement by deliberately interrupting screen-based activities emerged
as a common and effective strategy for participants to integrate physical movement and
mitigate prolonged screen time (P2, P5, P8, P10, P11, P13). For example, P2 incorporated
indoor movement into her email sessions: “I had quite a few emails to read and respond
to, so I stopped periodically and did little errands, as running to the basement for items I

need tomorrow.” Her decision-making process during this email time also involved strate-
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gic pauses: “I decided to quickly check my messages, take a break for dinner, and then
answer the emails which required more time and thought after I had prioritized the order
to answer them.”

Participants also found natural breaks within online professional meetings or entertain-
ment sessions to incorporate movement. When offered breaks during an online session, P2
took the opportunity to physically disengage, “A break was offered after two of the speak-
ers, so I got up and walked around for about 5 minutes.” During professional development
viewing, she also ensured a balance between mental activity and physical movement: “Get
up and walk around, doing small errands and stretching, to have a mental as well as a
physical break.” In another situation, P5 chose a mid-TV activity to refresh her creativity
and physical activity: “In the middle of watching TV I walked to the craft closet, selected
some new yarn to now start a new cap and walked around the hallway several times.” P8
and P13 similarly utilized pauses in movies or TV shows to stretch and move around, with
P13 stating, “Halfway through the movie, we took a 10 min stretch break.” In this way,
commercial breaks usually presented opportunities for participants to move around, as P10
reflected, “The cues were the commercial breaks. I should have exercised/lifted weights
during the show.”

P10 and P11 strategically used breaks in screen time to fulfill their physiological needs,

as P10 wrote, “Got up to stretch, use the bathroom, and obtain a drink from the kitchen.”

Get a Rest Between Two Sedentary Activities

Many participants considered adding a rest to move around and do some physical ac-
tivities as a form of displacement before they proceeded from one sedentary activity to
another (P2, PS5, P7, P13). P2 illustrated this by intentionally creating a pause between ac-

tivities: “After my previous sedentary activity, I purposely walked around and changed my
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clothes before writing, rather than writing the letter at the same time.” Similarly, she also
realized such transition from reading to evening prayers which involved physical activity:
“I had been sitting and reading the newspapers for a long time, but rather than continuing
to sit and say my evening prayers, I decided to go upstairs, change and get ready for bed,
moving around quite a bit.”

Utilizing such breaks, participants got the chance of engaging in different tasks includ-
ing some household chores, such as P2 “completed another household chore before sitting
for a longer period of time to read and answer additional texts and emails.” P7 was also ac-
tively involved in daily tasks during this break: “I volunteered to walk to the grocery store
and carry bags back, cook the dinner and clean all done on my feet with a little dancing
shuffle in between.”

P5 found a creative transition between hobbies: “At the end of the game I got up and
did a series of balancing postures and also walked throughout the house as I had com-
pleted my knitting project and needed to get new yarn for the next one.” P13’s strategy
for managing leisure activities also reflected this: “7o shorten the time I sedentary for this
combined activity, I decided to break up the two activities and got up to sort laundry before
starting Sudoku.” 1t is evident that creating intentional rests between sedentary activities
by incorporating movement and engaging in other activities not only disrupted prolonged
sitting but also ensured a balanced approach to daily activities, enhancing task productivity

in a healthier and more dynamic way.

Increase Exercise to Compensate for Sedentary Time

Recognizing the potential health impacts of prolonged sedentary behavior, participants
identified increasing their physical exercise as a strategic displacement (P4, PS5, P11). For

example, P4 chose yoga as a compensation for extended periods of sitting, especially after
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long drives: “Yoga at home after long-time sitting in car.” PS5 integrated physical activity
into daily chores, considering them as opportunities for movement: “I could tackle this
chore (prepare donations for Good Will delivery) in the amount of time before starting
lunch.” Similarly, P11 described a movement plan to counteract a morning spent mostly in
sedentary activities: “Will now do some stretches, tackle chores that require being on my
feet (with music) and then go to weekly farm market for this week’s produce. Hopefully go
to the pool again this afternoon...all to offset the morning’s several hours of pretty much

sitting around.”

4.4.2 Concurrent Displacement

Concurrent displacement, on the other hand, refers to integrating a different behavior

within an ongoing sedentary activity without interrupting it.

Incorporate Exercise into Sedentary Postures

Participants have found various ways to incorporate physical movement into sedentary
postures, from adding weights to engaging in stretches, as while remaining seated or lying
down.

The use of weights during sedentary activities like sitting and watching shows has been
adopted by participants as a method to enhance physical engagement. P1 mentioned plan-
ning to use weights to strengthen her arms and confirmed incorporating them into her men-
tal exercise routine, “I included weights to today’s (DBT) exercise.” P10 also expressed
intentions to integrate light weight training into long periods of watching TV, “I intend to
have hand weights next to the couch so I can do curls during the shows.”

Participants also considered using their sitting time for stretching and squeezing exer-

cises. P1 added Pilate instruments for arm stretches and leg squeezes while sitting erect,
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whereas P3 used a PT band for shoulder exercises even while seated on the sofa. P9 shared
that she incorporated knee and balancing exercises while watching TV and also stretching
during professional sessions, “I move in my chair though and sometimes stretch legs out
of view of the client.” P11 creatively adopted a seated “fan” action - “waving arms and
shaking legs to inc at least a little movement” - and considered space for movement as a
factor in choosing seating, “Sitting in my chair is a better place for seated movement - the
couch isn’t in the way to swing arms, kick legs, do side bends.”

Maintaining an upright posture while sitting was another method participants used for
displacement. P2 aimed to sit as upright as possible while typing, and P3 preferred sitting
upright in a computer chair rather than reclining. P11 reflected on the benefits of sitting
at a table for posture, “I do think it would be better to sit at the table like my husband...
My posture is better at the table,” and even considered incorporating movement during car

time by adjusting the seat for stretches and maintaining an upright posture.

Switch Sit-to-stand Postures and Move

Adopting sit-to-stand postures and incorporating movement was another key strategy
for participants to displace their sedentary activities concurrently. Some participants found
natural opportunities to switch from sitting to standing, especially during activities that
didn’t require fixed attention. For example, P2 took advantage of certain moments of a
Zoom session to stand and engage in light activities, “The beginning of the Zoom program
was lighter, so I was able to get up, move around, and do several light, mindless activities.”
This flexible approach extended to various tasks, including standing and stretching while
watching videos, standing to read pamphlets or newspaper articles, and even choosing to
stand while eating dinner.

Beyond merely standing, participants also embraced ambulating and light physical ex-
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ercises during activities traditionally done seated. P2 described getting up for coffee with
camera off during a Zoom meeting and walking a short distance while talking to students,
“Stood up and walked around while teaching the student spelling test”. Similarly, P7 and
P8 incorporated walking into their routines, whether for fetching coffee and staying stand-
ing to check emails or walking around the house while waiting for food to cook.

Some participants also employed such displacement during waiting times or engaging
in leisure activities. P3 mentioned doing PT exercises while waiting for coffee to brew, “/
have started doing PT exercises while my coffee is brewing or soup is being microwaved.”
P11 discussed the benefits of doing gentle qigong while on the phone: “It was easy and
satisfying to talk and do gentle gigong while talking and not feel distracted.” P5 realized the
transition from sitting to standing while playing games and watching TV. Moreover, P12
even displaced his TV time with doing more intensive indoor physical activities: “I walked

quickly for an hour on treadmill and then transferred to cross-trainer while watching TV.”

Place Objects Away to Move More

Another innovative strategy employed by participants to displace their sedentary activ-
ities was to strategically place objects further away from their spot, thereby necessitating
movement to accomplish tasks. For example, P2 leveraged meal times as opportunities for
displacement by deliberately putting dishes and foods at a distance from her seat: “Pur-
posely leave different foods and dishes away from my chair so that I needed to get up and
walk to get them.” This approach was also extended to fetching additional servings with
movement between the dining room and kitchen, “I purposely went back and forth to get
additional food.”

This strategy was not only limited to the home settings. P4 adopted this method in the

context of traveling and parking, choosing to park her car farther from the destination than
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usual: “Parked farther away for a longer walk to and from the dentist’s office.” Similarly,
PS5 found value in this practice, “It felt good to have parked a bit away from the front door

of the building where we met.”

4.5 Quantitative Analysis of Factors on Displacement

The investigation into how participants decided to displace sedentary and screen-based
activities has been supplemented by the binary regression models’ outcomes, which consid-
ered a broad array of environmental, positional, and social factors. The models’ dependent

variable was the responses of participants intending to displace sedentary behavior (Yes =

1, No =0). shows the results of the regression analysis.

4.5.1 Environmental and Postural Factors

Among the various environmental settings, the ‘Kitchen’ showed a positive coefficient
(B =0.988), suggesting that participants might be more inclined to engage in displacement
activities in this space, although the association did not reach statistical significance (p ¢,
.05). Notably, the ‘Living Room’ had a negative coefficient (B = -0.737), which might
imply a tendency to remain sedentary in this environment; however, this result was not
statistically significant. The absence of statistical significance might be attributed to the
small sample size of the study.

Regarding positions, ‘Sitting’ had a sizable positive coefficient (B = 2.397), indicating
a trend toward displacement when seated, which neared statistical significance (p = .078).

Significant factors included the ‘Bed’ (B =-3.022, p = .024) and ‘Computer Chair’ (B
= -3.025, p = .027), both having negative coefficients, suggesting that these settings sig-
nificantly decrease the likelihood of displacement willingness. The ‘Rocker’ also demon-

strated a statistically significant negative association (B =-3.071, p = .032), further empha-
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Table 4.1: Effects of Environmental Factors on Willingness to Displace

coef std err z P> |zl [0.025 0.975]
const —0.2044  1.749 —0.117 0.907 —3.633 3.224
Bedroom 0.5874  1.074 0.547 0.585 —1.518 2.693
Car 0.3784 0916 0.413 0.679 —1.416 2.173
Dining room 0.6024  0.774 0.779 0.436 —-0914 2.119
Kitchen 0.9881 0.683 1.446 0.148 —0.351 2.328
Living room -0.7373 0.694 —1.062 0.288 —2.098 0.623
Office 0.0120  0.747 0.016 0987 —1.451 1475
Porch 1.0811 1.531 0.706 0.480 —1.920 4.082
Public place 0.1498  0.794 0.189 0.850 —1.406 1.706
Lying 0.1634  1.015 0.161 0.872 —1.825 2.152
Sitting 2.3970 1.361 1.761 0.078 —0.271 5.065
Standing 0.2598 1.803 0.144 0.885 —3.274 3.794
Bed —3.0219 1.342 —2.252  0.024 —5.652 —0.392
Bench —2.5170  2.047 —1.230 0.219 —6.528 1.494
Chair —2.3078 1.187 —1.944 0.052 —4.635 0.019
Computer chair  —3.0246 1.366 —2.214  0.027 —5.703 —0.347
Couch —0.8723 1.267 —0.688 0.491 —3.356 1.612
Recliner —1.6366 1.377 —1.189  0.235 —4.335 1.062
Rocker —3.0706 1.432 —2.144 0.032 —5.878 —0.264
Transportation seat —2.5773 1.545 —1.668 0.095 —5.606 0.452
Spouse 1.0641 0.693 1.535 0.125 —0.295 2.423
Family members —0.4035  0.636 —0.635 0.526 —1.650 0.843
Friends 0.6979  0.838 0.832 0.405 —0.945 2.341
Others 1.1247  0.806 1.395 0.163 —0.455 2.705
NO 0.9861 0.777 1.269 0.204 —0.537 2.509
PC —1.3208  0.672—-1.967 0.049 —2.637 —0.005
TV 0.0690  0.496 0.139 0.889 —0.902 1.040
Laptop 0.0204  0.428 0.048 0.962 —0.818 0.859
Smartphone 0.3766  0.408 0.923 0.356 —0.423 1.176
Tablet —0.1712  0.606 —0.283 0.778 —1.359 1.016
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sizing the role of comfortable furniture in discouraging behavior displacement.

4.5.2 Device Use

In terms of device use, while ‘Smartphone’ use showed a non-significant positive coef-
ficient (B = 0.377), and “TV’ usage was negligible (B = 0.069), the ‘PC’ use demonstrated
a statistically significant negative effect on displacement (B = -1.321, p = .049). This in-
sight is critical as it suggests the immersive nature of computer activities can lead to more

extended sedentary periods.

4.5.3 Activity Categories

To analyze what activity types can be displaced and what can not, I calculated the total
amounts of each category and subcategory of activities reported in participants’ diaries. On
average, for activities that participants expressed willingness to displace, 45.3% reported
were leisure activities, 40.4% were productive activities, and 14.3% were maintenance
activities. It is interesting to note that there is a similarity in the distribution of the activity
types that participants found more difficult to displace, with 46.8% on leisure activities,
38.5% on productive activities, and 14.7% on maintenance activities. [Figure 4.6 illustrates
this part of findings.

Specifically, leisure activities reported included socializing with family members and
friends, entertainment activities such as watching TV shows or movies, reading articles and
news for personal interest, playing digital games and puzzles, and relaxing with a coffee or
cigar. One significant part of leisure sedentary activities among the participants was reli-
gious or spiritual practices, particularly morning and evening prayers at home and church
activities, which demonstrated a statistically significant negative effect on displacement (B

=-1.350, p = .006;[Table 4.2). Productive activities included voluntary and part-time work
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Figure 4.6: Displacement Willingness by Activity Category

Count

Activity Category

Table 4.2: Effects of Activity Categories on Willingness to Displacement

coef std err z  P>lz [0.025

0.975]

const

Household

Maintenance
Religious/Spiritual Practices
Socializing

Work and Study

0.9083  0.237 3.834 0.000 0.444
0.1134  0.455 0.249 0.803 —0.779
—0.2151 0.387 —0.556  0.578 —0.974

—1.3501 0.489 —2.764 0.006 —2.308 —

0.0080 0.416 0.019 0.985 —0.807
—-0.2304  0.319 -0.722 0.470 —0.856

1.373
1.006
0.544
0.393
0.823
0.395
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(primarily work from home), studying, checking and responding to emails, household such
as cleaning desks and organizing files, looking for recipes and preparing food, schedul-
ing daily tasks, and folding laundry. Both work and work-related and household activities

displayed a high ratio considered displaceable.
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Chapter 5: Discussion

5.1 Older Adults’ Decisions on Whether to Displace

In answering “how older adults decide whether to displace their sedentary activities,”
my discussion will explore multifaceted considerations older adults navigate in making

decisions about displacing their sedentary behaviors.

5.1.1 Attention and Activity Productivity

The relationship between the attention demands of activities and decisions to displace
sedentary activities reveals a complex pattern of behavioral choices among older adults.
The findings indicate that participants’ willingness to engage in displacement—such as
standing, stretching, or walking—can be influenced by the attention demand required by
the task at hand, paralleled to the exploration of the adaptive notification logic by Okoshi
et al. [50] They introduced the concept of “activity interruptibility”, demonstrating that
digital interventions can adaptively prompt users at moments when they are most receptive
to engagement without causing undue distraction. This dynamic reflects broader theories
about attention and activity engagement, in which the attention allocated to an activity may
either constrain or facilitate the incorporation of physical movements.

Participants evaluated the potential for displacement in relation to activity attention.
For activities that can be handled with divided attention, such as attending some online ses-

sions with camera off or scheduled breaks, leisure reading, and watching TV, participants
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felt more freedom to introduce displacement without interrupting the activity’s integrity.
This observation can be reflected in instances where participants, already familiar with the
material or finding the engagement less demanding, capitalized on the opportunity to dis-
place sedentary behavior without diminishing the quality of engagement. For example,
P2’s decision to walk a short distance while listening to a webinar highlights how task
familiarization or passive participation can facilitate the implementation of displacement
activities without detracting herself from task performance or personal satisfaction.

On the other hand, activities perceived as necessitating full attention—such as work-
related tasks, social interactions, and engagement in puzzles or games or relaxation time
with coffee or cigar—posed challenges to implement displacement. Participants like P2
and P9 articulated a reluctance to introduce movement during these activities, fearing it
could disrupt their focus or the emotional depth of the engagement. This suggests that
the attention demands of certain activities inherently limit opportunities for physical move-
ment, underscoring a nuanced decision-making process where the potential for distraction
is carefully weighed against the benefits of displacement.

The concept of overall productivity or quality of an activity adds further complexity to
this relationship. Previous research on information workers by Luo et al. [36]], exploring
the use of a break prompting system named ‘Time for Break’, showed that strategic short
breaks, such as standing or stretching, contributed to enhanced productivity and cognitive
engagement, mirroring the findings among older adults. This was evident in scenarios
where participants identified that movement could serve as a mental refresh, allowing them
to return to their tasks with renewed focus and energy. For example, the deliberate pacing of
work by introducing physical breaks, as employed by participants, not only mitigated the
health risks associated with prolonged sedentary behavior but also potentially enhanced
cognitive performance and activity engagement.

Given this balancing of activity productivity with the decision to displace sedentary be-
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havior, incorporating the number of sit-to-stand transitions as a proximal outcome might be
more appropriate for assessing intervention effectiveness. Studies by Butte and Levy sup-
port this approach, suggesting that such transitions are not only achievable and measurable
but also directly contribute to improved physical function without requiring prolonged pe-
riods of activity [8]. The benefits of movement—such as mitigating health discomfort and
enhancing mental well-being—are balanced against the attention demands and emotional
depth of activities. This calibration is influenced by an intuitive understanding that well-
timed displacement can actually help improve productivity of a subsequent task, rather than
merely a necessary interruption for health reasons. Further, this insight into participants’
strategic approach to managing attention demands emphasizes that the decision to displace
sedentary behavior is not solely about physical health; it is deeply intertwined with the
cognitive and emotional dimensions of the activities involved.

Acknowledging the influence of activity attention and productivity on displacement de-
cisions offers important implications for designing interventions to promote active aging.
Prior work about the decision-making process of attention and activity productivity [41]
observed that individuals demonstrated varied patterns of focus and engagement through-
out the day, influenced by the nature of their tasks and the time of week in working con-
ditions. This rhythm of workplace engagement suggests that intervention for displacing
sedentary behavior can be customized to align with individuals’ natural fluctuations in at-
tention and engagement, optimizing the timing of suggested displacement to match periods
of lower engagement or boredom, highlighting the significance of understanding the cog-
nitive context of sedentary activities to personalize interventions that enhance participants’
awareness and management of their attention demand, facilitating more informed deci-
sions about when and how to integrate movement. Encouraging short, strategically timed
breaks for movement or providing guidance on how to integrate physical activity without

compromising activity engagement could enrich intervention designs, making them more
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adaptable to the complexities of daily life among older adults.

5.1.2  Agency in Employing Displacement

The findings revealed that participants showed a clear sense of agency in deciding
whether, when, and how to displace their sedentary behaviors in their daily routines. This
decision-making process is influenced by various factors including personal health goals,
daily schedules, and the physical and social environment. Their strategies, ranging from
scheduling breaks to integrating movement into sedentary postures, demonstrated a proac-
tive and thoughtful approach to managing sedentary activities. For example, P2 intention-
ally paused her short email checking to engage in small errands around the house, such as
running to the basement for items needed the next day, breaking up screen time with reor-
ganizing household chores in different times purposely to displace prolonged sitting. This
proactive management of sedentary activities and physical movements aligns with findings
from previous work, demonstrating the feasibility of interventions to displace sedentary
time among older adults through goal setting and behavioral self-monitoring [[19, 21} [78].

Agency refers to the ability of individuals to act independently and make their own free
choices, which in the case of older adults, pertains to managing sedentary behaviors and
integrating physical activity into their daily routines [3]. Kim’s exploration of autonomy,
particularly through the dimensions of capacity for action and self-governance, extends
this concept by providing a deeper understanding of how older adults can be empowered
to make more informed decisions about their physical activities [31]. By creating services
that enhance the agency of older adults, designers can help ensure that interventions are not
only physically accessible but also psychologically and socially supportive.

While constraints such as physical fatigue, social norms, and environmental conditions

impact the opportunities for displacement, they also play a crucial role in the practice of
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agency. Viewing these constraints not simply as obstacles but as factors to be strategically
managed emphasizes the need of empowering older adults to make well-informed decisions
about displacement. For example, the acknowledgment of physical fatigue highlights the
necessity for interventions that promote an awareness of body cues among older adults,
encouraging timely rest as needed.

To further enhance older adults’ agency in managing displacement, it is important to
respect and adapt to their preferences and contexts. This might include creating more
personalized and adaptive strategies that empower older adults to determine the most ap-
propriate times and methods to displace their sedentary activities, based on their unique
circumstances and needs. Hevel et al. further enrich this discourse by demonstrating that
older adults’ affective responses to sedentary behavior are often influenced by emotional
and situational factors, suggesting that interventions need to be sensitive to the varying
contexts in which older adults find themselves [29]].

Previous discussions about theory-based interventions such as Roy’s Adaptation model
emphasized the importance of interventions that are not only tailored to the individual’s
physical capacity but also to their psychological readiness and social circumstances, thereby
facilitating a more comprehensive adaptation to engaging in physical activity [60]. For
example, digital tools and in-time prompts can provide personalized suggestions for dis-
placement based on the user’s current activity, available space, and social context, thus
facilitating informed decisions about when and how to integrate movement and physical
activity. Additionally, the approach to addressing constraints should extend to recognizing
and valuing older adults’ decisions on balancing active and restful periods, engagement and

disengagement, based on their personal experiences and health considerations.
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5.2 Timing and Catalysts for Displacement

The findings emphasize older adults’ agency to identify and respond to immediate cat-
alysts for movement in their sedentary time. These catalysts, ranging from internal mo-
tivations of mitigating discomfort to external events, highlight the dynamic relationships
among physical needs, cognitive health awareness, and the social and environmental con-
text. Internally, discomfort from stiffness or pain emerges as a powerful motivator for
participants to engage in movement or exercises as a form of displacement. This intrinsic
response to bodily cues emphasizes older adults’ attentiveness to physical health and well-
being, acting upon internal signals to mitigate discomfort and potential long-term conse-
quences of inactivity [22].

Externally, interactions with others, unexpected tasks, and various responsibilities act
as catalysts for displacing sedentary behavior. Activities such as responding to requests
from others or managing household duties not only interrupt sedentary periods but also
incorporate movements and physical activity into daily routines in meaningful ways. This
integration illustrates how older adults’ social environments and their daily responsibilities
including chores and work-related tasks within their roles can naturally foster opportunities
for movement, aligning with their lifestyle and values.

Moreover, the acknowledgment of physiological needs and routine tasks as reasons for
movement points to a broader understanding of displacement beyond health-centric moti-
vations. Whether it is the need for a meal, taking medication, or household chores, these
activities introduce natural breaks in sedentary behavior, showcasing older adults’ vari-
ous potential for incorporating movement into their day-to-day lives without significantly
changing their routines. Such decisions reflect a conscious effort to balance sedentary and
active times, influenced by an awareness of the body’s needs and the desire to maintain an

active lifestyle.
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In light of these insights on timing and catalysts for displacement among older adults,
future research and system designs should consider how digital tools that track activities
and promote active lifestyles can assist older adults in identifying and leveraging these
catalysts. For example, Bertoa et al. illustrated how Digital Avatars, a software frame-
work, can be adapted to older adults’ needs, providing a mechanism for monitoring the
quality of life by analyzing activity patterns, reminding medication schedules, and detect-
ing risky situations [5]. Previous mHealth systems such as a personalized digital wellness
application designed by Tam et al. also highlighted the importance of engagement and
satisfaction in interventions aimed at integrating guided exercises, nutrition planning, and
health education into their daily routines [/4]. These works provide an example of de-
signing flexible digital tools that support proactive displacement and health management
among older adults, accommodating the spontaneous and planned aspects of daily life that
influence displacement decisions. Personalized strategies that cater to both internal and ex-
ternal motivations, aligning with older adults’ life experiences, might play a more effective

role in enhancing their agency in daily activities and promoting active aging.

5.3 Adaptive Displacement Strategies

Unlike previous interventions primarily aimed at reducing overall sedentary time and
increasing physical activity level [3 68]], participants demonstrated a distinct approach to
displacement, focusing on reconfiguring rather than merely interrupting their sedentary ac-
tivities. They adopted strategies that integrated movement within their existing sedentary
contexts, such as deliberately placing objects like dishes in mealtime or car while park-
ing further away, ensuring that regular tasks like fetching a cup of tea or answering the
phone became opportunities for light ambulation. These adaptive strategies showed their

agency in maintaining daily activities while considering incorporating movement and phys-
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ical activities, reflecting a deeper understanding of displacement beyond simple sedentary
intervention. The focus for displacing sedentary activities on integration rather than substi-
tution, offering a more sustainable model for encouraging an active lifestyle among older
adults.

Echoing findings from previous studies [24,27]], participants preferred low-exertion and
brief activities such as stretching or indoor ambulations over moderate to vigorous phys-
ical activities. This preference highlights the effectiveness of integrating non-disruptive,
low-exertion physical activities into sedentary time, aligning with evidence suggesting
even short breaks in sedentary time can contribute positively to physical health and mental
well-being. Wang et al. expanded on this by demonstrating how older adults’ reflections
on meaningful activities, including those with low exertion, revealed multiple values that
guided their activity engagement and preferences [/8]]. The implementation of such strate-
gies beyond integrating conventional physical exercises, including taking deliberate breaks
for standing and stretching or incorporating balance exercises during screen breaks, em-
phasizing older adults’ practical approach to displacement, optimizing for activities that
are both feasible and minimally intrusive to their lifestyle.

Building upon this foundation, just-in-time adaptive interventions (JITAIs) can enhance
these strategies. As explored by Miiller et al., JITAIs employ real-time data to provide
personalized prompts that encourage movement precisely when individuals are most likely
to benefit [47]. For older adults, this could mean receiving prompts to displace sedentary
behavior at optimal moments based on their daily patterns and physical context. Integrating
JITAI into existing routines could effectively promote the habit of displacing sedentary
behavior, leveraging the same principles of agency and personal preference that have been
observed in this study.

In this context, developing the habit of displacing sedentary behavior in future inter-

vention designs can be effectively facilitated by small, integrated movement opportunities
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within existing routines among older adults. Wang et al.’s reflections on meaningful activ-
ities suggest that digital technologies, such as self-tracking tools, can offer personalized,
context-aware suggestions for movement that align with the individual’s current activity
and physical setting [78]], encouraging the natural incorporation of physical activity without
disrupting the flow of daily life. Moreover, interventions should capitalize on the agency
of older adults, providing them with options to personalize displacement strategies to their
preferences, capabilities, and the constraints of their environment, suggesting a range of
low-exertion and brief activities or use smart reminders to prompt movement based on the
user’s patterns of sedentary behavior, as well as positively reinforcing cherished activities
like connecting with others or enjoying leisurely screen time, as discussed in [78]. This
dual focus on activity tracking and meaningful engagement promotes a more comprehen-

sive and value-driven approach to managing sedentary behavior among older adults.

5.4 Study Limitations

The demographic composition of the study sample might not accurately represent the
broader older adult population. Most participants were highly educated with 12 of 13 hav-
ing a Bachelor’s degree or above, and had high-baseline technical proficiency of being
able to use a Zoom video call. While most participants reported a few health issues such
as arthritis and diabetes, they did not have severe disabilities or disorders that would sig-
nificantly impact their mobility and sedentary routines, which was in line with the study
exclusion criteria. Moreover, although the findings showed that different environments
such as living alone, with spouses, or in an intergenerational family, can influence partic-
ipants’ decision-making processes on displacement, I did not collect data regarding their
household settings or income status, and participants were mainly residents of urban com-

munities. Another limitation is from the methodology of the study, particularly the use of
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diaries to document sedentary activities and displacement, which introduced the possibility
of study reactivity [49]. The act of jotting down these activities and thoughts likely in-
creased participants’ awareness of their own behaviors, possibly leading to an increase in
opportunities of displacement. Additionally, the timing of the 7-day diary study may also
have influenced the sedentary behaviors reported by participants and their willingness to
displace. Seasonal factors such as cold weather and snow may limit opportunities for out-
door activities, potentially increasing participants’ indoor sedentary time and influencing

the displacement strategies considered feasible by participants.

5.5 Future Work

While this study has provided context surrounding older adults’ sedentary activities
and potential displacement and how they decide whether, when, and how to displace these
sedentary activities, there is certainly room for future research. The quantitative analysis
identified several factors such as specific locations, places, and devices used, showed a high
coefficient with the willingness to displace sedentary activities, while some of these factors
are not statistically significant. Future research could explore these factors further to un-
cover any influences different factors may have on displacement in sedentary time among
older adults. Specifically, future investigations could expand the scope of sampling, incor-
porating a more diverse range of participants to explore the variability in sedentary behavior
displacement across different demographic, health condition, and socio-economic groups.
Additionally, employing varied methods for in-situ data collection can offer more granular
insights into daily activities of older adults, capturing detailed and more accurate contexts
of how, when, and why displacement occurs within their natural environments. Techniques
such as ecological momentary assessment (EMA) [67], which prompts participants to re-

port on their activities and contexts in real time, may generate richer, contextually grounded
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data. Similarly, using wearable technology and self-tracking tools to passively collect data
on physical activity and sedentary behavior could complement self-reported measures, of-
fering a more comprehensive understanding of displacement patterns.

In addition, a deeper exploration into the long-term effects of different displacement
strategies among older adults can be another direction for future work. Such studies could
reveal how initial perceptions of displacement strategies evolve, how sustainable these
practices are, and what factors contribute to the continued integration, modification, or
abandonment of these strategies. A more comprehensive understanding of the benefits and
engagement condition of different displacement strategies can validate or refine current rec-
ommendations for displacement intervention. Moreover, examining the long-term effects
of displacement strategies could uncover the psychological and social dimensions facilitat-
ing these behaviors. For example, does developing habits of displacing sedentary activities
foster a stronger sense of self-efficacy regarding physical activity among older adults? Do
these strategies influence social interactions and perceptions, such as increased participa-
tion in community activities or changes in social support for active living? Understanding
these aspects can provide critical insights into a more holistic impact of displacement on
older adults’ lives.

Future research should also consider the role of technology in supporting long-term
engagement with displacement strategies. mHealth systems and self-tracking tools that of-
fer personalized, adaptable prompts for movement, track progress over time, and provide
feedback, can play an important role in maintaining motivation and adherence to displace-
ment in sedentary time. This also requires attention to the evolving nature of barriers and
facilitators to displacement among older adults. Changes in health status, living environ-
ments, access to technology, and social networks can all influence the effectiveness and
appropriateness of different displacement. Identifying the conditions that promote the en-

during integration of active movement into daily life with the assistance of technical tools
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can inform the development of adaptive, responsive interventions that support active aging

across diverse contexts and life transitions.
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Chapter 6: Conclusion

In this thesis, I explored how older adults make decisions on whether, when, and how
to displace their sedentary activities. My approach involved conducting a 7-day diary
study and debriefing interviews, in which participants reported their daily sedentary and
screen-based activities and reflections on potential displacement in these sedentary mo-
ments. Through a thematic analysis and the regression model on environmental, postural,
and social factors, this thesis uncovered the complexity of considerations that influence
older adults’ willingness to engage in displacement. I found that the decision to displace
sedentary activities is not only a matter of involving physical activity, but is deeply inter-
twined with health considerations, productivity, personal values, and social and emotional
significance of various activities. It became evident that older adults are not passive recip-
ients of health recommendations and interventions but active agents who carefully weigh
the benefits and drawbacks of sedentary activities and displacement in promoting activity
productivity.

One key contribution of this thesis is its understanding of the agency older adults
showed in managing their sedentary behaviors. Contrary to the generalization that older
adults are often portrayed as vulnerable to the risks of sedentary lifestyles, this study high-
lights how older adults can consciously manage their daily routines, making choices about
when and how to integrate movement, based on considerations of physical needs, personal
interests, and social responsibilities. I suggest the need to reconsider personalized and flex-

ible designs that acknowledge the diversity of older adults’ lives. Interventions should not
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only aim to reduce sedentary time and increase physical activity for displacement, but also
to respect and enhance the meaningfulness of their daily activities, thus aligning health

goals with the values and lifestyles of the aging population.
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