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Abstract

Background: Self-regulation refers to a person’s ability to manage their cognitive, emotional, and behavioral processes to
achieve long-term goals. Most prior research has examined self-regulation at the individual level; however, individual-level
assessments do not allow the examination of dynamic patterns of intraindividual variability in self-regulation and thus cannot aid
in understanding potential malleable processes of self-regulation that may occur in response to the daily environment.

Objective: This study aimsto develop a brief, psychometrically sound momentary self-regulation scale that can be practically
administered through participants’ mobile devices at amomentary level.

Methods: This study was conducted in 2 phases. In the first phase, in a sample of 522 adults collected as part of a larger
self-regulation project, we examined 23 previously validated assessments of self-regulation containing 594 items in total to
evaluate the underlying structure of self-regulation viaexploratory and confirmatory factor analyses. We then selected 20 trait-level
items to be carried forward to the second phase. In the second phase, we converted each item into a momentary question and
piloted the momentary itemsin asample of 53 adults over 14 days. Using the results from the momentary pilot study, we explored
the psychometric properties of the items and assessed their underlying structure. We then proposed a set of subscale and total
score calculations.

Results: In the first phase, the selected individual-level items appeared to measure 4 factors of self-regulation. The factors
identified were perseverance, sensation seeking, emotion regulation, and mindfulness. In the second phase of the ecological
momentary assessment pilot, the selected items demonstrated strong construct validity as well as predictive validity for health
risk behaviors.
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Conclusions: Our findings provide preliminary evidence for a 12-item momentary self-regulation scale comprising 4 subscales
designed to capture self-regulatory dynamics at the momentary level.

(IMIR Ment Health 2022;9(5):€35273) doi: 10.2196/35273
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Introduction

Background

Self-regulation refersto a person’s ability to manage emotions,
cognition, and behavior to avoid immediate gratification, which
may interfere with achieving long-term goals. People with
self-regulatory competence tend to make goal -oriented decisions
and inhibit impulsive behavior that is incompatible with their
long-term goals [1]. Self-regulation lapses are linked to social
and health problems, such as poor academic outcomes, obesity,
substance use disorders, and preventable deaths [2-4].

An individua’s level of self-regulation is likely responsive to
internal factors, such as negative affect or stress, which may
lessen an individual’s determination or available resources to
focus on sdf-regulatory behavior, as well as externd
environmental factors, such as being in a location with many
temptations for risk behaviors. However, published measures
of sdlf-regulation are typically based on retrospective sl f-reports
obtained through cross-sectional surveys or task-based methods.
As in other assessments of psychological constructs (eg,
self-esteem and personality), retrospective self-report methods
collected at 1 time point are helpful in measuring dispositional
states, alowing researchers to quantitatively describe an
individual and examine interindividual variability, but are
limited in measuring the changing states of such constructs
within an individual [5,6]. Task-based assessments have
similarly been devel oped for single or paired assessments before
and after a defined stimulus and are typically delivered in a
laboratory setting. Thus, traditional trait-level assessments may
fall short of examining dynamic patterns reflecting
intraindividual variability in self-regulation and understanding
malleable processes of one's self-regulation in a naturaistic
setting (as aligned with the contextual model of self-regulation
proposed by Roos and Witkiewitz [7]).

A methodologically and psychometrically sound metric that
precisely and sensitively captures malleable processesinvolved
in self-regulation in a real-world setting may enable a more
contextualy informed understanding of self-regulatory
processes. Developing a valid assay for measuring changes in
self-regulation in a nonlaboratory, everyday setting may help
researchers better identify the construct’s responsiveness to
internal and environmental factors and thus more effectively
intervene in self-regulation as a putative mechanism that may
play a causa role in facilitating health behavior change.
Proliferation in information and communication technologies,
combined with novel measurement methods, such as
smartphone-based ecological momentary assessment (EMA),
enables researchers to examine and assess self-regulatory
processes and dynamics at a momentary level as people move
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through their livesin various real-world environmental contexts
(ie, in contrast to laboratory settings or retrospective recall).

Overall Study Objective

Overview

This study aimed to develop a brief, psychometrically sound
momentary self-regulation scale that can be practically
administered through participants mobile devices at a
momentary level. The objective was for the momentary scale
to capture the constructs measured in existing self-regulation
measures and capture both intra- and interindividual variability
in self-regulation asit occursin naturalistic settings. Thiswork
ispart of abroader exploration of the ontology of self-regulation
supported by the National Institutes of Health’s Science of
Behavior Change initiative [8]. The work was conducted in 2
distinct phases.

Phase 1: Measuring Self-regulation at the Individual
Level Using Existing Scale | tems

Beginning with a broad representation of items putatively
measuring self-regulation at the individual level, we aimed to
understand the underlying dimensions measured by theseitems
and then select a smaller subset of items that capture these
dimensions well and that could be studied at the moment level
in anaturalistic setting.

Phase 2: Scale Development and Preliminary Validation

Beginning with the items selected in phase 1, we aimed to
modify the items for measurement at the moment level, pilot
their use via momentary assessment methods, construct a
momentary scale, and preliminarily assess its psychometric
properties at the moment level.

Methods
Phase 1

Overview

Starting with acomprehensive set of existing scalesthat purport
to measure self-regulation at the individual level, we aimed to
confirm each scale's factor structure and characterize its item
characteristics. We then assessed the underlying constructs
measured by thefull set of itemsfrom all scalesand determined
their factor structure. Considering this asthe underlying structure
of self-regulation, we made an initia selection of the
best-performing items from each factor. We aimed to confirm
that the factor structure of self-regulation was preserved when
using thislimited set of items. Once wefinalized a set of items
that performed well and together measured all factorsidentified
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as part of the constructs measured at the individual level, we
moved to study them further at the moment level in phase 2.

Literature Review and Scale and Task Selection

Thelarger self-regulation initiative began with acomprehensive
review of the scientific literature of assessments (both survey
based and cognitive task based) used in the domain of
self-regulation research and related constructs (eg, impulsivity,
mindfulness, behavioral disinhibition, and temporal
discounting). This review outlined the origin of all assays and
the conceptual and empirical associations between the datafrom
each measure and health and socia behaviors. This study
identified 23 self-report surveys and 37 cognitive tasks that
purport to measure some aspect of self-regulation. The process
for selecting the scales has been described in detail elsewhere
[9,10]. Briefly, these scales were chosen for their ability to
measure underlying latent constructs of the umbrella construct
of self-regulation. Self-regulation refersto a person’s ability to
manage cognitive, motivational, and emotional resourcesto act
in accordance with their long-term goals. The constructs were
operationalized as cognitive functions that allow an individual
to engage in effective self-regulatory behaviors. Measures that
focused on aspects of self-regulation such as goa planning,
self-regulation failures, impulsivity, cognitive control, and
temporal discounting were sampled.

Sample and Sample Partitioning

Next, a sample of 522 adults was recruited through Amazon
Mechanical Turk (MTurk), a crowdsourcing website, and the
594 items from the 23 surveys were administered. A subset of
these individuals (150/522, 28.7%) was selected to complete
the surveys again 3 months later to enable the assessment of
test-retest reliability [11]. A description of the MTurk study
design and sample recruitment procedures is described
elsewhere, asis a description of the participants in the sample
and their scores on the surveys and behavioral tasks [8,9]. For
this project, survey datafrom this sample were used to perform
adimension analysis of arange of self-regulation measures. A
full list of the surveys and their subscales is included in
Multimedia Appendix 1 [6,12-31].

To support thedimension analysisviaexploratory factor analysis
(EFA), the observations (participants) were partitioned into a
discovery set (200/522, 38.3%) and a validation set (322/522,
61.7%). The complete set (N=522) comprised the discovery
and validation sets.

Analytic Approach

Item Reduction to Solve an n<p Problem

In statistics, an n<p problem describes the challenge of having
more variables than observations on which the variables are
measured. With the M Turk sampl e of 522, we encountered such
a challenge in using al the variables (items) to perform a
dimension analysis of self-regulation using all 594 items from
the 23 self-regulation surveys. Therefore, a precursor to
performing exploratory factor analyses wasthe reduction of the
number of evaluated itemswhile still maintaining itemsin each
potential self-regulation domain. To facilitate this process,
scale-level analyseswere performed on each self-reported scale
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to first confirm the structure of the scale and then identify a
subset of well-performing itemsto carry forward as candidates
for further self-regulation dimension analysis. This process
began with research on the scal€'s derivation and a qualitative
review of the scale to ensure self-regulation was indeed the
scale’s target. Next, for each scale, correlated factor analysis
was performed to confirm the scale’s factor structure in the
sample. Finally, an item response theory (IRT) analysis was
performed within each scale to identify a set of approximately
3 items per scale to inform the development of a measure that
succinctly capturesvariousdimensions of self-regulation. Items
were considered to perform well in the factor analysis if they
loaded primarily on one factor of the scale and did not have
high loadings on other factors and were considered to perform
well in the IRT analysis if they had high information and
discrimination. The goa of the item reduction process was to
keep items from each subscale or construct measured to retain
full coverage of scalesin the fina candidate set while limiting
them to well-performing items.

Dimension Analysisand Factor Interpretation

The MTurk data on the reduced set of items (116 items) were
subjected to dimensional analyses. The discovery (n=200),
validation (n=322), and compl ete data sets (N=522) were used
to perform the EFA of the reduced set of items. The goal of the
EFA was to identify the number of underlying factors in the
sample and interpret the content of each factor where possible.
EFA was performed using Mplus [32].

For each factor-based solution, aqualitative review of theresults
was performed to identify and describe the factors. This
assessment was done by focusing on items that loaded onto a
factor and then qualitatively reviewing the text of these items
and naming the factor based on the content of all loading items.

Test-Retest Results

Test-retest information from each item was also considered in
the item selection process. In the sample of 150 MTurk
participants who completed the surveys at 2 time points, we
computed item-level intraclass correlation coefficients (1CCs).
The results of the scale and task |CCs and how they related to
behaviors have been published elsawhere [11]. For this study,
the ICCs provided further information on which items might
be better for momentary measurement. A large ICC indicates
that there is not a great deal of variability within individuals.
Such anitem likely measures an individual-level characteristic
rather than amomentary characteristic that may vary over time
and in different situations. Details on how the ICCs were
incorporated into the selection of itemsfor study at amomentary
level areincluded in theitem selection process described in the
following sections.

Item Selection for Study of Momentary Self-regulation

Using the results of the dimension analyses, we aimed to select
a set of items from each identified factor and select
approximately 15 items in total. The goa for the number of
items sel ected for the momentary study was based on the number
thought to be reasonable to answer on a momentary basis
(consistent with the broader literature on EMA), as well as
provide a large enough sample of items so that further item
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selection could be performed based on their performancein the
planned pilot of the items (phase 2). To aobtain a set of items
from each factor, we selected items with the following
characteristics:

1. Itemsthat loaded primarily on onefactor (did not load >0.5
on >1 factor) and loaded highly on that factor (>0.5)

2. Items whose |CC was not large enough to indicate a lack
of variability within the individual

3. Itemsthat did not refer to a specific activity that would not
be present in alarge proportion of momentsin areal-world
setting (eg, skiing or skydiving)

Confirming the Factor Structure

Oncetheitemswere selected for further study at the momentary
level, we performed a confirmatory factor analysis (CFA) to
determinewhether theidentified factorsin the larger set of items
were confirmed in the selected items. Adjustments to the item
selection and further exploratory analyses and CFAs were
performed until a solution with acceptable fit statistics was
obtained.

Phase 2

Overview

Using the items selected in phase 1, we moved to study
self-regulation at a momentary level. We piloted all selected
itemson anew sample of participants and then assessed within-
and between-individual variability of items and examined the
underlying factor structure at the within- and between-individual
levels. The goa was to develop a momentary self-regulation
measure and perform an initia evaluation of its validity. To
ensure construct validity between the trait-level and
momentary-level self-regulation measurements, we examined
the associ ation between nonmomentary self-regul ation measured
at baseline and the momentary self-regulation responses
collected from phase 2 participants throughout atotal of 42 time
points over 14 consecutive days. We also assessed the
psychometric properties of between- and within-individual
momentary self-regulation items and subscales, as well as the
predictive validity of the subscales and total scores for health
risk behaviors (eg, smoking and overeating). Self-regulation
has been implicated in many health risk behaviors, including
substance use and disordered eating [33-37].

Sample

A new sample of participants was recruited through MTurk for
phase 2. To be eligible for the momentary study, participants
had to be aged between 18 and 50 years, US residentsin states
that included only the Eastern time zone (because of the manual
process involved in implementing the text prompting and
compensation procedures), fluent in English, and willing to
receive text promptson their smartphoneto initiate and complete
3 surveys per day over 14 consecutive days. We recruited 60
participants to account for potential study attrition and meet a
minimum analytic sample size of 50. We did not perform a
formal power analysis or sample size calculation, given the
exploratory nature of the study and the lack of preexisting data
on the variability of momentary self-regulation. However, we
expected that the sample size (n=50), along with 42 time points
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for each participant, would provide arich dataset for performing
the proposed psychometric analyses.

Eligible participants were provided with information on the
study procedure, risks, benefits, and payment schedules.
Individuals who read the information sheet and agreed to
participate enrolled in the study after clicking the next button
on the page to provide their consent. They were directed to a
web-based baseline survey that assessed demographic
characteristics and several trait-level self-regulation surveys.
Partici pants received study instructions and detail ed explanations
viaphone SM Stext messages and direct messages sent through
the MTurk crowdsourcing platform.

Ethics Approval

The study procedure and survey materials were approved by
the Dartmouth College Committee for the Protection of Human
Subjects (STUDY 00028975).

Data Collection

We leveraged the technol ogy features available through mobile
texting prompts and the Qualtrics survey platform to simulate
EMA methods with 42 repeated microsurveys (3 times per
day—morning, midday, and evening—for 14 days) and facilitate
rapid compensation. Each microsurvey contained 20 survey
items and took <3 minutes on average to complete. Participants
were compensated within an hour of the completion of each
microsurvey. We simulated the EMA method instead of
developing an EMA mobile app to expedite data collection
while enabling remote recruitment and data collection. Each
text prompt contained a unique hyperlink that directed the
participants to a given web-based microsurvey. Text prompts
were sent at arandom time within a predetermined time window.
Participants were asked to complete microsurveys on their
mobile devices (verified via an external website that tracks the
devices used to answer surveys). To promote study retention,
we sent areminder with the same message to those who did not
complete the survey within an hour of receiving the random
prompt. Consistent with compensation models offered within
the MTurk crowdsourcing environment, participants were
compensated US $0.30 for each microassessment and US $5
daily bonuses for completing all 3 assessments per day.

Measures

Baseline Survey

We measured demographic characteristics (eg, age, gender,
ethnicity, race, education, and income) and height and weight
for BMI, aswell as health behavior characteristics, such as the
Drug Abuse Screening Test (DAST-10) [38,39], Cannabis Use
Disorders | dentification Test—Revised (CUDIT-R) [40], Alcohal
Use Disorders Identification Test (AUDIT) [41], Three-Factor
Eating Questionnaire-R18 (TFEQ-R18) [42], and smoking
status. These behavioral characteristics were collected to
examine the relationship between momentary self-regulation
dynamics and health risk behaviors. In phase 1, asubset of items
from the 23 self-report surveys was selected. In the phase 2
baseline survey, we included the 8 self-report surveys from
which the momentary self-regulation scal eitemswere sel ected.
These scales were the functional and dysfunctional impulsivity
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subscales from the Dickman Impulsivity Inventory [12]; the
suppression subscal e of the Emotion Regulation Questionnaire
(ERQ) [13]; the nonjudging subscale of the Five Facet
Mindfulness Questionnaire (FFM Q) [ 14]; the venturesomeness
subscale of the Eysenck I-7 Impul siveness and Venturesomeness
Questionnaire (1-7) [15]; the Mindful Attention Awareness Scale
(MAAYS) [16]; the Selection, Optimization, and Compensation
Questionnaire [17]; the Short Self-Regulation Questionnaire
(SSRQ) [18]; and the lack of premeditation and lack of
perseverance subscal es of the Urgency, Premeditation (lack of),
Perseverance (lack of), Sensation Seeking, and Positive Urgency
(UPPS-P) Impulsive Behavior Scale [19,20]. These subscales
were collected to facilitate validation analyses for the
momentary items.

Microsurveys

Driven by the practice of momentary scale development and
validation research in psychometric studies [43], the wording
of the 20 items was modified to capture the momentary level
of self-regulation. For example, the item “I keep my emotions
to myself” was modified to “Since the last prompt, | kept my
emotions to myself.” Similar modification methods with the
leading phrase “Since the last prompt..."” were applied to all
other candidate items. Response options for al items were
standardized to a 5-point Likert scale, ranging from not at all
(1) to extremely (5). After phase 1 and data collection for phase
2, we noted that 2 of the 20 items originated from the
Multidimensional Personality Questionnaire Control scale[21],
which has a copyright restriction that prevents their use in the
development and publishing of new measures. Therefore, we
removed these 2 items from the originally selected items,
verified that the other 22 self-regulation surveys did not have
copyright restrictions, and proceeded with 18 items in the
analysis. Asdetailed in the following sections, the 18 items did
not have a different structure than that of the 20 items.

Analytic Approach

First, we evaluated the construct validity of the 20 individual
momentary items using baseline self-regulation surveys. To do
this, we fit generalized estimating equation modelsto examine
the association between each momentary self-regulation item
and its corresponding trait-level self-regulation subscale assessed
at baseline. Thiswasto ensure what we intended to measure at
a momentary level (self-regulation at the moment of each
assessment) was the same concept (self-regulation) captured by
the original self-regulation survey.

Second, to assess the intra- and interindividual variability of
theitems, we examined | CCs estimated via univariate multilevel
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models with a probit link. We then performed multilevel EFA
followed by CFA, allowing for correlated factorsto identify the
number of factors measured by the momentary set of items at
the between- and within-individual levels. The results of these
factor analyses, along with theinformation on construct validity
and ICCs, were used to select approximately 3 items per factor
to be included in the final momentary scale.

Withthefinal set of momentary self-regulation items, we created
subscale scores comprising the mean item response from all
items from afactor and created overall scores computed asthe
mean of the 4 subscale scores. We evaluated the construct
validity of the final momentary subscales and total scores via
mixed-effects models examining the relationship between the
momentary subscale and total score and the baseline
self-regulation measures. Finally, we evaluated the predictive
validity using mixed-effects modelsfor health information (eg,
alcohol, smoking, other substance use, food intake, and BMI)
and explored the association between momentary self-regulation
subscales and age, sex, education, and income. All analyses
accommodated the multilevel structure of the data by modeling
both the between- and within-individual variations in repeated
assessments. Mplus [32] was used for the multilevel factor
analyses. SAS software (version 9.4, SAS Ingtitute Inc) was
used for data merging and processing, generalized estimating
equations, and mixed models.

Results

Phase 1

Item Reduction

Owing to space constraints, we do not present the results from
each scalelevel analysis used to select a reduced set of
well-performing items. Instead, we briefly describe the steps
taken for the UPPS-P Impulsive Behavior Scale as an example.
The same process was followed for al 23 self-regulation
surveys.

Firgt, the 5-factor structure was confirmed through a factor
analysis of al the items on the scale. The factors loaded onto
the subscal es that were previously defined in the literature. The
selected itemsloaded strongly onto their designated factorsand
showed a minima overlap. Separate scree plots for each
subscale confirmed the 1-factor structure of the subscales.

The selected itemsfrom each subscal e are described in Textbox
1. These items were selected based on a qualitative assessment
to identify the items with the best discrimination and highest
level of information.
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Textbox 1. Selected items from each subscal e of the Urgency, Premeditation (lack of), Perseverance (lack of), Sensation Seeking, and Positive Urgency

Impulsive Behavior Scale.

Selected items from each subscale

Premeditation

« ‘I liketo stop and think things over before | do them.” [UPP17]
o “lusualy think carefully before doing anything.” [UPPA49]

. “Beforemaking up my mind, | consider all the advantages and disadvantages.” [UPP56]

Per severance

«  “I generaly like to see things through to the end.” [UPPO5]
o “lfinishwhat | start.” [UPP28]

o “l dmost dwaysfinish projectsthat | start.” [UPP43]

Negative urgency

«  “When| feel bad, | will often do things | later regret in order to make myself feel better now.” [UPP18]

o “When| am upset | often act without thinking.” [UPP30]

. ‘I often make matters worse because | act without thinking when | am upset.” [UPP45]

Positive urgency

«  “When| get really happy about something, | tend to do things that can have bad consequences.” [UPP41]
o “When overjoyed, | fedl like | can’t stop myself from going overboard.” [UPPA46]

« “I tend to act without thinking when | am really excited.” [UPP53]

Sensation seeking
. “l quiteenjoy taking risks.” [UPP24]

« “l welcome new and exciting experiences and sensations, even if they are alittle frightening and unconventional.” [UPP32]

« “I sometimes like doing things that are a bit frightening.” [UPP42]

Dimension Analysis and Factor | nterpretation

Number of Factors: EFA

Scree plots of eigenvalues from the discovery, validation, and
complete sets (reduced items) showed adecreased rate of change
after 3 eigenvalues and were almost flat after 6 eigenvalues.
Given this, 3- and 4-factor EFAs were completed.

I nterpretation of Factors

Patterns of factor loadings were used to interpret the measured
factors across several factor solutions. For each solution, all
items loading on a factor were reviewed, and an attempt was
made to identify the construct under study and assign a name
to each factor through a qualitative assessment of the item text.
Table 1 lists the names of the factors across multiple
factor-based solutions.
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In the 3-factor solution, in both the discovery and validation
sets, aswell asthe complete observation set, the factors appeared
to represent (1) perseverance or lack of impulsivity, (2) sensation
seeking, and (3) inhibition or mind over matter. In the 4-factor
solution, in both the discovery and validation sets, the factors
appeared to represent (1) perseverance, (2) impulsivity or
sensation seeking, (3) inhibition or mind over matter, and (4)
negative rumination or self-judgment. However, in the compl ete
observation set, the factors differed, appearing to represent (1)
impulsivity, (2) sensation seeking, (3) inhibition or mind over
matter, and (4) negative rumination or self-judgment. Overall,
the 3-factor solution had the most support based on the scree
plot, consistency of results across observation sets, and
additional exploratory factor analyses not presented. Therefore,
we moved to the next step, assuming a 3-factor solution.
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Table 1. Phase 1: factor interpretation for the 3- and 4-factor exploratory factor analysis.

Factor analysis and data set
3-factor 4-factor
Discovery  Validation Complete Discovery Validation Complete
Factor interpretation
Perseverance or lack of impulsivity O O ad
Perseverance ad O
Sensation seeking g ad g a
Impulsivity or sensation seeking
Inhibition or mind over matter g ad g ad
Impulsivity
Negative rumination or self-judgment ad O

Item Selection for Study of Momentary Self-regulation

As 3 factors appeared to have the most support, and among the
3-factor solutions, the discovery, validation, and compl ete data

Textbox 2. Item selection process.

sets yielded similar factors and results, we considered the
complete set and 3-factor solution asthe results from which we
would identify items for further study at the momentary level.
The selection processis detailed in Textbox 2.

evaluated all items with loadings >0.5 onto the factor.

follows:

Item selection process based on the complete data set and 3-factor solution
1. From each factor, we removed items with factor loadings <0.5 or with factor loadings >0.5 on >1 factor from further consideration.

2. Among the remaining items, the perseverance factor had many more items with factor loadings >0.5 (49 items), whereas the other 2 factors
(sensation seeking and inhibition or mind over matter) each had a smaller number of items with loadings >0.5 (15 and 9 items, respectively). As
we wanted to represent all 3 factors in our selected items, we only considered the first 21 items (approximately 40% of all items with loadings
>0.5) that loaded onto the perseverance factor (ordered by factor loading value). For sensation seeking and inhibition or mind over matter, we

3. Among the resultant 21+15+9 items, we aimed to select items in proportion to the number loading on the 3 factors; hence, we sought to select
10 perseverance or impulsivity items, 3 sensation-seeking items, and 2 inhibition or mind over matter items. The selection procedure was as

«  Weremoved items with alarge intraclass correlation coefficient (ICC) vaue (>0.7).
«  Weremoved itemsreferring to a specific activity (eg, skiing or skydiving), which is common among sensation-seeking items.
«  Weadded items outside of theinitial selection from each factor if they narrowly missed the selection but had available |CCs that were <0.4.

«  Wethen selected items that represented a variety of themes within the factor, favoring items with lower 1CCs.

The selection resulted in 20 initialy selected items: 10 items
from the perseverance or impulsivity factor, 5 items from the
sensation-seeking factor, and 5 items from the inhibition or
mind over matter factor. Given that the items that appeared to
represent impulsivity (eg, “I think before doing,” “do you
generally do and say things without stopping to think?’ and “|
get in trouble because | don't think before | act”) were not
selected, we call the first factor perseverance rather than

perseverance or lack of impulsivity.

Confirming the Factor Structure

We performed a CFA to determine whether theidentified factors
in the larger set of items were confirmed in the selected 20
items. The 3-factor confirmatory model did not fit the datawell
(root mean square error of approximation [RMSEA] 0.115, 95%
Cl 0.110-0.121; Tucker-Lewis Index [TLI] 0.801). Therefore,
we performed a 3-, 4-, and 5-factor EFA of the selected items.
Intheexploratory analysis, the 4-factor solution best fit the data

https://mental .jmir.org/2022/5/€35273

(RMSEA 0.051, 95% CI 0.043-0.059; TLI 0.961). Qudlitative
examination of items that had previously made up the third
factor (inhibition or mind over matter) showed a split across
the third and fourth factors in the EFA, suggesting 2 separate
factors: emotion regulation and mindfulness. To accommodate
thisnew structure, fromthe originally selected 20 items, 2 items
were removed from the perseverance factor, and 1 item each
was selected (based on the qualitative assessment of
measurement and examination of factor loadings within the
larger item set and item-level ICCs) to measure the emotion
regulation and mindfulness factors. Furthermore, a 4-factor
CFA was performed on the revised 20-item set, and the model
fit the data well (RMSEA 0.094, 95% CI 0.088-0.100; TLI
0.917), and we considered our selection complete. Tables2 and
3 show theitemsinitialy selected and the final item selection,
respectively, that resulted from the confirmatory analyses. The
factorsidentified were perseverance, sensation seeking, emotion
regulation, and mindfulness.
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Table2. Phase1: initia (before confirmatory analysis) selection of itemsthat represent 3 underlying factorsto be considered candidates for momentary
measurement in phase 2.

Item source Item text Factor name

Perseverance Sensation  Inhibition or
seeking mind over matter

UPPS-P? Impulsive Behavior Scale « Ifinishwhat | start. U
[19,20]

Selection, Optimization, and Compensa= « | keep working on what | have planned until | O
tion Questionnaire [17] succeed.

«  When | do not succeed right away at what | want
todo | do not try other possibilitiesfor very long.

UPPS-PImpulsive Behavior Scale[19,20] . | generally like to seethingsthrough totheend. 0O

Short Self-Regulation Survey [18] o | setgoasfor myself and keep track of my O
progress.

Dickman Impulsivity Inventory [12] « | oftensay and do thingswithout consideringthe [
consequences.

UPPS-PImpulsive Behavior Scale[19,20] « | usudly think carefully before doing anything. [

Multidimensional Personality Question- « | am careful in reasoning. O

naire [21]

10-Item Personality Questionnaire [6] «  Dependable, self-disciplined. O
Multidimensional Personality Question- « | value arational approach. O

naire [21]

Short Self-Regulation Survey [18] « | amabletoresist temptation. O

Eysenck I-7 Impulsivenessand Venture- « Do you quite enjoy taking risks? ad
someness Questionnaire [15]

Eysenck I-7 Impulsiveness and Venture- « Do you sometimes like doing thingsthat are abit ad
someness Questionnaire [15] frightening?

Dickman Impulsivity Inventory [12] « lamgood at taking advantage of unexpected op- ad

portunities, where you have to do something im-
mediately or lose your chance.

UPPS-PImpulsiveBehavior Scae[19,20] « | have areserved and cautious attitude toward ad
life.
Dickman Impulsivity Inventory [12] « |liketo take part in redlly fast-paced conversa- ad
tions, where you don’t have much time to think
before you speak.
Five Facet MindfulnessQuestionnaire[14] - | think some of my emotions are bad or inappro- ad

priate and | shouldn’t feel them.

Emotion Regulation Questionnaire[13] «  When | am feeling negative emotions, | make ad
sure not to express them.

Emotion Regulation Questionnaire[13] « | control my emotions by not expressing them. ad

Mindful Attention Awareness Scale[16] « | find myself doing things without paying atten- d
tion.

Mindful Attention Awareness Scale[16] « It seems| am “running on automatic” without d

much awareness of what I’'m doing.

3UPPS-P: Urgency, Premeditation (lack of), Perseverance (lack of), Sensation Seeking, and Positive Urgency.
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Table 3. Phase 1: final (after confirmatory analysis) selection of items that will be considered candidates for momentary measurement in phase 2.

Factor name Item text
Sensation  Emotion Mindfulness
seeking regulation
UPPS-P? Impulsive Behavior Scale « Ifinishwhat | start.
[19,20]
Selection, Optimization, and Compensa- « | keep working on what | have planned
tion Questionnaire [17] until | succeed.
«  When | do not succeed right away at what
| want to do | do not try other possibilities
for very long.
UPPS-P Impulsive Behavior Scale « | generdly liketo seethingsthrough to the
[19,20] end.
Short Self-Regulation Survey [18] o | setgoalsfor myself and keep track of my
progress.
Dickman Impulsivity Inventory [12] « | often say and do things without consider-
ing the consequences.
UPPS-P Impulsive Behavior Scale o | usualy think carefully before doing any-
[19,20] thing.
Multidimensional Personality Question- « | am careful in reasoning.
naire [21]
Multidimensional Personality Question- « | value arational approach.
naire [21]
Short Self-Regulation Survey [18] « | amableto resist temptation.
Eysenck I-7 Impulsivenessand Venture- « Do you quite enjoy taking risks? ]
someness Questionnaire [15]
Eysenck I-7 Impulsivenessand Venture- « Do you sometimes like doing things that ]
someness Questionnaire [15] are a hit frightening?
Dickman Impulsivity Inventory [12] « | amgood at taking advantage of unexpect- ]
ed opportunities, where you have to do
something immediately or lose your
chance.
UPPS-P Impulsive Behavior Scale « | have areserved and cautious attitude to- ]
[19,20] ward life.
Five Facet Mindfulness Questionnaire  « | think some of my emotions are bad or in- O
[14] appropriate and | shouldn’t feel them.
Emotion Regulation Questionnaire[13] «  When | am fedling negative emotions, | O
make sure not to express them.
Emotion Regulation Questionnaire[13] « | control my emotions by not expressing O
them.
Five Facet Mindfulness Questionnaire  « | tell myself | shouldn’t be thinking the way O
[14] | am thinking.
Mindful Attention AwarenessScale[16] « | find myself doing things without paying d
attention.
Mindful Attention AwarenessScale[16] « It seems| am “running on automatic” d

without much awareness of what I'm doing.
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Factor name Item text

Factor name

Emotion Mindfulness

regulation

Sensation
seeking

Perseverance

Mindful Attention Awareness Scale[16]
ly attentive to them.

| rush through activitieswithout being real - ad

8UPPS-P: Urgency, Premeditation (lack of), Perseverance (lack of), Sensation Seeking, and Positive Urgency.

Phase 2

Participants and Study Retention

Approximately 12% (7/60) of participants who enrolled in the
study did not complete any of the 42 microsurveys, resulting
in 53 participantswith momentary data. Participantswere mainly
White (47/53, 88%), non-Hispanic (48/53, 90%), married (20/53,
37%), and female (30/53, 56%) and aged between 22 and 48
years at baseline. These 53 participants completed a median of
42 of the 42 microsurveys (range 1-42). The mean BMI was
27.18 (SD 6.08, range 18.30-44.30) kg/m? falling in the
overweight category. Approximately 30% (16/53) of the
participants reported that they smoked cigarettes every day,
40% (21/53) had used cannabis, and 36% (19/53) reported that
they had not limited their alcohol intake to less than monthly
in the past year. Approximately 28% (15/53) of participants
reported that they had used drugs other than those required for
medical reasons.

https://mental .jmir.org/2022/5/€35273

Momentary | tem Examinations: Construct Validity and
Intra- and Interindividual Variability

Analyses examining the construct validity of the individual
items assessed the association between the baseline trait-level
self-regulation item and momentary-level self-regulation item.
They showed a significant association with the exception of 1
item (item 3), indicating that for al other items, the concept
operationalized and measured through momentary itemsreflects
the original construct (trait-level self-regulation) measured at
the baseline survey (Table 4).

Unconditional multilevel models confirmed that there was
significant variation at the individual item level for all items
with 1CCs ranging from 37% to 64%, indicating that a large
proportion of the variability in the items was because of
within-individual fluctuation rather than between-individual
variation.
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Table 4. Phase 2 construct vaidity of momentary items: regression coefficients from multilevel models relating momentary self-regulation items to
corresponding baseline trait-level self-regulation subscales.

Item number  Source (baseline self-regulation scale) Momentary self-regulation item Regression coefficient
1 Dickman Impulsivity Inventory [12] Since the last prompt, I've been good at taking advantageof  ( g52
unexpected opportunities.
2 Dickman Impulsivity Inventory [12] Sincethelast prompt, I've said thingswithout consideringthe gg2
conseguences.
3 Emotion Regulation Questionnaire [13] Since the last prompt, I’ve controlled my emotions by not 0.10
expressing them.
4 Emotion Regulation Questionnaire [13] Sincethelast prompt, if I'vefelt negative emotions, I'vemade ( 192
sure not to express them.
5 Five Facet Mindfulness Questionnaire[14]  Sincethelast prompt, I've told myself | shouldn’t bethinking g ogP
the way | am thinking.
6 Five Facet Mindfulness Questionnaire[14]  Since the last prompt, I’ve thought some of my emotionsare  ( o1P
bad or inappropriate and | shouldn’t feel them.
7 Eysenck I-7 Impulsivenessand Venturesome-  Since the last prompt, I’ ve quite enjoyed taking risks. 0.89%
ness Questionnaire [15]
8 Eysenck I-7 Impulsivenessand Venturesome-  Since the last prompt, I’ve enjoyed doing thingsthat areabit 502
ness Questionnaire [15] frightening.
9 Mindful Attention Awareness Scale [16] Sincethelast prompt, it has seemed | am running on “automat-  _ 442
ic” without much awareness of what I’ m doing.
10 Mindful Attention Awareness Scale [16] Since the last prompt, I’ve rushed through activitieswithout  _ 402
really being attentive to them.
11 Mindful Attention Awareness Scale [16] Sincethelast prompt, I've found myself doing thingswithout  _q 432
paying attention.
14 Selection, Optimization, and Compensation  Since the last prompt, I've worked on what | planned until I - _1 52
Questionnaire [17] succeeded.
15 Short Self-Regulation Questionnaire [18] Since the last prompt, | have set goals and kept track of my g 492
progress toward goals.
16 Short Self-Regulation Questionnaire [18] Since the last prompt, I've been able to resist temptation. 0.292
17 UPPS-F® Impulsive Behavior Scale[19,20]  Sincethelast prompt, my attitudetoward lifehasbeenreserved  _g 472
and cautious.
18 UPPS-P Impulsive Behavior Scale [19,20]  Sincethe last prompt, I've generaly seen thingsthroughto  _g gg2
the end.

19 UPPS-P Impulsive Behavior Scale [19,20]  Sincethelast prompt, I've been abletofinish projects| started.  _q 432
20 UPPS-P Impulsive Behavior Scale [19,20]  Since the last prompt, | have thought carefully beforedoing  _qg g12
things.
8p<.01.
bp< 05,

CUPPS-P: Urgency, Premeditation (lack of), Perseverance (lack of), Sensation Seeking, and Positive Urgency.

Examining Factor Structurein Momentary Items

Multilevel EFA modelswith between 3 and 5 within-individual
factors and between 3 and 4 between-individual factors were
explored. Table 5 presents the fit statistics for these models.
Models with both 4 and 5 within-individual factors and with
both 3 and 4 between-individual factors had good fit statistics,
with the exception of the chi-square test, which is sensitive to
sample size.

We used iterative processes to report the best factor solutions
for the momentary self-regulation scale. For example, although
the 5-factor within-individual structure seemed to fit the data
well, having 5 factors resulted in separating the emotion

https://mental .jmir.org/2022/5/€35273

regulation factor into 2 factors based only on the scales from
which theitems originated, which isunlikely to be ameaningful
distinction. The 3-factor solution at the between-individual level
appeared to fit the datawell. The difference between the 3- and
4-factor solutions is that emotion regulation and mindfulness
factors may be combined into 1 factor at the between-individual
level. Given these results, we examined the 4-factor EFA results
for theitem selection stepsthat followed. The 4 factorsidentified
were very similar to those present in phase 1: perseverance,
sensation seeking, mindfulness, and emotion regul ation.

As we aimed to retain only items that performed well at the
individual and moment levels in a momentary self-regulation
scale, we examined the factor loadings and communalities of
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the items in the multilevel EFA. We selected items that
consistently showed high communalities at both within- and
between-individual levels, indicating that variability in these
itemsisreasonably explained by the underlying factors, aswell
asitemsthat consistently loaded highly on the factors of interest
and did not simultaneously load highly on the other factors
being measured. This process yielded a set of 12 items—3
selected for each underlying factor.

Scherer et al

A multilevel CFA was fit to these 12 items. The fit statistics
from this multilevel CFA model were comparative fit index
0.989, standardized root mean squared residual (between) 0.083,
standardized root mean square residual (within) 0.083, RMSEA
0.012, and TLI 0.985. The significant path coefficients and
covariances between the factors are shown in Figure 1.

Table 5. Phase 2 fit statistics from multilevel exploratory factor analyses on 18 momentary items.

Statistics Exploratory factor analysis model

3W3B2 4w3BP 5W3BC aw4Bd 5W4BE
Number of parameters 192 207 221 222 236
Chi-square (df)’ 606.7 (204)f 322.6 (189)f 222.7 (175)f 317.6 (174)f 213.1 (160)f
RMSEAY 0.030 0.018 0.011 0.020 0.012
crh 0913 0971 0.990 0.969 0.988
TLp 0.869 0.953 0.982 0.945 0.978
SRMRI within 0.130 0.091 0.065 0.091 0.065
SRMR between 0.064 0.064 0.064 0.042 0.042

3\l odel with 3 within-level factors and 3 between-level factors.
BModel with 4 within-level factors and 3 between-level factors.
®Model with 5 within-level factors and 3 between-level factors.
dModel with 4 within-level factors and 4 between-level factors.
®Model with 5 within-level factors and 4 between-level factors.
fp<.0L.

9RM SEA: root mean square error of approximation,

hCF: comparative fit index.

ITLI: Tucker-Lewis Index.

JSRMR: standardized root mean square residual .
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Figure 1. Path coefficients from the multilevel confirmatory factor analysis of 12 finalized items. For path coefficients between latent factors, only

significant coefficients are reported for readability.
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Subscale and Total Score Creation

To create subscale scores based on the 4 identified factors, we
calculated the mean of the scores of al items loading onto a
factor and reverse coded the items so that all items measured
the construct in the same direction. For example, the
sensation-seeking subscale comprised the mean of items 7 and
8, which measure sensati on-seeking behavior, and reverse-coded
item 17, which measures alack of sensation-seeking behavior.
In addition, we reverse coded all mindfulness items (items 9,
10, and 11) to measure mindfulness rather than lack of
mindful ness.

We also created a total momentary self-regulation scale score
that was a composite (mean value) of all subscale scores using
2 methods: literature-based total score and data-based total
score. On the basis of the existing literature, we would expect
that perseverance, mindfulness, emotion regulation, and lack
of sensation-seeking factorswould all have positive correlations.

https://mental .jmir.org/2022/5/€35273

RenderX

Therefore, we created aliterature-based total by cal culating the
mean of the persaverance, mindfulness, emotion regulation, and
reverse-coded sensation-seeking subscales (literature-based
total).

In the CFA (and EFAS), we found that the emotion regulation
and perseverance factors had a negative correlation. Therefore,
we examined the items that make up the emation regulation
factor, and instead, they appeared to measure self-judgment to
some extent. Indeed, the items were from the nonjudging scale
of the FFMQ. Self-judgment could be negative rather than
positive in terms of self-regulation; thus, we created another
total score comprising the mean of the perseverance,
mindfulness, reverse-coded emotion regulation, and
reverse-coded sensation-seeking subscales (data-based total).
Higher literature-based and data-based totals each indicate
greater momentary self-regulation. Table 6 includes the final
item set and detail s on how each item contributesto the subscale
and how the subscales contribute to the total score.
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Table 6. Phase 2 momentary-level itemsin momentary self-regulation scale.

Itemnumber Source

Momentary self-regulation item

Momentary self-regulation
subscale (-)2 (R)P

14 Selection, Optimization, and Compensation  Since the last prompt, I’'ve worked on what | planned until  Perseverance
Questionnaire [17] | succeeded.
15 Short Self-Regulation Questionnaire[18]  Sincethelast prompt, | have set goalsand kept track of my  Perseverance
progress toward goals.
19 UPPS-F® Impulsive Behavior Scale[19,20] Since the last prompt, I’ve been able to finish projects | Perseverance
started.
7 Eysenck I-7 Impulsiveness and Venture- Since the last prompt, I’ve quite enjoyed taking risks. (-) Sensation seeking
someness Questionnaire [ 15]
8 Eysenck I-7 Impulsiveness and Venture- Since the last prompt, I’ve enjoyed doing things that area (-) Sensation seeking
someness Questionnaire [ 15] bit frightening.
17 UPPS-P Impulsive Behavior Scale [19,20]  Since the last prompt, my attitude towards life has been (-) Sensation seeking (R)
reserved and cautious.
4 Emotion Regulation Questionnaire [13] Since the last prompt, if I've felt negative emotions, I've  (-) Self-judgment
made sure not to express them.
5 Five Facet Mindfulness Questionnaire[14]  Since the last prompt, I've told myself | shouldn’t be (-) Self-judgment
thinking the way | am thinking.
6 Five Facet Mindfulness Questionnaire [14]  Since the last prompt, I’ ve thought some of my emotions  (-) Self-judgment
are bad or inappropriate and | shouldn’t feel them.
9 Mindful Attention Awareness Scale [16] Sincethelast prompt, it hasseemed | amrunningon“auto- Mindfulness (R)
matic” without much awareness of what I'm doing.
10 Mindful Attention Awareness Scale [16] Sincethelast prompt, I'verushed through activitieswithout Mindfulness (R)
really being attentive to them.
11 Mindful Attention Awareness Scale [16] Since the last prompt, I’ve found myself doing things Mindfulness (R)

without paying

attention.

8 ndicates the subscale should be reverse coded when combining to create the data-based total score.
b ndicates the item should be reverse coded when cresti ng the subscale score.
CUPPS-P: Urgency, Premeditation (lack of), Perseverance (lack of), Sensation Seeking, and Positive Urgency.

Construct Validity of Momentary Subscales and Total
Scores

We examined the relationships between the momentary
self-regulation subscales and the trait-level self-regulation
subscal es by modeling the associ ations between the momentary
subscales and the literature-based and data-based total scores
with the trait-level subscale scores assessed at baseline. The
results are presented in Table 7. A regression coefficient that is
significantly different from O would support construct validity,
as we expected the momentary subscales to relate to existing
scales that measure self-regulation. The strength of the
association varied across the baseline measures and momentary
subscales. This may be because of different subscales measuring
different aspects of self-regulation than the particular baseline
measure, or it may be because of a greater degree of individual
variability in the momentary scale. The data-based total was
associated with the suppression subscale of the ERQ, the
nonjudging subscale of the FFMQ, the MAAS, the SSRQ, and
the lack of premeditation and lack of perseverance subscal es of
the UPPS-P. The literature-based total was associated with the
venturesomeness subscale of the I-7, the MAAS, the SSRQ,

https://mental .jmir.org/2022/5/€35273

and thelack of premeditation and lack of perseverance subscales
of the UPPS-P.

The momentary mindfulness subscale was significantly
associated with thetrait-level suppression subscale of the ERQ,
the nonjudging subscale of the FFMQ, the venturesomeness
subscale of the I-7 (marginal, P=.05), the MAAS, the SSRQ,
and thelack of premeditation and lack of perseverance subscales
in the UPPS-P, indicating various convergent features of the
momentary mindful ness subscale with trait-level surveys.

Momentary emotion regulation or self-judgment demonstrated
a significant association with the suppression subscale of the
ERQ and a marginally significant association with the
nonjudging subscale of the FFMQ, indicating the convergent
properties of the momentary self-judgment subscale. The
momentary perseverance subscale was related to the MAAS,
the SSRQ, and the lack of perseverance and lack of
premeditation subscales of the UPPS-P. The momentary
sensation-seeking subscale was associated with the functional
impulsivity subscale of the Dickman Impulsivity Inventory, the
venturesomeness subscale of the [-7, and the lack of
premeditation subscale of the UPPS-P.
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Table 7. Phase 2 regression coefficients from multilevel models relating baseline trait-level existing self-regulation subscales with momentary
self-regulation subscales and total scores (based on 12 items).

Trait-level scale (subscale, Momentary-level subscale Momentary-level scale
if applicable)

Mindfulness Self-judgment  Perseverance Sensationseeking Data-based total® Literature-based total

Dickman Impulsivity Inventory -0.21 -0.17 0.37 0.48° -0.02 -0.12
(functional impulsivity) [12]
Dickman Impulsivity Inventory -0.29 0.27 -0.21 0.32 -0.28 -0.13

(dysfunctional impulsivity) [12]

Emotion Regulation Questionnaire  _q 10¢ 0.08° -0.01 0.01 —0.05¢ -0.01
(suppression) [13]

Five Facet Mindfulness Question-  _ 15¢ 0.09 -0.08 -0.01 -0.09° -0.03
naire (nonjudging) [14]

Eysenck 1-7 Impulsiveness and _0.25¢ 0.02 0.14 0.39° -0.13 0.1
Venturesomeness Questionnaire
(venturesomeness) [15]

Mindful Attention AwarenessScale () 17¢ -0.03 0.11° -0.02 0.08° 0.07°
[16]
Short Self-Regulation Questionnaire g 10d 0.03 0.24¢ 0.01 0.09° 0.25¢
(18]
UPPS-P® Impulsive Behavior Scale -0.20% 0.01 -0.19¢ 0.23¢ -0.17° 0.10°

(lack of premeditation) [19,20]

UPPS-P Impulsive Behavior Scale _0_17d 0.02 -0.33° 0.00 -0.13° -0.15°
(lack of perseverance) [19,20]

8Data-based total comprising the mean of mindfulness, perseverance, reverse-coded self-judgment, and reverse-coded sensation seeking.
b iterature-based total comprising the mean of mindfulness, perseverance, self-judgment, and reverse-coded sensation seeking.

°P<.0L.

dp< 05,

€UPPS-P: Urgency, Premeditation (lack of), Perseverance (lack of), Sensation Seeking, and Positive Urgency.

- - TFEQ-R18 emotional eating, and having never smoked and
Predictive Validity positively associated with age, such that older individuals had
The associations between the subscalesand the total scoresand  higher scores on momentary mindfulness. The momentary
behavioral characteristic variables are presentedin Teble 8. The  self-judgment subscale was significantly positively associated
mindfulness subscale was significantly negatively associated  with the DAST-10total, TFEQ-R18 total, TFEQ-R18 emotional
with the TFEQ-R18 total, TFEQ-R18 uncontrolled eating, eating, and TFEQ-R18 cognitive restraint.
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Table 8. Regression coefficients from multilevel models relating demographics and health behaviors to momentary self-regulation subscales and total

scores.
Demographic and health

behavior measures Mindfulness Self-judgment  Perseverance  Sensationseeking Data-based total® Literature-based total®
AUDIT total -0.03 0.03 0 0.06 -0.03¢ -0.02

AUDIT categories

1 114 -0.9 0.23 _1.149 0.9¢ 043

2 1,208 -1.04 0.42 -0.72 0.92¢ 0.37

3 -0.18 0.25 0.24 0.03 0 0.04

4 (reference) 0 0 0 0 0 0
CUDIT-R' total -0.06 0.05 0.02 >0.06 -0.04 -0.01
DAST-10¢ total -0.09 0.09° 0.06 0119 -0.06 -0.02
TFEQ-R18" total -0.03¢ 0.03¢ -0.01 0.003 -0.02¢ 0.00
TFEQ-R18 uncontrolled eating 0018 0.004 -0.01 -0.0004 0018 -0.004
TFEQ-R18 emotional eating _001° 0018 -0.01 0.001 _0.0059 -0.002
TFEQ cognitive restraint -0.003 0.01¢ 0.003 0.003 -0.004 0.003

Smoking status

Current -0.36 0.19 -0.26 0.25 -0.27 -0.14
Never _0.61° 0.30 -0.39 0.09 _0.35¢ -0.21
Past (reference) 0 0 0 0 0 —
Age (years) 0.03¢ -0.02 -0.003 _003° 0.02¢ 0.01
Sex (male) -0.22 0.08 0.19 0.31 -0.11 -0.05
BMI (kg/m?) -0.02 -0.01 -0.02 -0.01 -0.01 0.01
Education
Bachelor’s degree -0.15 0.36 -0.27 0.28 -0.27 -0.05
High School or GED' -0.07 0.08 -0.25 0.22 -0.16 0.01
Master's degree -0.27 0.48 0.33 0.09 -0.13 -0.05
Some college (reference) 0 0 0 0 0 0
Income (US $)
<30,000 0.02 0.16 -0.23 -0.01 -0.09 -0.06
30,000-50,000 -0.24 0.08 _0.98¢ 0.41 _0.448 _0.41¢
50,000-70,000 0.01 0.05 _0.63¢ -0.05 -0.16 -0.16
>70,000 (reference) 0 0 0 0 0 0

8Data-based total comprises the means of mindfulness, perseverance, reverse-coded self-judgment, and reverse-coded sensation seeking.
B jterature-based total comprises the means of mindfulness, perseverance, self-judgment, and reverse-coded sensation seeking.
CAUDIT: Alcohol Use Disorders Identification Test.

dp< 01.

éP<.05.

fCUDIT-R: Cannabis Use Disorders | dentification Test—Revised.

9DAST-10: Drug Abuse Screening Test.

hTFEQ-R18: Three-Factor Eating Questionnaire-R18 (revised version with 18 questions).

IGED: General Educational Development.
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The momentary perseverance subscal e was negatively associated
with only specific income categories; perseverance scorestended
to decrease among people with an income ranging between US
$30,000 and US $70,000. The momentary sensation-seeking
subscale was significantly positively associated with the AUDIT,
CUDIT-R, and DA ST-10 total scores and negatively associated
with age.

Thedata-based total score (mean of perseverance, mindfulness,
reverse-coded self-judgment, and reverse-coded sensation
seeking) had the most associations with negative health
behaviors and is therefore considered the optimal way of
combining the subscales into a total score for the predictive
ability for risk behaviors. This data-based total score was
significantly negatively associated with the AUDIT total,
TFEQ-R18 total, TFEQ-R18 uncontrolled eating, TFEQ-R18
emotional eating, and having never smoked and positively
associated with low categories of the AUDIT. The data-based
total also had asignificant association with older age. Although
the pairwise comparison between those in the US $30,000 to
US $50,000 income category and those in the =US $70,000
income category had significantly different data-based total
scores, income was not significantly associated with the
data-based total score overall. In contrast, the literature-based
total (mean of perseverance, mindfulness, emotion regulation,
and reverse-coded sensation seeking) was not related to any
negative health behaviors. The literature-based total had a
significant association with income (type 3 P value=.04), with
those in the US $30,000 to US $50,000 income category
reporting a significantly lower literature-based total score than
those in the =US $70,000 income category.

Discussion

Principal Findings

We developed and tested a momentary self-regulation scale,
starting with a broad literature review on the overarching
concept of self-regulation. Using an empirically driven, iterative
data analytic and refinement process with 23
self-regulation-related surveys, in phase 1 we conducted
dimension-level and item-level analyses and reduction through
EFA, CFA, and IRT to select the best candidate set of 20 survey
items with which to develop the momentary self-regulation
scale. The phase 1 resultsindicated that existing self-regulation
scales measure several underlying constructs within
self-regulation, including perseverance, sensation seeking,
emotion regulation, and mindfulness. We demonstrated that
these constructs could be measured at theindividual level using
a reduced set of items from these scales. In phase 2, we
examined the factor structure, item loadings, and within- and
between-individual variationsto further reduce the 20 candidate
items to 4 subscales with 3 items each. The fina 12-item
momentary self-regulation scale totals and subscales
demonstrated construct validity relative to the trait-level scales
fromwhich they were derived, aswell as predictive validity for
health risk behaviors. The phase 2 results provide initia
evidence that momentary self-regulation varies both at the
individual level and within individuals across time in a
real-world setting. The resulting metric may be useful for
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assessing factorsthat promote or fail to promote self-regulation,
including within-individual variation in self-regulation. It may
also be useful in assessing when interventions do or do not
promote self-regulation, a putative mechanism of behavior
change in many populations.

Research using EMA has illuminated processes that drive not
only time-sensitive, environment-responsive health behaviors,
such as substance use [44], but also psychological functioning,
such as impulsivity [43]. Digital technology has enabled this
research so that psychological and behavioral processes can be
explored within and between individuals as well as within a
nonlaboratory, naturalistic setting. A granular understanding of
self-regulation as a mechanism of behavior change is key to
understanding the conditions under which health behavior
change interventions may produce replicable effectsand inform
the development and refinement of more effective behavior
change interventions. To facilitate this understanding, new
measures of known individual characteristics that can be
captured on a momentary basis are needed. The current work
demonstrates that self-regulation is one construct that can be
explored at this level, as it varies both within and between
individuals. These findings also indicate that this momentary
self-regulation scal e can be admini stered through mobile devices
in a naturalistic setting. This scale may be useful in capturing
the richness of self-regulatory function in vivo and in changing
contexts and may help further inform contextual models of
self-regulation.

Limitations

Although the fina factor structure and items used in the
momentary self-regulation scale have demonstrated evidence
for construct validity and predictive validity, as well as
intraindividual level variations, this study has severd limitations.
First, both samples were drawn from a population of MTurk
workers whose representativeness is unknown relative to the
broader US population. Basic demographic information
indicated that the sample had limited racial and ethnic diversity.
Future studies should examine whether these findings can be
replicated and extended to other populations. Furthermore, the
momentary (phase 2) study did not measure environmental
contextual factors or social interactions of participants, which
may have affected the responses. Future efforts may adapt the
study methods and anal ytic proceduresto capture these external
factors as momentary self-regulatory dynamics are likely to be
interactive with, and reactive to, environmental and internal
factors.

In addition, in phase 2, we recruited a sample of 60 individuals
who resided in states in the Eastern time zone in this study
because of the operational capacity of the research team and
the manual process involved in sending text prompts with
microsurveys at randomized times. Although we do not have
reason to believe that persons from states in the Eastern time
zone have significantly different self-regulatory dynamics and
characteristics than those in other areas, future studies should
examine the validity and rdiability of our scale among
individuals recruited from geographically diverse areas and
groups, including rural and urban areas.
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Conclusions momentary study results, we further reduced the item set and
Beginning with existing self-regulation scales, we examined demonstrated theinitial validity in this sample of amomentary
the underlying constructs measured by the full set of itemsin Sef-regulation scalecomprising 12 items spanning 4 momentary

the scales and then identified areduced set of itemsthat captured  S¢f-regulation subscales. To further evaluate the validity and
the underlying constructs measured across the scales. After  '€lidbility more generally, the momentary self-regulation scale

confirming that the construct structure was retained within the  Should be evaluated in other samples and contexts. This novel
reduced set of items, we further piloted the set of itemsina Momentary self-regulation scale measures self-regulation on a

momentary study in which we captured data from individuals Mmementary basis asindividuals move through their daily lives
in the moment, in their naturalistic contexts. Using the and can beadministered on mobile devices.
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[-7: Eysenck I-7 Impulsiveness and Venturesomeness Questionnaire

ICC: intraclass correlation coefficient

IRT: item response theory

MAAS: Mindful Attention Awareness Scale

MTurk: Amazon Mechanical Turk

RM SEA: root mean square error of approximation

SSRQ: Short Self-Regulation Questionnaire

TFEQ-R18: Three-Factor Eating Questionnaire-R18 (revised version with 18 questions)
TLI: Tucker-Lewis Index

UPPS-P: Urgency, Premeditation (lack of), Perseverance (lack of), Sensation Seeking, and Positive Urgency
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