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A wide range of measures have been used to assess self-control including executive function tasks, delay
of gratification tasks, and persistence and willpower tasks. The current study sought to examine the con-
vergent and predictive validity of these measures, provide theoretical backing for why we might or might
not expect high correlations between different indicators of the construct, and question whether such
measures are assessing construct-level variance. The results largely replicated prior research, with the
majority of correlations being small in magnitude and non-significant. Possible interpretations include
indicators assessing distinct and unrelated subdomains of self-control, the inappropriate use of measures
that maximize within person variance, indicators being plagued by large sources of error variance, or
some combination of these.
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The benefits of high self-control have been discussed exten-
sively in the psychological literature and range from better emo-
tional stability, school and work performance, and social
competence to decreased risk of drug use, obesity, gambling, risky
sexual behaviors, and other risk taking behaviors (Duckworth,
Tsukayama, & Kirby, 2013; Mischel & Ebbesen, 1970; Reynolds,
Richards, Horn, & Karraker, 2004; Sharma, Markon, & Clark,
2014; Tangney, Baumeister, & Boone, 2004). Despite the purported
value of this construct, there remains lack of clarity regarding (a)
how to best assess the construct in laboratory settings and (b)
the ontological nature of the construct. The main goal of this paper
is to evaluate commonly used behavioral measures of self-control
in terms of indicator intercorrelations, indicator correlations with
self-report measures, and indicator correlations with theoretical
outcomes of the construct. In doing so, we hope to provide insight
on whether these measures are assessing construct-level variance.

Fundamentally, self-control is defined by the prioritization of
long-term goals over the near-term temptations that conflict with
those goals (Fujita, 2011). Successful self-control is defined as
engaging in behaviors that progress one toward a long-term goal
or, conversely, abstaining from behaviors that thwart the realiza-
tion of long-term goals. Although many consider the second part
of this definition - abstaining - to be the defining feature of self-
control, it should be noted that impulse inhibition is but one strat-
egy among many for furthering long-term goals (Magen & Gross,
2010). Prior research suggests that there are two main types of
self-control: inhibitory self-control and initiatory self-control (de
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Ridder, de Boer, Lugtig, Bakker, & van Hooft, 2011). Inhibitory
self-control refers to abstaining from behaviors that conflict with
long-term goals, such as resisting the impulse to indulge in
unhealthy behaviors that conflict with health goals. By contrast,
initiatory self-control refers to enacting some behavior that pro-
motes a long-term goal, such as exercising to promote good health.
Factor analysis suggests that inhibitory and initiatory self-control
are separable constructs and inhibitory self-control is more predic-
tive of the frequency of undesired behaviors, such as smoking
cigarettes or drinking, whereas initiatory self-control is more pre-
dictive of desirable behaviors, such as hours of study (de Ridder
et al.,, 2011). This highlights the fact that self-control is a multidi-
mensional construct not just limited to the inhibition of impulses.

Self-control can be subdivided even further into specific strate-
gies for goal-pursuit including situation selection, situation modi-
fication, cognitive change, distraction, impulse inhibition, or
forming implementation intentions (Baumeister, 2002; Diamond,
2013; Fujita, 2011; Gollwitzer, 1999; Magen & Gross, 2010). Given
the variety of ways that self-control may be expressed, it is perhaps
unsurprising that self-control has been assessed using seemingly
disparate measures including self-report measures (Patton,
Stanford, & Barratt, 1995; Tangney et al., 2004), attention and
response inhibition tasks (Eriksen & Eriksen, 1974; Nosek &
Banaji, 2001; Stroop, 1935; Verbruggen & Logan, 2008), delay of
gratification and delay discounting tasks (Frye, Galizio, Friedel,
DeHart, & Odum, 2016; Koffarnus & Bickel, 2014; Mischel &
Ebbesen, 1970; Richards, Zhang, Mitchell, & de Wit, 1999), and per-
sistence and willpower tasks (Baumeister, Bratslavsky, Muraven, &
Tice, 1998). As a result of the diversity among measurement tech-
niques, experts in the field still hotly debate which types of tasks
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do and do not utilize self-control resources (Baumeister & Vohs,
2016; Blazquez, Botella, & Suero, 2017; Carter, Kofler, Forster, &
McCullough, 2015; Lurquin & Miyake, 2017; Monterosso & Luo,
2013). One explanation for the lack of comparable results among
labs using different measures is that each of these measures are
assessing different subcomponents of self-control, yet all being
referred to imprecisely as “self-control”.

The crux of the issue is that grouping all of these strategies
under the umbrella term “self-control” makes it unclear as to
which processes are actually at work in a given test. Tasks like
the Stroop task, the go/no-go task, delay of gratification tests, the
cold pressor task, food taste tests, and persistence tasks may allow
or disallow the use of different self-control strategies. For example,
distraction reliably increases delay times on delay of gratification
tasks (Mischel, Ebbesen, & Raskoff Zeiss, 1972; Peake, Hebl, &
Mischel, 2002; Sethi, Mischel, Aber, Shoda, & Rodriguez, 2000),
but distraction is not a viable strategy when completing measures
of executive function such as the Stroop task. Although the differ-
ent strategies may be important subcomponents of self-control,
considering any one of them to be an indicative test of global
self-control may be an error. Table 1 summarizes some common
behavioral measures of self-control and which subdomain of the
construct each may assess.

Importantly, the theoretical model under which one is operat-
ing largely determines the pattern of expected relationships among
indicators of self-control. A notable distinction here is the differ-
ence between reflective constructs and formative constructs.
Reflective constructs are constructs that are proposed to exist inde-
pendently of measurement and can be estimated though their
effect on a variety of indicators. In other words, causality flows
from the construct (self-control) to the indicators. By contrast, a
formative construct is a construct that is defined by a particular
set of indicators but itself has no causal influence over its indica-
tors. In a formative model the latent variable is an index number,
not an estimate of an underlying factor, and resembles something
more like socioeconomic status, the Dow Jones Industrial Average,
or the Air Quality Index (van der Maas, Kan, & Borsboom, 2014).

The reflective/formative distinction is important for calibrating
our expectations in terms of the convergent and predictive validity
of these measures. Supposing a reflective model, substantial corre-
lations would be expected among indicators due to indicators shar-
ing a common cause (Coltman, Devinney, Midgley, & Venaik, 2008).
This would be the case for something like intelligence, where g is
thought to explain variance in abilities like processing speed,
retrieval ability, and visual perception (Carroll, 1993). By contrast,
in a formative model where indicators are not hypothesized to
share a common cause, there is no a priori expected pattern of cor-
relations between indicators. Relevant to this point, research on
impulsivity suggests four separable subdomains including
premeditation, urgency, sensation seeking, and perseverance --
some of which are completely uncorrelated (as is the case for
sensation seeking and premeditation; Whiteside & Lynam, 2001).
Regarding the predictive validity of construct indicators, under a
reflective model one would expect indicators to predict the same
outcomes of the construct. In more concrete terms, if self-control

Table 1
A summary of measures of state self-control.

theoretically leads to a particular outcome and several indicators
measure self-control, then each indicator should also predict that
outcome. By contrast, if self-control is a formative construct, this
would not need to be the case. It could be the case that certain indi-
cators only predict certain outcomes and not others.

Keeping these points in mind, we briefly review prior research
on the convergent and predictive validity of behavioral measures
of self-control. Duckworth and Kern (2011) conducted a meta-
analysis looking at relationships between self-report measures,
impulse inhibition measures, and delay of gratification tasks.
Across the 282 studies included, the authors report a medium
effect size (Trandom = 0.27 [95% CI = 0.24, 0.30]; rfxeq = 0.34 [0.33,
0.35]). However, it should be noted that this includes correlations
between measures of the same type (e.g. self-report correlated
with self-report). Looking at only the correlations between differ-
ent types of indicators, the correlations were much lower (execu-
tive function tasks and delay tasks, r = 0.11; executive function
and self-report, r = 0.10; delay of gratification and self-report,
r = 0.15). With the exception of self-report measures, even among
tasks of the same type correlations were relatively low (executive
function and executive function, r = 0.15; delay of gratification and
delay of gratification, r = 0.21). A similar meta-analysis by Cyders
and Coskunpinar (2011) also found relatively unimpressive corre-
lations between various measures of impulsivity ranging from
r=0.09 to r = 0.13 across the 27 studies included. Of note, this
study concluded that although there was a small amount of shared
variance, the mismatch between self-report and behavioral mea-
sures could be suggestive of them assessing different underlying
constructs.

Regarding the predictive validity of these indicators, Sharma
et al. (2014) conducted a meta-analysis examining relationships
between self-report measures of impulsivity, laboratory tests of
impulsivity, and daily life behaviors. Behavioral measures included
were the Stroop task, the go/no go task, the stop signal task, the
Towa gambling task, and the Wisconsin card sorting task. The daily
life outcomes assessed included measures of drug, alcohol and
tobacco use as well as aggression, gambling, and risky sexual
behaviors. The meta-analysis revealed that, on the whole, behav-
ioral measures were weakly or non-significantly related to daily
life behaviors. One exception was the Stroop task, which correlated
with alcohol use, aggression, and gambling. Additionally, they
found that behavioral measures of impulsivity loaded on different
factors they labelled inattention, inhibitory dyscontrol, impulsive
decision making, and set shifting. The lack of predictive validity
of these indicators is further supported by a large number of inde-
pendent studies with similar findings (Crean, de Wit, & Richards,
2000; Fine, Steinberg, Frick, & Cauffman, 2016; Lane, Cherek,
Rhodes, Pietras, & Tcheremissine, 2003; White et al., 1994). The
one exception here may be a relatively large body of research
showing that delay of gratification tasks do seem to predict life
outcomes theoretically associated with self-control including
smoking, drug use, achievement test scores, GPA, BMI, and emo-
tional stability (Ayduk et al., 2000; Duckworth et al., 2013;
Mischel & Ebbesen, 1970; Mischel et al., 1972; Mischel, Shoda, &
Peake, 1988; Shoda, Mischel, & Peake, 1990; Mischel, Shoda, &

Measures Examples

Factors assessed

Executive function tasks Stroop, go/no go, stop-signal, flanker

Delay of gratification/ delay
discounting tasks

Persistence/willpower tasks

adjusting amount

bitter drink

Monetary or food related delay of gratification,

Cold Pressor, taste test, handgrip, impossible puzzle,

Cognitive inhibition, resistance to distractor interference, attention,
reaction time
Preference for delayed rewards, rate of delay discounting (k)

Behavioral inhibition, behavioral initiation, pain tolerance
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Rodriguez, 1989; Reyna & Wilhelms, 2017; Reynolds, Ortengren,
Richards, & de Wit, 2006; Reynolds et al., 2004; Watson &
Milfont, 2017). With these considerations in mind, the primary
goal of the present study is to examine the convergent and predic-
tive validity of commonly used measures of self-control and, in
doing so, provide insight into whether these measures are assess-
ing construct-level variance.

1. Method
1.1. Power analysis

Based on research by Duckworth and Kern (2010), Saunders,
Milyavskaya, Etz, Randles, and Inzlicht (2017), Reynolds et al.
(2006), Lane et al. (2003), Schmeichel and Zell (2007) and White
et al. (1994), correlations between different indicators ranged from
small and non-significant up to as high as r = 0.35. Based on this
level of inconsistency, we calculated the sample size needed to
detect a significant correlation of r = 0.20 between any two given
indicators. The necessary sample size needed to detect correlations
of 0.20 at 80% power is n = 192. Power analysis was conducted
using the R package “pwr” (Champely, 2018).

1.2. Participants

Participants were 197 undergraduate students recruited from a
public university in the southeastern United States. However, data
from 6 participants were discarded due to errors in data collection
or non-compliance with study instructions, leaving a final sample
of 191. The majority of participants were female (61.3% female,
32.5% male, 0.5% transgender, and 5.7% declined to identify), Cau-
casian (80.1% Caucasian, 6.8% Black, 4.7% Hispanic/Latino, 8.4%
other) and had a mean age of 19.7 (SD = 3.7). Research participa-
tion was incentivized by offering 3 research credits for participa-
tion, which could be exchanged for extra credit in a psychology
course.

1.3. Procedure

Participants first completed behavioral measures of self-control
in a randomized order. These included the Stroop task, the go/no go
task, the flanker task, the cueing task, the handgrip task, the cold
pressor, a taste test, the lowa Gambling Task, and two impossible
puzzle tasks. Next, participants completed the survey portion of
the study, which included the Self-Control Scale (Tangney et al.,
2004; o = 0.800), the Barratt Impulsiveness Scale (Patton et al.,
1995; o = 0.841), the AUDIT (Saunders, Aasland, Babor, de la
Fuente, & Grant, 1993; oo = 0.787), an impulse spending question-
naire (Giire, 2012; o = 0.887), the Health-Related Behavior Ques-
tionnaire (Balding, 2008; o = 0.750 for healthy food; o = 0.621
for unhealthy food), and the Leisure Time Exercise Questionnaire
(Godin & Shephard, 1985; o = 0.599). GPA was recorded via having
participants log into their university account. See Table 2 and
Table 3 for descriptive statistics and reliability coefficients for all

self-report and behavioral measures. Finally, delay of gratification
was assessed at the end of the study. This had to be assessed last
due to the nature of the focal reward being used, as explained
below.

1.4. Executive function

Four executive function tasks were used, all of which were pro-
grammed and administered using PsyToolkit (Stoet, 2017), a digital
platform for developing psychological tests. The four executive
function tasks were the Stroop task (Stroop, 1935), the go/no go
task (Nosek & Banaji, 2001), the flanker task (Eriksen & Eriksen,
1974) and a spatial cueing task (Posner, 1980). We administered
150 trials of the Stroop task (75 congruent, 75 incongruent), 100
trials of the go/ no go task (30 no go/ 70 go), 150 Flanker trials
(75 congruent, 75 incongruent), and 100 trials of the cueing task
(30 invalid cues). Importantly, for the go/ no go tasks, the outcome
measure was the count of trials on which the participant was not
supposed to respond but did respond (e.g., errors of commission).
This decision was made based on previous research showing that
errors of omission relate to inattention, whereas errors of commis-
sion relate significantly to symptom counts of impulsivity
(Bezdjian, Baker, Lozano, & Raine, 2009).

1.5. Delay of gratification

The Monetary Choice Questionnaire (Kirby, Petry, & Bickel,
1999) was used to assess individual’s willingness to delay immedi-
ate gratification in favor of larger rewards. This is a 27-item ques-
tionnaire wherein participants must choose between hypothetical
rewards delayed over varying amounts of time. k, or an individual’s
rate of delay discounting, was calculated using R code developed
by Gray, Amlung, Palmer, and MacKillop (2016). k ranges from
0.00016 to 0.25 with lower values representing lower rates of
delay discounting, or higher self-control. This scale shows excellent
reliability in the current study (o = 0.928).

In addition to the delay discounting task, participants also com-
pleted a delay of gratification task designed to resemble the exper-
iments carried out by Mischel (1958,1961) (1970; 1972; 1988;
1989) wherein participants were presented with an option
between a less desirable but immediate reward or a more desirable
but delayed reward. Because the sample in the current study was
comprised of college students, the focal reward used was not food
but instead research credits. The decision to not use food was made
because adults vary widely in the intensity of their food and weight
related goals, meaning food would not elicit a goal conflict of equal
strength among participants. By contrast, it is a comparatively
safer assumption that participants enrolled in our study were
motivated to obtain research credits as this constitutes the primary
way that research participation is incentivized.

To this end, participants were presented with three options at
the end of the study. The first option (immediate gratification
option) was to be awarded the three research credits they had
earned and be allowed to leave immediately. The second option

Table 2

Descriptive statistics for self-report measures.
Measure Mean SD Min Max Reliability
Self-Control Scale 3.26 0.60 1.69 4.77 o = 0.800
Barratt Impulsiveness 291 0.37 1.53 3.87 o = 0.841
Impulse Shopping 1.30 0.38 1.00 5.00 o =0.887
AUDIT 1.30 0.83 1.00 2.70 o =0.787
Exercise 2.49 1.04 1.00 5.00 o =0.599
Healthy Food 4.69 1.04 1.60 7.00 o =0.750
Unhealthy Food 3.98 1.04 1.50 6.50 o =0.621
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Table 3

Descriptive statistics for behavioral measures.
Measure Mean SD Min Max
Stroop 113.73 (ms) 64.81 (ms) —107.00 (ms) 298.00 (ms)
Flanker 25.97 (ms) 39.37 (ms) —112.00 (ms) 130.00 (ms)
Cueing 71.23 (ms) 55.13 (ms) —287.00 (ms) 291.00 (ms)
Go/no go 3.71 2.94 0 15
Monetary Choice (k) 0.02319 0.03605 0.00015 0.24942
Handgrip 17.98 (s) 15.77 (s) 3(s) 87 (s)
Cold Pressor 97.94 (s) 66.10 (s) 3(s) 180 (s)
Vegetables Consumed 9.74 (g) 10.75 (g) 0(g) 50 (g)
Candies Consumed 11.04 (g) 10.33 (g) 0(g) 50 (g)
Iowa Gambling Task 31.35 17.50 0 87
Anagram Persistence 18.72 (m) 8.40 (m) 2 (m) 30 (m)
Math Persistence 12.23 (m) 6.98 (m) 1.6 (m) 30 (m)

(intermediate gratification) was to stay in the study for an addi-
tional half-hour completing extra surveys but receive an additional
half research credit (3.5 total) in return. The third option (delayed
gratification) was to stay in the study for an additional hour of sur-
veys but receive an additional full research credit (4 total) in
return. This directly assessed participants’ willingness to sacrifice
an immediate desire (leaving early) in favor of a longer-term goal
(extra credit in a course). To ensure that participants’ decisions
were not affected by scheduling conflicts, all participants were told
to allow at least three hours for the study (the protocol without the
possible additional 1 h of tasks took <2 h). In the current sample,
54.5% chose to leave immediately, 11% chose to stay for an extra
half credit, and 34.5% chose to stay for the additional full credit.
This exact methodology has been used in previous research and
has been found to be sensitive to changes in goal strength
(Dreves & Blackhart, 2019).

1.6. Probability discounting

Probability discounting was assessed via the lowa Gambling
Task, a task that was first developed to assess impulsivity in people
with damage to the prefrontal cortex (Bechara, Damasio, Damasio,
& Anderson, 1994) but has subsequently been used to assess self-
control (Sharma et al., 2014). This task assesses impulsive behavior
through people’s decisions to draw from a high-risk or low risk
deck of cards. Participants completed 100 trials and the number
of times they picked from the high-risk deck was counted. Higher
scores indicate higher impulsiveness. In the present study, the
average number of times participants picked from the high-risk
deck was 31.35 (SD = 17.5, min = 0, max = 87).

1.7. Persistence/willpower

We administered five willpower tasks. These were the taste
test, the cold pressor, two impossible puzzles, and the handgrip.
The taste test was a measure of calorie consumption and has been
used as a dependent measure of self-control in many studies of
ego-depletion (Hagger, Wood, Stiff, & Chatzisarantis, 2010). This
was performed identically to how it was described in Hagger
et al. (2013), since this is representative of the way this has been
carried out in most ego-depletion paradigms. For this task, partic-
ipants were presented with a cover story about market researchers
being interested in college students’ perceptions of various foods.
Participants were presented with two different types of candies
(Skittles™ and M&Ms™) as well as two different types of vegetables
(raw broccoli and raw cauliflower) and asked to rank them on a
variety of dimensions such as taste, texture, and appearance.
50 g of each food were weighed out and presented to the partici-
pant. When the participant signaled that they were done evaluat-
ing the foods, the experimenter weighed the remaining foods and

recorded the amount consumed in grams. In this sample, the aver-
age amount of candies consumed was 11.04 g (SD = 10.3, min = 0,
max = 50) and the average amount of vegetables consumed was
9.74 g (SD = 10.75, min = 0, max = 50).

For the cold pressor task, participants were told that we would
be testing their pain tolerance and were instructed to hold their
hand in a bowl of ice water for as long as they could. The water
was maintained between 35 degrees and 40 degrees Fahrenheit
as advised by Mitchell, MacDonald, and Brodie (2004). The cold
pressor is frequently used in psychological studies to simulate pain
(Peckerman et al., 1998) and therefore measures a participant’s
willingness to tolerate an unpleasant stimulus. In theory, this task
requires impulse inhibition because individuals must inhibit the
impulse to remove their hand from the ice water. To ensure partic-
ipant safety, anyone who passed the 3-minute mark was instructed
to remove their hand from the water. The time (in seconds) was
recorded by the experimenter. The average amount of time that
participants persisted on the cold pressor was 97.94 s (SD = 66.1,
min = 3, max = 180).

Participants also completed the handgrip task, which has been
used in ego-depletion paradigms (Hagger et al., 2010; Muraven,
Tice, & Baumeister, 1998). For this task, participants were given a
handgrip and told squeeze it for as long as possible. To account
for individual differences in maximum grip strength, participants
first completed a baseline measure of grip strength using a
dynamometer. The handgrip was then calibrated to match their
maximum grip strength. Thus, this task should have been equally
difficult for everyone regardless of their maximum grip strength.
Like prior research, a coin was placed between the two grips. When
the participant loosened their grip enough that the coin fell out, the
experimenter stopped the timer. The average amount of time that
participants persisted on the handgrip was 17.98 s (SD = 15.77,
min = 3, max = 87).

Finally, persistence was measured with two impossible puzzle
tasks. One of them was an extremely difficult mathematics puzzle
and the other was a list of unsolvable anagrams. For both tasks,
participants were allowed a maximum of 30 min but were told that
they could notify the experimenter at any time if they would like to
move on. The dependent variable was the amount of time partici-
pants persisted before giving up. The average amount of time par-
ticipants spent on the anagrams was 18.72 min (SD = 8.4, min = 2,
max = 30), and the average amount of time spent on the math puz-
zle was 12.22 min (SD = 6.98, min = 1.3, max = 30).

1.8. Data cleaning and normalization

Of note, there were several extreme scores present in the data.
For example, although 90% of participants scored between 4.6 and
52.8 on the handgrip, a small number of participants exceeded
80 s. Therefore, in order to normalize the data, all scores more than
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3 interquartile ranges away from the first and third quartiles were
capped at 3 IQR above the median. This resulted in five handgrip
scores above 64 s being capped at 64, one go no go score above
14 being capped at 14, five vegetable consumption scores over
33 g being capped at 33 g, four candy consumption scores above
48 being capped at 48, and one cueing score above 282 being
capped at 282. Finally, to ensure that all variables were scaled sim-
ilarly and to avoid large discrepancies in covariances, means were
converted to Z-scores.

2. Results
2.1. Indicator intercorrelations

Table 4 displays intercorrelations between behavioral indica-
tors of self-control. We used the Benjamini-Hochberg correction
for multiple comparisons (Benjamini & Hochberg, 1995), which
ranks correlations based on p-values and is less penalizing to lower
p-values, thus increasing statistical power. An excel spreadsheet
with functions for calculating corrected p-values was retrieved
online (McDonald, 2014). Notably, only the six strongest correla-
tions remained significant after controlling for multiple compar-
isons. Handgrip persistence correlated positively with cold
pressor persistence (r = 0.22, Pagjusted = 0.034), anagram persistence
(r=10.25, Pagjustea = 0.007), and choices on the delay of gratification
task (r = 0.31, pagjustea = 0.001). Persistence on the cold pressor cor-
related positively with the amount of vegetables consumed on the
taste test (r = 0.25, Padjustea = 0.009). Lastly, anagram persistence
correlated positively with math puzzle persistence (r = 0.38,
Padjusted < 0.000), and vegetables consumed correlated positively
with candies consumed (r = 0.27, pagjustea = 0.003). On the whole,
correlations between indicators ranged from r = -0.17 to r = 0.38
with an average absolute value of r = 0.09. We averaged the abso-
lute value because, theoretically speaking, some correlations were
expected to be in the negative direction (e.g., puzzle persistence
and risky draws on the gambling task) and others in the positive
direction (e.g., puzzle persistence and handgrip persistence). Corre-
lations were converted to Fisher’s Z prior to averaging, in line with
prior recommendations (Corey, Dunlap, & Burke, 1998).

2.2. Indicator relationships with construct consequences

Table 5 displays correlations between the various indicators
and the life outcomes theoretically associated with self-control,
and Table 6 displays correlations between self-report measures
of self-control and the selected life outcomes. After controlling
for multiple comparisons, only cold pressor persistence correlated

significantly with exercise (r = 0.25, Pagjusted = 0.038). Taken
together, indicator relationships with construct consequences are
inconsistent and weak, at best. Overall, correlations between indi-
cators and construct consequences ranged from r = -0.18 to
r = 0.26 with an average absolute value of r = 0.07.

2.3. Indicator relationships with self-report measures

Correlations between the behavioral measures and self-report
measures are presented in Table 7. By and large, there were very
few statistically significant relationships between the behavioral
measures and self-reported self-control. In fact, after applying
the Benjamini-Hochberg correction for multiple comparisons,
there were no significant relationships between self-report mea-
sures and behavioral measures. Correlations between behavioral
indicators and self-report measures ranging from r = -0.18 to
r = 0.20 with an average absolute value of r = 0.08.

2.4. Factor analysis of behavioral measures

As a final test, we wanted to factor analyze the behavioral
measures of self-control. Prior to factor analysis, we applied the
Kaiser-Meyer-Olkin (KMO) Test to assess shared variance among
indicators. The KMO Test provides a measure of how suited the
data are for factor analysis, and low value on this test (<0.60)
means that there is a low proportion of shared variance among
variables making the data unsuitable for dimension reduction
techniques. A high value (closer to 1) means that there is a large
proportion of shared variance that may be due to underlying
factors (Kaiser, 1974). Using all thirteen indicators of self-control
yielded a KMO value of 0.52. Kaiser (1974) classified values falling
between 0.50 and 0.59 as “miserable”, suggesting that these data
are not suited well for factor analysis. Indeed, the scree plot
(Fig. 1) does not show any sign of a clear levelling off point,
suggesting that there is not a shared factor(s) that explains
variance across these items. See Table 8 for factor loadings.

3. Discussion
3.1. General discussion

The goal of the current research was to add to the body of liter-
ature regarding the convergent and predictive validity of behav-
ioral measures of self-control and, in doing so, provide insight on
whether these measures are assessing variance at the construct
level. By and large, we replicated previous research by finding that
that indicator intercorrelations among behavioral measures are

Table 4
Correlations between the behavioral measures of self-control.
Measure 1 2 3 4 5 7 8 9 10 11 12 13
1. Stroop -
2. Flanker 0.04 -
3. Cueing 0.01 -0.08 -
4. Go/no go 0.06 -0.15* 0.09 -
5. lowa 0.20** -0.05 0.17* 0.07 -
6. Math Puzzle -0.01 0.09 -0.17* 0.03 -0.09 -
7. Anagram -0.11 0.05 —0.06 0.02 -0.02 0.38** -
8. Cold Pressor —-0.05 —0.04 —0.02 —-0.05 -0.03 0.03 0.14 -
9. Handgrip -0.15* -0.07 —0.01 0.12 -0.09 0.10 0.25** 0.22** -
10. Candies —-0.06 0.05 —0.04 -0.07 0.17* 0.07 -0.03 0.08 —0.06 -
11. Vegetables 0.09 0.07 —0.05 -0.03 -0.05 0.20** 0.12 0.25** 0.09 0.27** -
12. Discount k 0.00 -0.05 —0.06 0.04 -0.02 0.04 -0.11 -0.07 -0.08 -0.09 —-0.06 -
13. Delay Task -0.09 0.02 —0.01 -0.11 0.01 -0.03 0.19** -0.02 0.31** -0.07 0.01 -0.07 -

*p <.05, **p < .01; Note: After applying the Benjamini-Hochberg correction (Benjamini & Hochberg, 1995) for multiple comparisons (setting the FDR to 0.05 and entering the

78 correlations between the 13 behavioral measures), 6 correlations remained significant (bolded).
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Table 5

Correlations between behavioral indicators and life outcomes.
Measure/life outcome GPA AUDIT Impulse shopping Healthy foods Unhealthy foods Exercise
Stroop 0.11 -0.08 -0.03 0.12 -0.03 -0.09
Flanker -0.03 -0.12 0.03 0.05 0.06 —0.06
Cueing 0.00 -0.12 0.00 0.05 -0.02 0.10
Go/no go 0.03 0.01 0.19** -0.03 0.01 0.07
lowa 0.07 -0.04 0.20™* —0.01 0.06 0.05
Math Puzzle 0.02 0.05 0.07 —0.06 0.01 —0.05
Anagram -0.11 0.00 —0.06 0.07 -0.08 -0.02
Cold Pressor -0.05 0.00 -0.12 0.17* -0.17* 0.25**
Handgrip -0.02 0.06 -0.15* 0.08 -0.12 0.08
Candies 0.01 0.10 0.05 -0.20* 0.06 0.11
Vegetables -0.05 0.03 -0.03 0.11 -0.15* 0.11
Discount k 0.16* 0.02 0.07 0.08 —0.08 0.12

*p < .05, ** p < .01; Note: only the correlation between cold pressor persistence and self-reported exercise remained significant after applying the Benjamini-Hochberg

correction (setting FDR to 0.05 and entering in the 78 correlations between behavioral measures and life outcomes).

Table 6
Correlations between self-report measures and life outcomes.
Measure 1 2 3 4 5 6 7 8
1. SCS -
2. BIS 0.60** -
3. GPA 0.11 0.09 -
4. AUDIT -0.23** -0.16* —-0.06 -
5. Impulse Shop .—0.32** -045** 0.04 0.01 -
6. Health Food 0.16* 0.15* 0.02 0.13 -0.08 -
7. Unhealthy Food —-0.05 -0.16* 0.07 -0.03 0.23** -0.31** -
8. Exercise 0.02 -0.10 0.02 —-0.01 —-0.06 0.32** -0.13* -

*p <.05, **p < .01; Note: After applying the Benjamini-Hochberg correction (Benjamini & Hochberg, 1995) for multiple comparisons (setting the FDR to 0.05 and entering the
12 correlations between the 2 self-report measures and the 6 life outcomes), 3 correlations remained significant (bolded).

Table 7

Correlations between behavioral measures and self-report measures.
Measure SCS BIS
Stroop 0.01 -0.03
Flanker 0.20** -0.13
Cueing 0.03 0.05
Go/no go 0.03 -0.03
Iowa 0.02 0.04
Math Puzzle -0.13 0.16*
Anagram 0.05 -0.09
Cold Pressor 0.06 -0.14
Handgrip —0.02 —0.11
Candies -0.17* 0.16*
Vegetables -0.18* 0.05
Discount k —0.04 0.11
Delay of Grat. 0.02 -0.10

*p < .05, ** p < .01; Note: no correlations remained significant after applying the
Benjamini-Hochberg correction to the 26 correlations in this table (setting the FDR
to 0.05).

low (Duckworth & Kern, 2010; Lane et al., 2003; Reynolds et al.,
2006; Saunders et al., 2017; Schmeichel & Zell, 2007; White
et al., 1994) and that indicators have little relationship with the
theoretical consequences of the construct (Fine et al., 2016; Lane
et al,, 2003; Sharma et al., 2014; White et al., 1994). In particular,
we observed a consistent pattern of low indicator intercorrelations
ranging from r = —0.17 up to r = 0.38 with an average absolute
value of r = 0.09, and only six being significant after controlling
for multiple comparisons.

The most optimistic interpretation of these few significant cor-
relations is that these indicators share variance due to an underly-
ing construct. Somewhat notably, all of the significant correlations
are in the direction that would be expected by theory (for example,
longer delay times correlated positively with handgrip persis-
tence). However, two of these correlations (correlations between

the two taste tests and correlations between the two puzzle persis-
tence tasks) are very likely due, at least in part, to method effects
(Maul, 2013). Regarding indicator relationships with construct out-
comes, correlations ranged from r = —0.18 to r = 0.26 with an aver-
age absolute value of r = 0.07 and only one significant correlation
after applying the Benjamini-Hochberg correction for multiple
comparisons. Finally, indicator relationships with established
self-report measures were low, with none being significant after
applying the Benjamini-Hochberg correction for multiple
comparisons.

We propose four possible explanations for the low correlations
found between indicators of self-control both in the present study
and numerous others. The first interpretation is that, as discussed
previously, self-control could be better conceptualized as a forma-
tive construct and thus correlations between indicators should not
necessarily be expected. The second interpretation is that many of
the behavioral measures used, particularly the EF measures, were
designed to assess within-subject effects and may have limited
effectiveness in between-subjects designs (Dang, King, & Inzlicht,
2020). The third interpretation is that many of these measures,
particularly the ones that have not been thoroughly vetted such
as the persistence and willpower tasks, may contain large sources
of error variance thus making them unreliable measures and are
thus incapable of telling us much about self-control. Finally, the
fourth interpretation is that these measures simply do not assess
construct-level variance.

Regarding the first interpretation -- that self-control is in fact a
formative construct -- we do not think that this explains the low
correlations observed in the present study. This is because even
is self-control is formative, correlations would still be expected
between indicators of the same subdomain (e.g. EF tasks would
correlate with other EF tasks, even if EF tasks do not correlate with
delay of gratification tasks). The fact that we observed so few sig-
nificant correlations even among indicators of the same subdomain
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Table 8

Factor loadings for behavioral indicators.
Item Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
Stroop -0.14 —-0.03 0.08 0.39 0.24 0.69
Flanker —0.06 0.15 -0.07 0.01 0.75 —-0.05
Cueing 0.18 -0.29 0.02 0.50 -0.27 -0.07
Go/no go -0.29 0.31 -0.18 0.20 —-0.60 0.09
Iowa —0.04 0.02 -0.03 0.84 0.01 0.01
Math Puzzle -0.04 0.81 0.11 -0.14 0.08 0.06
Anagram 0.40 0.72 0.06 0.03 —0.06 -0.11
Cold Pressor 0.20 -0.07 0.72 —-0.08 -0.15 -0.04
Handgrip 0.71 0.11 0.27 -0.09 -0.12 -0.10
Candies -0.36 0.09 0.46 0.27 0.19 -0.44
Vegetables -0.07 0.23 0.74 0.04 0.14 0.13
Discount k -0.07 0.03 0.02 -0.16 -0.20 0.67
Delay of Grat. 0.73 0.06 -0.13 0.13 0.17 -0.04

Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser Normalization. Six factors extracted with Eigenvalues greater than 1. First three
factors explain 36% of the variance in scores (Factor 1 = 14.5%, Factor 2 = 11.5%, Factor 3 = 10%).
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Fig. 1. Scree plot for behavioral indicators.

suggests that the problem lies in the tests themselves, not neces-
sarily the formulation of the construct (of course without proper
tests, questions about the formulation of the construct will have
to wait). Moreover, after controlling for multiple comparisons,
there are no significant relationships between indicators and theo-
retical outcomes of the construct. This leads us to think that inter-
pretations two, three, or four are more likely candidates for
explaining the observed results.

Regarding the second interpretation -- that the behavioral mea-
sures used were designed to assess within-subject effects -- a
recent article by Dang et al. (2020) highlights the perils associated
with using measures that were configured for within-subject
designs for between-subjects designs. They argue that tasks like
the Stroop task were designed such that everyone shows an inter-
ference effect with little variability around the effect, and in fact
this is part of what makes the effect so reliable. Given the present
results this appears to be the case, as the 95% range for Stroop
Scores ranged from 7 ms up to 231 ms. In other words, 95% of

the variability in Stroop scores occurred in the span of about 1/5
of a second. It’s not all that surprising, then, that such a limited
range of scores doesn’t tell us all that much about outcomes as var-
ied as substance use, academic performance, and health behavior.
A very similar point is made by Hedge, Powell, and Sumner (2018),
who noted exceptionally low variance between individuals using
measures of this sort, meaning that they are not good tools for run-
ning between-subject correlations. Ultimately, we find this a very
legitimate criticism of the use of such measures and believe that
this does in part explain the lack of relationships, particularly
among EF measures.

The third possible explanation for the limited convergent and
predictive validity of these measures is simply that they contain
large sources of additional variance. Many of these measures
may be subject to forces that are difficult or impossible to control
for like hunger, participants prior experience, or affinity for certain
tasks. For example, it is possible that on the food taste test partic-
ipants consumption was more a function of how long it had been
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since they last ate, rather than a function of their self-control. As
another example, perhaps athletes who have experience with
ice-baths for sports related reasons were better prepared for the
cold pressor test (which may in part explain the relationship
between self-reported exercise and cold pressor persistence).

Lastly, it could simply be the case that these behavioral mea-
sures, by and large, do not assess construct-level variance. We find
this interpretation somewhat likely because, thinking back to the
definition of self-control, few of these measures actually assess
the prioritization of distal motives over proximal motives. Partici-
pants have little to gain from holding their hand in ice water or
naming the color of a word 20 ms faster. Although pain tolerance
and response inhibition may be capacities that are on occasion
needed to pursue long-term goals, we believe that they are the
means and not the end of self-control. It is possible to imagine
an individual with very high impulse inhibition who simply lacks
sufficient motivation to use it to resist impulses.

Unfortunately, it is extremely difficult to distinguish this inter-
pretation from interpretation three. Regardless, whichever inter-
pretation is correct - simply not assessing construct level
variance or being plagued by error variance - it is probably the
case that more valid behavioral measures need to be adopted. Ulti-
mately, we find it likely that the observed low correlations are due
to some combination of these latter three explanations. Moreover,
if any of these interpretations are correct, then these behavioral
measures are not positioned to tell us anything about the structure
of the construct itself.

3.2. Limitations

There are a number of limitations of the present research. First,
it is possible that many of the laboratory test of self-control used in
the present research do not resemble real-life acts of self-control.
For example, on the adjusting amount task, hypothetical rewards
were used instead of real rewards. This could be relevant because
research suggests that participants tend to respond to risk differ-
ently on hypothetical tasks as opposed to real tasks, with partici-
pants being more risk-sensitive on real tasks (Xu, Fang, & Rao,
2013). Similarly, on tasks like the food taste test, the environment
and context of a laboratory does not match that of naturalistic
food-related temptations, which more often occur in restaurants
or grocery stores. For tasks like the cold pressor, participants
may not have had a reason to be motivated to endure the pain of
holding their hand in ice water. Usually when people force them-
selves to endure pain it is in the service of a long-term goal, such
as becoming stronger or more athletic, which was not the case in
the present study. Relatedly, it should be noted that this research
was conducted on undergraduate college students at a university
in the southeastern United States, meaning that these measures
of self-control may have better or worse effectiveness in different
populations (Simons, Shoda, & Lindsay, 2017). For example, these
measures may be most effective when used in populations with
more severe self-regulation issues, such as among individuals with
damage to the prefrontal cortex (Bechara et al., 1994).

Another concern was that performance may be inconsistent
across tests due to ego-depletion effects (Baumeister et al.,
1998). The ego-depletion effect refers to a phenomenon wherein
an initial act of self-control can “deplete” self-control resources,
leading to poorer performance on subsequent tasks requiring
self-control. Although the effect is somewhat controversial
(Carter et al., 2015), this was a concern in the present study due
to the quantity of measures being administered. If the ego-
depletion effect is a real phenomenon, substantial depletion effects
would be expected by the end of this study. To protect against this,
the order of the behavioral measures of self-control was random-
ized. However, due to the nature of the delay of gratification task

(offering research credits for extra time in the study), it had to be
the last measure administered.

Another limitation of the data is that a few of the tests, in par-
ticular the cold pressor task and the anagram task, showed ceiling
effects. On the anagram task, 20.9% of participants persisted for the
entire thirty minutes. On the cold pressor task, 35.6% of partici-
pants persisted for the maximum of 180 s. These ceiling effects
reduced the variability in these measures and could have limited
the inferences drawn from them. Related to this concern, reliability
coefficients are lacking for executive function measures of self-
control such as the Stroop, go no go, flanker, and cueing tasks.
Unfortunately, the software we used did not output data on every
trial but rather automatically calculated and output respondent
level means. For example, although participants completed 150
Stroop trials, all that was recorded for each individual participant
was the average time on incongruent trials, congruent trials, and
their interference effect. Given that the data to compute reliability
coefficients for the executive function measures are unavailable to
us, this represents a major blind spot of the current research.

3.3. Implications for future research

We find it likely that the available measures either are not
assessing variance related to goal-relevant processes, cannot be
used for between-subjects designs, and/or contain large sources
of error variance. We would strongly suggest that researchers con-
sider new behavioral measure that are more broadly targeted at
assessing participants’ tendency to prioritize distal goals over
proximal goals, rather than the specific strategies they use to do
so. This should have the effect of increasing ecological validity,
since in real-life acts of self-control participants are not just limited
to one self-regulatory strategy but rather have an arsenal of behav-
iors they can use to meet situation demands. In developing such
measures, it will be important to consider how the incentive value
of proximal/distal motives varies across participants. The tempta-
tion to eat a slice of chocolate cake is not equally strong across
all individuals, nor is the desire to lose weight equally strong
across all individuals. The impossible puzzle task might have a dif-
ferent meaning for someone who bases their self-concept around
their intelligence and ingenuity than someone who bases their
self-concept on their appearance or physical ability. The point is
that goal conflicts are different for different people and it is unli-
kely that any one task will equally assess self-control in all individ-
uals. In fact, given the heterogeneity among individuals’ objectives
and their strategies for reaching those objectives, there may be no
“one size fits all” behavioral measure of self-control.

If and when the challenge of developing new behavioral mea-
sures of self-control is taken on, it will be of crucial importance
to keep in mind what self-control fundamentally is. As defined
by Fujita (2011), self-control is “the process of advancing distal
rather than proximal motivations when the two compete” (p.
352). Therefore, what any good measure of self-control should
assess is an individual’s tendency to prioritize distal motives, par-
ticularly in situations where proximal motives are competing with
these. This aspect balancing short-term rewards and long-term
rewards is sorely lacking from current behavioral measures of
self-control. For instance, rewards do not increase the longer an
individual persists on an impossible puzzle. It is possible that cur-
rent methods could be modified to induce goal conflicts. For exam-
ple, imagine offering participants $10 if they were able to solve the
impossible puzzle. What one would likely find is that suddenly, a
lot more participants would have the “self-control” to persist the
entire time. Individuals don’t blindly persist on difficult tasks for
no reason. Individuals are constantly engaged in cost-benefit anal-
yses, determining whether the level of effort for a given outcome is
“worth it”.
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In conclusion, currently available measures of self-control do
not appear to be assessing important aspects of the construct, or
at the very least are inappropriate for the between-subjects types
of analyses they are so often used for (Dang et al.,, 2020; Hedge
et al., 2018). At best, currently available measures are only assess-
ing some of the means through which self-control may be exer-
cised, but not the construct itself. This is evidenced by the poor
convergent, predictive, and concurrent validity found in this study
as well as numerous others. We suggest that researchers make
attempts to develop new measures that focus less on the specific
means which individuals use to exert self-control (e.g., inhibition,
distraction, pain tolerance, etc.) and more on the defining feature
of the construct itself -- namely the tendency to prioritize distal
motives over proximal motives. In doing so, it will also be impor-
tant to consider how the incentive value of different proximal
and distal goals varies across individuals. Until these goals are
accomplished, questions regarding the antecedents and conse-
quences of self-control and phenomena such as ego-depletion
may be unanswerable. As Cronbach and Meehl (1955) (p. 287),
“if the obtained correlation departs from the expectation, however,
there is no way to know whether the fault lies in test A, test B, or
the formulation of the construct.”

Note

Data cannot be made available due to the IRB data security
requirements at the institution.

This research was not preregistered.
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