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We reexamined the psychometric properties of the Momentary Impulsivity Scale (MIS) in two young
adult samples using daily diary (N = 77) and ecological momentary assessment (N = 147). A one-factor
between- and within-person structure was supported, though ‘‘I felt impatient” loaded poorly within-
person. MIS scores consistently related to emotion-driven trait impulsivity; however, MSSDs of MIS
scores were unrelated to outcomes after accounting for aggregate MIS scores. We observed positive,
within-person correlations with negative, but not positive, affect. Between-person MIS scores correlated
with alcohol problems, though within-person MIS-alcohol relations were inconsistent. MIS scores were
unrelated to laboratory-based impulsivity tasks. Findings inform the assessment of state-level impulsiv-
ity in young adults. Future research should prioritize expanding the MIS to capture the potential multi-
dimensionality of state-level impulsivity.
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1. Introduction1

Impulsivity, the most ubiquitous transdiagnostic symptom cri-
terion in the Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-5; American Psychiatric Association, 2013),
can be conceptualized in a variety of ways (e.g., risk-taking, dis-
tractibility, motor impulsivity, behavioral activation; Cyders,
2015; see Evenden, 1999).2 Many of these impulsivity-related con-
structs are related to different risky behaviors (e.g., Smith et al.,
2007), including specific types of substance use (e.g., Blanchard,
Stevens, Littlefield, Talley, & Brown, 2017). However, impulsivity
facets change over time (e.g., Littlefield, Stevens, Ellingson, King, &
Jackson, 2016), and individuals may not behave consistently across
situations (Fleeson, 2004). Because trait-level impulsivity assess-
ments assume the propensity for impulsive responses is consistent
across situations, intraindividual variability in impulsivity is often
neglected. This is potentially problematic, as evidence suggests links
between personality and expressive behavior can vary widely across
ehavioral
lized by
iterature
Thus, we
ropriate.
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3 The Level-2 sample size recruited for Sample 1 is comparable to that of similar
work using multilevel-confirmatory factor analyses and between-person bivariate
correlations (i.e., Level-2 n = 77; see Tomko et al., 2014). There are limited
documented procedures for power analyses involving complex multilevel models,
therefore a within-factors repeated measures ANOVA power analysis was computed
using G*Power 3.1.9.2 assuming small, medium, and large effect sizes (corresponding
to partial eta squared of 0.02, 0.06, and 0.14) and an average correlation of repeated
assessments (r = 0.33). Assuming the largest number of groups (n = 76) and 10
repeated measurements, there appears to be adequate power to detect small (0.94),
medium (0.99) and large (1.00) effects. Assuming the smallest possible number of
groups (n = 55), adequate power remains: small (0.82), medium (0.99), large (1.00).
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situations (DeYoung, 2015) and relatively brief time windows
(Fleeson & Jayawickreme, 2001, 2007; see Fleeson, 2017; see also
Vazire & Sherman, 2017).

The conceptualization of personality as a ‘‘person”-related vari-
able (i.e., trait-level personality) versus a ‘‘situation”-related vari-
able (i.e., state-level personality) has sparked contentious debates
(e.g., Kenrick & Funder, 1988; Roberts, 2009). Nevertheless,
research in this area has progressed suggesting that personality
traits are robust predictors of psychopathology (e.g., impulsivity
and alcohol-related outcomes; Littlefield & Sher, 2016), and that
the expression of personality may be context-dependent (see
Fleeson & Jayawickreme, 2015; see also Wilson, Thompson, &
Vazire, 2017). Despite these advancements, research examining
within-person fluctuations in personality has been hindered by a
paucity of assessment tools designed for this purpose. As clinical
and research endeavors increase focus on facets of impulsivity
based, in part, on its value as a transdiagnostic feature (Barlow,
Sauer-Zavala, Carl, Bullis, & Ellard, 2014; Carver, Johnson, &
Timpano, 2017), identifying psychometrically sound state-level
impulsivity assessments is an important next step. Some research-
ers utilize laboratory-based impulsivity tasks to assess state-level
impulsivity (see Cyders & Coskunpinar, 2011); however, extant
psychometric evidence does not support this interpretation of
these tasks, as their construct validity has been called into question
(King et al., 2019; Sharma, Markon, & Clark, 2014; Stevens,
Blanchard, & Littlefield, 2018).

In an attempt to better capture state-level impulsivity, Tomko
et al. (2014) created the Momentary Impulsivity Scale (MIS), which
is a brief, 4-item scale. Using ecological momentary assessment
(EMA; six assessments/day across 28 days) in an adult clinical sam-
ple seeking outpatient treatment for either borderline personality
disorder (BPD) or a depressive disorder, their findings demon-
strated a single MIS factor structure at between- and within-
person levels. There was also support for the MIS’s content and
convergent validity using the UPPS Impulsive Behavior Scale
(Whiteside & Lynam, 2001) and Barratt Impulsiveness Scale-11
(BIS-11; Patton, Stanford, & Barratt, 1995). Specifically, Tomko
et al. (2014) found positive and large-to-very large correlations
between UPPS urgency, UPPS lack of perseverance, BIS motor,
and BIS attention. Tomko et al. (2014) also found positive and
medium-to-large correlations with UPPS lack of planning and BIS
non-planning and a positive and small-to-medium correlation
with UPPS sensation seeking. Tomko et al. (2014) also included
an index of the temporal instability of MIS responses in a time ser-
ies – the mean squared successive difference (MSSD) – which
reflects the MIS’s state-like properties in a manner that aggregate
MIS scores (i.e., averaged across EMAs) purportedly cannot. Inter-
estingly, patterns of UPPS and BIS-11 correlations were similar to
correlations with MSSD of MIS scores (Tomko et al., 2014). Less
is known about MIS scores’ relations to criterion outcomes. Trull,
Wycoff, Lane, Carpenter, and Brown (2016) recently examined
MIS scores’ relations to alcohol using an adult clinical sample sim-
ilar to Tomko et al. (2014) and found binary alcohol use endorse-
ment was positively related, within-individuals, to MIS scores on
the same assessment occasion, as well as at the daily level. Never-
theless, they did not find this relation at the between-person level
(Trull et al., 2016). However, to our knowledge, the reliability and
validity of the MIS has not been reexamined outside of its original
study sample and relations between MIS scores and criterion out-
comes have yet to be tested among young adults.

Despite its recommendation for use in the extant literature (e.g.,
Ansell, Laws, Roche, & Sinha, 2015; Barker, Romaniuk, Cardinal,
Pope, Nicol, & Hall, 2015; Trull et al., 2016) and its widespread
use, the MIS has not undergone a psychometric evaluation outside
of its original sample comprised of adults in outpatient mental
health treatment. Thus, the purpose of the current study was to
reevaluate the psychometric properties of the MIS in two young
adult samples using daily diary and EMA methodologies and a
multi-trait, multi-method approach ([MTMM]; Campbell & Fiske,
1959). This study consisted of two samples: (1) young adults
recruited for a daily diary study (Sample 1), and (2) young adults
recruited for an EMA study (Sample 2). Across both samples, we
sought to replicate findings of Tomko et al. (2014) by examining:
(a) the MIS factor structure using multilevel confirmatory factor
analysis, (b) between- and within-person reliabilities, (c) temporal
instability of the MIS via the MSSD of MIS scores, and (d) content
validity using the UPPS-P Impulsive Behavior Scale (Lynam,
Smith, Cyders, Fischer, & Whiteside, 2007). We also sought to
extend the work by Tomko et al. (2014) by including additional
psychometric tests not examined in the original MIS study.
Importantly, we tested criterion validity of the MIS at
between- and within-person levels using multiple alcohol indices,
positive affect, and negative affect. To our knowledge, this is the
first examination of criterion validity for MIS scores outside of
the original adult clinical sample. In Sample 1, we also examined
associations between MIS scores and three laboratory-based
impulsivity tasks that purportedly assess state-level impulsivity.
We are the first to examine convergent and discriminant validity
of MIS scores using laboratory-based behavioral tasks. In both
samples, we also included between- and within-person Omega
estimates for internal consistency, which is a novel extension of
Tomko et al. (2014).

Based on limited extant research, we hypothesized that we
would find the following: (1) support for a one-factor structure
of the MIS at within- and between-person levels; (2) higher
between-person reliabilities than within-person reliabilities con-
sistent with Tomko et al. (2014); (3) at least small-to-medium
between-person bivariate correlations between UPPS-P facets
and aggregate (between-person) MIS scores, with higher magni-
tude correlations detected for urgency facets, similar to Tomko
et al. (2014); (4) at least small within-person correlations among
MIS scores, positive and negative affect ratings, and reported alco-
hol consumption; (5) at least small between-person correlations
between aggregate MIS scores and alcohol indices (Sample 2 only);
and (6) small associations (r < 0.15) between laboratory-based
impulsivity tasks and aggregate MIS scores, consistent with
research noting robust method effects (Sample 1 only; Sharma
et al., 2014). In general, we anticipated comparable effect sizes to
Tomko et al. (2014). However, the reproducibility of effect sizes
in psychological sciences is equivocal, thus reduced effect sizes in
the present study (at least compared to Tomko et al., 2014) are
possible (Open Science Collaboration, 2015). Identical data analytic
procedures were used across samples when possible, thus abbrevi-
ated analytic procedures are provided for Sample 2.
2. Methods (Sample 1: Daily Diary)

2.1. Participants

Seventy-seven3 participants (M age = 20.8, SD = 1.9) were
recruited for a daily diary study from a large, southwestern city
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via flyers, advertisements, and social media for a broader study
examining behavior, substance use, and relationships among young
adults endorsing high-risk behavior. Many participants self-
identified as female (60.5%) and White (76.3%), with 26% of partici-
pants self-identifying as Hispanic/Latinx. Ninety-three percent of
participants reported current school (i.e., undergraduate- or
graduate-level) enrollment. Eligible participants were required to
(a) be between ages of 18–25, (b) endorse at least one binge-
drinking episode in the past month, and (c) report at least one
unprotected sexual encounter in the past month. Pregnancy was
an exclusion criterion (see Stevens, Littlefield, Talley, & Brown,
2017, for additional recruitment details).

2.2. Study protocol

Eligible participants completed baseline and follow-up mea-
sures in the laboratory. All behavioral tasks were counterbalanced
across participants, as well as counterbalanced across baseline and
follow-up visits, such that one individual did not receive the same
ordering of tasks at both visits. Before completing self-report mea-
sures, participants received training on standard alcoholic drink
equivalencies outlined by the National Institute on Alcohol Abuse
and Alcoholism (NIAAA, 2005). Following the baseline visit, partic-
ipants entered a 10-day daily diary phase where reports were com-
pleted online (i.e., starting Friday until the following Sunday).
Assessment links were distributed daily at 7:30 a.m. via email,
and the survey closed at 2:00 p.m. each day. An average of 8.1
(SD = 2.4; range = 0–10) daily reports were completed. Completion
rates for the daily diary study (80%) were comparable to similar
daily diary studies (e.g., Simons, Dvorak, Batien, & Wray, 2010).

2.3. Measures

2.3.1. Demographics
Eligible participants completed a baseline measure of demo-

graphic questions including age, gender, race, and ethnicity.

2.3.2. Self-reported impulsivity-like facets
We assessed the following impulsivity-like facets via the

59-item UPPS-P Impulsive Behavior Scale (Lynam et al., 2007)
using a 4-point Likert-type scale: (1) negative urgency, or a ten-
dency to act rashly under extreme negative mood; (2) positive
urgency, or a tendency to act rashly under extreme positive mood;
(3) sensation seeking, or the tendency to seek out novel or thrilling
experiences; (4) lack of planning, or the tendency to act without
thinking; and (5) lack of perseverance, or the inability to remain
focused on a task. Higher subscale sum scores reflected higher
impulsivity (a = 0.81–0.93 across subscales).

2.3.3. Laboratory-based impulsivity assessments

(1) The GoStop Impulsivity Paradigm was used to measure pre-
potent response inhibition (Dougherty, Mathias, Marsh, &
Jagar, 2005). Participants were presented 5-digit numbers
on the screen and instructed to click the mouse if the subse-
quent trial was a matching trial but to inhibit the click if the
number turned red. Specifically, this 11.67-minute task
included two blocks of trials, with each block including ran-
domly generated 5-digit numbers presented on the screen
for 500 ms at 1500 ms intervals. Half of the target trials
included a target-stop trial, where the color of the numbers
changed from black to red at 50, 150, 250, and 250 ms after
being presented on the computer screen. Target and
stop-target trials occurred 25% of the time. Percentage of
inhibited responses (e.g., Bagge, Littlefield, Rosellini, &
Coffey, 2013) was the outcome of interest. Test-retest
reliability from baseline to follow-up was moderate-to-
high (r = 0.47).

(2) The Immediate Memory Task (IMT) was used to measure
response initiation (Dougherty, Marsh, & Mathias, 2002;
Dougherty, Marsh-Richard, Hatzis, Nouvion, & Mathias,
2008). During a 10.5-min testing session, participants were
presented 5-digit numbers on the computer screen and were
instructed to click the mouse when the 5-digit number span
matched the set immediately preceding it. Each number was
presented for 500 ms at 500 ms intervals. Stimuli could also
be nonmatching, including catch stimuli (i.e., a 5-digit num-
ber which differed from the previous set by only one digit)
and filler stimuli (i.e., a novel 5-digit number). For each trial,
target and catch stimuli occurred 33% of the time, whereas
novel stimuli occurred 34% of the time. The IMT ratio was
calculated as the proportion of commission errors divided
by the proportion of correct detections, which reflects errors
in response initiation (e.g., Bagge et al., 2013). Test-retest
reliability from baseline to follow-up was high (r = 0.75).

(3) The Two Choice Impulsivity Paradigm (TCIP) was used to
assess delay discounting, or an individual’s preference for
smaller-sooner rewards compared to larger-later rewards,
via a discrete-choice task (Dougherty et al., 2005). Partici-
pants completed four training trials before the testing ses-
sion to associate the two shapes (i.e., circles and squares)
with their respective delays and rewards. Participants were
then presented with 50 trials of a black circle and square
side-by-side on a computer screen, with the presentation
order of the two shapes being randomly determined for each
trial. Participants chose between clicking a circle to earn five
points after a 5-second delay or clicking a square to earn 15
points after a 15-second delay. The outcome of interest was
the number of immediate choices selected. Test-retest relia-
bility from baseline to follow-up was moderate-to-high
(r = 0.46).

2.3.4. Daily momentary impulsivity
We assessed momentary impulsivity at each daily report in ref-

erence to the prior day via the 4-itemMIS (Tomko et al., 2014). Par-
ticipants read each item and selected which number on a 5-point
Likert scale best described their experiences. Items included: ‘‘I
said things without thinking”; ‘‘I have felt impatient”; ‘‘I spent
more money than I meant to”; and ‘‘I made a ‘spur of the moment’
decision.” Higher sum scores reflected higher momentary impul-
sivity. Reliabilities are reported and discussed in detail in Results.
2.3.5. Daily alcohol consumption
We assessed alcohol consumption at each daily diary report for

yesterday’s alcohol consumption (i.e., ‘‘How many drinks did you
consume yesterday?”).
2.3.6. Daily affect
Within each daily diary report, we assessed yesterday’s daily

positive (6 items) and negative affect (5 items) using an 11-item
modification of the Positive and Negative Affect Scale (PANAS;
Watson, Clark, & Tellegen, 1998). The following positive affect
items were administered: ‘‘interested,” ‘‘strong,” ‘‘enthusiastic,”
‘‘alert,” ‘‘determined,” and ‘‘active.” The following negative affect
items were administered: ‘‘upset,” ‘‘scared,” ‘‘irritable,” ‘‘ashamed,”
and ‘‘jittery.” Between- and within-person reliabilities, respec-
tively, were high for positive affect (RKF = 0.98; RCN = 0.79) and neg-
ative affect (RKF = 0.99; RCN = 0.86; Shrout & Lane, 2012).
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2.4. Data analytic plan

Various analytic procedures were conducted using Mplus Ver-
sion 8.2 (Muthén & Muthén, 1998–2018), SAS 9.4TM software (SAS
Institute Inc., Cary, NC, USA),4 and R Version 3.6.0 (R Core Team,
2013). Using recently published guidelines by Funder and Ozer
(2019), effect sizes for within- and between-person correlations
are interpreted as follows: r = 0.05 (very small), r = 0.10 (small),
r = 0.20 (medium), r = 0.30 (large), and r = 0.40 (very large).
Ninety-five percent confidence intervals (CIs) are included for all
effects.

2.4.1. Factor structure, instability, and reliability
To examine the internal structure of the MIS at within- and

between-person levels, we conducted a multilevel confirmatory
factor analysis (ML-CFA) in Mplus using weighted least squares
mean- and variance- (WLSMV) adjusted estimation, which
employs pairwise deletion for missing data. Given the use of cate-
gorical endogenous indicators, WLSMV is recommended because it
provides consistent parameter estimates and unbiased standard
errors with non-normal variables (see Asparouhov & Muthén,
2010). The following model fit indices are reported: v2, compara-
tive fit index (CFI), root-mean-square error of approximation
(RMSEA), and standardized root mean square residual (SRMR).
Model fit indices were inspected, such that a CFI approaching
one and RMSEA and SRMR approaching zero indicated good fit to
the data. To estimate the temporal instability of MIS scores across
time, we computed an average daily MSSD of MIS scores as recom-
mended by Jahng, Wood, and Trull (2008; see Eq. (1)).

MSSD ¼ 1
N � 1

XN�1

i¼1

ðxiþ1 � xiÞ2 ð1Þ

Indeed, the MSSD also is a function of the first-order autocorre-
lation (iACORR(1)) and the variance (iVAR) of a time series (Eq. (2);
Jahng, 2008):

MSSD ¼ 2ðiVARÞð1� iACORR 1ð ÞÞ ð2Þ
High MSSD values reflect higher variability and lower temporal

dependency, which, in this case, suggests temporal instability in
impulsivity across days. Jahng et al. (2008) determined the MSSD
is preferred over other indices of temporal instability in a time ser-
ies, at least for affective variables.5

Internal consistency of MIS scores was examined using two
approaches. Consistent with Tomko et al. (2014), we estimated
variance components in SASTM PROC MIXED using restricted maxi-
mum likelihood (REML) estimation as recommended by Shrout and
Lane (2012). We then computed between- and within-person reli-
abilities using Eqs. (3) and (4), respectively (Shrout & Lane, 2012).

RKF ¼ r2personþ ðr2person � item=mÞ
½r2personþ ðr2person � item=mÞ þ ðr2error=kmÞ�

ð3Þ

RCN ¼ r2person � item
½r2person � itemþ ðr2error=mÞ� ð4Þ
4 Copyright � [2002–2014] SAS Institute Inc. SAS and all other SAS Institute Inc.
product or service names are registered trademarks or trademarks of SAS Institute
Inc., Cary, NC, USA.

5 To our knowledge, the first-order autocorrelation (iACORR(1)) and the variance of
a time series (iVAR) have not been examined with MIS scores. Across samples, the
first-order autocorrelations of MIS scores were comparable (Sample 1 iACORR(1) = -
0.01; Sample 2 iACORR(1) = -0.14). However, the variances of MIS scores in a time
series were not (Sample 1 = iVAR = 4.30; Sample 2 iVAR = 5.38). By extension, the
MSSD of MIS scores are not directly comparable between samples because of these
differing variances.
Between- and within-person internal consistencies were also
examined using Coefficient Omega consistent with procedures out-
lined by Geldhof et al. (2014).

2.4.2. Content, criterion, and convergent validity
We examined content validity by computing between-person

bivariate correlations among UPPS-P subscales and aggregate MIS
scores (averaged across time points) in SASTM using Pearson’s r.
For concurrent validity, we tested within-person correlations of
MIS scores, alcohol consumption, and positive and negative affect
in R using the ‘rmcorr’ package (Bakdash & Marusich, 2018). We
examined convergent validity using between-person bivariate cor-
relations between aggregate MIS scores and UPPS-P impulsivity-
like facets computed in SASTM using Pearson’s r. We also computed
between-person bivariate correlations among aggregate MIS scores
and three laboratory-based impulsivity task outcomes, which pur-
port to measure state-level impulsivity. Consistent with recom-
mendations by Dejonckheere et al. (2019), correlations between
the MSSD of MIS scores and UPPS-P impulsivity facets and
laboratory-based impulsivity task outcomes reflect partial correla-
tions after accounting for aggregate MIS scores.
3. Results (Sample 1: Daily Diary)

3.1. Factor structure, instability, and reliability

Consistent with Hypothesis 1, the one-factor solution of the MIS
at between- and within-person levels exhibited excellent fit to the
data (v2(4) = 12.04, p = .02; CFI = 0.98, RMSEA = 0.06, within-
person SRMR = 0.03, between-person SRMR = 0.02). Variance
attributed to between-person differences ranged from 38.1% to
55.6%. At the within-person level, the ‘‘impatient” item exhibited
a notably low standardized factor loading (k = 0.38). See Table 1
for standardized factor loadings and 95% CIs. See Table 2 for
descriptive statistics of aggregate MIS scores, MSSD of MIS scores,
laboratory-based tasks, and UPPS-P trait impulsivity facets. Rates
of alcohol consumption and binge drinking episodes across days
are also provided for both samples (see Supplementary Table 1).

Using a generalizability theory (GT) approach, the between-
person reliability in Sample 1 was high (RKF = 0.98), and the
within-person reliability was also high (RCN = 0.79), though compa-
rably lower, consistent with Hypothesis 2. When using Coefficient
Omega as the index of internal consistency, between-person relia-
bility remained high in Sample 1 (x = 0.90) whereas within-person
reliability was low Sample 1 (x = 0.61).

3.2. Content, criterion, and convergent validity

See Table 3 for between-person bivariate correlations among
aggregate MIS scores, MSSD of MIS scores, and UPPS-P impulsivity
facets. At the aggregate level and consistent with Hypothesis 3, MIS
scores exhibited very large, positive correlations with positive and
negative urgency facets. Aggregate MIS scores also evinced
medium-to-large correlations with lack of planning and sensation
seeking, whereas the correlation between MIS scores and lack of
perseverance, across individuals, was small. MSSD of MIS scores
were also positively correlated with aggregate MIS scores with a
very large effect, indicating individuals with higher MIS scores (av-
eraged across 10 days of assessment) endorsed more temporal
instability of MIS scores across the assessment period. After
accounting for aggregate MIS scores, partial correlations between
the MSSD of MIS scores and UPPS-P impulsivity facets were not
statistically significant (see Table 3).

Supporting Hypothesis 4, the within-person correlation
between daily quantity of alcohol consumption and MIS scores



Table 1
ML-CFA standardized factor loadings and 95% confidence intervals across samples.

MIS Item Between-Person k 95% CI Within-Person k 95% CI

Sample 1
Said without thinking 0.94 [0.90, 0.98] 0.67 [0.62, 0.72]
Spent more money 0.80 [0.74, 0.86] 0.60 [0.55, 0.65]
Impatient 0.80 [0.74, 0.86] 0.38 [0.34, 0.42]
Spur of the moment 0.93 [0.90, 0.96] 0.76 [0.72, 0.80]

Sample 2
Said without thinking 0.86 [0.81, 0.91] 0.44 [0.39, 0.49]
Spent more money 0.79 [0.74, 0.84] 0.52 [0.47, 0.57]
Impatient 0.75 [0.69, 0.81] 0.21 [0.16, 0.26]
Spur of the moment 0.86 [0.81, 0.91] 0.53 [0.48, 0.58]

Note. ML-CFA = multilevel-confirmatory factor analysis. All factor loadings (k) are standardized. MIS = Momentary Impulsivity Scale; CI = confidence interval. Sample 1 = daily
diary sample; Sample 2 = EMA sample.

Table 2
Descriptive Statistics of Study Variables across Samples.

Sample 1 Sample 2

Variable M SD Range Variable M SD Range

MSSD 21.46 22.56 0–136 MSSD 10.27 8.63 0.17–43.31
MIS 7.48 2.54 4.00–14.50 MISa 4.03 2.21 0.25–11.50
NU 2.36 0.50 1.00–3.33 NU 2.33 0.59 1.17–3.83
PU 2.00 0.59 1.00–3.43 PU 1.84 0.59 1.00–4.00
SS 3.15 0.53 1.67–4.00 SS 3.08 0.57 1.42–4.00
LPer 1.83 0.44 1.00–3.10 Per 3.11 0.54 1.70–4.00
LPlan 1.93 0.47 1.09–3.18 Plan 3.17 0.45 1.27–4.00
bGS 31.04 18.50 0.00–80.00
fGS 24.55 18.58 0.00–70.00
bIMT 0.35 0.15 0.06-0.68
fIMT 0.33 0.16 0.03-0.74
bTCIP 16.73 12.80 0.00–50.00
fTCIP 21.40 18.73 0.00–50.00

Note. M = mean; SD = standard deviation; MSSD = mean squared successive difference of MIS scores; MIS = aggregate MIS scores (averaged across 10 days of assessment);
NU = UPPS-P negative urgency; PU = UPPS-P positive urgency; SS = UPPS-P sensation seeking; LPer = UPPS-P lack of perseverance; Per = UPPS-P perseverance; LPlan = UPPS-P
lack of planning; Plan = UPPS-P planning; bGS = baseline GoStop percentage of response inhibition failures; fGS = follow-up GoStop percentage of response inhibition failures;
bIMT = baseline IMT ratio; fIMT = follow-up IMT ratio; bTCIP = baseline number of immediate choices; fTCIP = follow-up number of immediate choices; Sample 1 baseline
n = 75–77; Sample 1 follow-up n = 63–66. Sample 2 baseline n = 126–147.

a MIS scores from Sample 2 (i.e., using a 0–100 sliding scale) were rescaled by dividing by 20 to facilitate direct comparisons between samples.

Table 3
Between-Person bivariate correlations between UPPS-P impulsivity facets and MIS scores.

MSSDa MIS NU PU SS Per Plan

MSSDa – 0.46**

[0.32, 0.58]
�0.02
[�0.33, 0.29]

0.11
[�0.21, 0.40]

0.15
[�0.17, 0.44]

�0.01
[�0.32, 0.30]

�0.04
[�0.34, 0.27]

MIS 0.68**

[0.53, 0.78]
– 0.42*

[0.28, 0.55]
0.43**

[0.29, 0.56]
0.00
[�0.16, 0.17]

�0.26**

[�0.41, �0.10]
�0.24**

[�0.39, �0.08]
NU 0.02

[�0.21, 0.25]
0.58**

[0.41, 0.71]
– 0.65**

[0.55, 0.74]
�0.04
[�0.20, 0.12]

�0.39**

[�0.52, �0.24]
�0.25**

[�0.40, �0.09]
PU 0.18

[�0.05, 0.40]
0.57**

[0.39, 0.70]
0.70**

[0.56, 0.80]
– 0.20*

[0.04, 0.35]
�0.22**

[�0.37, �0.06]
�0.30**

[�0.44, �0.14]
SS �0.10

[�0.33, 0.13]
0.25*
[0.02, 0.45]

0.38**

[0.16, 0.55]
0.39**

[0.17, 0.56]
– 0.17

[�0.00, 0.32]
�0.14
[�0.30, 0.02]

LPer �0.06
[�0.28, 0.18]

0.11
[�0.12, 0.33]

0.33**

[0.11, 0.52]
0.13
[�0.10, 0.34]

0.05
[�0.18, 0.27]

– 0.42**

[0.28, 0.55]
LPlan 0.03

[�0.20, 0.26]
0.28*
[0.05, 0.48]

0.46**

[0.26, 0.62]
0.44**

[0.24, 0.60]
0.26*
[0.03, 0.45]

0.39**

[0.18, 0.56]
–

Note. **p < .01, *p < .05; MSSD = mean squared successive difference of MIS scores; MIS = aggregate MIS scores (averaged across 10 days of assessment); NU = UPPS-P negative
urgency; PU = UPPS-P positive urgency; SS = UPPS-P sensation seeking; LPer = UPPS-P lack of perseverance; LPlan = UPPS-P lack of planning. Correlations from Sample 1 (daily
diary sample) are included below the diagonal, whereas correlations from Sample 2 (EMA sample) are included above the diagonal. UPPS-P perseverance (per) and UPPS-P
planning (plan) were scored such that higher scores reflect higher perseverance and planning in Sample 2, as opposed to (lack of) perseverance and planning. Ninety-five
percent confidence intervals are contained in brackets.

a Correlations with MSSD of MIS scores reflect partial correlations after accounting for aggregate MIS scores consistent with Dejonckheere et al. (2019). Sample 1 Level-2
n = 74–76; Sample 2 Level-2 n = 126–147.
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was positive with a large-to-very large effect (r = 0.36; 95% CI = 0.
29–0.43; p < .01). Similarly, the within-person correlation between
negative affect and MIS scores was also positive and large (r = 0.33;
95% CI = 0.25-0.40; p < .01). By contrast and inconsistent with
hypotheses, positive affect and MIS scores were unrelated at the
within-person level (r = �0.00; 95% CI = �0.08 to 0.08; p = .99).

Supporting Hypothesis 6 (Hypothesis 5 is only applicable to
Sample 2), bivariate correlations among aggregate MIS scores,



6 Sample 2 MIS scores were rescaled by dividing by 20 to make more direct
comparisons between samples on indices of temporal instability. The rescaled MIS
was only used when calculating the MSSD, ACORR, and WPV. The original, sliding
scale variable was used in the ML-CFA and all correlational analyses.
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MSSD of MIS scores, and three laboratory-based task outcomes
were inconsistent and not statistically significant. Specifically,
aggregate MIS scores exhibited small, positive correlations with
response initiation errors, as assessed by the IMT, at both baseline
and follow-up. MIS scores showed a positive and very small-to-
small correlation, across individuals, with prepotent response inhi-
bition, as assessed by GoStop, at baseline, as well as a positive, very
small correlation with prepotent response inhibition assessed at
follow-up. By contrast, aggregate MIS scores demonstrated a nega-
tive and very small-to-small correlation with delay discounting, as
assessed by the TCIP, at follow-up (but not at the baseline assess-
ment). Partial correlations between the MSSD of MIS scores and
laboratory-based impulsivity tasks were statistically non-
significant (see Table 4).

4. Methods (Sample 2: EMA Sample)

4.1. Participants

Participants (N = 169;M = 18.48, SD = 0.84) were undergraduate
students with an internet-enabled smartphone at a university in
the Pacific Northwest who received course credit for survey partic-
ipation. Participants who reported weekly alcohol or cannabis use
on a screening survey administered to the participant subject pool
were recruited for the current study. Participants self-identified as
follows: 53% female; 63% White, 34% Asian/Pacific Islander, and 1%
Black.

4.2. Study protocol

Eligible undergraduates completed an in-laboratory baseline
survey and were trained on an EMA protocol. Starting on a Friday,
participants received three text messages per day (at random times
during the morning, mid-day, and evening) with a link to a brief
web-based survey for 10 days. Participants received surveys at
least two hours apart and were provided two hours to complete
each survey with one text message reminder for each survey. Only
five participants (3.5%) completed fewer than 50% of EMAs; the
response rate among those completing more than 50% of EMAs
was 88.2%. To increase the reliability of the EMA data, we only
included data from participants who completed at least three full
days of data collection (i.e. �9 total EMAs) in the final analysis
(EMA n = 147). Eight excluded participants completed the baseline
but declined the EMA portion of the study or had missing data on
negative urgency, while four participants completed only one to
three EMAs. There were no significant differences between
included and excluded participants on the baseline data.

4.3. Measures

4.3.1. Demographics
Eligible participants completed demographic questions at the

baseline visit, including self-reported age, sex assigned at birth,
gender, race, and ethnicity.

4.3.2. Self-reported impulsivity-like facets
Consistent with Sample 1 (see Section 2.3.2.), we assessed five

impulsivity-like facets via the 59-item UPPS-P Impulsive Behavior
Scale (Lynam et al. 2007). Alphas ranged from good-to-excellent
across scales (a = 0.82–0.92).

4.3.3. Baseline alcohol consumption
Past-30-day alcohol consumption was assessed via the Daily

Drinking Questionnaire-Revised (DDQ-R; Collins, Parks, &
Marlatt, 1985) at the baseline assessment. The DDQ-R asks
individuals to self-report the number of drinks on each of the 7-
calendar days in the past 30 days’ typical week and the past
30 days’ heaviest drinking week. These measures were then sum-
marized by taking the mean number of drinks per drinking day,
resulting in a measure of daily alcohol consumption during a typ-
ical week and a measure of alcohol consumption during the heav-
iest drinking week.
4.3.4. Baseline alcohol problems
The 18-item Rutgers Alcohol Problem Index (RAPI; White &

Labouvie, 2000) was used to assess past-year alcohol-related con-
sequences (e.g., ‘‘got into fights with other people”) at baseline
using a 4-point Likert-type scale ranging from 0 (none) to 3 (more
than 5 times). A mean score was computed for the 18 items
(a = 0.85).
4.3.5. Momentary impulsivity
The 4-item MIS (Tomko et al., 2014) was assessed at each

assessment. Participants read each item and selected which num-
ber on a 0–100 sliding scale6 best described their behavior. Anchors
on the sliding scale were as follows: ‘‘strongly agree,” ‘‘somewhat
agree,” ‘‘somewhat disagree,” and ‘‘strongly disagree.” At each time
point, a randomly selected subset of MIS items was presented to les-
sen the respondent burden and reduce participant response fatigue
resulting from seeing an identical survey many times over. This
missing completely at random (MCAR) design allows for assump-
tions of missing data techniques to be met (Little & Rubin, 1989;
Rubin, 1976). In correlational analyses, MIS scores were aggregated
to the daily level. See below for between- and within-person
reliabilities.
4.3.6. Daily alcohol consumption
During the morning assessment, participants were asked to

report the number of standard alcoholic drinks consumed since
yesterday’s evening report (i.e., ‘‘Since the last assessment, how
many alcoholic drinks have you had? Remember: one standard
drink is 12 oz of beer, 8–9 oz. of malt liquor, 5 oz. of wine, or
1.5 oz. hard liquor.”).
4.3.7. Daily perceived alcohol intoxication
At the morning assessment, participants reported on their per-

ceived intoxication (i.e., ‘‘If you drank alcohol since the last assess-
ment, how drunk/intoxicated did you get?”). Response options
included ‘‘not at all/I didn’t drink,” ‘‘somewhat drunk,” and ‘‘very
drunk” using a 0–100 sliding scale.
4.3.8. Daily affect
At each assessment, participants were asked to report on their

positive (5 items) and negative affect (5 items) using a 10-item ver-
sion of the PANAS (Watson et al., 1998). The following positive
affect items were included: ‘‘cheerful,” ‘‘happy,” ‘‘engaged,” ‘‘calm,”
‘‘friendly.” Negative affect items included, ‘‘Irritable,” ‘‘unhappy,”
‘‘bored,” ‘‘anxious,” and ‘‘angry.” Response options ranged from
‘‘not at all” to ‘‘very much” using a 0–100 sliding scale. Daily affect
measures were combined to create mean scores representing pos-
itive affect (5 items) and negative affect (5 items). Positive and
negative affect scores were aggregated to the daily level in correla-
tional analyses.



Table 4
Between-Person bivariate correlations between laboratory-based tasks and MIS scores.

MSSDa MIS bTCIP bGS bIMT fTCIP fGS

MSSD –

MIS 0.68**

[0.53, 0.78]
–

bTCIP �0.08
[�0.30, 0.16]

0.04
[�0.19, 0.26]

–

bGS 0.08
[�0.15, 0.30]

0.07
[�0.16, 0.29]

0.00
[�0.22, 0.23]

–

bIMT �0.04
[�0.27, 0.19]

0.11
[�0.12, 0.33]

�0.03
[�0.26, 0.19]

0.38**

[0.16, 0.55]
–

fTCIP 0.12
[�0.12, 0.36]

�0.09
[�0.33, 0.16]

0.46**

[0.24, 0.63]
�0.04
[�0.28, 0.20]

0.13
[�0.12, 0.36]

–

fGS �0.11
[�0.34, 0.14]

0.05
[�0.20, 0.29]

0.06
[�0.19, 0.29]

0.47**

[0.26, 0.64]
0.38**

[0.15, 0.57]
0.12
[�0.13, 0.35]

–

fIMT �0.10
[�0.34, 0.16]

0.11
[�0.09, 0.40]

�0.02
[�0.28, 0.23]

0.35**

[0.11, 0.55]
0.75**

[0.61, 0.84]
0.04
[�0.21, 0.29]

0.40**

[0.17, 0.59]

Note. **p < .01, *p < .05; MSSD = mean squared successive difference of MIS scores; MIS = aggregate MIS scores (averaged across 10 days of assessment); bGS = baseline GoStop
percentage of response inhibition failures; fGS = follow-up GoStop percentage of response inhibition failures; bIMT = baseline IMT ratio; fIMT = follow-up IMT ratio;
bTCIP = baseline number of immediate choices; fTCIP = follow-up number of immediate choices. Ninety-five percent confidence intervals are contained in brackets.

a Correlations with MSSD of MIS scores reflect partial correlations after accounting for aggregate MIS scores consistent with Dejonckheere et al. (2019). Study 1 baseline
n = 74–77; Study 1 follow-up n = 62–66.
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4.4. Data analytic plan

Unless indicated otherwise, identical analytic procedures were
used for Sample 2 (see Section 2.4). For Sample 2, ML-CFA was con-
ducted in Mplus using maximum likelihood (ML) estimation, given
the relatively continuous nature of item responses in this sample.
Given that alcohol outcomes were only assessed at the first EMA
survey of each day, variables examined in within-person correla-
tional analyses (i.e., alcohol consumption, perceived level of intox-
ication, positive affect, negative affect, and MIS scores) were
aggregated to the daily level.

4.4.1. Factor structure, instability, and reliability
See Section 2.4.1 for the analytic procedure, including

mathematical equations used to estimate between- and within-
person reliabilities of MIS items and temporal instability of MIS
scores.

4.4.2. Content and criterion validity
Content validity analyses were computed identically to Sample

1 (see Section 2.4.2). In Sample 2, criterion validity was assessed at
between- and within-person levels. First, we computed bivariate
correlations between alcohol quantity (typical and heaviest week),
alcohol problems, aggregate MIS scores, and the MSSD of MIS
scores in SASTM using Pearson’s r. Next, we computed within-
person correlations among MIS scores, reported alcohol quantity,
perceived alcohol intoxication, positive affect, and negative affect
in R.
5. Results (Sample 2: EMA)

5.1. Factor structure, instability, and reliability

Consistent with Sample 1 and Hypothesis 1, the one-factor
solution of MIS items exhibited excellent fit to the data at
between- and within-person levels (v2(4) = 8.12, p = .09;
CFI = 0.99, RMSEA = 0.02, within-person SRMR = 0.02, between-
person SRMR = 0.02). Variance attributed to between-person dif-
ferences ranged from 24.2% to 33.5%. See Table 1 for standardized
factor loadings and 95% CIs. Like Sample 1, the ‘‘impatient” item
loaded poorly on the within-person factor (k = 0.21; see Table 1).
Consistent with Sample 1 and Hypothesis 2, the between- and
within-person reliabilities were high using a GT approach
(RKF = 0.99; RCN = 0.84). Using Coefficient Omega, between-
person reliability remained high for Sample 2 (x = 0.97), though
the within-person reliability was low (x = 0.49). See Table 2 for
descriptive statistics of study variables from Sample 2.
5.2. Content and criterion validity

See Table 3 (above the diagonal) for between-person bivariate
correlations among UPPS-P impulsivity traits, aggregate MIS
scores, and the MSSD of MIS scores. Supporting Hypothesis 3,
aggregate MIS scores (averaged across EMAs) evinced positive
and very large correlations with negative and positive urgency.
Aggregate MIS scores also exhibited medium-to-large correlations
with (lack of) perseverance and (lack of) planning in the expected
direction, whereas the correlation between MIS scores and sensa-
tion seeking was nonexistent in this sample. Partial correlations
between the MSSD of MIS scores and UPPS-P impulsivity facets
were statistically non-significant after accounting for aggregate
MIS scores.

Consistent with Hypothesis 5 and providing support for
between-person criterion validity, aggregate MIS scores positively
correlated with alcohol-related problems with a medium-to-large
effect. Aggregate MIS scores showed a minimal, negative correla-
tion with typical alcohol consumption and a very small, negative
correlation with heaviest alcohol consumption. Partial correlations
between the MSSD of MIS scores and between-person alcohol
indices were statistically non-significant after accounting for mean
levels of MIS scores (see Table 5). For within-person criterion-
validity, daily MIS scores and quantity of alcohol consumption
exhibited a statistically non-significant correlation at the intraindi-
vidual level (r = 0.05; 95% CI = �0.08 to 0.18; p = .42). The within-
person correlation between MIS scores and perceived intoxication
was very small-to-small (r = 0.07; 95% CI = 0.01–0.13; p < .01). Con-
sistent with Sample 1 and Hypothesis 4, negative affect evinced a
medium-to-large, within-person correlation with MIS scores
(r = 0.21; 95% CI = �0.13 to 0.26; p < .01). Finally, counter to
Hypothesis 4, within-person positive affect exhibited a very small,
inverse correlation with daily MIS scores (r = �0.06; 95% CI = �0.12
to �0.01; p = .02).



Table 5
Between-Person bivariate correlations between alcohol-related outcomes and MIS scores.

RAPI DDQ Typical DDQ Heaviest MSSD MIS

RAPI –
DDQ Typical 0.27**

[0.10, 0.43]
–

DDQ Heaviest 0.27**

[0.10, 0.43]
0.79**

[0.71, 0.85]
–

MSSDa 0.06
[�0.26, 0.36]

0.06
[�0.25, 0.37]

0.16
[�0.15, 0.45]

–

MIS 0.27**

[0.11, 0.42]
�0.04
[�0.20, 0.14]

�0.05
[�0.22, 0.12]

0.46**

[0.32, 0.58]
–

M 1.44 4.89 7.10 10.27 24.96
SD 0.36 2.65 3.86 8.63 13.50

Note. **p < .01, *p < .05; RAPI = past-year alcohol-related problems, as assessed by the Rutgers Alcohol Problem Index; DDQ Typical = past-30-day alcohol consumption over a
typical week, as assessed by the DDQ-R; DDQ Heaviest = past-30-day alcohol consumption over a heavy week, as assessed by the DDQ-R; MSSD = mean squared successive
difference of MIS scores; MIS = aggregate MIS scores (averaged across 10 days of assessment). Ninety-five percent confidence intervals are contained in brackets.

a Correlations with MSSD of MIS scores reflect partial correlations after accounting for aggregate MIS scores consistent with Dejonckheere et al. (2019). Sample 2 Level-2
n = 136–147.
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6. Discussion

Despite its widespread adoption in the literature, we are the
first study to attempt to further validate the psychometric proper-
ties of the MIS outside of the original study sample by using two
intensive longitudinal samples of young adults. We also are the
first to examine criterion validity for MIS scores at between- and
within-person levels as well as the first to examine associations
between MIS scores and laboratory-based impulsivity assessments
thought to capture state-level impulsivity. Findings from the pre-
sent study are briefly summarized as follows: (1) support for the
MIS’s one factor between- and within-person structure, with the
‘‘impatient” item loading poorly within-person; (2) high
between-person reliabilities using GT and Coefficient Omega
approaches; (3) high within-person reliabilities using GT and low
within-person reliabilities using Coefficient Omega; (4) higher
aggregate MIS scores linked to more temporal instability across
the assessment window; (5) statistically non-significant partial
correlations between the MSSD of MIS scores and UPPS-P facets,
laboratory-based task outcomes, and between-person alcohol
indices after accounting for average MIS scores; (6) large correla-
tions between aggregate MIS scores and both positive and negative
urgency facets; (7) aggregate relation between MIS scores and
alcohol problems, but not consumption, at the between-person
level in Sample 2; (8) inconsistent within-person correlations
between MIS scores and alcohol indices across samples; (9)
within-person correlation between MIS scores and negative affect
across samples, with inconsistent within-person correlations
between MIS scores and positive affect; and (10) minimal-to-
small and inconsistent relations between aggregate MIS scores
and laboratory-based assessments in Sample 1. Below, we fully
integrate findings from our two young adult samples. We then dis-
cuss these findings in the context of the findings from Tomko et al.
(2014) and other extant research in this area.
6.1. Factor structure, reliability, and temporal instability of the MIS

Across samples and at between- and within-person levels, the
MIS’s one-factor structure exhibited excellent fit to the data, with
comparable between-person standardized factor loadings. Notably,
the ‘‘impatient” item loaded poorly within-person in both samples
(Sample 1: k = 0.38, 95% CI = 0.34–0.42; Sample 2: k = 0.21, 95%
CI = 0.16–0.26), suggesting this item is potentially problematic,
at least in young adult samples. This low factor loading may reflect
the potential multidimensionality of state-level impulsivity that is
not currently captured in its one-factor structure. Unlike the other
three items, which appear to reflect impulsive behaviors, ‘‘I felt
impatient” does not refer to an observable impulsive behavior,
but rather a self-reflective perception. Speculatively, the ‘‘impa-
tient” item may reflect affective impulsivity more directly, as
opposed to a specific impulsive behavior, which may explain
why this item loads poorly on the purported one-factor within-
person MIS structure. In fact, intraindividual MIS item-level
correlations with negative and positive affect provide preliminary
support for this speculative notion. The ‘‘impatient” item showed
a positive and large-to-very large correlation, within individuals,
with negative affect in Sample 1 (r = 0.37), as well as a positive
and medium-to-large within-person correlation in Sample 2
(r = 0.27). In Sample 2, the ‘‘impatient” item also evinced a small
and negative within-person correlation with positive affect
(r = �0.11; see Supplementary Table 2 for item-level correlations
with positive and negative affect).

Differences in within-person standardized factor loadings were
found between samples for the remaining three items: ‘‘said things
without thinking” (Sample 1: k = 0.67, 95% CI = 0.62–0.72; Sample
2: k = 0.44, 95% CI = 0.39–0.49), ‘‘spent more money” (Sample 1:
k = 0.60, 95% CI = 0.55–0.65; Sample 2: k = 0.52, 95% CI = 0.47–0.
57), and ‘‘spur of the moment” (Sample 1: k = 0.76, 95% CI = 0.7
2–0.80); Sample 2: k = 0.53, 95% CI = 0.48–0.58). Speculatively,
these findings may be due to different methodologies (i.e., daily
diary vs. EMA) and assessment approaches used across samples
(e.g., a Likert-type scale vs. a sliding scale), which may have
impacted intraindividual response consistency.

In both samples, between-person reliabilities of MIS scores
were very high for both samples when using a GT approach, consis-
tent with Tomko et al. (2014), and when using the more contempo-
rary Coefficient Omega, as recommended by Geldhof et al. (2014).
Within-person reliabilities of MIS scores were also high when
examined using a GT approach; however, within-person reliabili-
ties were low in both samples when examined with Coefficient
Omega estimates. It is possible that the within-person reliability
estimate using GT may overestimate internal consistency.
However, more research is needed to determine the internal
consistency of MIS scores across samples, though, as it stands,
there is limited evidence supporting the within-person internal
consistency of MIS scores in young adults.
6.2. Validity of the MIS

6.2.1. Content validity
In both samples, aggregate MIS scores evinced very large corre-

lations with both positive and negative urgency, suggesting the
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MIS is linked to affective impulsivity, at least in young adult sam-
ples. Additional UPPS-P impulsivity facet correlations with aggre-
gate MIS scores were relatively inconsistent across samples. For
example, sensation seeking demonstrated a medium-to-large cor-
relation with aggregate MIS scores in Sample 1, whereas this same
correlation was nonexistent in Sample 2. Although there was an
inconsistent pattern across samples for some impulsivity facets,
MIS scores appear to be consistently linked to affective impulsivity,
which was also found in Tomko et al. (2014) using the original
urgency facet from the UPPS.
6.2.2. Criterion validity
Relations between MIS scores and alcohol outcomes were

inconsistent across levels of analysis and samples. A medium-to-
large between-person correlation between aggregate MIS scores
and alcohol problems was found in Sample 2, whereas MIS scores
showed small relations with other alcohol outcomes at within- and
between-person levels in this sample. Conversely, a positive and
large-to-very large within-person correlation between daily MIS
scores and daily alcohol consumption was observed in Sample 1.
Further research is necessary to determine sources contributing
to differential relations between MIS scores and alcohol outcomes.

Across samples, MIS scores correlated with negative urgency
with at least medium effect sizes, as well as with within-person
fluctuations in negative affect. Conversely, within-person relations
with positive affect were small and inconsistent across samples,
suggesting the link between MIS scores and measures capturing
negative mood states is relatively more robust in these data. Future
work should examine the generalizability of these conclusions
across various methodological approaches and types of samples.

Examinations of convergent validity in the present study were
hindered by a dearth of state-level impulsivity assessments. Never-
theless, MIS scores exhibited inconsistent and minimal-to-small
correlations with laboratory-based measures of impulsivity that
were not statistically significant. These null results are also consis-
tent with much work in this area demonstrating small correlations
(r < 0.15) between self-report and laboratory-based assessment
methods (Sharma et al., 2014). Given the psychometric limitations
of laboratory-based tasks discussed elsewhere (e.g., Cyders &
Coskunpinar, 2011; Fillmore & Weafer, 1999; Weafer, Baggott, &
de Wit, 2013; see King et al., 2019), we refrain from concluding
that the convergent validity of the MIS was not supported, though
future research is needed to more accurately determine the MIS’s
convergent validity using well-validated measures in naturalistic
studies.
6.2.3. MSSD of MIS scores
In both samples, the MSSD of MIS scores was not associated

with self-report impulsivity facets, laboratory-based impulsivity
task outcomes, or alcohol indices over and above mean-levels of
MIS scores. This is not surprising given strong correlations between
the MSSD of MIS scores and mean-level MIS scores in both samples
(Sample 1 r = 0.68, p < .01; Sample 2 r = 0.46, p < .01). This is also
consistent with recent evidence by Dejonckheere et al. (2019) that
found, for positive and negative affect, the construct’s mean and
standard deviation explained a large majority of the variance in
the construct’s MSSD and that the MSSD did not contribute unique
information in predicting psychological well-being over and above
mean levels of positive and negative affect. These findings call into
question the predictive utility of the MSSD beyond conventional
descriptive statistics, such as the mean and standard deviation.
More research in this area is needed to determine if this finding
is consistent across samples, across assessment windows, and
across frequency of assessments within an EMA framework.
6.3. Young adult vs. clinical adult MIS

Based on model fit indices, our young adult samples corrobo-
rated the MIS’s one-factor between- and within-person structure
that was first demonstrated in Tomko et al. (2014) adult clinical
sample using exploratory factor analysis (EFA). However, there
appear to be differences in standardized factor loadings across
levels for young adults compared to Tomko et al. (2014).
Between-person standardized factor loadings for ‘‘spent more
money” and ‘‘impatient” items were larger for young adults than
for clinical adults (Tomko et al.’s ‘‘spent more money” k = 0.59,
95% CI = 0.56–0.62; Tomko et al.’s ‘‘impatient” k = 0.57, 95% CI =
0.50–0.64). Differences in standardized factor loadings were also
found within individuals, such that ‘‘said without thinking,” ‘‘impa-
tient,” and ‘‘spur of the moment” items all exhibited lower within-
person factor loadings in young adults compared to clinical adults
(Tomko et al.’s ‘‘said without thinking” k = 0.84, 95% CI = 0.82–0.86;
Tomko et al.’s ‘‘impatient” k = 0.57, 95% CI = 0.54–0.60; Tomko
et al.’s ‘‘spur of the moment” k = 0.89, 95% CI = 0.87–0.91). These
inconsistent findings may reflect different analytic procedures
being used across studies. Specifically, Tomko et al. (2014) used
EFA to develop the original 4-item scale, whereas we are the first,
to our knowledge, to employ ML-CFA using the MIS. Additionally,
methodologies differed considerably across the three samples
(e.g., daily diary vs. three EMAs daily vs. six EMAs daily), which
could, in part, explain these equivocal findings.

The MIS appears to exhibit high between-person reliability
across young adult samples and Tomko et al. (2014) adult clinical
sample across approaches for internal consistency (i.e., internal
consistency derived from GT vs. internal consistency determined
by Coefficient Omega). This consistency is not surprising and
reflects a reliable stability of impulsivity between individuals that
is akin to trait impulsivity reflecting a person’s mean-level of
impulsivity across situations. Within-person reliability estimates
differed from Tomko et al. (2014). When using the GT approach
detailed by Tomko et al. (2014), within-person reliability estimates
were higher in our two young adult samples. When using Coeffi-
cient Omega, which is an increasingly preferred reliability index
(Dunn, Baguley, & Brunsden, 2014; Geldhof et al., 2014; Sijtsma,
2009), the within-person reliability estimates decreased, particu-
larly for Sample 2. Thus, our findings provide additional evidence
for the between-person reliability of MIS scores; however, evi-
dence for the within-person reliability of MIS scores is
inconclusive.
6.4. Research and clinical implications

Given state-level impulsivity assessment is in its nascent stages,
these findings have important research and clinical implications. A
central focus of this study was to reexamine the psychometric
properties of the MIS in young adults using various methodological
approaches. We are the first, to our knowledge, to do so using an
MTMM approach with the inclusion of self-report and
laboratory-based measures of impulsivity. Although findings indi-
cate inconsistent and minimal-to-small, statistically nonsignificant
relations between aggregate MIS scores and laboratory-based tasks
of impulsivity, results support the extant literature in this area
demonstrating little shared variance between the two assessment
methods (i.e., self-report versus laboratory-based tasks; see Cyders
& Coskunpinar, 2011; Sharma et al., 2014). As researchers continue
to question if laboratory-based tasks truly capture ‘‘impulsivity”
(see Sharma et al., 2014), particularly ‘‘state impulsivity,” our
results contribute to a growing body of literature suggesting
laboratory-based assessments of impulsivity do not share consid-
erable overlap with self-report assessments.
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Our findings also have significant clinical implications. One of
the most desirable qualities of assessing state-level impulsivity is
to capture fluctuations in impulsivity and concurrent risky behav-
ior. To date, clinicians have few options for assessing impulsivity in
a clinical setting, despite impulsivity being the most transdiagnos-
tic symptom criterion in the DSM-5 (American Psychiatric
Association, 2013). Considering the MIS items are readily available
and the scale itself is brief, this measure could be incorporated into
clinical settings to track fluctuations in state impulsivity and
impulsive behavior over time. This 4-item measure likely would
not add considerable time to clinicians’ and patients’ time commit-
ments and could also be implemented in time-limited therapeutic
settings, such as integrated primary care or partial hospital set-
tings. Likewise, just-in-time adaptive interventions (JITAIs;
Spruijt-Metz & Nilsen, 2014) and ecological momentary interven-
tions (EMI; Heron & Smyth, 2010) could include the MIS as an
assessment of state-level impulsivity to provide real-time,
evidence-based coping skills to effectively manage elevations and
fluctuations in impulsivity and associated impulsive behaviors.
For example, distress tolerance skills could be provided via
mobile-phone interventions in response to elevated or increasingly
variable MIS scores, given the apparent link between MIS scores
and affective impulsivity. If deemed effective, this may reduce
state-level impulsivity and associated impulsive behaviors (e.g.,
binge drinking; see Linehan, 1993).
6.5. Limitations and future directions

Study findings should be interpreted considering their limita-
tions. Both samples predominantly consisted of individuals who
self-identified as White and female; thus, generalization to other
races and ethnicities may be limited. The Sample 1 sample size
was also modest (though comparable to Tomko et al., 2014]);
future replication studies should prioritize using large samples,
as well as a longer assessment window to ensure adequate oppor-
tunity for fluctuations in impulsivity to occur. Samples 1 and 2
were also limited with respect to criterion outcomes, and future
research should consider additional seemingly impulsive behaviors
(e.g., unprotected sexual behavior, illicit substance use, pathologi-
cal gambling) to further examine its criterion validity. Samples 1
and 2 also did not use identical items to assess positive and nega-
tive affect, which may influence the reliability of our comparisons
between samples for positive and negative affect. Analytic
approaches used in both samples were primarily correlational,
and we cannot infer temporal ordering from within-person corre-
lations or disaggregate between- and within-person effects (Curran
& Bauer, 2011). Therefore, research should prioritize using time-
varying effect modeling to understand the nuances of these
dynamic associations (Tan, Shiyko, Li, Li, & Dierker, 2012). Finally,
Monte Carlo confidence intervals for Coefficient Omega estimates
could not be computed, as recommended by Geldhof et al.
(2014), given the low within-person Omega found for Sample 2.
We recommend that future studies prioritize using Coefficient
Omega when examining multilevel internal consistency as this
reliability estimate is increasingly preferred, particularly compared
to Cronbach’s alpha that assumes tau-equivalence (Dunn et al.,
2014; Geldhof et al., 2014; Shrout & Lane, 2012; Sijtsma, 2009).

More broadly, self-report assessments continue to be used in
ambulatory methodology given their convenience and psychomet-
ric qualities. Future EMA studies could be more intentional with
assessment timing (e.g., event-based vs. scheduled assessments)
to fully capture and disentangle the complex impulsivity-risk
behavior relation. Studies utilizing cognitive interviewing could
also inform the conceptualization of within- and between-person
state-level impulsivity, given individuals and researchers may
interpret questions and answers differently (which can, of course,
impact study findings; see Schwarz, 1999).
6.5.1. Limitations of the MIS
Though we supported the one-factor structure of the 4-item

MIS at between- and within-person levels in both samples, it is
important to recognize that this is counter to the extant impulsiv-
ity literature showing that trait impulsivity is multidimensional
with at least four facets (see Cyders, 2015; see also Smith et al.,
2007). Indeed, it may be that four items are insufficient to fully
capture the potential multidimensionality of momentary impulsiv-
ity, but little is known about the latent structure of momentary
impulsivity, which may or may not mirror the latent structure of
trait impulsivity. Existing evidence suggests that MIS scores
strongly correlate, within- and between-persons, with UPPS
urgency scores (Halvorson et al., under review), which is consistent
with our between-person correlations from two young adult sam-
ples. At present, the MIS appears to reliably reflect UPPS urgency
(Halvorson et al., under review; Tomko et al., 2014), though more
work is needed to understand the latent structure of momentary
impulsivity as it compares to trait impulsivity.

Three of the four MIS items also reflect specific impulsive
behaviors (e.g., ‘‘I said things without thinking”). Behavioral items
require opportunity to perform a given behavior within the assess-
ment window and assessing observable momentary impulsive
behaviors as a proxy for latent momentary impulsivity may under-
estimate true score differences related to this construct. Thus, it is
recommended that the current 4-item MIS be used with caution,
recognizing its important limitations. We also recommend several
changes for future iterations of the MIS. First, it is recommended
that additional items be considered in future revisions to reflect
more breadth of impulsivity-like facets at the momentary level,
consistent with our theoretical understanding of trait impulsivity
(i.e., Halvorson et al., under review). Second, research should mea-
sure both discrete impulsive actions as well as individuals’ percep-
tion of their impulsive states.

As stressed above, more research across various samples and
methodological approaches is needed to: (1) reliably understand
the meaning of state-level impulsivity as assessed by the MIS’s four
items at between- and within-person levels, (2) determine if and
how the MIS’s underlying, internal structure aligns with latent trait
impulsivity models, and (3) clarify the dimensionality of state-level
impulsivity through revisions to the MIS. In service of these goals,
one potential next step is to investigate dynamic relations between
MIS scores, UPPS-P impulsivity facets, and criterion outcomes at
momentary and/or daily levels.
7. Conclusion

We employed intensive longitudinal designs in two young adult
samples, and our findings provide important contributions to the
burgeoning area of state impulsivity. Overall, we supported the
MIS’s one-factor between- and within-person structure and identi-
fied one potentially problematic item (i.e., ‘‘I felt impatient”), at
least for young adult samples. Our findings suggest the MIS is best
capturing emotion-driven impulsivity and is closely linked to neg-
ative affect within individuals, which has relevance to the etiology
of problematic substance use (see Baker, Piper, McCarthy,
Majeskie, & Fiore, 2004). With more replication and revision, the
MIS shows promise for continued use in naturalistic studies and
potential use in ambulatory clinical intervention research, espe-
cially considering its brevity. An important next step for research
in this area is to consider the potential multidimensionality of
state-level impulsivity that is not currently reflected.
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Appendix A. Supplementary material

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jrp.2020.103914.
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