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Abstract

Background: The relationship between intention and behavior has been well researched, but most studies fail to capture dynamic,
time-varying contextual factors. Ecological momentary assessment through mobile phone technology is an innovative method
for collecting data in real time, including time-use data. However, only a limited number of studies have examined day-level
plans to be physically active and subsequent physical activity behavior using real-time time-use data to better understand this
relationship.

Objective: This study aims to examine whether plans to be physically active (recorded in advance on an electronic calendar)
were associated with objectively assessed physical activity (accelerometry), to identify activities that replaced planned periods
of physical activity by using the mobile app Life in a Day (LIAD), and to test the feasibility and acceptability of LIAD for
collecting real-time time-use data.

Methods: The study included 48 university students who were randomly assigned to 1 of 3 protocols, which were defined by
1, 3, or 5 days of data collection. Participants were asked to record their planned activities on a Google Calendar and were provided
with mobile phones with LIAD to complete time-use entries in real time for a set of categories (eg, exercise or sports, eating or
cooking, school, or personal care). Participants were instructed to wear an accelerometer on their nondominant wrist during the
protocol period. A total of 144 days of protocol data were collected from the 48 participants.

Results: Protocol data for 123 days were eligible for analysis. A Fisher exact test showed a statistically significant association
between plans and physical activity behavior (P=.02). The congruence between plans and behavior was fair (Cohen κ=0.220;
95% CI 0.028-0.411). Most participants did not plan to be active, which occurred on 75.6% (93/123) of days. Of these 93 days,
no physical activity occurred on 76 (81.7%) days, whereas some physical activity occurred on 17 (18.3%) days. On the remaining
24.4% (30/123) of days, some physical activity was planned. Of these 30 days, no physical activity occurred on 18 (60%) days,
whereas some physical activity occurred on 12 (40%) days. LIAD data indicated that activities related to screen time most often
replaced planned physical activity, whereas unplanned physical activity was often related to active transport. Feasibility analyses
indicated little difficulty in using LIAD, and there were no significant differences in feasibility by protocol length.

Conclusions: Consistent with previous literature, physical activity plans and physical activity behaviors were linked, but not
strongly linked. LIAD offers insight into the relationship between plans and behavior, highlighting the importance of active
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transport for physical activity and the influence of screen-related behaviors on insufficient physical activity. LIAD is a feasible
and practical method for collecting time-use data in real time.

(JMIR Mhealth Uhealth 2021;9(4):e17581) doi: 10.2196/17581
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Introduction

Background
The relationship between physical activity, chronic disease
morbidity, and all-cause mortality is well documented. In adults,
consistent physical activity can help mitigate risk factors for
chronic diseases, including cardiovascular disease, diabetes,
cancer, hypertension, obesity, and depression [1]. Although
these benefits are widely recognized, approximately 77% of US
adults do not meet the current recommendations for aerobic and
muscle-strengthening activities [2]. Moreover, marked declines
in physical activity participation begin in adolescence, a trend
that is sustained in older adulthood [3,4]. Life-transition events,
characterized by a significant disruption in previously
established routines and habits, can exacerbate these declines
[5,6]. One such group experiencing a transitional event is
university students, who often cite a newfound lack of time or
motivation to be active, subsequently failing to meet the current
physical activity guidelines and developing patterns of inactivity
that may persist into adulthood [7-9].

Contemporary models suggest that physical activity behavior
arises from the interplay of individual, societal, and
environmental characteristics [10]. A classic theoretical
framework, the theory of planned behavior (TPB), posits that
physical activity behavior is predicted by the intention to be
active [11,12]. The relationship between intention and behavior
has been widely demonstrated in the literature, and as such, the
TPB remains a prevalent theoretical framework in physical
activity behavior research [13]. However, the strength of the
intention-behavior relationship is not consistently robust [14,15].
This inconsistency often stems from the divergence of positive
intenders: those who intend to be active but do not act [16].
Research using the TPB has found that those who intend to
perform a behavior are more likely to engage in their intended
behavior if they make a plan to carry out their intentions,
including when they will perform their behavior [17].

Recent criticisms of the TPB suggest that the gap between
intention and behavior may emerge from the TPB’s failure to
include the effect of time and context, instead viewing physical
activity as a static behavior [18]. Consequently, there is limited
evidence regarding day-level intentions to be active and
subsequent physical activity. A promising method for collecting
data in real time is ecological momentary assessment (EMA).
This method involves the repeated measurement of current
behaviors and contextual factors, often by way of using mobile
phones, while minimizing the bias found in methods that require
recall well after the activity has occurred [19-21]. The literature
regarding EMA has suggested that momentary intentions
positively predict subsequent physical activity in the hours
following an EMA prompt [22,23]. However, it is not clear

whether this is the appropriate time scale, as engaging in
physical activity may have logistical issues (eg, finding available
time or being able to get to the location where the activity will
be performed), which may need to be considered further in
advance. These logistical issues may make having a plan to be
active particularly predictive of subsequent physical activity
behavior. Furthermore, although the continuous monitoring of
EMA has advantages when capturing dynamic, time-varying
changes in intention and plans and when predicting behavior,
certain EMA features, such as excessive prompting or text
messaging, may limit engagement and hinder feasibility [24,25].
When prompting, EMAs often use signal-contingent sampling
(sampling based on fixed or random times) or context-aware
sampling (sampling based on events defined by automatic
sensing technologies), which may interrupt activities when they
are occurring and hinder compliance. Conversely, time-use
diaries using event-contingent recording may avoid this
distraction by asking participants to record information when
an event begins and ends [26-28].

Objectives
Therefore, the purpose of this study is three-fold. The first aim
is to examine whether plans to be physically active, recorded
in advance on an electronic Google Calendar, were associated
with objectively assessed (Actigraph GT9X Link) physical
activity over a period of 1, 3, or 5 days. The second aim is to
use data from a time-use mobile app (Life in a Day [LIAD])
using event-contingent recording to identify what pursuits
occurred when participants had planned to be active but were
not and when unplanned physical activity occurred. The final
aim is to test the feasibility and acceptability of LIAD for
collecting real-time time-use data among university students
across 3 different protocol lengths.

Methods

Overview
Several recruitment methods were employed. The primary
recruitment method was flyers posted in university student
spaces detailing information about participation in the study.
Researchers also used direct, face-to-face contact with potential
participants around campus to aid with recruitment. Participants
could inform others of the study, although no compensation
was provided to them for their recruitment efforts. Participants
recruited via word of mouth from other participants were
required to contact us to participate in the study. The subject
population was limited to enrolled undergraduates at the
University of Michigan aged between 18 years and 25 years.
Participants also had to be planning to remain in the area for
the 2 weeks following enrollment and be comfortable with using
the provided mobile phone and accelerometer. The base
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compensation was US $20 for the 1-day protocol, which
increased for the 3- and 5-day protocols. Written informed
consent was obtained from each participant, detailing their
voluntary participation in a study that used mobile devices to
collect information regarding time use and physical activity.
This study was approved by the institutional review board of
the University of Michigan.

Data collection began in the summer and ended early in the
winter semester, from late July to early February. Breaks in data
collection were periodic to avoid scheduled university holidays
and examinations, including an extended winter break from
early December to mid-January. Participants completed an initial
intake meeting, at which they completed an introductory
demographic survey consisting of questions regarding age, sex,
race, parent education, and engagement in common phone
activities (eg, texting, calling, or social media browsing).
Participants also received an accelerometer and a mobile phone.
The study phone was provided to limit technological issues
based on different phone types and potentially limited data
availability when using a participant’s phone. After providing
written informed consent, participants were trained on how to
wear the accelerometer and use LIAD (eg, given an explanation
of the 12 categories of activities) and were shown how to record
physical activity plans and other activities on their Google

Calendar. Participants gave verbal confirmation that they
understood the protocol and were also given take-home
instructions with contact information should they have any
follow-up questions. Participants were randomly assigned to a
1-, 3-, or 5-day protocol at this intake meeting. Three different
protocol lengths were used to highlight differences in feasibility.
Participants were asked to carry their mobile phone with them
and wear the accelerometer for the full duration of the study.

Participants were asked to go about their lives as usual. Before
each day of the protocol, participants were asked to record
activities planned for the next day on a separate Google
Calendar. Throughout each day of the protocol, participants
were asked to record activities in real time on LIAD. Activities
were filled in retrospectively if they were not completed in real
time. At the end of the protocol period, participants returned
the study equipment and completed an exit survey, which
consisted of questions regarding participant satisfaction, LIAD
ease of use and recording in real time, and any issues that may
have hindered compliance or engagement. No phone or
accelerometer was lost. Once data were downloaded from the
mobile phone, the data were transferred to a secure,
password-protected server. After transfer, any remaining
participant data on the mobile phone were erased. The study
flow is shown in Figure 1.
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Figure 1. Study flow. LIAD: Life in a Day.

Physical Activity
Physical activity was objectively measured via accelerometry
using an Actigraph GT9X Link. Accelerometry is a valid method
for capturing physical activity behavior [29,30]. Participants
were asked to wear the accelerometer on their nondominant
wrist for 24 hours per day for the full protocol period. Each
accelerometer was initialized to collect data at 80 Hz (ie, 80
observations per second) for each of the 3 axes. Raw
accelerometer data in units of gravity were analyzed using the
R package GGIR version 1.8-1, a widely tested software package
for quantifying physical activity data across numerous brands
of monitors [31-35]. Nonwear was determined by an automated
algorithm in GGIR that classifies time as nonwear when the SD
is less than 13 mg for 2 of the 3 axes or if the value of each
accelerometer axis is less than 150 mg, which is determined
using moving windows of 60 minutes within 15-minute
increments [32]. A minimum of 10 hours of wear time was
required to include that day in the analyses. An acceleration
threshold of 200 mg was used to indicate moderate-to-vigorous
physical activity (MVPA) based on the work of Hildebrand et
al [36]. Data were analyzed using a 10-minute bout metric in
which at least 80% of the bout needed to be at or above the
MVPA threshold. Minutes of MVPA were calculated for each

hour. These files were then merged with Google Calendar and
LIAD data in Microsoft Excel to facilitate comparison.

LIAD App
Activities performed throughout the day were self-tracked using
an electronic time-use diary. Time-use diaries are the most
common way to assess time use and are a valid method for
capturing daily activities [28,37,38]. Electronic methods (eg,
web- and app-based modes) were found to produce better quality
data and a comparable number of logged activities compared
with the paper method [39]. Each participant was provided with
a mobile phone (Samsung Galaxy S5) with LIAD downloaded
for the duration of the study. LIAD was developed by the
Division of Cancer Control and Population Sciences at the US
National Cancer Institute in collaboration with MEI Research
Ltd and was previously found to be an easy-to-use and
acceptable method of measuring time use [40]. The app allowed
participants to self-track activities performed throughout the
day into 1 of 12 categories: sleeping or doing nothing; personal
care; eating or cooking; computer, television, or reading;
household activities; entertainment or social activities; school;
shopping, appointments, or errands; transport; work (for pay);
exercise and sports; and nonsport organized activity. The
research team chose these categories based on a review of
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categories used in the American Time Use Survey, the Panel
Study of Income Dynamics (PSID), the Supplement on
Disability and Use of Time, and the PSID Childhood
Development Supplement [41-43]. If a participant’s activity
did not fit into one of those categories, participants could add
their own category. Participants could also record multiple
activities simultaneously (eg, studying while eating dinner).
Activities were tracked on LIAD by pressing a Start button
when the activity began and a Stop button when the activity
ended (Multimedia Appendices 1-3). Once an activity was
recorded, it was automatically added to a calendar built in the
app, which participants could view. Though encouraged to
record activities in real time, participants could adjust start and
stop times if needed or add activities into gaps within their
calendar. Gaps were easily identified by viewing the LIAD
calendar, which was accessible via the study mobile phone.
LIAD was used to identify the activity that occurred if there
was a discrepancy between what was planned on the Google
Calendar and what was captured by the accelerometer. For a
day to be eligible for analysis, participants needed at least three
recorded activities on LIAD, which was considered the
minimum number of entries that would occur on a single day.

Google Calendar
Before each day of the protocol, participants were asked to
record their planned activities for the following day on a Google
Calendar. Other studies have successfully used calendars to
document planned activities, particularly physical activity
[44,45]. Unique email addresses and passwords were generated
by the research staff and provided to each participant.
Instructions were provided to the participants regarding how to
fill out the calendar. Participants could either use the web-based
Google Calendar or the mobile phone–based app. During data
analysis, participants’planned activities were classified into the
same categories as those within LIAD to facilitate comparison.
If any calendar data were present on a certain day (ie, if the
participant recorded at least one planned activity via Google
Calendar), that day was included in the analyses as it signified
the use of the calendar feature.

Feasibility
The primary indicators of feasibility included measures of
accelerometer wear time, participants’use of LIAD and Google
Calendar, and the assessment of any documented participant
issues. Accelerometer wear time was measured at the day level
for each participant. Participants were asked feasibility questions
at the completion of the study, including how easy it was to
record activities on LIAD, their estimation of how often they
were able to record activities in real time, any issues they may
have encountered while recording activities in real time, and
willingness to participate in a similar study again.

Analysis
Demographic characteristics collected from the sample included
age, sex (male or female), race (White, Black or African
American, Asian, American Indian or Alaskan Native, Native
Hawaiian or Pacific Islander, or other), parental education (high
school degree, General Educational Diploma, or less; 2-year

college or vocational school; 4-year college degree; or graduate
degree), and common phone activities (eg, texting, voice calls,
video calls, social media browsing, games, maps, directions,
and shopping). To assess the congruence between planned and
performed physical activity, 4 types of days were calculated:
days where physical activity was planned and executed, planned
but not executed, not planned and executed, and not planned
or executed. The Cohen κ and Fisher exact test were used to
summarize the congruence between planned and performed
physical activity. Participants were categorized as having
planned physical activity when they had an entry in their Google
Calendar that specified an activity that would be physical
activity. To determine whether any physical activity was
executed on a given day, we used the accelerometry data,
specifically a 10-minute bout of MVPA. Days with no plans
for physical activity (according to the Google Calendar) were
classified as having no planned physical activity. On days with
no plans for physical activity, if any period met our 10-minute
threshold for MVPA, we defined it as not planned and executed
(ie, unplanned physical activity). If a participant planned
physical activity on a certain day, we considered that plan to
be executed if MVPA occurred at any point during that day for
at least 10 minutes, regardless of timing or whether the activity
lasted as long as proposed in the calendar. We conducted further
analyses to assess the congruent timing of plans and MVPA (ie,
executed MVPA that occurred during the same hour as planned
in the Google Calendar). With respect to feasibility, compliance
with each of the 3 protocol elements was described
(accelerometer wear time, Google Calendar entries, and LIAD
use). Fisher exact tests were then conducted to determine
whether accelerometer wear time, difficulty using LIAD,
reporting activities in real time, and completing Google Calendar
varied by protocol length. A thematic analysis of each
open-ended feasibility question and participant-reported issues
was conducted.

Results

Overview
In total, there were 48 participants split evenly across the 3
protocol lengths (16 in each). Table 1 presents the demographic
characteristics of the sample. For a day to be eligible for
analysis, participants needed to have sufficient accelerometry
data, LIAD data, and Google Calendar data (sufficient data are
defined in the Methods section). Of the missing data, 2% (1/48)
of participants had no accelerometry data (on the 5-day
protocol), expressing during the exit survey that they had
forgotten to wear the monitor. Less than 10 hours of valid
accelerometer wear time occurred for at least one day for 15%
(7/48) of participants. There were missing calendar data on at
least one day for 8% (4/48) of participants, all expressing that
they had forgotten to complete the calendar the night before.
Each participant recorded at least three activities each day on
LIAD. Thus, there were missing data across the protocol
components for 14.6% (21/144) of days, leaving a total of 85.4%
(123/144) of days eligible for analyses.
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Table 1. Demographic characteristics of the study participants (N=48).

ValuesCharacteristics

19.8 (1.8)Age (years), mean (SD)

Sex, n (%)

37 (77)Female

11 (23)Male

Race, n (%)

17 (35)White

8 (17)Black or African American

19 (40)Asian

4 (8)Other or multiple races

Parent education: mother, n (%)

11 (23)High school, GEDa, or less

6 (12)2-year or vocational school

21 (44)4-year college degree

10 (21)Graduate degree (eg, Master’s, JDb, MDc, or PhDd)

Parent education: father, n (%)

8 (17)High school, GED, or less

3 (6)2-year or vocational school

17 (35)4-year college degree

20 (42)Graduate degree (eg, Master’s, JD, MD, or PhD)

Common phone activities (multiple responses), n (%)

48 (100)Texting

44 (92)Voice calls

27 (56)Video calls

46 (96)Social media browsing

41 (85)Maps

42 (88)Directions

16 (33)Shopping

19 (40)Games

13 (27)Other

4.8 (12.3)MVPAe minutes, mean (SD)

aGED: General Educational Diploma.
bJD: Doctor of Law.
cMD: Doctor of Medicine.
dPhD: Doctor of Philosophy.
eMVPA: moderate-to-vigorous physical activity.

Planned Versus Performed Physical Activity
The analysis of planned versus performed physical activity
indicated that most participants did not plan any physical activity
on their Google Calendars or participate in any physical activity,
as shown by accelerometer data. Most participants did not plan
to be active, which occurred on 75.6% (93/123) of days. Of
those 93 days, no physical activity occurred on 76 (81.7%) days,
whereas some physical activity occurred on 17 (18.3%) days.

On the remaining 24.4% (30/123) of days, some physical activity
was planned. Of those 30 days, no physical activity occurred
on 18 (60%) days, whereas some physical activity occurred on
12 (40%) days. The Fisher exact test showed a statistically
significant association between plans and physical activity
behavior (P=.02). However, when assessing the degree of
agreement between plans (or lack of plans) to be active and
subsequent behavior using the Cohen κ, only fair agreement
was found (κ=0.220; 95% CI 0.028-0.411). Although the
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popular nomenclature for interpreting κ values would suggest
fair agreement, it is important to note that the implementation
rate of physical activity among those who planned to be active
was only 40% [46]. When requiring the accelerometer-derived
physical activity to occur during the exact same hour as when

the physical activity was planned, only 25% (3/12) of days had
congruent periods of planned physical activity and MVPA,
whereas MVPA was performed outside of the planned period
on the remaining 75% (9/12) of days. These findings are shown
in Figure 2.

Figure 2. Planned versus performed physical activity. MVPA: moderate-to-vigorous physical activity.

Data from LIAD were used to reveal activities that replaced
planned physical activity or what activities led to unplanned
MVPA. The analysis of time-use data from LIAD revealed
several endeavors that replaced intended periods of physical
activity. These activities were most often related to screen time
(eg, using a computer, watching television, or reading),
occurring on 56% (10/18) of days. Other categories included
social endeavors (eg, spending time with friends or family),
occurring on 22% (4/18) of days; sleep, occurring on 11% (2/18)
of days; and miscellaneous activities (school and eating),
occurring on 11% (2/18) of days. Conversely, for unplanned
MVPA, most activities were related to personal care (eg,
household chores and getting ready), occurring on 35% (6/17)
of days, and active transportation (eg, walking to class or
navigating urban areas), occurring on 35% (6/17) of days. Other
activities included social endeavors, occurring on 12% (2/17)
of days, and miscellaneous activities (physical therapy and
classroom-based physical activity), occurring on 18% (3/17) of
days. Among those who did not plan to be active and were not
active, LIAD data revealed that these participants were mostly
involved in work- or school-related activities during the day
and screen time activities at night.

Feasibility
Feasibility analyses indicated an average accelerometer wear
time of 17 hours per day. In total, there was insufficient wear
time for 8.3% (12/144) of days. All participants in the 1-day
protocol had at least 10 hours of wear time per day, whereas

19% (3/16) of participants in the 3-day protocol and 31% (5/16)
of participants in the 5-day protocol had invalid wear time for
at least one day. This difference was not statistically significant
(P=.054). When using the Google Calendar, 4% (2/48) of
participants in the 1-day protocol and 4% (2/48) of participants
in the 5-day protocol were missing calendar data. This difference
was not statistically significant (P=.53). All participants,
regardless of protocol length, recorded at least three activities
in the LIAD app. When describing the difficulty of using LIAD,
73% (35/48) of participants mentioned the words easy or simple.
Among those who reported some difficulty, 23% (3/13) of
participants were from the 1-day protocol, 54% (7/13) of
participants were from the 3-day protocol, and 23% (3/13) of
participants were from the 5-day protocol. This difference was
not statistically significant (P=.22). When using LIAD, 90%
(43/48) of participants reported that most of their activities were
recorded in real time. Among those who reported only recording
some or few of their activities in real time, 40% (2/5) of
participants were from the 1-day protocol and 60% (3/5) of
participants were from the 3-day protocol. This difference was
not statistically significant (P=.35). The most commonly
reported barriers to record activities in real time included the
challenge of remembering to record short activities, trying to
start an activity when another is ongoing, and deciding which
of the 12 categories to use (they had the option to add their own
category). When asked about their participation, 96% (46/48)
of participants were willing to enroll in a similar study again.
The remaining 4% (2/48) of participants noted a difficulty in
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carrying a study phone along with a personal device as a barrier
to further participation. Overall, 2869 activities were recorded
in the LIAD app across 48 participants (mean 20, SD 9.1
activities per day; range 5-50).

Discussion

Principal Findings
Overall, we found fair congruence between plans to be active
(or inactive) and physical activity behavior. However, the
implementation rate of physical activity among those who
planned to be active was only 40%, consistent with previous
literature suggesting that there are additional factors that
contribute to the relationship between physical activity plans
and actual behavior (positive intenders). Intention as a proximal
determinant of physical activity behavior is widely theorized,
but evidence suggesting intention as a less robust predictor has
prompted research into potential augmentations of the TPB
model [47,48]. Specifically, dynamic changes in plans to be
physically active in real-life settings are not captured well by
the traditional TPB [18]. Here, we examined this aspect of the
TPB by assessing the relationship between plans for physical
activity and subsequent physical activity on a finer time scale
(day level). To capture changes in intentions and plans in real
time and the contextual factors that may influence this change,
methods labeled under the EMA umbrella have been developed,
assisted by advances in mobile phone technology [49]. The
study of mobile phone technology as an innovative arm of EMA
research has shown promise as a valid, feasible, and powerful
tool across multiple populations [50,51].

This study adds unique information to help understand what
occurs when plans to be physically active do not materialize.
LIAD allows us to answer novel questions, such as those related
to identifying replacement activities for planned physical activity
and what activities occurred when participants did not plan to
be active but were. When examining what activities were
displacing physical activity in those periods, we found that most
were related to screen time, specifically watching television or
working on a computer. The relegation of physical activity in
favor of sedentary, screen-related pursuits is consistent with the
literature [52,53]. We also found that activities that resulted in
MVPA but were not planned as times to be physically active
generally included walking to class, navigating the campus, or
doing household chores. These findings highlight the potential
of using lifestyle choices and active transportation as tools to
meet physical activity guidelines, especially when considering
that one of the most highly cited reasons for inactivity among
university students is the lack of time [8,54-56].

In recognizing these replacement pursuits, we improved our
understanding of what factors determine the actual
implementation of physical activity at the moment it is planned
to occur. Among university students, this motivational flux may
occur, in part, due to the accessibility of screen-related pursuits.
Greater screen time has been found to be negatively associated
with free-time physical activity [57]. Thus, promoting physical
activity as part of a lifestyle routine may counteract the
motivational flux seen in intention, removing the need to engage
in periods of structured physical activity. Future studies could

examine additional contextual factors such as location
information, the influence of peers, and types of planned
physical activities (eg, running in a park) to help inform the gap
between plans to be physically active and actual physical activity
and performance of a physical activity that was not planned.
Furthermore, LIAD allows for an examination of what activities
occurred over the course of the entire day and whether certain
activities allow the flexibility to be active as planned, even when
it was not during the planned time. Finally, future studies should
consider collecting data from individuals over a longer period
to understand intraindividual differences in implementation
rates and factors that may predict any differences at the
individual level.

Although LIAD and similar EMA data collection methods can
be used as observational tools to shed light on changes in plans
across different contexts and settings, they may also serve as a
platform to intervene in real time. Mobile phone–based EMA
interventions have previously been found to increase
self-awareness of an individual’s mood and how they spend
their time [49,58,59]. In exit surveys, multiple participants
mentioned that LIAD made them more aware of how they spend
their time, particularly as it relates to how busy they are. LIAD
could be used in an intervention as part of a time management
or awareness tool. In turn, this increase in self-awareness and
mindfulness can prompt sustained behavioral changes in a range
of health behaviors, including physical activity [49,60-62].
Finally, LIAD, in concert with other EMA apps, could provide
feedback when people follow through on preferred planned
behaviors or suggestions and encouragement when their plans
fall through.

In this study, LIAD was found to be a feasible method for
collecting time-use data in real time over a period of 1-5 days.
Our feasibility analyses did not indicate any significant
differences highlighted by protocol length, although differences
in wear time approached significance. To reliably capture
physical activity patterns, 3-5 days of accelerometer wear is
recommended [29]. However, studies suggest that longer
protocols result in greater sample loss, suggesting a need for
researchers to find an appropriate balance [30,63]. With regard
to LIAD, we found it to be an overall feasible and practical
method of collecting time-use data in real time. Although we
encountered few compliance issues, those who failed to record
activity in real time were from the 1- or 3-day protocol. Previous
literature has suggested that the effect of EMA protocol length
on compliance, if not small, is somewhat random [64,65].
Rather, the frequency of EMA prompting is thought to have a
more significant impact on compliance. Some studies have
suggested that less frequent prompts (≤5 per day) are most
beneficial to compliance [64,65]. However, there is limited
quantitative evidence regarding the impacts of the frequency of
EMA prompting on compliance and behavior change [66,67].
In this study, participants were not asked to respond to prompts
but rather to record information when events occurred. This
may serve as a good time to solicit information, as participants
are not in the middle of an activity. This procedure resulted in
a high number of recorded events, with up to 50 activities being
recorded in a day and an average of 20 activities per day per
participant. This, combined with a shorter protocol period (5
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days or less), may be responsible for the high compliance with
LIAD.

Given the reported difficulty of carrying 2 phones, compliance
with reporting activities in real time may be improved if the
LIAD app was used on a participant’s personal device. Future
research should examine the differences between the inclusion
of a study phone and the use of a personal device alone, as they
relate to compliance and feasibility. We also did not prompt
participants in an effort to boost compliance by not interrupting
activities that were already occurring. Future research should
continue to examine the effect of prompting through mobile
devices on feasibility and compliance, including how many
prompts are appropriate per day, how often participants should
be prompted, and if prompting is more beneficial than allowing
participants to record activities at their own volition [64-67]. A
balance between recording events as they occur and infrequent
prompting may show the greatest benefit to compliance and
remembering to record activities in real time [65]. Participants
also reported not knowing how to start an activity when another
was ongoing as a barrier to record in real time. This may be
improved by a more extensive explanation of the LIAD app
during the intake meeting and by allowing participants to
practice recording activities with the researcher going through
various scenarios. Finally, participants noted difficulty in
deciding which of the 12 categories to use. Future studies should
make use of sequentially nested, fixed lists made possible by
electronic time-use surveys, which could facilitate more detailed
time-use information and may make the selection process easier
for participants [28].

Strengths and Limitations
This study has several strengths but also a few limitations. It is
possible that our bout requirement for physical activity was too
restrictive. Most participants recorded no MVPA, including
some who planned to be active. Updated physical activity
guidelines no longer require activity to be in bouts of 10 minutes
or more. However, previous physical activity measurement
research has largely used this 10-minute bout metric. Thus, we
aimed to maintain consistency with this literature to facilitate
comparison with the larger field. We also used wrist-worn
accelerometers, although the most common placement for
physical activity measurement is at the waist [29,68]. Recent

advancements in triaxial accelerometry and algorithms have
improved the accuracy of wrist-worn accelerometers, and using
wrist placement has been shown to be less intrusive and increase
compliance [69-71]. In this study, we used a well-known method
for analyzing raw acceleration data and applying acceleration
thresholds for MVPA [31-36]. We also may be limited by the
small sample size, which might not be representative of the
university student population. Finally, the participants were not
required to record their planned activities in Google Calendar
using the same categories as the LIAD app. It is possible that
the classification of calendar activities into the same categories
as the LIAD app by the research team could have introduced
measurement errors. A strength of this study is its use of a
time-use methodology to examine day-level plans with the
possibility of identifying what activities replaced planned
physical activity. In naming these physical activity replacements,
we provided insight into factors driving the lack of execution
of physical activity when it is planned. Other strengths included
the ability to compare the feasibility of different lengths of
protocol and the use of accelerometer data to objectively capture
physical activity.

Conclusions
In this study of university students, we found fair congruence
between plans and physical activity behavior, as captured by a
Google Calendar, a real-time time-use mobile phone app, and
an accelerometer. A greater understanding of the factors that
influence the implementation of physical activity plans may
lead to more tailored and effective physical activity interventions
that would increase physical activity levels. Most participants
reported ease in using LIAD and had limited issues when
recording their activities over the course of a day, suggesting
that this method of data collection is feasible and practical for
use in original research designs or interventions. The increasing
popularity of mobile phones as an intervention tool for physical
activity behavior indicates that these devices may be a very
important entry point when intervening at the individual level
[72,73]. With the ever-changing landscape of mobile phone
technology and countless hours spent using these devices, future
research should continue to examine mobile phones as tools for
capturing time-use data, assessing physical activity–related
indicators and as a means of intervening to change physical
activity behavior.
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Multimedia Appendix 1
Participants were instructed to record their activities on the home page of the app, which is located under the "My Activities"
page.
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[PNG File , 258 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Participants can start and stop activities.
[PNG File , 216 KB-Multimedia Appendix 2]

Multimedia Appendix 3
A calendar in the upper right corner of the app allows participants to view the activities they have accumulated throughout the
days in which they used the Life in a Day app.
[PNG File , 141 KB-Multimedia Appendix 3]

References

1. Warburton DE, Nicol CW, Bredin SS. Health benefits of physical activity: the evidence. Can Med Assoc J 2006 Mar
14;174(6):801-809 [FREE Full text] [doi: 10.1503/cmaj.051351] [Medline: 16534088]

2. Blackwell DL, Clarke TC. State variation in meeting the 2008 federal guidelines for both aerobic and muscle-strengthening
activities through leisure-time physical activity among adults aged 18-64: United States, 2010-2015. Natl Health Stat Report
2018 Jun(112):1-22 [FREE Full text] [Medline: 30248007]

3. Troiano RP, Berrigan D, Dodd KW, Mâsse LC, Tilert T, McDowell M. Physical activity in the United States measured by
accelerometer. Med Sci Sports Exerc 2008 Jan;40(1):181-188. [doi: 10.1249/mss.0b013e31815a51b3] [Medline: 18091006]

4. Sallis JF. Age-related decline in physical activity: a synthesis of human and animal studies. Med Sci Sports Exerc
2000;32(9):1598-1600. [doi: 10.1097/00005768-200009000-00012] [Medline: 10994911]

5. Bray SR, Born HA. Transition to university and vigorous physical activity: implications for health and psychological
well-being. J Am Coll Health 2004;52(4):181-188. [doi: 10.3200/JACH.52.4.181-188] [Medline: 15018429]

6. Allender S, Hutchinson L, Foster C. Life-change events and participation in physical activity: a systematic review. Health
Promot Int 2008 Jun;23(2):160-172. [doi: 10.1093/heapro/dan012] [Medline: 18364364]

7. Bray SR, Kwan MY. Physical activity is associated with better health and psychological well-being during transition to
university life. J Am Coll Health 2006;55(2):77-82. [doi: 10.3200/JACH.55.2.77-82] [Medline: 17017303]

8. Arzu D, Tuzun EH, Eker L. Perceived barriers to physical activity in university students. J Sports Sci Med 2006;5(4):615-620
[FREE Full text] [Medline: 24357957]

9. Kilpatrick M, Hebert E, Bartholomew J. College students' motivation for physical activity: differentiating men's and women's
motives for sport participation and exercise. J Am Coll Health 2005;54(2):87-94. [doi: 10.3200/JACH.54.2.87-94] [Medline:
16255320]

10. Sallis JF, Cervero RB, Ascher W, Henderson KA, Kraft MK, Kerr J. An ecological approach to creating active living
communities. Annu Rev Public Health 2006;27:297-322. [doi: 10.1146/annurev.publhealth.27.021405.102100] [Medline:
16533119]

11. Ajzen I. From intentions to actions: a theory of planned behavior. In: Kuhl J, Beckmann J, editors. Action Control. Berlin,
Heidelberg: Springer; 1985:11-39.

12. Hagger MS, Chatzisarantis NL, Biddle SJ. A meta-analytic review of the theories of reasoned action and planned behavior
in physical activity: predictive validity and the contribution of additional variables. J Sport Exerc Psychol 2002;24(1):3-32
[FREE Full text] [doi: 10.1123/jsep.24.1.3]

13. Downs DS, Hausenblas HA. The theories of reasoned action and planned behavior applied to exercise: a meta-analytic
update. J Phys Act Health 2005;2(1):76-97 [FREE Full text] [doi: 10.1123/jpah.2.1.76]

14. Bozionelos G, Bennett P. The theory of planned behaviour as predictor of exercise: the moderating influence of beliefs and
personality variables. J Health Psychol 1999 Jul;4(4):517-529. [doi: 10.1177/135910539900400406] [Medline: 22021644]

15. de Bruijn GJ. Exercise habit strength, planning and the theory of planned behaviour: an action control approach. Psychol
Sport Exerc 2011;12(2):106-114 [FREE Full text] [doi: 10.1016/j.psychsport.2010.10.002]

16. Godin G, Conner M. Intention-behavior relationship based on epidemiologic indices: an application to physical activity.
Am J Health Promot 2008;22(3):180-182. [doi: 10.4278/ajhp.22.3.180] [Medline: 18251118]

17. Gollwitzer PM. Implementation intentions: strong effects of simple plans. Am Psychol 1999;54(7):493-503 [FREE Full
text] [doi: 10.1037/0003-066x.54.7.493]

18. Dunton GF. Ecological momentary assessment in physical activity research. Exerc Sport Sci Rev 2017 Jan;45(1):48-54
[FREE Full text] [doi: 10.1249/JES.0000000000000092] [Medline: 27741022]

19. Shiffman S, Stone AA, Hufford MR. Ecological momentary assessment. Annu Rev Clin Psychol 2008;4:1-32. [doi:
10.1146/annurev.clinpsy.3.022806.091415] [Medline: 18509902]

20. Sylvia LG, Bernstein EE, Hubbard JL, Keating L, Anderson EJ. Practical guide to measuring physical activity. J Acad Nutr
Diet 2014 Feb;114(2):199-208 [FREE Full text] [doi: 10.1016/j.jand.2013.09.018] [Medline: 24290836]

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 4 | e17581 | p. 10https://mhealth.jmir.org/2021/4/e17581
(page number not for citation purposes)

Stewart et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=mhealth_v9i4e17581_app1.png&filename=586fdf87b4c22d305a63f4a9baa824ee.png
https://jmir.org/api/download?alt_name=mhealth_v9i4e17581_app1.png&filename=586fdf87b4c22d305a63f4a9baa824ee.png
https://jmir.org/api/download?alt_name=mhealth_v9i4e17581_app2.png&filename=14bf5ff669f3aa90443e1429d527edc1.png
https://jmir.org/api/download?alt_name=mhealth_v9i4e17581_app2.png&filename=14bf5ff669f3aa90443e1429d527edc1.png
https://jmir.org/api/download?alt_name=mhealth_v9i4e17581_app3.png&filename=f9a14c0d91233eb369c6723dc66ffe22.png
https://jmir.org/api/download?alt_name=mhealth_v9i4e17581_app3.png&filename=f9a14c0d91233eb369c6723dc66ffe22.png
http://www.cmaj.ca/cgi/pmidlookup?view=long&pmid=16534088
http://dx.doi.org/10.1503/cmaj.051351
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16534088&dopt=Abstract
http://www.cdc.gov/nchs/data/nhsr/nhsr112.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30248007&dopt=Abstract
http://dx.doi.org/10.1249/mss.0b013e31815a51b3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18091006&dopt=Abstract
http://dx.doi.org/10.1097/00005768-200009000-00012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10994911&dopt=Abstract
http://dx.doi.org/10.3200/JACH.52.4.181-188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15018429&dopt=Abstract
http://dx.doi.org/10.1093/heapro/dan012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18364364&dopt=Abstract
http://dx.doi.org/10.3200/JACH.55.2.77-82
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17017303&dopt=Abstract
http://europepmc.org/abstract/MED/24357957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24357957&dopt=Abstract
http://dx.doi.org/10.3200/JACH.54.2.87-94
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16255320&dopt=Abstract
http://dx.doi.org/10.1146/annurev.publhealth.27.021405.102100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16533119&dopt=Abstract
https://doi.org/10.1123/jsep.24.1.3
http://dx.doi.org/10.1123/jsep.24.1.3
https://doi.org/10.1123/jpah.2.1.76
http://dx.doi.org/10.1123/jpah.2.1.76
http://dx.doi.org/10.1177/135910539900400406
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22021644&dopt=Abstract
https://doi.org/10.1016/j.psychsport.2010.10.002
http://dx.doi.org/10.1016/j.psychsport.2010.10.002
http://dx.doi.org/10.4278/ajhp.22.3.180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18251118&dopt=Abstract
https://doi.org/10.1037/0003-066X.54.7.493
https://doi.org/10.1037/0003-066X.54.7.493
http://dx.doi.org/10.1037/0003-066x.54.7.493
http://europepmc.org/abstract/MED/27741022
http://dx.doi.org/10.1249/JES.0000000000000092
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27741022&dopt=Abstract
http://dx.doi.org/10.1146/annurev.clinpsy.3.022806.091415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18509902&dopt=Abstract
http://europepmc.org/abstract/MED/24290836
http://dx.doi.org/10.1016/j.jand.2013.09.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24290836&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


21. O'Reilly GA, Spruijt-Metz D. Current mHealth technologies for physical activity assessment and promotion. Am J Prev
Med 2013 Oct;45(4):501-507 [FREE Full text] [doi: 10.1016/j.amepre.2013.05.012] [Medline: 24050427]

22. Maher JP, Dzubur E, Huh J, Intille S, Dunton GF. Within-day time-varying associations between behavioral cognitions
and physical activity in adults. J Sport Exerc Psychol 2016 Aug;38(4):423-434. [doi: 10.1123/jsep.2016-0058] [Medline:
27634288]

23. Pickering TA, Huh J, Intille S, Liao Y, Pentz MA, Dunton GF. Physical activity and variation in momentary behavioral
cognitions: an ecological momentary assessment study. J Phys Act Health 2016 Mar;13(3):344-351. [doi:
10.1123/jpah.2014-0547] [Medline: 26284314]

24. Sternfeld B, Jiang S, Picchi T, Chasan-Taber L, Ainsworth B, Quesenberry CP. Evaluation of a cell phone-based physical
activity diary. Med Sci Sports Exerc 2012 Mar;44(3):487-495. [doi: 10.1249/MSS.0b013e3182325f45] [Medline: 21857369]

25. Coughlin SS, Whitehead M, Sheats JQ, Mastromonico J, Smith S. A review of smartphone applications for promoting
physical activity. Jacobs J Community Med 2016;2(1):021 [FREE Full text] [Medline: 27034992]

26. Ruwaard J, Kooistra L, Thong M. Ecological momentary assessment in mental health research: a practical introduction,
with examples in r (1st edition - build 2018-11-26). Amsterdam: APH Mental Health; 2018. URL: https://jruwaard.github.io/
aph_ema_handbook/index.html [accessed 2021-03-18]

27. Aminikhanghahi S, Schmitter-Edgecombe M, Cook DJ. Context-aware delivery of ecological momentary assessment. IEEE
J Biomed Health Inform 2020 Apr;24(4):1206-1214. [doi: 10.1109/JBHI.2019.2937116] [Medline: 31443058]

28. Bauman A, Bittman M, Gershuny J. A short history of time use research; implications for public health. BMC Public Health
2019 Jun 03;19(Suppl 2):607 [FREE Full text] [doi: 10.1186/s12889-019-6760-y] [Medline: 31159790]

29. Trost SG, McIver KL, Pate RR. Conducting accelerometer-based activity assessments in field-based research. Med Sci
Sports Exerc 2005;37(11 Suppl):531-543. [doi: 10.1249/01.mss.0000185657.86065.98] [Medline: 16294116]

30. Migueles JH, Cadenas-Sanchez C, Ekelund U, Nyström CD, Mora-Gonzalez J, Löf M, et al. Accelerometer data collection
and processing criteria to assess physical activity and other outcomes: a systematic review and practical considerations.
Sports Med 2017 Sep;47(9):1821-1845 [FREE Full text] [doi: 10.1007/s40279-017-0716-0] [Medline: 28303543]

31. Migueles JH, Rowlands AV, Huber F, Sabia S, van Hees VT. GGIR: a research community-driven open source R package
for generating physical activity and sleep outcomes from multi-day raw accelerometer data. J Measurement Physical Beh
2019;2(3):188-196. [doi: 10.1123/jmpb.2018-0063]

32. van Hees VT, Gorzelniak L, Dean León EC, Eder M, Pias M, Taherian S, et al. Separating movement and gravity components
in an acceleration signal and implications for the assessment of human daily physical activity. PLoS One 2013;8(4):- [FREE
Full text] [doi: 10.1371/journal.pone.0061691] [Medline: 23626718]

33. Sabia S, van Hees VT, Shipley MJ, Trenell MI, Hagger-Johnson G, Elbaz A, et al. Association between questionnaire- and
accelerometer-assessed physical activity: the role of sociodemographic factors. Am J Epidemiol 2014 Mar 15;179(6):781-790
[FREE Full text] [doi: 10.1093/aje/kwt330] [Medline: 24500862]

34. Rowlands AV, Mirkes EM, Yates TE, Clemes S, Davies M, Khunti K, et al. Accelerometer-assessed physical activity in
epidemiology: are monitors equivalent? Med Sci Sports Exerc 2018 Feb;50(2):257-265. [doi:
10.1249/MSS.0000000000001435] [Medline: 28976493]

35. Rowlands AV, Yates TE, Davies M, Khunti K, Edwardson CL. Raw accelerometer data analysis with GGIR R-package:
does accelerometer brand matter? Med Sci Sports Exerc 2016 Oct;48(10):1935-1941. [doi: 10.1249/MSS.0000000000000978]
[Medline: 27183118]

36. Hildebrand M, van Hees VT, Hansen BH, Ekelund U. Age group comparability of raw accelerometer output from wrist-
and hip-worn monitors. Med Sci Sports Exerc 2014 Sep;46(9):1816-1824. [doi: 10.1249/MSS.0000000000000289] [Medline:
24887173]

37. Kan MY, Pudney S. Measurement error in stylized and diary data on time use. Socioecol Methodol 2008;38(1):101-132
[FREE Full text] [doi: 10.1111/j.1467-9531.2008.00197.x]

38. Harms T, Gershuny J, Doherty A, Thomas E, Milton K, Foster C. A validation study of the Eurostat harmonised European
time use study (HETUS) diary using wearable technology. BMC Public Health 2019 Jun 03;19(Suppl 2):455 [FREE Full
text] [doi: 10.1186/s12889-019-6761-x] [Medline: 31159770]

39. Chatzitheochari S, Fisher K, Gilbert E, Calderwood L, Huskinson T, Cleary A, et al. Using new technologies for time diary
data collection: instrument design and data quality findings from a mixed-mode pilot survey. Soc Indic Res
2018;137(1):379-390 [FREE Full text] [doi: 10.1007/s11205-017-1569-5] [Medline: 29651193]

40. Ainsworth MC, Pekmezi D, Bowles H, Ehlers D, McAuley E, Courneya KS, et al. Acceptability of a mobile phone app for
measuring time use in breast cancer survivors (life in a day): mixed-methods study. JMIR Cancer 2018 May 14;4(1):e9
[FREE Full text] [doi: 10.2196/cancer.8951] [Medline: 29759953]

41. American time use survey user's guide. American Time Use Survey.: U.S. Bureau of Labor Statistics; 2019. URL: https:/
/www.bls.gov/tus/#documents [accessed 2021-03-18]

42. Freedman VA, Cornman JC. The panel study of income dynamics; supplement on disability and use of time (DUST) user
guide: release 2009.1. Instiute for Social Research, University of Michigan. 2012. URL: https://psidonline.isr.umich.edu/
DUST/dust09_UserGuide.pdf [accessed 2021-03-18]

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 4 | e17581 | p. 11https://mhealth.jmir.org/2021/4/e17581
(page number not for citation purposes)

Stewart et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://europepmc.org/abstract/MED/24050427
http://dx.doi.org/10.1016/j.amepre.2013.05.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24050427&dopt=Abstract
http://dx.doi.org/10.1123/jsep.2016-0058
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27634288&dopt=Abstract
http://dx.doi.org/10.1123/jpah.2014-0547
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26284314&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0b013e3182325f45
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21857369&dopt=Abstract
http://europepmc.org/abstract/MED/27034992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27034992&dopt=Abstract
https://jruwaard.github.io/aph_ema_handbook/index.html
https://jruwaard.github.io/aph_ema_handbook/index.html
http://dx.doi.org/10.1109/JBHI.2019.2937116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31443058&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-019-6760-y
http://dx.doi.org/10.1186/s12889-019-6760-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31159790&dopt=Abstract
http://dx.doi.org/10.1249/01.mss.0000185657.86065.98
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16294116&dopt=Abstract
http://europepmc.org/abstract/MED/28303543
http://dx.doi.org/10.1007/s40279-017-0716-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28303543&dopt=Abstract
http://dx.doi.org/10.1123/jmpb.2018-0063
https://dx.plos.org/10.1371/journal.pone.0061691
https://dx.plos.org/10.1371/journal.pone.0061691
http://dx.doi.org/10.1371/journal.pone.0061691
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23626718&dopt=Abstract
http://europepmc.org/abstract/MED/24500862
http://dx.doi.org/10.1093/aje/kwt330
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24500862&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0000000000001435
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28976493&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0000000000000978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27183118&dopt=Abstract
http://dx.doi.org/10.1249/MSS.0000000000000289
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24887173&dopt=Abstract
https://doi.org/10.1111/j.1467-9531.2008.00197.x
http://dx.doi.org/10.1111/j.1467-9531.2008.00197.x
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-019-6761-x
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-019-6761-x
http://dx.doi.org/10.1186/s12889-019-6761-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31159770&dopt=Abstract
http://europepmc.org/abstract/MED/29651193
http://dx.doi.org/10.1007/s11205-017-1569-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29651193&dopt=Abstract
https://cancer.jmir.org/2018/1/e9/
http://dx.doi.org/10.2196/cancer.8951
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29759953&dopt=Abstract
https://www.bls.gov/tus/#documents
https://www.bls.gov/tus/#documents
https://psidonline.isr.umich.edu/DUST/dust09_UserGuide.pdf
https://psidonline.isr.umich.edu/DUST/dust09_UserGuide.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/


43. Hofferth S, Davis-Kean P, Davis J, Finkelstein J. The child development supplement to the panel study of income dynamics:
1997 user guide. Survey Research Center, Institute for Social Research, University of Michigan. 1997. URL: https:/
/psidonline.isr.umich.edu/cds/cdsi_usergd.pdf [accessed 2021-03-18]

44. Antypas K, Wangberg SC. An internet- and mobile-based tailored intervention to enhance maintenance of physical activity
after cardiac rehabilitation: short-term results of a randomized controlled trial. J Med Internet Res 2014 Mar 11;16(3):e77
[FREE Full text] [doi: 10.2196/jmir.3132] [Medline: 24618349]

45. Robinson SA, Bisson AN, Hughes ML, Ebert J, Lachman ME. Time for change: using implementation intentions to promote
physical activity in a randomised pilot trial. Psychol Health 2019 Feb;34(2):232-254 [FREE Full text] [doi:
10.1080/08870446.2018.1539487] [Medline: 30596272]

46. Landis JR, Koch GG. The measurement of observer agreement for categorical data. Biometrics 1977;33(1):159-174.
[Medline: 843571]

47. Rhodes RE, Dickau L. Experimental evidence for the intention-behavior relationship in the physical activity domain: a
meta-analysis. Health Psychol 2012 Nov;31(6):724-727. [doi: 10.1037/a0027290] [Medline: 22390739]

48. Rhodes RE, Dickau L. Moderators of the intention-behaviour relationship in the physical activity domain: a systematic
review. Br J Sports Med 2013;47(4):215-225. [doi: 10.1136/bjsports-2011-090411] [Medline: 22278998]

49. Runyan JD, Steenbergh TA, Bainbridge C, Daugherty DA, Oke L, Fry BN. A smartphone ecological momentary
assessment/intervention "app" for collecting real-time data and promoting self-awareness. PLoS One 2013;8(8):e71325
[FREE Full text] [doi: 10.1371/journal.pone.0071325] [Medline: 23977016]

50. Kuntsche E, Labhart F. Using personal cell phones for ecological momentary assessment. Eur Psychol 2013;18(1):3-11
[FREE Full text] [doi: 10.1027/1016-9040/a000127]

51. Asselbergs J, Ruwaard J, Ejdys M, Schrader N, Sijbrandij M, Riper H. Mobile phone-based unobtrusive ecological momentary
assessment of day-to-day mood: an explorative study. J Med Internet Res 2016 Mar 29;18(3):e72 [FREE Full text] [doi:
10.2196/jmir.5505] [Medline: 27025287]

52. Boone JE, Gordon-Larsen P, Adair LS, Popkin BM. Screen time and physical activity during adolescence: longitudinal
effects on obesity in young adulthood. Int J Behav Nutr Phys Act 2007 Jun 08;4:26 [FREE Full text] [doi:
10.1186/1479-5868-4-26] [Medline: 17559668]

53. Epstein LH, Roemmich JN, Paluch RA, Raynor HA. Physical activity as a substitute for sedentary behavior in youth. Ann
Behav Med 2005;29(3):200-209. [doi: 10.1207/s15324796abm2903_6] [Medline: 15946114]

54. Dunn AL, Andersen RE, Jakicic JM. Lifestyle physical activity interventions. History, short- and long-term effects, and
recommendations. Am J Prev Med 1998 Nov;15(4):398-412. [doi: 10.1016/s0749-3797(98)00084-1] [Medline: 9838980]

55. Dunn AL, Marcus BH, Kampert JB, Garcia ME, Kohl HW, Blair SN. Comparison of lifestyle and structured interventions
to increase physical activity and cardiorespiratory fitness: a randomized trial. J Am Med Assoc 1999 Jan 27;281(4):327-334.
[doi: 10.1001/jama.281.4.327] [Medline: 9929085]

56. Wanner M, Götschi T, Martin-Diener E, Kahlmeier S, Martin BW. Active transport, physical activity, and body weight in
adults: a systematic review. Am J Prev Med 2012 May;42(5):493-502. [doi: 10.1016/j.amepre.2012.01.030] [Medline:
22516490]

57. Sandercock GH, Ogunleye A, Voss C. Screen time and physical activity in youth: thief of time or lifestyle choice? J Phys
Act Health 2012;9(7):977-984. [doi: 10.1123/jpah.9.7.977] [Medline: 21979868]

58. Heron KE, Everhart RS, McHale SM, Smyth JM. Using mobile-technology-based Ecological Momentary Assessment
(EMA) methods with youth: a systematic review and recommendations. J Pediatr Psychol 2017 Nov 01;42(10):1087-1107.
[doi: 10.1093/jpepsy/jsx078] [Medline: 28475765]

59. Morris ME, Kathawala Q, Leen TK, Gorenstein EE, Guilak F, Labhard M, et al. Mobile therapy: case study evaluations
of a cell phone application for emotional self-awareness. J Med Internet Res 2010 Apr 30;12(2):e10 [FREE Full text] [doi:
10.2196/jmir.1371] [Medline: 20439251]

60. Frates EP, Moore MA, Lopez CN, McMahon GT. Coaching for behavior change in physiatry. Am J Phys Med Rehabil
2011;90(12):1074-1082. [doi: 10.1097/PHM.0b013e31822dea9a] [Medline: 22019966]

61. Gilbert D, Waltz J. Mindfulness and health behaviors. Mindfulness 2010 Oct 23;1(4):227-234 [FREE Full text] [doi:
10.1007/s12671-010-0032-3]

62. Hudlicka E. Virtual training and coaching of health behavior: example from mindfulness meditation training. Patient Educ
Couns 2013 Aug;92(2):160-166 [FREE Full text] [doi: 10.1016/j.pec.2013.05.007] [Medline: 23809167]

63. Aadland E, Ylvisåker E. Reliability of objectively measured sedentary time and physical activity in adults. PLoS One
2015;10(7):e0133296 [FREE Full text] [doi: 10.1371/journal.pone.0133296] [Medline: 26192184]

64. Wen CK, Schneider S, Stone AA, Spruijt-Metz D. Compliance with mobile ecological momentary assessment protocols
in children and adolescents: a systematic review and meta-analysis. J Med Internet Res 2017 Apr 26;19(4):e132 [FREE
Full text] [doi: 10.2196/jmir.6641] [Medline: 28446418]

65. Burke LE, Shiffman S, Music E, Styn MA, Kriska A, Smailagic A, et al. Ecological momentary assessment in behavioral
research: addressing technological and human participant challenges. J Med Internet Res 2017 Mar 15;19(3):e77 [FREE
Full text] [doi: 10.2196/jmir.7138] [Medline: 28298264]

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 4 | e17581 | p. 12https://mhealth.jmir.org/2021/4/e17581
(page number not for citation purposes)

Stewart et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://psidonline.isr.umich.edu/cds/cdsi_usergd.pdf
https://psidonline.isr.umich.edu/cds/cdsi_usergd.pdf
https://www.jmir.org/2014/3/e77/
http://dx.doi.org/10.2196/jmir.3132
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24618349&dopt=Abstract
http://europepmc.org/abstract/MED/30596272
http://dx.doi.org/10.1080/08870446.2018.1539487
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30596272&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=843571&dopt=Abstract
http://dx.doi.org/10.1037/a0027290
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22390739&dopt=Abstract
http://dx.doi.org/10.1136/bjsports-2011-090411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22278998&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0071325
http://dx.doi.org/10.1371/journal.pone.0071325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23977016&dopt=Abstract
https://doi.org/10.1027/1016-9040/a000127
http://dx.doi.org/10.1027/1016-9040/a000127
https://www.jmir.org/2016/3/e72/
http://dx.doi.org/10.2196/jmir.5505
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27025287&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-4-26
http://dx.doi.org/10.1186/1479-5868-4-26
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17559668&dopt=Abstract
http://dx.doi.org/10.1207/s15324796abm2903_6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15946114&dopt=Abstract
http://dx.doi.org/10.1016/s0749-3797(98)00084-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9838980&dopt=Abstract
http://dx.doi.org/10.1001/jama.281.4.327
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9929085&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2012.01.030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22516490&dopt=Abstract
http://dx.doi.org/10.1123/jpah.9.7.977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21979868&dopt=Abstract
http://dx.doi.org/10.1093/jpepsy/jsx078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28475765&dopt=Abstract
https://www.jmir.org/2010/2/e10/
http://dx.doi.org/10.2196/jmir.1371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20439251&dopt=Abstract
http://dx.doi.org/10.1097/PHM.0b013e31822dea9a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22019966&dopt=Abstract
https://doi.org/10.1007/s12671-010-0032-3
http://dx.doi.org/10.1007/s12671-010-0032-3
http://europepmc.org/abstract/MED/23809167
http://dx.doi.org/10.1016/j.pec.2013.05.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23809167&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0133296
http://dx.doi.org/10.1371/journal.pone.0133296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26192184&dopt=Abstract
https://www.jmir.org/2017/4/e132/
https://www.jmir.org/2017/4/e132/
http://dx.doi.org/10.2196/jmir.6641
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28446418&dopt=Abstract
https://www.jmir.org/2017/3/e77/
https://www.jmir.org/2017/3/e77/
http://dx.doi.org/10.2196/jmir.7138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28298264&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


66. Liao Y, Skelton K, Dunton G, Bruening M. A systematic review of methods and procedures used in ecological momentary
assessments of diet and physical activity research in youth: an adapted STROBE checklist for reporting EMA studies
(CREMAS). J Med Internet Res 2016 Jun 21;18(6):e151 [FREE Full text] [doi: 10.2196/jmir.4954] [Medline: 27328833]

67. Fry JP, Neff RA. Periodic prompts and reminders in health promotion and health behavior interventions: systematic review.
J Med Internet Res 2009 May 14;11(2):e16 [FREE Full text] [doi: 10.2196/jmir.1138] [Medline: 19632970]

68. Swartz AM, Strath SJ, Bassett DR, O'Brien WL, King GA, Ainsworth BE. Estimation of energy expenditure using CSA
accelerometers at hip and wrist sites. Med Sci Sports Exerc 2000 Sep;32(9 Suppl):450-456. [doi:
10.1097/00005768-200009001-00003] [Medline: 10993414]

69. Troiano RP, McClain JJ, Brychta RJ, Chen KY. Evolution of accelerometer methods for physical activity research. Br J
Sports Med 2014;48(13):1019-1023 [FREE Full text] [doi: 10.1136/bjsports-2014-093546] [Medline: 24782483]

70. Kerr J, Marinac CR, Ellis K, Godbole S, Hipp A, Glanz K, et al. Comparison of accelerometry methods for estimating
physical activity. Med Sci Sports Exerc 2017 Mar;49(3):617-624 [FREE Full text] [doi: 10.1249/MSS.0000000000001124]
[Medline: 27755355]

71. Kamada M, Shiroma EJ, Harris TB, Lee I. Comparison of physical activity assessed using hip- and wrist-worn accelerometers.
Gait Posture 2016 Feb;44:23-28 [FREE Full text] [doi: 10.1016/j.gaitpost.2015.11.005] [Medline: 27004628]

72. Fanning J, Mullen SP, McAuley E. Increasing physical activity with mobile devices: a meta-analysis. J Med Internet Res
2012 Nov 21;14(6):e161 [FREE Full text] [doi: 10.2196/jmir.2171] [Medline: 23171838]

73. Muntaner A, Vidal-Conti J, Palou P. Increasing physical activity through mobile device interventions: a systematic review.
Health Informatics J 2016 Sep;22(3):451-469 [FREE Full text] [doi: 10.1177/1460458214567004] [Medline: 25649783]

Abbreviations
EMA: ecological momentary assessment
LIAD: Life in a Day
MVPA: moderate-to-vigorous physical activity
PSID: Panel Study of Income Dynamics
TPB: theory of planned behavior

Edited by L Buis; submitted 23.12.19; peer-reviewed by Y Liao, N Christina, IC Hou; comments to author 23.03.20; revised version
received 14.06.20; accepted 08.03.21; published 29.04.21

Please cite as:
Stewart MT, Nezich T, Lee JM, Hasson RE, Colabianchi N
Using a Mobile Phone App to Analyze the Relationship Between Planned and Performed Physical Activity in University Students:
Observational Study
JMIR Mhealth Uhealth 2021;9(4):e17581
URL: https://mhealth.jmir.org/2021/4/e17581
doi: 10.2196/17581
PMID:

©Matthew T Stewart, Taylor Nezich, Joyce M Lee, Rebecca E Hasson, Natalie Colabianchi. Originally published in JMIR
mHealth and uHealth (https://mhealth.jmir.org), 29.04.2021. This is an open-access article distributed under the terms of the
Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work, first published in JMIR mHealth and uHealth, is properly cited.
The complete bibliographic information, a link to the original publication on http://mhealth.jmir.org/, as well as this copyright
and license information must be included.

JMIR Mhealth Uhealth 2021 | vol. 9 | iss. 4 | e17581 | p. 13https://mhealth.jmir.org/2021/4/e17581
(page number not for citation purposes)

Stewart et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://www.jmir.org/2016/6/e151/
http://dx.doi.org/10.2196/jmir.4954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27328833&dopt=Abstract
https://www.jmir.org/2009/2/e16/
http://dx.doi.org/10.2196/jmir.1138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19632970&dopt=Abstract
http://dx.doi.org/10.1097/00005768-200009001-00003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10993414&dopt=Abstract
http://europepmc.org/abstract/MED/24782483
http://dx.doi.org/10.1136/bjsports-2014-093546
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24782483&dopt=Abstract
http://europepmc.org/abstract/MED/27755355
http://dx.doi.org/10.1249/MSS.0000000000001124
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27755355&dopt=Abstract
http://europepmc.org/abstract/MED/27004628
http://dx.doi.org/10.1016/j.gaitpost.2015.11.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27004628&dopt=Abstract
https://www.jmir.org/2012/6/e161/
http://dx.doi.org/10.2196/jmir.2171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23171838&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/1460458214567004?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/1460458214567004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25649783&dopt=Abstract
https://mhealth.jmir.org/2021/4/e17581
http://dx.doi.org/10.2196/17581
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

