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ARTICLE INFO ABSTRACT
Article history: Inhibition involves the withholding or suppressing of attention or responses to irrelevant
Received 5 June 2008 or distracting stimuli. We examined the relationship between five experimental tasks of

Available online 23 February 2009 inhibition, represented by two measures of executive, intentional control inhibition and

three measures of motivational inhibition characterized by bottom-up interruption of
affective and reward/punishment sensitive mechanisms. Associations between these

{(e}{_‘?)’f’tr_ds" experimental tasks with three self-report measures related to inhibition were also exam-
nubition ined. Correlational analyses indicated a small but significant association between the mea-
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Self-report sures in the executive domain (stop task and Stroop task), but a lack of associations
Impulsivity between the measures in the motivational domain (emotional Stroop task, a card playing
Inattention task involving rewards and punishments, and a gambling task). Both measures of executive
Hyperactivity and motivational inhibition entered as significant predictors on the self-report measures

related to inhibition in simultaneous regression analyses, but not consistently in the
expected direction. The results suggest that inhibition is not a unitary construct, and dem-
onstrate an association between experimental measures of inhibition and self-report mea-
sures related to inhibition.

© 2009 Elsevier Inc. All rights reserved.

1. Introduction

Inhibition can generally be defined as the withholding or suppressing of attention or responses to irrelevant, non-target,
or distracting stimuli (Enticott, Ogloff, & Bradshaw, 2006; Friedman & Miyake, 2004; Nigg, 2000). Inhibitory processes serve
to restrict attention to only the relevant aspects of the environment (Bjorklund & Harnishfeger, 1995), and inhibition plays a
role in cognition and in the control of social and emotional behavior (Bjorklund & Harnishfeger, 1995). Deficient inhibition is
thought to result in impulsive behaviors, such as responding before the task is understood (Schachar & Logan, 1990), and has
been linked to developmental psychopathology, including attention deficit hyperactivity disorder, conduct disorder, autism
and schizophrenia (Dempster & Corkill, 1999). Inhibition is one of the most well studied constructs in cognitive science, and
one critical question involves understanding the unity (Miyake et al., 2000) and diversity (Friedman & Miyake, 2004) of
inhibitory processes. The goal of the present study was to examine associations among a set of experimental measures of
inhibition, including experimental cognitive measures and measures related to affect and punishment cues. The second goal
was to examine whether these measures predict self-reports related to inhibition, including impulsivity, an inhibition scale,
and ratings of inattention and hyperactivity/impulsivity.
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1.1. Models of inhibition

A comprehensive theoretical review by Nigg (2000) provided an amalgamation of constructs and a summary of measures
of inhibition measures across cognitive and personality psychology, providing a “working inhibition taxonomy.” In this tax-
onomy, Nigg (2000) differentiated between executive and motivational inhibition processes, which were the focus of this
study. These two domains represent conceptualizations of inhibition that span broadly across psychology, and the purpose
was to examine whether there are associations among these two domains.

Executive inhibition is defined as, ‘processes for intentional control or suppression of response in the service of higher
order or longer term goals’ (Nigg, 2000, p. 238), and is one component of executive functions (Pennington & Ozonoff,
1996). Executive inhibition is characterized by cognitive processes, with links to motor, language, or memory systems
depending on task demands (Rothbart, Derryberry, & Posner, 1994). While different tasks emphasize different types of exec-
utive inhibition, such as interference control or motor control, the domain includes cognitive processes to control or suppress
responses. For example, the Stroop task (Stroop, 1935) has been purported to measure interference control (Strauss, Allen,
Jorgensen, & Cramer, 2005). The stop task is thought to measure behavioral inhibition by using the forced choice paradigm
(Lappin & Eriksen, 1966; Logan, 1994; Logan & Cowan, 1984; Schachar & Logan, 1990) based on a “race” model (Logan &
Cowan, 1984). While Nigg’s (2000) taxonomy included these two measures as indices of executive inhibition, the Stroop task
was described as a measure of interference control and the stop task was described as a measure of intentional motor inhi-
bition. Interference control is conceptualized as a broader type of inhibition that is relevant and related to intentional motor
inhibition. Friedman and Miyake (2004) used the stop task and the Stroop task as measures of prepotent response inhibition,
defined as “the ability to deliberately suppress dominant, automatic, or prepotent responses” (p. 104). Reported associations
between these two measures have been mixed, with some reporting no association between these measures (Enticott et al.,
2006) and others reporting a small significant correlation (Friedman & Miyake, 2004).

A less considered domain of inhibition, especially in the cognitive literature, comes from constructs that have been stud-
ied in the temperament and personality literature. Nigg (2000) termed these constructs as motivational inhibition. While
many of these constructs have been used to examine the regulation of emotion, Nigg (2000) defines motivational inhibition
as the “bottom-up (limbic-cortical) interruption of ongoing behavior or suppression of behavioral response due to fear or
anxiety in the presence of immediate novel social situation or cues for punishment” (p. 238). One type of motivational inhi-
bition is response to punishment cues, and tasks within this domain involve inhibition of behavior that is often in response
to emotionally salient stimuli, such as the emotional Stroop task (Williams, Matthews, & MacLeod, 1996), or cues of reward
and punishment, such as the go/no-go card playing task (Newman, Patterson, & Kosson, 1987). A related task, the lowa Gam-
bling task (Bechara, Damasio, Damasio, & Anderson, 1994), was not part of Nigg’s (2000) review but this task also includes
components of reward and punishment which we examined as part of this motivational domain of inhibition. To our knowl-
edge, associations between these particular measures have never before been examined. Associations between other mea-
sures related to sensitivity and punishment have been reported in factor analytic studies, including the passive avoidance
learning task and the go/no-go card playing task in a clinical developmental sample (Kindlon, Mezzacappa, & Earls, 1995).

Examination of associations across domains of executive and motivational inhibition has been done in clinical develop-
mental samples. Kindlon et al. (1995) examined associations among cognitive measures of inhibition in a sample of predom-
inantly boys with behavioral problems and controls, including the Stroop task, Trailmaking Part B, stop task, card playing
task, and a passive avoidance task, which was a measure of response perseveration involving winning points. A factor anal-
ysis suggested two factors, a cognitive inhibitory control factor consisting of the Stroop, trail making, and stop tasks, and a
motivational inhibitory control factor, consisting of the card playing task and the passive avoidance learning task. In a fol-
low-up study, using the same set of measures to examine physiological correlates, measures of cognitive inhibitory control
were associated with vagal modulation of high-frequency heart rate variability and measures of motivational inhibitory con-
trol were associated with sympathetic modulation of low-frequency heart rate variability (Mezzacappa, Kindlon, Saul, &
Earls, 1998). These results suggest a dissociation between the executive and motivational domains in a clinical developmen-
tal sample. We sought to examine associations between executive and motivational inhibition within a sample of non-clin-
ical young adults.

1.2. Associations with self-report measures related to inhibition

Few studies have examined the relationship between experimental measures of inhibition and self-report measures re-
lated to inhibition in order to assess ecologically valid indices of inhibition. Using structural equation models, Friedman and
Miyake (2004) found that their latent construct of response-distractor inhibition, which included the stop task and the
Stroop task, was significantly related to the Cognitive Failures Questionnaire (CFQ), which is a self-report measure of ecolog-
ically valid cognitive failures related to absent-minded behavior and slips of action. Specifically, more interference on the
Stroop was modestly correlated with more cognitive failures, but this association did not reach significance between the
CFQ and the stop task. Enticott et al. (2006) found that Stroop performance was significantly correlated with the Barratt
Impulsiveness Scale (BIS) with higher Stroop interference associated with higher self-report of impulsiveness, but no asso-
ciation was obtained between the stop task and the BIS. Logan, Schachar, and Tannock (1997) reported a significant associ-
ation between the Eysenck Impulsiveness Questionnaire and the stop task, where high reported impulsiveness was
associated with poor stopping ability on the stop task, in a sample of undergraduate students.
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Three self-report measures related to inhibition were examined in the current study, including the Inhibit Scale from the
Behavior Rating Inventory of Executive Function - Adult Version (BRIEF; Gioia, Isquith, Guy, & Kenworthy, 2000), the Eysenck
Impulsiveness Questionnaire (Eysenck, Pearson, Easting, & Allsopp, 1985), and ratings of inattention and hyperactivity/
impulsivity from the Adult Self-Report Scale (Kessler et al., 2005).

The BRIEF (Gioia et al., 2000) is a self-report measure of executive functioning that contains a scale to measure inhibition,
called the Inhibit Scale. The BRIEF was designed from a neuropsychological perspective to provide a self-report measure of
overall executive functioning. High scores on the Inhibit scale correspond to low inhibition. The Impulsiveness Questionnaire
was developed to measure the personality trait of impulsivity in adults (Eysenck et al., 1985). Impulsivity is defined as doing
things at the spur of the moment and acting without thinking (Eysenck & Eysenck, 1978). One possible underlying cause of
impulsivity is inhibitory dysregulation (Logan et al., 1997), and so low inhibition is thought to be related to high impulsivity.
Poor behavioral inhibition has been suggested as a core deficit in the diagnosis of Attention-Deficit/Hyperactivity Disorder
(Barkley, 2006; Schachar, Mota, Logan, Tannock, & Klim, 2000), and for this reason, we examined associations between
experimental measures of inhibition and ADHD ratings. The Adult Self-Report Scale (ASRS) was used (Kessler et al., 2005)
to derive ratings of inattention and hyperactivity/impulsivity.

There were two aims of the present study: to examine associations within and between the domains of executive and
motivational inhibition, and to examine whether these experimental measures would predict self-reports of constructs re-
lated to inhibition.

2. Method
2.1. Participants

Ninety-nine participants (30 male and 69 female; M = 21.13 years, SD = 4.01) were included in this study. Participants re-
ceived course credit or were paid $20 for completion of the study. Participant reimbursement was examined in the analyses,
but course credit versus payment did not enter as a significant covariate. All participants were English speaking.

2.2. Experimental measures

2.2.1. Executive inhibition

The original Stroop Color-Word task was used (Stroop (1935). Based on the method described in Spreen and Strauss
(1998), participants were presented with three trials and were instructed to complete the various tasks as quickly as possi-
ble. In the first trial, participants were presented with a card containing colored rectangles and were told to name the colors
of the rectangles as quickly as possible. In the second trial, participants were presented with a card with words of colors writ-
ten in a neutral, black ink and were told to read the words as quickly as possible. In the third trial, which is the interference
condition, participants were presented with a card with the words green, red, or blue, written in conflicting colors (e.g., the
word “green” is written in the color blue), and were asked to name the colors of the words. The interference condition re-
quires selective attention to the “primary” or color stimulus, and the inhibition of the dominant tendency to read the word or
“distracter” stimulus. The most commonly used dependent variable is the interference score using the difference between
the naming time in the interference condition minus the naming time in the color reading condition (MacLeod, 1991), which
was the dependent measure used in this study.

The second executive inhibition task used was the stop-signal task derived from the work of Logan and others (Logan &
Cowan, 1984; Schachar et al., 2000; Williams, Ponessee, Schachar, Logan, & Tannock, 1999). This task was presented on a
computer. A hand-held response box was connected to the computer. The response box had two buttons, each labeled with
the visual stimuli used for the go task. For the go task, participants were instructed that they would see an “X” or “O” on the
computer screen, and that their task was to press the corresponding button (i.e., left for the X, right for the O) on the response
box as quickly as possible after seeing the letter presented. Each go trial was preceded by a 500 ms fixation point (i.e., a small
square) presented at the center of the computer screen, followed by the letter, which remained on the screen for 1000 ms. In
addition, participants were given headphones and participants were told that, every once in a while, they would hear a beep
sound, and when they heard the beep, they had to stop themselves from executing a response (i.e., pressing either button on
the response box). These were stop-signal trials. These stop-signal trials occurred on approximately 25% of the trials and con-
sisted of an auditory tone that was generated by the computer following the presentation of the go stimulus that lasted for
500 ms. The stop-signal delay (that is, the interval between the presentation of the go stimulus and the auditory signal of the
stop-signal trial) was changed dynamically after each stop-signal trial based on the performance of the participant on the
previous stop-signal trial (Logan et al., 1997). Stop-signal delay was initially set at 250 ms and was adjusted in 50 ms steps:
the delay increased by 50 ms if the participant inhibited successfully to the previous stop signal (making it harder to stop on
the next stop-signal trial) and decreased by 50 ms if the participant failed to inhibit (making it easier to stop on the following
stop-signal trial). The goal of this tracking algorithm was to allow participants to successfully inhibit their responding to the
go task on approximately 50% of the stop-signal trials. The tracking algorithm of this task is designed to allow participants to
successfully inhibit responding to the go task on approximately 50% of the selected stop-signal trials (Williams et al., 1999).
The experimental task consistent of 192 trials divided into six 32-trial blocks. An equal number of X’s and O’s were presented
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in each block. The stop stimulus was presented on 8 (25%) of the visual go-signal trials. The stop stimulus was presented half
of the time following an X go stimulus and half of the time following an O go stimulus. The order in which the trials were
presented was randomized separately for each participant. The time required to stop in response to the stop signal, called the
stop-signal reaction time (SSRT), was the dependent measure and was calculated by subtracting the mean delay (ms) from
the mean go signal reaction time (ms). Longer SSRT is indicative of weaker inhibition.

2.2.2. Motivational inhibition

The Emotional Stroop (E-Stroop) task followed the same method as used by Strauss and Allen (2006), which was also con-
ducted with undergraduate students. In the experiment, the participant was presented with emotion and neutral words
written on a computer screen in different colors. A total of 75 words were presented in three trials. In the first trial, five
words were happy words and twenty were neutral words; in the second trial, five of the words were sad words and twenty
words were neutral words; and in the third trial, all 25 words were neutral words. Each participant was instructed to name
the color the word was written in as quickly as they can and push a button on a button pad to advance to the next word.
Reaction times for each word were then recorded through the button pad, which was the dependent measure. Based on
Strauss and Allen (2008), interference effects were calculated for each participant for both trials by using the formula: Emo-
tional Word RT - Neutral Word RT. The scores indicate the extent to which participants have an attentional bias for emo-
tional words relative to neutral words. The interference score for the negative words was used as the dependent
measure, as healthy individuals demonstrate an attentional bias for negative information (Williams et al., 1996).

The second task used was the Newman card playing task involving rewards and punishments, which was adopted from a
study by Newman et al. (1987). Participants were presented with 100 cards in a deck and given 30 nickels to start the game.
The following instructions were read to participants:

In this task, I will present you with a series of cards. Some of the cards are face cards, such as Jacks, Queens, Kings, and
Aces. Some of the cards are number cards, such as 2’s through 10’s. At any one time, you can only see the top card in the
deck. Before the card is turned over, you need to decide whether you want to turn it over or not. You will start off with
$1.50 (30 nickels) as a loan.

If the card turned over is a face card, then you win 5 cents and I will give you a nickel. If the card turned over is a number
card, you lose 5 cents and I will take away a nickel. This is not a normal deck of cards. It is not possible to guess how many
of each card will appear. You must play the cards in order. You can’t skip on any of them. However, you can stop playing
any time you want by stopping to turn over the cards. When you’ve stopped turning over the cards, you have quit the
game and you can keep whatever money you have earned.

Participants turned over the cards one at a time and the experimenter gave or took away a nickel depending on the
card the participant turned over. The deck was loaded in such a way that the probability of losing (i.e. getting a number
card) increased by 10% with every block of ten cards from 10% to 100%. An initial high rate of reward (90%) was used to
establish a dominant response set of choosing another card that participants would have to alter as the task continued
(Newman et al., 1987). The dependent variables were the number of cards played before quitting and the amount of
money earned.

The third task used was the lowa Gambling task from Bechara et al. (1994). The materials in this task included four decks
of cards designed by the researcher, monopoly money, and a hand counter to track the number of trials during the task. Four
decks of cards, labeled A, B, C, and D were presented in front of the participant. On the back of each card, there was either a
reward, or both a reward and penalty indicated. For example, participants could receive a reward of $1, or they could receive
both a reward of $1 and a penalty of $1.50 on a card. The following instructions were read to each participant:

In front of you are four decks of cards, A, B, C, and D. I want you to select one card at a time from any deck you choose until
[ tell you to stop. You will select a total of 100 cards. On the back of each card, there is either a reward OR a reward and a
penalty. After each card selection, I will give you the reward or collect the penalty. You are free to choose cards from any
of the four decks. The purpose of the game is for you to win as much money as you can. You will start with a loan of
twenty dollars to begin the game, which you will pay back at the end of the game. You will get to keep any profits at
the end of the game.

Each deck varied on expected outcome [two decks are composed of quick high gains and high losses (disadvantageous
decks) or low gains and low losses (advantageous decks)] and in frequency of penalties (two decks have frequent, smaller
penalties, while the other two decks have infrequent, large penalties). Expected outcome and frequency of penalties are
crossed, creating four different conditions with these four decks. Therefore, deck A was a disadvantageous deck with fre-
quent, lower penalties, deck B was a disadvantageous deck with infrequent, high penalties, deck C was an advantageous deck
with frequent, lower penalties, and deck D was an advantageous deck with infrequent, high penalties. The cards were or-
dered the same way for each participant and there were 50 cards in each deck. If a participant finished all the cards in
one deck, he/she was instructed to choose from another deck. At the end of the game, the participant’s money was counted
to see how much he/she won after the $20.00 loan was returned. The dependent variable was the amount of money won and
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the difference in the last 50 trials between the number of cards chosen from the advantageous decks (C and D) and the dis-
advantageous decks (A and B).

2.2.3. Self-report measures related to inhibition

The Impulsiveness Questionnaire (Eysenck et al., 1985) is a 19-item questionnaire designed to measure the trait of impul-
sivity in an adult population. Impulsivity is defined as acting on spur of the moment without being aware of risks involved (Ey-
senck & Eysenck, 1978). The questionnaire was self-administered and participants were asked to rate each item on a 6-point
Likert scale that ranged from 1 (strongly disagree) to 6 (strongly agree). Sample items include, “Do you often get into a jam be-
cause you do things without thinking?” and “Do you usually make up your mind quickly?” A high score indicated high impul-
sivity. Reliability of the Impulsiveness Questionnaire ranged from .83 to .84 (Eysenck et al., 1985) in a sample of 1320 adults.

The BRIEF (Gioia et al., 2000) is a standardized measure that captures an adult’s executive functions or self-regulation in his
or her everyday environment. The self-report form was administered, which is designed to be completed by adults 18-90 years
of age. Participants were asked to rate their behavior on a three point scale (never, sometimes, often). The Inhibit Scale was in-
cluded in the analysis. This scale measures the respondent ability to control impulses and to appropriately stop one’s behavior at
proper times (Gioia et al., 2000); many items are related to impulsivity, such as a lack of thinking before acting. Each raw score
was converted to an age-adjusted standard score. The Inhibit Scale consists of eight items. The BRIEF and has a test-retest reli-
ability correlation of .91 and an internal consistency coefficient of .73 in a healthy sample of adults (Gioia et al., 2000).

2.2.4. Adult Self-Report Scale (ASRS)

The ASRS was developed by a World Health Organization (WHO) workgroup to assess difficulties associated with Attention-
Deficit/Hyperactivity Disorder (ADHD) in adults (Kessler et al., 2005). This scale is composed of nine questions related to inat-
tention (“When you have a task that requires a lot of thought, how often do you avoid or delay getting started?”), six questions
related to hyperactivity (“How often do you feel overly active and compelled to do things, like you were driven by a motor?”),
and three questions related to impulsivity (“How often do you have difficulty waiting your turn in situations when turn taking is
required?”). Participants rated the frequency with which they experienced these difficulties on a five-point rating scale, ranging
from Never, Rarely, Sometimes, Often, and Very Often. Two composite scales were calculated as the dependent measures, one
for inattention and the other for hyperactivity/impulsivity, with higher scores indicating more inattention and hyperactivity/
impulsivity. In a sample of 60 outpatients seen at adult ADHD programs, internal consistency was .88 (Adler et al., 2006).

2.3. Procedure

Participants were tested individually in a quiet room. Consent was obtained and measures were then administered in a
standard protocol, as previously described for each measure. Each participant took between one to 1.5 h to complete the
study. The presentation order of the five experimental inhibition tasks was counterbalanced for each participant to control
for any practice effects.

2.4. Outlier analysis

Of the 99 participants, one participant’s Stroop results were excluded from the analyses because he was color-blind, and
one participant’s stop task results were excluded because the participant did not meet the task requirements. The stop task
data were also examined to determine whether each participant had completed the requirements of the task. Specifically,
accuracy, probability of inhibition, and SSRT in each of the four last blocks was examined. Data were considered unreliable
if overall accuracy on the Go task fell below 70%, if the probability of stopping was outside the range of 20-80%, or if SSRT on
any block of trials or overall was less than 50 ms (Schachar et al., 2000). Based on these criteria, one participant’s data were
removed from the analyses.

The data were also examined for outliers based on raw scores that were two standard deviations greater than the mean.
Scores that met this criteria were assigned a new raw score that was one unit larger (or smaller) than the next most extreme
score in the distribution (Tabachnik & Fidell, 2006) in order to reduce the effect of outliers on the analyses. Based on this
method, three values were changed in the Impulsivity Questionnaire, six Stroop interference scores were changed, and four
E-Stroop interference scores were changed.

3. Results
Summary data of the inhibition tasks and self-report questionnaires are presented in Table 1.
3.1. Relationship between experimental inhibition tasks
In order to examine associations within the executive and motivational domains of inhibition, inhibition tasks were cor-

related using two-tailed Pearson product correlations. Age was examined as a variable, as it was found to be significantly
correlated with some of the measures. The results are presented in Table 2.
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Table 1

Summary data for experimental inhibition tasks and self-report questionnaires.

Domain Measure Mean SD
Age 21.13 4.01

Executive Stroop interference 10.20 5.50
Stop task-SSRT 218.10 58.76

Motivational Card playing task-money won .56 .50
Iowa Gambling task-money won -3.74 7.61
Iowa Gambling task-composite 9.78 19.47
E-Stroop-negative words 143.29 245.50

Self-report Eysenck impulsivity 55.82 13.43
BRIEF-inhibit scale 56.01 9.65
ASRS-inattention 24.83 5.51
ASRS-hyperactivity/impulsivity 22.70 5.39

Note: Stroop = Stroop interference score; stop task-SSRT = average SSRT for last four trials; E-Stroop-negative words = interference score for negative words.

Within the executive domain of inhibition, the Stroop task correlated with stop task SSRT, r =.21, p =.039, with higher
Stroop interference associated with longer SSRT. There were no significant correlations between the tasks within the moti-
vational domain of inhibition. Correlations between executive and motivational domains of inhibition indicated that higher
scores on Stroop interference was correlated with less money won on the card playing task, r=—.26, p=.01, and more
money won in the lowa Gambling task was correlated with longer SSRT on the stop task, r=.29, p =.004.

3.2. Relationship between experimental inhibition tasks and self-report measures related to inhibition

Using two-tailed, Pearson product correlations, the inhibition tasks were correlated with the Eysenck Impulsivity
Questionnaire, the Inhibit scale from the BRIEF, and the ASRS inattention and hyperactivity/impulsivity composites.
Age was also entered as a variable. Results of the correlational analyses are presented in Table 3.

The Eysenck Impulsivity Questionnaire was not significantly correlated with any of the inhibition tasks. The Inhibit
scale from the BRIEF was significantly correlated with age, r=—.25, p=.01, Stroop interference, r= —.32, p =.001, and
money won on the card playing task, r=—.20, p=.05. Lower scores on the Inhibit scale (indicating good inhibition)
was associated with higher age, more interference on the Stroop task, and more money won on the card playing task.
The ASRS inattention composite was significantly correlated with age, r=-.21, p=.04, Stroop interference, r= —.26,
p=.01, and E-Stroop interference with negative words, r=.21, p =.04. That is, less inattention was associated with higher
age, more interference on the Stroop task, and less interference on the E-Stroop task. The ASRS hyperactivity/impulsivity
composite was significantly associated with age, r=—.22, p=.031, Stroop interference, r=—.32, p=.001, and E-Stroop
interference with negative words, r=.21, p=.04. Less hyperactivity/impulsivity was associated with older age, more
interference on the Stroop task, and less interference on the E-Stroop task.

In order to further examine which of the significantly correlated experimental tasks of inhibition were indepen-
dent predictors of the BRIEF Inhibit Scale and ASRS composites, simultaneous regression analyses were performed.
Age was entered first in each of these analyses in order to control for any effects of age. For the BRIEF Inhibit scale,
Stroop interference, money won on the card playing task, and E-Stroop interference of the negative words were all
significant predictors, accounting for 7%, 7%, and 6% of the unique variance, respectively. For the ASRS inattention
composite, none of the predictors entered significantly. For the ASRS hyperactivity/impulsivity composite, only Stroop
interference entered as a significant predictor, accounting for 6% of the unique variance. These regressions are dis-
played in Table 4.

Table 2

Correlations between experimental tasks of inhibition.

Task 1 2 3 4 5 6 7
1. Age -

Executive inhibition

2. Stroop interference 43" -

3. Stop task-SSRT .02 217

Motivational inhibition

4, Card playing task-money won -.18 -.26 .20 -

5. lowa Gambling task-money won -.06 .07 29”7 .08 =

6. lowa Gambling task-composite -19 —-.03 13 14 727 =

7. E-Stroop-negative words -.15 —.11 -.14 —.08 -.10 .—.01 -

'p<.05, "p<.01.
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Table 3

Correlations between experimental inhibition tasks and self-report questionnaires of everyday inhibition.

Task Eysenck BRIEF inhibit ~ ASRS ASRS hyperactivity/
impulsivity scale inattention impulsivity

Age —.01 —25 -21 —22

Executive inhibition

Stroop Interference -.05 -32" -26" -32"

Stop task-SSRT -.07 .09 11 .15

Motivational inhibition

Card playing task-Money won -.17 —20° -.13 .01

Iowa Gambling task-money won —.06 —.11 .03 .05

Iowa Gambling task-Composite .00 -.01 .15 13

E-Stroop-negative words —.02 337 21 21

p<.05 "p<.01.

4. Discussion

To summarize the findings, within the executive domain of inhibition, the Stroop and stop task were significantly but
weakly correlated, while none of the tasks within the motivational domain were associated. Correlations between the inhi-
bition tasks and the self-report measures related to inhibition indicated that the Inhibit Scale of the BRIEF and the inattention
and hyperactivity/impulsivity composites were correlated with performance on the experimental inhibition tasks. Of the
executive inhibition measures, Stroop interference was most consistently associated with the self-report measures related
to inhibition, but in an unexpected direction. Specifically, more interference on the Stroop task was associated with lower
self-reported difficulties with inhibition (BRIEF Inhibit scale) and lower self-reported inattention and hyperactivity/impul-
sivity. Of the motivational inhibition measures, the card playing task and E-Stroop were significantly associated with self-
reported inhibition and hyperactivity/impulsivity in the expected direction. That is, better performance on the card playing
task and E-Stroop were associated with higher self-reported inhibition, and less inattention and hyperactivity/impulsivity.

4.1. Executive and motivational inhibition

Both the Stroop and stop tasks involve executive control and demands of inhibition process from executive control sys-
tems (Nigg, 2000). These findings suggest a weak but significant association between Stroop and stop task performance,
which is consistent with previous research (Friedman & Miyake, 2004; Kindlon et al., 1995). In the Stroop task, executive
control is required to override the automatic response of reading a word to name the color of ink the word is written in,
and in the stop task, executive control is required to stop the “Go” task of responding to an “X” or “O” when a beep is heard.
However, the Stroop task requires conflict resolution of competing responses, while the stop task requires inhibition of a
motor response. Both the Stroop and stop task have been conceptualized as a race between competing responses (Logan
& Cowan, 1984; MacLeod, 1991), with the race between a go and stop response in the stop task, and a race between reading
words versus naming colors in the Stroop task. Therefore, although the specific task demands differ, the correlations between
these tasks suggest that there is at least some overlap between these tasks.

The three tasks within the motivational domain were not significantly correlated. Most surprising was that performance
on the lowa Gambling task and card playing task was not significantly correlated. These tasks seemed to share the common
feature of responding to reward and punishment, but upon closer examination, they involve different demands. During the
card playing task, the participant responds to monetary rewards and punishments by either continuing to choose a card from
a deck or ending the task. Participants have one pile to keep track of and can choose to end the task at any time. However, in
the lowa Gambling task, although the participant also receives monetary rewards and punishments, they are monitoring the
outcomes of four decks instead of only one. Busemeyer and Stout (2002) have suggested that the lowa Gambling task in-
volves multiple processes, including remembering past outcomes, learning long-term contingencies, evaluating immediate
wins relative to long-term losses, and choice mechanisms involving impulsivity and recklessness. Performance on the lowa
Gambling task likely requires many other processes, and there is still debate about which processes are involved in this task
(Busemeyer & Stout, 2002; Lin, Chiu, Lee, & Hsieh, 2007). There is also some debate regarding whether working memory is
implicated in performance on the lowa Gambling task, where some have found significant associations (Hinson, Jameson, &
Whitney, 2002) and others have reported a dissociation (Bechara, Damasio, Tranel, & Anderson, 1998; Toplak, Jain, & Tan-
nock, 2005). The significant association obtained between the Iowa Gambling task and stop task was not expected, but
may have occurred due to the fact that executive processes may be related to lowa Gambling task performance. Indeed some
studies have reported an association between lowa Gambling task performance and measures of inhibition (Hooper, Luciana,
Conklin, & Yarger, 2004; Losel & Schmucker, 2004; Noel, Bechara, Dan, Hanak, & Verbanck, 2007). Performance on the card
playing task and E-stroop were also not associated, suggesting that response to reward and punishment, as was examined in
the card playing task, is distinct from response to emotional stimuli. Consistent with Nigg’s (2000) discussion of these con-
structs, the motivational domain is likely more heterogeneous.
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These findings suggest that, despite the fact that all of these experimental measures of inhibition are purported to capture
“inhibition”, these measures actually tap into different processes and skills, and should therefore not be viewed as equivalent
or interchangeable. Certainly, there could be other reasons that contribute to this lack of significant relationships. Firstly, the
construct validity of some inhibition tasks is not well established (Rabbit, 1997). Researchers may use measures that are said
to involve inhibitory processes without providing justification for whether they actually involve inhibitory processes or
without specifying the inhibitory processes they involve (Friedman & Miyake, 2004). Secondly, no tasks are pure measures
of inhibition (Friedman & Miyake, 2004). All of these tasks are also subject to non-inhibition related processes, including
memory, alertness, motivation, and motor control. Therefore, task demands may also mask some commonalities attributable
to inhibition (Friedman & Miyake, 2004; Miyake et al., 2000). While this distinction between executive and motivational
inhibition is theoretically useful, the current findings suggest little overlap within and between these domains of inhibition.

4.2. Relationship between experimental inhibition tasks and self-report measures related to inhibition

Some significant associations were found between the experimental inhibition measures and the self-report measures
related to inhibition. Simultaneous regression analyses indicated that Stroop interference, money won on the card playing
task, and E-Stroop interference all uniquely and significantly predicted responses on the Inhibit Scale of the BRIEF. While
significant correlations between self-reported inattention, Stroop interference, and E-Stroop interference were significantly
correlated, no significant predictors emerged. Finally, Stroop interference was a significant predictor of self-reported hyper-
activity and impulsivity. Importantly, Stroop interference predicted self-report measures in an unexpected direction, with
poor inhibition on the Stroop task being associated with better self-reported inhibition and less hyperactivity/impulsivity.
The E-Stroop and card playing task were associated in the predicted direction, with poor performance being associated with
poorer inhibition on the self-report measures.

One unexpected finding was that Stroop interference was negatively correlated with the BRIEF Inhibit Scale, and also with
the ratings of inattention and hyperactivity impulsivity, suggesting that poorer inhibition on the Stroop was associated with
better self-reported inhibition on the BRIEF, lower inattention, and less hyperactivity/impulsivity. In efforts to understand
this finding, we conducted further posthoc analyses. In particular, we examined associations between these measures and
number of errors and self-corrections on the Stroop task. They provided some interesting directions to consider for future
research. No significant associations were obtained with number of errors on the Stroop. Self-corrections were positively
and significantly associated with Stroop interference, r = .40, p = .0001, suggesting that longer naming times were associated
with more self-corrections. Then, self-corrections were significantly negatively correlated with the self-report ratings, indi-
cating that more self-corrections were associated with better self-reported inhibition, r= —.21, p =.033, less inattention,
r=-.21,p=.037, and less hyperactivity/impulsivity, r = —.21, p = .042. Self-corrections would be an indicator of poor inhibi-
tion on the Stroop task, but from the perspective of self-report of behavior, self-corrections may be regarded as an indicator
of good cognitive performance, at least some type of metacognitive awareness resulting in the correction of an error. This is

Table 4
Simultaneous regression analyses with inhibition tasks and age as predictors for self-report measures.

Standardized beta weight t-value Unique variance explained Partial r
Criterion variable: BRIEF-Inhibit Scale
Age -0.135 -1.36 0.02 -0.14
Stroop interference —0.303 —-3.00" 0.07 -03
Card playing task-money won -0.279 —-3.00" 0.07 -03
EStroop interference-negative words 0.256 2.83" 0.06 0.28
Overall regression F=8.55
Multiple R=.51
Multiple R-squared = .27
Criterion variable: ASRS-inattention
Age —0.086 -0.78 0.01 -0.08
Stroop interference —0.206 -1.88 0.03 -0.19
EStroop interference-negative words 0.173 1.74 0.03 0.18

Overall regression F=3.75
Multiple R = .33
Multiple R-squared = .11

Criterion variable: ASRS-hyperactivity/impulsivity

Age -0.08 -0.75 0.01 —0.08
Stroop interference —-0.264 246 0.06 -0.25
EStroop interference-negative words 0.168 1.72 0.03 0.18

Overall regression F=4.90"
Multiple R = .37
Multiple R-squared = .14

'p<.05, "p<.01, "p<.001.
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one speculative account worthy of further consideration in understanding the interface between performance-based and
self-report measures of inhibition. It is also interesting that this counterintuitive correlation occurred with the Stroop, a mea-
sure of executive inhibition, as opposed to an association with a measure of motivational inhibition, where associations oc-
curred in the anticipated direction. This may suggest another way that executive and motivational inhibition are dissociated,
in particular, in relation to self-report measures, which is worthy of further investigation.

Another intriguing finding is the fact that the Stroop and stop task were significantly correlated, but only the Stroop was
significantly associated with the self-report measures related to inhibition. Previous literature that has examined associa-
tions between experimental measures of inhibition and self-report have been somewhat mixed. Our findings are consistent
with at least two other studies that have found a significant correlation between the Stroop interference score and self-report
measures, but no associations between the stop task and the self-report measures (Enticott et al., 2006; Friedman & Miyake,
2004). Importantly, the correlation between the Stroop and the stop task in this study was .21, which was significant but only
weakly, suggesting that there is considerable non-overlapping variance between these two measures. While both of these
tasks involve a race between competing responses, there may be more control and self-pacing by the participant involved
in the Stroop as the naming of the next stimulus is determined by the participant, whereas presentation of the stop signal
is not under the control of the participant in the stop task. This aspect of perceived control may bear on the participants’ self-
evaluation of his/her ability to inhibit.

Our findings concerning the ecological validity of experimental tasks of inhibition add to the growing research in this area
(Enticott et al., 2006; Friedman & Miyake, 2004). Studies that have examined the Eysenck Impulsivity scale have found mixed
results with one study reporting a significant association with the stop task (Logan et al., 1997), but two studies reporting no
association with the stop task (Lijffijt et al., 2004; Rodriguez-Fornells, Lorenzo-Seva, & Andres-Pueyo, 2002). The current
findings are consistent with the latter two studies, reporting no associations between the Eysenck Impulsivity Scale and stop
task. In the current study, the BRIEF Inhibit Scale was better correlated with experimental measures of inhibition than were
questionnaires derived from theory in personality psychology such as the Eysenck Impulsivity Scale. This could be attributed
to the BRIEF’s neuropsychological orientation, which may be more consistent with the constructs measured in the experi-
mental inhibition tasks.

Other studies have also attempted to examine associations between behavioral and self-report measures of attention. For
example, the Sustained Attention to Response Task (SART) was designed as a behavioral measure of the ability to sustain
mindful, conscious processing of repetitive, non-arousing stimuli (Cheyne, Carriere, & Smilek, 2006). Like the stop task,
the SART has a prepotent response, as it requires a continuous response to digits, but there is no stop stimulus in this task.
SART errors were found to be moderately associated with a self-report measure called Attention-Related Cognitive Errors
(ARCES; Cheyne et al., 2006), which is a scale that was developed to assess everyday performance failures in sustained atten-
tion (Carriere, Cheyne, & Smilek, 2008).

Further examination and replication is needed to understand the association between measures purported to mea-
sure “inhibition.” Methodological considerations should also be addressed further. In the current study, a continuous
version of the Stroop task was administered, however, a single-trial or single-response procedure (MacLeod, 1991)
may have yielded somewhat different results. Future directions should also include examination of other domains of
inhibition, such as automatic attention inhibition (Nigg, 2000) and associations with the types of inhibition examined
in this study.

The results of the present study suggest some coherence within the domain of executive inhibition, but more heteroge-
neity in the motivational domain of inhibition. These experimental measures were significantly associated with self-report
measures related to inhibition, but not consistently in the predicted direction. Both executive and motivational measures of
inhibition were significant unique predictors of the construct of self-reported inhibition, as measured on the Inhibit Scale of
the BRIEF, suggesting some overlap between experimental measures and ecologically valid measures of inhibition. Under-
standing how our laboratory construct of inhibition maps onto descriptions and examples of inhibition in everyday activities
will have important implications for understanding typical and atypical behavior.
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