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Abstract

The ability to exert self-control in the face of appetitive, alluring cues is a critical component of

healthy development. The development of behavioral measures that use disease-relevant stimuli

can greatly improve our understanding of cue-specific impairments in self-control. To produce

such a tool relevant to the study of eating and weight disorders, we modified the traditional go/no-

go task to include food and non-food targets. To confirm that performance on this new task was

consistent with other go/no-go tasks, it was given to147 healthy, normal weight volunteers

between the ages of 5 and 30. High-resolution photos of food or toys were used as the target and

nontarget stimuli. Consistent with expectations, overall improvements in accuracy were seen from

childhood to adulthood. Participants responded more quickly and made more commission errors to

food cues compared to nonfood cues (F(1,140) = 21.76, P<0.001), although no behavioral

differences were seen between lowand high-calorie food cues for this non-obese, healthy

developmental sample. This novel food-specific go/no-go task may be used to track the

development of self-control in the context of food cues and to evaluate deviations or deficits in the

development of this ability in individuals at risk for eating problem behaviors and disorders.

Keywords

Cognitive control; Eating behavior; Impulsivity

© 2014 Elsevier Ireland Ltd. All rights reserved.
*Corresponding Author: Theresa Teslovich, Work: 212-746-4891, Fax: 212-746-5755, tteslovich@gmail.com.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Psychiatry Res. Author manuscript; available in PMC 2015 September 30.

Published in final edited form as:
Psychiatry Res. 2014 September 30; 219(1): 166–170. doi:10.1016/j.psychres.2014.04.053.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



1. Introduction

Self-control, or resistance to temptation, has been studied in the context of social,

developmental and cognitive psychology. This ability can be operationally defined as the

capacity to accomplish goal directed behavior in the face of salient, competing inputs and

actions (Casey et al., 2005). A prominent component of self-control is the ability to suppress

inappropriate behaviors in favor of appropriate ones, often termed impulse control (Casey et

al., 1997; Rothbart et al., 2001; Spinrad et al., 2007), and can be measured by a number of

self-report assessments and behavioral tasks (Mobbs et al., 2008; Somerville et al., 2011;

Grose-Fifer et al., 2013). The classic go/no-go task measures the ability to maintain

behavioral control in the face of interfering stimuli, by measuring an individual’s speed and

accuracy when instructed to respond to a frequent target (go trial) and withhold response to a

rare nontarget (no-go trial). Modifications of the classic go/no-go task (Durston et al., 2003;

Hare et al., 2005, 2008; Tottenham et al., 2011) have been successfully used to measure

motivationally-driven behavior using different subsets of salient cues, such as emotional

faces, in examining emotion regulation across the developmental spectrum (Casey et al.,

1997; Casey et al., 2007; Casey et al., 2011). In clinical populations, such as individuals

diagnosed with an eating disorder, clinically-relevant stimulus sets (i.e. appetitive food cues)

may be particularly useful to measure self-control in the context of the disorder. Impulsivity

has been associated with food intake among healthy-weight individuals (Lindroos et al.,

1997; Hays et al., 2002; Guerrieri et al., 2007; Guerrieri et al., 2008; Savage et al., 2009).

While viewing advertising logos for food, healthy-weight children show enhanced

recruitment of brain regions associated with impulse control relative to obese children

(Bruce et al., 2013). Individuals with bulimia nervosa and binge-eating disorder (Nasser et

al., 2004) display greater impulsivity scores on self-report measures compared to healthy

controls, and, using fMRI, patients with bulimia fail to engage self-regulatory circuits to the

same degree as healthy controls (Marsh 2009). Clinically, patients with anorexia nervosa

display a remarkable ability to control their food intake behavior (Mayer et al., 2012) and

demonstrate enhanced ability to delay monetary (e.g. non-food) rewards (Steinglass, 2012)

When studying eating disorders, it is important to be able to distinguish behavioral

differences in food-specific self-control from characteristic developmental differences in

overall impulsivity. Eating disorders often first manifest during adolescence, but not

uncommonly persist into adulthood, whereas impulse control, gradually improves from

childhood to early adulthood. Additionally, subjective sensitivity to appetitive cues in our

environment greatly influences our ability to exert self-control. Sensitivity to environmental

cues has been shown to differ across development and within populations and can drive

differences seen in self-control, where overall impulsivity measures are unable to capture

this variability.

Others have modified the traditional go/no-go task to examine impulse control using food

cues (Batterink et al., 2010; Mobbs et al., 2011; Jasinska et al., 2012; Loeber et al., 2012;

Meule et al., 2012; Loeber et al., 2013); however, the tasks vary in design, and results are

inconsistent across studies. Some using vegetables (go target) and desserts (no-go non-

target) have found positive associations between commission errors to high-calorie food

(dessert) cues and body mass index (BMI) (Batterink et al., 2010), however, the lack of a
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neutral control condition make it difficult to establish whether the association was due to

lower inhibitory control in general or was food-mediated. Others have used food and

nonfood words in hungry healthy (Loeber et al., 2013) and obese (Mobbs et al., 2011;

Loeber et al., 2012) populations to show diminished inhibitory control in response to food-

associated cues. The use of words as targets and nontarget, however, greatly limit the

application of these tasks. For example, when food cues are words rather than pictures,

developmental differences in reading ability and abstract thought will influence

performance. Such tasks would be difficult to use early in development when changes in

eating habits begin to emerge. Recently, variants of the go/no-go task using pictures have

found rate of commission errors to be associated with aspects of unhealthy eating

(specifically, emotional eating) (Jasinska et al., 2012), as well as faster reactions times on a

modified go/no-go-’XY’ attention task when food pictures were presented behind the “go”

targets (Meule et al., 2012). These findings are confounded, however, by a lack of neutral

comparison condition or homogeneity of food stimuli (only high-calorie desserts),

respectively. Without these comparisons, it is difficult to determine the extent to which the

decrease in inhibitory control is driven by food and more specifically types of food that are

commonly associated with unhealthy eating behaviors.

While these studies exemplify how psychological tasks can be modified to measure

impulses relevant to eating behavior, the following study attempts to address potential

limitations of existing food go/no-go tasks. We introduce an upgraded food go/no-go task

that uses pictures of low- and high-calorie food stimuli and interesting nonfood stimuli to

test the specific influence of appetitive food cues on self-control. Based on previous studies

(Casey et al., 1997; Durston et al., 2002; Somerville et al., 2011), we hypothesized that

overall impulse control would increase across age groups and that participants would exhibit

more behavioral interference to the appetitive food cues compared to the neutral nonfood

cues, especially to the high-calorie food cues.

2. Methods

2.1. Participants

Participants were 147 normal-weight, healthy volunteers (96 females) between the ages of 5

and 30 years. Height was measured in centimeters to the nearest 0.1cm using a wall-

mounted stadiometer (Detecto 3PHTROD-WM), and weight was measured in light clothing

on either a beam balance scale (Detecto) or a digital medical scale (HealthOMeter 349KLX)

to the nearest 0.1kg. Participants were asked to remove their shoes for both measurements.

BMI was calculated as weight (kg) divided by height (m) squared. Potential participants

were screened with a brief clinical interview conducted by an MD- or PhD-level clinician.

Healthy individuals with no significant medical illness, neurologic history of or active Axis I

psychiatric disorder, and BMI less than 30 kg/m2 were included. Participants with known

Attention Deficit Hyperactivity Disorders or learning disability were excluded due to known

performance differences on standard go/no-go tasks. This study was approved by the New

York State Psychiatric Institute/Columbia University Department of Psychiatry Institutional

Review Board. Participants were recruited through street fairs and study flyers posted

throughout the New York-Presbyterian Hospitals of Columbia University Medical Center
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and Weill Cornell Medical Center. Prior to study participation, all child and adolescent

participants assented and their parents and adult participants provided written informed

consent.

2.2. Stimuli

The set of stimuli consisted of 30 color images of common high- (8) and low-calorie (7)

foods and common toys (15) (see Supplemental Figure 1). Prior to the experiment, an

independent test group rated each image on valence (e.g. How pretty is this image? How

familiar is this image?), and arousal (e.g. How exciting is this image?) on a 7-point likert

scale. Intra-class correlation coefficients and Cronbach’s alpha were also used as measures

of inter-rater reliability in generating the final stimulus set. These data are reported in

Supplemental Table 1.

2.3. Behavioral paradigm

The go/no-go task was programmed and administered using E-Prime 2.0 presentation

software (Psychology Software Tools, Inc. Pittsburgh, PA). The target (“go”) stimuli

appeared in 75% of the trials, in order to develop a prepotent response pattern, and

nontargets appeared 25% of the time. The task was administered across four runs with each

cue type serving as both a target and nontarget. Because of the potential variability across

individuals of different ages in consistently identifying foods as high- or low-calorie,

participants were not asked to distinguish between high- and low-calorie foods. Rather, food

images were grouped by calorie level (high or low) and presented in separate runs. That is,

participants were presented with the general instruction: “Press the spacebar when you see

food. Don’t press for any other pictures, only food. Go as fast as you can without making

any mistakes.” Within a given run, the food images presented were either all high calorie or

all low calorie. Stimuli were presented for 500ms, with a variable, inter-trial interval of

2000-4000ms (Figure 1). The order of the four conditions of high-calorie food “go” with toy

“no-go”, low-calorie food “go” with toy “no-go”, toy “go” with high-calorie food “no-go”,

and toy “go” with low-calorie food “no-go”, were counter-balanced across participants.

Participants were presented with a three-minute practice session to ensure they understood

and could follow the instructions, followed by 192 trials (12 minutes).

2.4. Statistical analysis

Age and BMI scores were compared across the three age groups of 5-12 (n=39), 13-17

(n=49) and 18-30 (n=59) year olds using an analysis of variance (ANOVA, SPSS version

20, IBM Corporation).

Three separate ANOVAs were used to compare each primary outcome variable using

between-subject factors of age group (children, adolescents, adults) and gender (male,

female), and within-subject factors of cue type (toy, low-calorie food or high-calorie food).

A Bonferroni correction for multiple comparisons was employed for the three ANOVAs (P

< 0.016). Primary outcome variables included: 1) overall reaction time (RT) in milliseconds

during correct “go” trials, 2) rate of omission errors (missed “go” trials), and 3) false alarm

rate (rate at which participants erroneously press to a no-go stimulus). Within each subject,

RTs greater or less than 3 standard deviations of their mean were excluded from the
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analyses. The two runs in which toys were the “go” targets were averaged to derive mean

RTs and rate of omission errors for the toy condition for each participant. Similarly, the two

runs in which toys were the “no-go” targets were averaged to derive mean false alarm rates

to toys for each participant. Post-hoc t-tests were conducted to further interrogate main

effects and Bonferroni corrected for multiple comparisons.

3. Results

Data from 146 participants (39 children, 49 adolescents and 58 adults) were included in the

analyses. Data from one adult were excluded due to a misunderstanding of the instructions,

where he only responded to the presence of fruits. Demographic information for each age

group is presented in Table 1. There was a main effect of age group in raw BMI scores

(F(2,121) = 25.49, P < 0.001), where post-hoc t-tests revealed that children significantly

differed from both adolescents (t(73) = 5.65, P < 0.001) and adults (t(80) = 7.11, P < 0.001).

There was no difference in BMI between the adult and adolescent groups. BMI percentiles,

based on CDC BMI-for-age growth charts for males and females (Kuczmarski et al., 2002),

were calculated for participants between the ages of 5 and 20 for whom we had BMI

measures (n = 94) to control for age differences. The resulting percentiles did not correlate

with task performance nor did they show any age effects for this healthy non-obese and non-

disordered sample.

Next, a 3 (condition: toys, low-calorie food, high-calorie food) × 3 (group: children,

adolescents, adults) × 2 (gender: male, female) mixed general linear model was performed

for each of the following primary outcome variables: mean reaction time (RT), rate of

omission errors, and false alarm rate.

3.1. Mean reaction time

There were main effects of condition (F(1,140) = 31.48, P < 0.001), and age group

(F(2,140) = 13.37, P < 0.001) for mean RT (see Table 2). The main effect of condition

showed that participants were quicker to respond to both low-calorie (t(145) = −5.98, P <

0.001) and high-calorie (t(145) = −5.79, P < 0.001) foods relative to toys, but no difference

in RT between low- and high-calorie food go trials (t(145) = 0.10, P = 0.9). The main effect

of age group showed that children were slower than both adolescents (t(86) = 4.99, P <

0.001) and adults (t(95) = 3.93, P < 0.001), but there was no difference in RT between

adolescents and adults (t(105) = −1.65, P = 0.1). There were no other significant main

effects or interactions.

3.2. Mean omission errors

There were main effects of age group (F(2,140) = 14.89, P < 0.001, Table 2) and gender

(F(1,140) = 7.97, P < 0.005) for mean accuracy on go trials with greater accuracy in adults

relative to children (t(95) = 4.98, P < 0.001) and adolescents (t(105) = 4.173, P < 0.001).

There was only a trend for differences between children and adolescents (t(86) = 1.981, P =

0.051). Females performed better than males (t(144) = 2.656, P < 0.01). There were no other

significant main effects or interactions.
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3.3. Mean false alarm rate

There were main effects of condition (F(1,140)=21.76, P < 0.001), age group (F(2,140) =

42.77, P < 0.001), and gender (F(1,140) = 6.01, P < 0.015) with more false alarms to both

low- (t(145) = 6.73, P < 0.001) and high-calorie (t(145) = 5.14, P < 0.001) foods than

nonfoods (see Table 2). As was the case in RT, there was no difference in false alarm rates

between the two categories of food stimuli (t(145) = −1.45, P = 0.15). The main effect of

age group showed that adults had fewer false alarms on no-go trials than adolescents (t(105)

= 6.10, P < 0.001) or children (t(95) = 10.610, P < 0.001) and adolescents had fewer false

alarms than the children (t(86) = 4.13, P < 0.001). Females made fewer false alarms than

males (t(144) = 2.482, P < 0.015). There were no other significant main effects or

interactions.

4. Discussion

The current study introduces a task that utilizes both appetitive and neutral cues to examine

behavioral inhibition in the face of rewarding food cues relative to nonfood cues. Our food-

specific go/no-go task manifests the developmentally-expected age differences in task

performance and demonstrates an effect of stimulus type, namely food versus toy targets, on

behavior.

Reaction times were expectedly slower in children compared to adolescents and adults,

consistent with their stage of brain and motor development. However, across all age groups,

reaction times to food cues were consistently faster suggesting increased salience of food

relative to nonfood cues. Interestingly, the difference in reaction times between foods and

toys remained essentially constant across groups, suggesting that sensitivity to food cues

(relative to nonfood items) develops early and is maintained across development. Though

one might expect the children to be more motivationally driven by the toys (or at least

equally driven by foods and toys), this early emerging sensitivity to food cues speaks to the

role of food as a potent primary reinforcer throughout development. It is notable that the

study sample was within a normal weight range. It is possible that responses to food relative

to nonfood items would be different across the weight and eating disordered spectrum.

False alarm rates, which serve as an index of impulse control, differed across age groups,

suggesting differences in overall impulsivity. These findings are consistent with previous

studies that have shown that cognitive control is a process that continues to develop into

adulthood (Somerville et al., 2011). Our findings indicate that salient food cues interfere

with behavioral inhibition more than nonfood cues. False alarm rates were higher on trials

when food was the “no-go” nontarget, consistent with the interpretation that these cues were

more salient. Thus, the ability to regulate impulsive responses is altered in the context of

food cues.

In our group of healthy, normal weight individuals, calorie level (i.e. high or low) did not

appear to alter behavioral performance. There were no differences in false alarm rates or

reaction times between high-calorie and low-calorie food cues. This result is not entirely

surprising, in that our sample consisted of healthy normal-weight individuals who were

screened for any aberrant eating behaviors prior to participating. Our results suggest that in
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young, healthy, non-eating disordered, non-obese individuals, high- and low-calorie foods

elicit similar behavioral responses and may reflect as much of a preference for low-calorie

as high-calorie foods. Future studies could explore this finding by targeting populations with

known predisposition to high-calorie/high-fat foods, such as individuals with Prader-Willi

Syndrome or carriers of the MCR4 and FTO risk alleles (Cecil et al., 2008; Wardle et al.,

2009) or in patients with eating disorders (e.g. strong aversions to high-fat/high-calorie

foods, such as in anorexia nervosa).

4.1. Limitations

While our task was modeled on well-established go/no-go tasks and included appetitive food

and nonfood cues, we did not validate this task against a standard go/no-go task without

appetitive stimuli. It is notable, however, that performance on this task is consistent with

performance seen in other go/no-go tasks (i.e. overall accuracy and reaction times) (Durston

et al., 2002; Hare et al., 2005; Somerville et al., 2011; Casey et al., 2007), which speaks to

the validity of the task as a go/no-go paradigm within a normal population. Additionally,

given the variability in behavioral responses (e.g. false alarm rates), particularly in the

younger age group, a larger sample might have shown age by condition interactions. A third

limitation could be in our choice of high- and low-calorie foods. It is possible, that our high-

and low-calorie foods were not sufficiently distinct, thus our lack of behavioral difference to

calorie level was not because high- and low-calorie foods are equally appetitive to normal

weight individuals, but because our normal weight individuals could not correctly identify

high- and low-calorie foods. Separating the runs into distinct high-calorie targets and low-

calorie targets should have minimized the effect that difficulty in calorie identification might

have had on performance.

Though the current study uses calorie content as a method of classifying food cues, recent

studies have suggested the use of “palatability” over calorie content as a superior classifier

(Houben et al., 2012). Namely, that behavioral biases to high-calorie foods may be due more

to the palatability of the food than the actual caloric content. Due to the potential

subjectivity of this measure across our large age range, however, caloric content was still

used. High- and low-calorie categories, it could be argued, offered a somewhat more

“objective” distinction between our food groups. Nonetheless, these limitations exist and

should be considered in the context of the findings. Similarly, while the stimulus set used

was matched on arousal and overall appeal of the items, other visual characteristics like

color and visual complexity could potentially bias the appetitive nature of certain images

(Meule & Blechert, 2012) and these measures should be considered in future applications of

the task.

4.2. Conclusions

Self-control, or lack there of, has been linked to a myriad of behavioral measures and health

outcomes. The development of age-appropriate and clinically relevant tasks that measure

impulse control in the face of alluring cues is key in understanding the core components of

self-control with reliability and specificity. Clinically, impulsivity in the context of food-

specific cues is an important aspect of the study of eating and weight disorders, including

obesity – a global epidemic. We have successfully developed a task that shows clear
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developmental differences among groups, suggesting that our task may be used to study

developmental trajectories in eating behavior and the development of eating disorders

among a broad range of ages. This food go/no-go task may be used to learn more about

different populations including individuals with anorexia nervosa, bulimia nervosa, binge

eating disorder and obesity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Schematic of Food Go/No-Go Task. Examples of food “go”, nonfood “no-go” trials. Here,

participants were instructed to press the spacebar only to food (top: high-calorie; bottom:

low-calorie).
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Table 1

Demographics

Children Adolescents Adults

N=39 N=49 N=58 F p<

Age (yrs) 9.31 (±1.98) 15.1 (±1.39) 22.52 (±3.61) 305.75 0.001

BMI (kg/m2) 18.05* (±3.04) 22.29 (±3.35) 22.26 (±2.32) 25.49 0.001

BMI (Percentiles) 58.7 (±32.5) 65.0 (±26.3) 52.7 (±24.1)** 1.34 p>.26

Gender (% female) 69% 51% 76%

*
Mean BMI of adolescents and adults significantly greater than mean BMI of children.

**
Ages 17-20 (N=19)
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Table 2

Summary of Main Effects

Reaction Time (ms) Omission Error Rate False Alarm Rate

Mean (SD) F Mean (SD) F Mean (SD) F

Development

13.37*** 14.89*** 42.77***

 Children 549 (98) 0.04 (0.05) 0.46 (0.21)

 Adolescents 466 (57) 0.02 (0.03) 0.29 (0.18)

 Adults 485 (62) 0.01(0.01) 0.13 (0.09)

Task Condition

31.48*** 0.14 21.76***

 Low-Calorie 484 (84) 0.02 (0.04) 0.32 (0.24)

 High-Calorie 485 (83) 0.02 (0.04) 0.30 (0.25)

 Toys 507 (84) 0.02 (0.04) 0.23 (0.21)

Gender

 Male 484 (92) 0.59 0.03 (0.04) 7.98** 0.33 (0.22) 6.01*

 Female 502 (71) 0.02 (0.03) 0.24(0.20)

*
P < 0.05

**
P < 0.01

***
P < 0.001
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