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According to dual-system theory, instrumental learning and performance depend on the
balance between goal-directed and habitual action control. Overreliance on habits has
been argued to characterize clinical conditions such as drug addiction or obsessivecompulsive disorder as well as obesity and excessive impulsivity. A tendency toward
habitual action control in obesity has already been indicated in the food domain.
However, impairments might not be restricted to eating behavior. This has been
suggested by domain-general obesity-associated disturbances in executive function as
well as alterations in corticostriatal circuits underlying the goal-directed and habitual
systems. In this study we examined the balance of goal-directed and habitual action
control in a sample of normal-weight, overweight, and obese participants (n = 105)
using the slips-of-action test in a non-food context. We tested for continuous or groupbased associations between body weight status (BMI) and the devaluation sensitivity
index (DSI), a parameter representing the balance of the goal-directed and habitual
systems in action control. As personality differences in the domain of impulsivity might
affect this relationship, we also examined whether the interaction between BMI and
self-reported impulsivity, based on the UPPS Impulsive Behavior Scale, was related
to the DSI. In addition to that, we tested for direct, i.e., weight status independent,
relationships between UPPS subdomains of impulsivity and the DSI. We failed to
find evidence for a relationship between weight status and sensitivity to devaluation
as indexed by the DSI. However, independent of weight status, we observed lower
sensitivity to devaluation in sensation seekers, a subtype of impulsivity. To conclude,
behavioral flexibility in the sense of disturbances in the balance between the habitual
and goal-directed systems seems to be unaffected by weight status in a non-food
context. Consequently, stimuli and behavior might not be generally excessively linked
in overweight or obesity. However, according to ceiling effects we cannot rule out subtle
effects the paradigm was not able to disentangle. Further, future studies are needed to
clarify the role of specific subtypes of obesity (e.g., food addiction). The indicated habit
propensity in sensation seekers may account for previous reports of weak avoidance
behavior and risky decision making.
Keywords: obesity, BMI, impulsivity, sensation seeking, habitual, goal-directed, instrumental discrimination
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status and the domain-general balance between goal-directed
and habitual control. Impulsivity has been proposed to be
accompanied by an overreliance on habits at the expense of
goal-directed behavioral control (Everitt et al., 2008; Hogarth
et al., 2012). Hogarth et al. (2012) assessed individual differences
between self-reported impulsivity and goal-directed behavioral
control using a food-dependent devaluation procedure. After
instrumental training of response-outcome contingencies a
chocolate snack was devalued, induced by specific satiety. Testing
responding for the devalued outcome (chocolate snack) in
extinction revealed impaired goal-directed behavioral control
with respect to the aspect of motor impulsivity (i.e., action
without thought).
Although previous research suggest behavioral inflexibility
already in healthy obese individuals, abnormalities in habit
formation might be especially pronounced in certain subtypes.
For example, similar to drug addiction the obesity- and
impulsivity-associated psychopathology of food addiction
(Gearhardt et al., 2009; Meule and Gearhardt, 2014) may be
related to impaired goal-directed action control in favor of
habitual behavior. Apart from that, behavioral autonomy may
also differ between mild and morbid obesity. According to
a recently proposed model for dopamine and the severity of
obesity (Horstmann et al., 2015b), individuals with overweight
and mild obesity may be characterized by a low dopaminergic
tone and enhanced behavioral flexibility, whereas morbid obesity
might be characterized by a diminished dopaminergic tone and
behavioral rigidity.
Both impulsivity and obesity are associated with abnormalities
in corticostriatal and corticolimbic pathways [(impulsivity: e.g.,
Jentsch and Taylor, 1999; Volkow and Fowler, 2000; Cardinal
et al., 2001; McClure et al., 2004; Brown et al., 2006; Dalley
et al., 2008; Forbes et al., 2009; Davis et al., 2013), (obesity: e.g.,
Stoeckel et al., 2009; Berridge et al., 2010; Horstmann et al., 2011;
Volkow et al., 2011; Dimitropoulos et al., 2012; Nummenmaa
et al., 2012; Garcia-Garcia et al., 2013; Kullmann et al., 2014)]
underlying goal-directed and habitual behavior (Balleine and
O’Doherty, 2010). More specifically, goal-directed control has
been associated with function and structure of the ventromedial
prefrontal cortex, orbitofrontal cortex, cingulate cortices as well
as caudate nucleus (Hampton and O’doherty, 2007; Valentin
et al., 2007; Tanaka et al., 2008; de Wit et al., 2009, 2012b; Gläscher
et al., 2009; Tricomi et al., 2009). The posterior putamen, on
the other hand, seems to be involved in habit learning (Tricomi
et al., 2009; de Wit et al., 2012b). Links between dysregulated
neurotransmitter systems, involved in modulating the balance of
goal-directed vs. habitual action control (de Wit et al., 2012a;
Worbe et al., 2015), and impulsivity (Dolan et al., 2002; King
et al., 2003; Dalley et al., 2008; Forbes et al., 2009; Buckholtz
et al., 2010) or obesity (Wang et al., 2001; de Weijer et al., 2011;
Eisenstein et al., 2013; Guo et al., 2014; Horstmann et al., 2015b)
support the possibility of a general impairment in goal-directed
behavior.
We hypothesized body weight status [as measured by the
body mass index (BMI)], food addiction as well as impulsivity
to be characterized by a disruption in the balance between goaldirected and habitual action control, resulting in overreliance

INTRODUCTION
According to dual-system accounts, the flexibility of instrumental
action is in part determined by the balance between goaldirected and habitual action control systems (for associative
accounts, see e.g., Dickinson, 1985; de Wit and Dickinson,
2009). The goal-directed system encodes associations between
actions [responses (R)] and their consequences [outcomes (O)]
which are indicated by environmental cues [stimuli (S)]. Habitual
action, conversely, is driven by S→R associations only, without
consideration of outcome values (de Wit and Dickinson, 2009).
The habit system is thought to dominate with excessive training,
as it is more efficient than the goal-directed system in a stable
environment, though at the expense of flexibility (Dickinson,
1985; de Wit and Dickinson, 2009). Overreliance on habits
supposedly characterize clinical conditions that involve impulsive
and compulsive behavior, as indicated by instrumental decisionmaking tasks (i.e., selective outcome devaluation procedures
or model-free/model-based reinforcement learning paradigms)
that assess the ability to rapidly change behavior to changes in
outcome value. Such conditions include obsessive-compulsive
disorder (Gillan et al., 2011, 2014), drug addiction (e.g., Everitt
and Robbins, 2005; Everitt et al., 2008; Redish et al., 2008;
Sjoerds et al., 2013; Voon et al., 2015), and obesity (Volkow and
Wise, 2005; Horstmann et al., 2015a). Further, predominance
of habitual control has been argued to contribute to individual
differences in compulsive tendencies (Snorrason et al., 2016)
and impulsivity (Everitt et al., 2008; Hogarth et al., 2012)
in non-clinical samples, indicated by outcome devaluation
tasks.
Maladaptive habitual behavior is a frequently discussed issue
in obesity research (Volkow and Wise, 2005; Corbit, 2016). In a
recent study we showed that body weight status was positively
related to heightened habit-like behavior in the food domain
(Horstmann et al., 2015a). However, behavior might be generally
less flexible and goal-directed in obesity. This is indicated by
lower performance in tasks assessing domain-general executive
function in healthy young participants (reviewed in Vainik
et al., 2013), especially inhibitory control (Nederkoorn et al.,
2006; Gunstad et al., 2007) and decision making (Pignatti
et al., 2006; Weller et al., 2008; Horstmann et al., 2011;
Simmank et al., 2015). For instance, there is evidence for
obesity-associated impulsive decision making using the delaydiscounting task. In this task participants with obesity showed
preference of small immediately available monetary rewards
over larger delayed ones (Weller et al., 2008; Simmank et al.,
2015). Additionally, self-reported impulsivity has been shown
to be increased in obesity (e.g., Rydén et al., 2003; Braet et al.,
2007; Guerrieri et al., 2008; Mobbs et al., 2010). Impulsivity is
a complex trait, including the inability to withhold responses
in the face of negative consequences, the preference for small
immediate rewards vs. larger delayed ones, acting without
forethought, as well as a tendency for sensation seeking and
increased disposition to engage in risky behaviors (reviewed
in Bari and Robbins, 2013). It is a relevant trait which needs
consideration in the investigation of instrumental action control,
and may moderate the potential relationship between weight
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on habits. Further, we expected impulsivity to moderate the
relationship between BMI and measures of goal-directed and
habitual behavioral control. To investigate these hypotheses,
a sample of young and healthy normal-weight, overweight
and obese volunteers were assessed on different aspects of
self-reported impulsivity (Whiteside and Lynam, 2001) and
food addiction (Gearhardt et al., 2009; Meule and Gearhardt,
2014). In addition to these critical analyses we explored the
influence of gender on the balance between the goal-directed
and the habitual system. This was suggested by previous
research indicating gender differences in the sensitivity to
reinforcement. Gonadal hormones and their effects on the
dopaminergic system supposedly account for these differences
(Sofuoglu et al., 1999; Kaasinen et al., 2001; Evans et al.,
2002; Lynch et al., 2002; Carroll et al., 2004). Importantly,
a previous study using the same instrumental paradigm as
applied here, showed an effect of dopamine depletion on
instrumental decision-making in women only (de Wit et al.,
2012a).
Individual differences in action control were measured using
an established instrumental learning task (de Wit et al., 2007,
2012b; Gillan et al., 2011; Worbe et al., 2015; Delorme et al.,
2016). In this task, participants were trained to perform
specific responses which were indicated by certain associated
stimuli, to obtain rewarding outcomes. In the critical ‘slipsof-action’ test phase, some of the outcomes were devalued,
allowing evaluation of participants’ ability to adapt responding
based on the current goal or outcome value, as opposed to
relying on inflexible stimulus-response habits. We restricted the
experimental procedure to the standard discrimination type of
the original ‘slips-of-action’ test phase, as this discrimination
type has been shown to be sufficiently sensitive to evaluate
the balance between habitual and goal-directed action control
in clinical and pre-clinical pathological conditions (Gillan
et al., 2011; Delorme et al., 2016; Snorrason et al., 2016) and
after pharmacological manipulations affecting dopamine and
serotonin neurotransmission (de Wit et al., 2012a; Delorme et al.,
2016).

Questionnaires
UPPS Impulsive Behavior Scale (Whiteside and
Lynam, 2001; German: Schmidt et al., 2008)
The UPPS Impulsive Behavior Scale consists of 45 items that are
rated on a 4-point Likert scale ranging from 1 (strongly agree) to
4 (strongly disagree). It contains four subscales corresponding to
four facets of impulsivity: Urgency, (Lack of) Premeditation, (Lack
of) Perseverance, and Sensation Seeking. The 12-item Urgency
scale “refers to the tendency to experience strong impulses,
frequently under conditions of negative affect” (Whiteside and
Lynam, 2001). (Lack of) Premeditation, an 11-item scale, “refers
to the tendency to think and reflect on the consequences of an
act before engaging in that act” (Whiteside and Lynam, 2001).
(Lack of) Perseverance, a 10-item scale, “refers to an individual’s
ability to remain focused on a task that may be boring or difficult”
(Whiteside and Lynam, 2001). The 12-item Sensation Seeking
scale “incorporates two aspects: (1) a tendency to enjoy and
pursue activities that are exciting and (2) an openness to trying
new experiences that may or may not be dangerous” (Whiteside
and Lynam, 2001). The German adaptation robustly confirms the
four-factor dimensionality of the original version with very good
internal consistency of the four subscales (Cronbach’s α range:
0.80–0.85; Schmidt et al., 2008). Please see Table 1 (grouping
by weight status) and Table 2 (grouping by gender) for sample
characteristics regarding the UPPS subdomains.

Yale Food Addiction Scale (Gearhardt et al., 2009;
German: Meule et al., 2012)
The Yale Food Addiction Scale is a standardized instrument to
identify people with distinctive symptoms indicative of addiction
to certain foods. It is a 25-item self-report questionnaire assessing
seven food addiction symptoms [based on the seven substance
dependence criteria of the Diagnostic and Statistical Manual
of Mental Disorders (DSM-IV); DSM-IV-TR, 2000] as well
as clinically significant impairment or distress. Individuals
rate their eating behavior during the last 12 months, referring
specifically to high fat and high sugar foods. Ratings comprise a
combination of dichotomous and frequency scoring. A symptom
is met if at least one question of that criterion is scored as one.
A continuous symptom count (range: 0–7) is calculated, adding
symptoms which have been met. Additionally, a dichotomous
score is calculated to “diagnose” food addiction. Food addiction
is diagnosed if at least three symptoms and the criterion of a
clinically significant impairment or distress is met. The German
version replicates the original one-factorial structure with
adequate internal consistency (Cronbach’s α = 0.81–0.83;
Meule and Kübler, 2012; Meule et al., 2012). Sample
characteristics on the YFAS are shown in Table 1 (grouping by
weight status) and Table 2 (grouping by gender).

MATERIALS AND METHODS
Participants
We investigated 105 (60 females) healthy normal-weight
(BMI >= 19 < 25), overweight (BMI >= 25 < 30) and obese
volunteers (BMI > 30) recruited from the subject database of the
Max Planck Institute for Human Cognitive and Brain Sciences
in Leipzig. Volunteers were healthy non-smokers without
indication for major depression (Beck’s Depression Inventory,
cut-off value 18, Beck et al., 1961). Prior to participation in the
study participants gave written informed consent in accordance
with the Declaration of Helsinki and the requirements of the local
ethics committee of the University of Leipzig. Please see Table 1
(grouping by weight status) and Table 2 (grouping by gender) for
details on the samples’ descriptive statistics (Supplementary Table
S1 of the Supplementary Material shows correlations between the
investigated variables).
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Schad et al., 2014). Therefore measures of higher-order cognitive
function (i.e., IQ and visual short-term memory) were considered
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TABLE 1 | Descriptive statistics of the sample by weight status.
Normal-weight (n = 36)

Overweight (n = 35)

Obese (n = 34)

20.26 / 21.72 / 23.35

21.18 / 26.77 / 27.78

31.18 / 33.13 / 36.43

92.440

<0.001

0.0 / 1.0 / 1.0

0.0 / 1.0 / 2.0

1.0 / 2.0 / 3.0

15.727

<0.001

Age

24.3 / 27.0 / 29.8

24.0 / 25.0 / 28.0

25.0 / 27.0 / 29.3

2.011

0.366

UPPS Urgency

23.25 / 26.0 / 30.0

22.0 / 27.0 / 32.0

23.5 / 27.0 / 31.5

0.165

0.921

UPPS (Lack of) Premeditation

19.75 / 22.0 / 24.0

18.0 / 23.0 / 25.0

21.0 / 23.0 / 24.0

0.015

0.992

UPPS (Lack of) Perseverance

15.25 / 19.0 / 22.75

16.0 / 21.0 / 25.0

16.0 / 19.5 / 23.75

1.584

0.453

UPPS Sensation Seeking

25.25 / 32.0 / 37.75

28.0 / 33.0 / 35.0

25.5 / 31.5 / 36.25

0.121

0.942

111.75 / 125.25 / 130.0

114.0 / 123.5 / 127.0

110.25 / 119.0 / 130.0

0.698

0.705

10.0 / 12.5 / 15.0

11.0 / 13.0 / 14.0

9.75 / 13.0 / 15.0

0.130

0.937

1.25 / 3.0 / 6.0

3.0 / 5.0 / 9.25

1.0 / 3.5 / 7.25

4.312

0.116

Chi2

p

χ2 : 2.143

0.143

BMI (kg/m2 )
YFAS symptoms

IQ
VPA score
BDI

Kruskal–Wallis H

n females / males
Gender

22 / 14

19 / 16

19 / 15

p

Including body mass index (BMI), number of symptoms on the Yale Food Addiction Scale (Gearhardt et al., 2009; Meule et al., 2012), age, impulsivity scores based
on the UPPS Impulsive Behavior Scale (Whiteside and Lynam, 2001), IQ (Wiener Matritzen-Test, Formann, 1979), visual short-term memory based on the Visual Paired
Associates Test (VPA) of the Wechsler Memory Scale (Wechsler, 1987, 2006), depression symptoms (Beck’s Depression Inventory, Beck et al., 1961), and gender.
Indicated are 1st Quartile, Median (bold), and 3rd Quartile as well as group differences based on the Kruskal–Wallis test or χ2 -Test (gender).
TABLE 2 | Descriptive statistics of the sample by gender.
Females (n = 60)

Males (n = 45)

Mann–Whitney U

(kg/m2 )

22.07 / 26.55 / 32.10

23.40 / 27.47 / 31.13

1265.5

0.584

YFAS symptoms

1.0 / 1.0 / 2.0

0.0 / 0.0 / 1.0

548.0

<0.001

BMI

p

Age

23.0 / 25.0 / 28.0

25.0 / 27.0 / 30.0

951.0

0.009

UPPS Urgency

23.0 / 28.0 / 33.0

22.25 / 26.0 / 29.0

1068.5

0.097

UPPS (Lack of) Premeditation

18.25 / 22.5 / 24.0

21.0 / 23.0 / 24.5

1193.0

0.307

UPPS (Lack of) Perseverance

16.0 / 20.0 / 22.75

16.5 / 20.0 / 24.0

1252.0

0.525

UPPS Sensation Seeking

24.25 / 30.50 / 35.0

30.0 / 34.0 / 37.5

973.5

0.015

IQ

111.75 /123.5 / 130.0

112.5 /123.5 /130.0

1248.0

0.507

VPA score

11.0 / 13.0 / 15.0

10.0 / 12.0 / 15.0

1136.5

0.165

BDI score

2.0 / 4.0 / 7.0

1.0 / 4.0 / 8.0

1284.5

0.814

Including BMI, number of symptoms on the Yale Food Addiction Scale (Gearhardt et al., 2009; Meule et al., 2012), age, impulsivity scores based on the UPPS Impulsive
Behavior Scale (Whiteside and Lynam, 2001), IQ (Wiener Matritzen-Test, Formann, 1979), visual short-term memory based on the VPA of the Wechsler Memory Scale
(Wechsler, 1987, 2006), and depression symptoms (Beck’s Depression Inventory, Beck et al., 1961). Indicated are 1st Quartile, Median (bold), and 3rd Quartile as well as
gender differences based on the Mann-Whitney U test.

as control variables. Non-verbal IQ was determined by the
Wiener Matritzen-Test (WMT, score range: 0–24 which translates
into an IQ range of 60.5–136.5; Formann, 1979). To estimate
visual short-term memory, we used a computerized version of the
Visual Paired Associates Test (VPA, score range: 0–18), a subtest
of the Wechsler Memory Scale (Wechsler, 1987, 2006). Please see
Table 1 (grouping by weight status) and Table 2 (grouping by
gender) for sample characteristics on IQ and visual short-term
memory.

fruit pictures, as we were interested in instrumental performance
in a non-food context. The paradigm consisted of four stages:
discrimination training phase, outcome-devaluation test, slipsof-action and baseline tests, and questionnaires on contingency
knowledge.

Stage 1: Discrimination Training Phase
Twelve animal icons either functioned as stimulus or outcome,
resulting in six associative pairs. Participants had to memorize
these pairs and the respective associated key press. In detail, on
each trial an animal icon [stimulus (S)] outside of a box signaled
left or right key press [response (R)]. If the response was correct,
an animal icon appeared inside of the box and points were earned
[outcome (O)]. If the response was incorrect, the box remained
empty and no points were earned. The number of points that
could be earned for a correct key press depended on response
latency (de Wit et al., 2007). For example, by trial and error
participants should learn that an flamingo outside of the box

Experimental Paradigm
We applied a simplified version of an established instrumental
learning paradigm (e.g., de Wit et al., 2007, 2012b; Gillan et al.,
2011). The following description of the paradigm relates to
the main task characteristics. Please see Worbe et al. (2015)
for further details on the simplified version. The task was
programmed in Visual Basic 6.0. In contrast to the original
version, participants were presented with animal icons instead of
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signaled pressing the right key which would be rewarded with
a donkey inside and points. Pressing the left key, on the other
hand, would result in an empty box and no points (Figure 1A).
Participants were informed that they would receive one eurocent for each collected point. Assignment of the animal pictures
to the stimulus vs. outcome sets was counterbalanced. Every
stimulus was presented twice in each of eight blocks, resulting in
96 trials altogether. Picture presentation was randomized within
each block.

Stage 2: Outcome-Devaluation Test on
Response-Outcome Knowledge
This stage was to test if participants learned R→O contingencies.
On every trial, two open boxes with animals inside were shown,
one that had previously been associated with a left key press
and the other one with a right key press. One of these animals
(i.e., outcomes) was no longer rewarded, indicated by a cross
which was superimposed on this animal (Figure 1B). Participants
were instructed to press the key which was previously rewarded
by the still-valuable outcome. Feedback was no longer provided,
although the participants were told, that correct key presses
would still earn them points. Every outcome was devalued twice,
resulting in 36 trials altogether.

Stage 3: Slips-of-Action Test
This test was designed to assess the balance between goal-directed
(S→O→R) vs. habitual (S→R) behavior. Each of nine blocks
started with a 5 s presentation of all six animal outcomes, with
two of them being devalued, indicated by a cross superimposed
[Figure 1C (1)]. Afterwards, participants were presented a series
of closed boxes with animal stimuli outside for 1 s each. They
were instructed to no longer open boxes (i.e., withhold response)
if the stimulus outside was linked to a devalued outcome inside,
but press the appropriate key before a stimulus disappeared
which signaled a still-valuable outcome [Figure 1C (2)]. Strong
direct S→R associations should trigger responses regardless of
the current value of the outcome, resulting in “slips of action”
toward devalued outcomes. Good task performance is achieved
if participants are able to base responding on the current value
of the signaled outcome using S→O→R associations. Altogether
the test consisted of 108 trials (72 still-valuable and 36 devalued).
Participants did not receive feedback but were told that they
would still earn points for correct responses for still-valuable
outcomes but lose points for responses for devalued outcomes. To
assess the balance between goal-directed and habitual control, a
devaluation sensitivity index (DSI) was computed by subtracting
the percentage of responses for devalued outcomes from that
for still-valuable outcomes (Gillan et al., 2011; de Wit et al.,
2012a; Snorrason et al., 2016). This index represents the relative
involvement of the habit vs. goal-directed system in action
control, i.e., high scores indicate strong goal-directed responding,
whereas low scores suggest a habit propensity.
In addition, a baseline test was included. It was identical to
the slips-of-action test, except that stimuli were devalued instead
of outcomes, i.e., it does not require S→O→R knowledge.
Therefore, this test controls for goal-directed behavior but still
depends on S→R knowledge. Participants were shown the
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FIGURE 1 | Experimental paradigm. (A) Discrimination training phase. In
this example, a flamingo stimulus outside of a box indicates that pressing the
right key will be rewarded with a donkey and points inside of the box.
Pressing the left key will not be rewarded (empty box is revealed). (B) Outcome(Continued)
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and baseline tests. In addition to these continuous analyses we
compared normal-weight, overweight and obese participants
groupwise regarding the above-mentioned outcome measures.
Differences were evaluated using rank analysis of covariance,
including, depending on significant associations with the
outcome measures, VPA and/or IQ as covariates. According
to the sample’s low variance, food addiction (Gearhardt et al.,
2009; Meule et al., 2012) was not explicitly investigated regarding
associations with task performance as analyses would not yield
meaningful results (see Tables 1 and 2, only seven participants
identified as food-addicted). To rule out gender effects in
learning of the associations and performance in the critical
test phase the following analyses were additionally conducted:
Gender differences in learning during the discrimination training
phase were evaluated using an 8 (block) × 2 (gender) ANOVA
on ranks, including – due to gender differences in these variables
(see Table 2) – age and UPPS Sensation Seeking as covariates.
Rank analysis of covariance was conducted to test for gender
differences in test performance, i.e., accuracy on the outcomedevaluation test and the DSI of the slips-of-action and baseline
tests (covariates: age, UPPS Sensation Seeking). SPSS version 20.0
(IBM Corporation, Somers, NY, USA) was used for data analysis.

FIGURE 1 | Continued
devaluation test. In this example, two open boxes are presented with a
donkey and fish inside. The cross superimposed on the fish signals this
outcome is no longer worth any points. The accurate response in this
example would be pressing the right key (which yielded the still-valuable
donkey outcome during the training phase). (C) Slips-of-action test. (1)
Participants are first presented with the six outcomes. In this example, donkey
and cow are superimposed with a cross, indicating that the response leading
to these outcomes will now result in subtraction of points (devaluation). The
other animal outcomes are still valuable. (2) Afterwards, a rapid succession of
animal stimuli are presented outside of boxes. Participants are instructed to
press the correct keys if a stimulus indicates the availability of a still-valuable
outcome inside the box (“Go,” example: polar bear stimulus signaling fish
outcome), but withhold responding if the outcome inside the box has been
devalued (“No-Go,” example: flamingo stimulus signaling donkey outcome).

six stimulus animals with two of them devalued. They were
instructed to withhold response for the two devalued ones.
A baseline DSI was calculated by subtracting responding for
devalued stimuli from responding for still-valuable stimuli. The
order of the two tests was counterbalanced.

Stage 4: Questionnaires of Contingency Knowledge
Paper-and-pencil questionnaires were used to measure explicit
knowledge of the contingencies. Participants had to indicate:
which response was correct for each of the six stimuli (S→R
questionnaire), which outcome was associated with which
stimulus (S→O questionnaire), and which response was awarded
with which of the six outcomes (R→O questionnaire). In
addition to that, they indicated on visual analog scales how
certain they were about their answers. Questionnaire order was
counterbalanced.

RESULTS
Discrimination Training Phase
Participants rapidly learned the instrumental discriminations.
With progression of the training phase accuracy (percentages of
correct responses) increased steadily [first block = Mdn: 67%,
interquartile range (IQR): 58–75%; last block = Mdn: 100%,
IQR: 91–100%; Figure 2A] and reaction times decreased (first
block = Mdn: 937.0 ms, IQR: 808.5–1124.0 ms; last block = Mdn:
560.5 ms, IQR: 523.5–633.0 ms; Figure 2B). Performance during
the eight blocks significantly differed from each other (Friedman
Test, χ2 = 391.02, p < 0.001), emphasizing the descriptively
outlined learning effect. Control measures affected learning
performance. Total accuracy during the training phase (averaged
over all blocks) positively correlated with estimates of IQ
(ρ = 0.304, p = 0.002) and visual short-term memory (ρ = 0.282,
p = 0.004). Controlling for these variables, total accuracy during
the training phase was not continuously associated with BMI
(ρ = 0.075, p = 0.451) nor any assessed measure of impulsivity
(UPPS scales: ρ <= 0.116, p >= 0.200), indicated by partial
rank correlations. A BMI-based group analysis [8 (block) by 3
(group) ANCOVA on ranks, covariates: VPA, IQ] confirmed the
learning effect [main effect of block: F(7,700) = 2.088, p = 0.043],
but corresponding to the aforementioned correlation analysis
BMI was not indicated to significantly affect performance during
training [main effect of group: F(2,100) = 0.50, p = 0.608;
block∗ group: F(14,700) = 0.803, p = 0.666]. Gender did not
affect instrumental learning during the training indicated by
repeated measures 8 (block) by 2 (gender) ANCOVA on ranks
(covariates: UPPS Sensation Seeking, age) yielding no significant
main effects for block [F(7,101) = 0.868, p = 0.531] or gender
[F(1,101) = 0.890, p = 0.348] nor a significant block∗ gender
interaction [F(7,707) = 1.303, p = 0.246].

Statistical Analysis
Outcome measures were generally non-normally distributed
(Kolmogorov–Smirnov test, see Supplementary Table S2;
Supplementary Figure S1). Therefore, non-parametric tests were
used for statistical analysis. The Friedman test was applied to
test for performance differences between instrumental learning
blocks. First we tested for continuous relationships between
weight status or aspects of impulsivity and instrumental learning
(discrimination training), performance during the critical
test phase (outcome-devaluation test, slips-of-action test) and
explicit knowledge of contingencies (questionnaires). For this,
spearman correlations were conducted to inspect associations
between BMI or aspects of impulsivity (UPPS scales) and total
accuracy during the discrimination training, accuracy on the
outcome-devaluation test, the DSI of the slips-of-action and
baseline tests and certainty of explicit contingency knowledge.
In addition to BMI and impulsivity, control variables (IQ and
VPA score) were tested for correlations with the mentioned
outcome measures. If control variables correlated with outcome
measures, they were controlled for in the corresponding
correlation analyses of BMI and the UPPS impulsivity domains
using partial rank correlation. Moderation analysis on ranks
were performed to examine whether the level of impulsivity
moderated the relationship between BMI and accuracy on
the outcome-devaluation test or the DSI of the slips-of-action
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FIGURE 2 | Discrimination training performance. Boxplots represent (A) accuracy (percentages of correct responses) and (B) reaction times of the eight
discrimination training blocks.

Outcome-Devaluation Test

Slips-of-Action and Baseline Tests

Performance was generally very good and in fact near ceiling
(Table 3; see Supplementary Figure S1 of the Supplementary
Material for a histogram and Supplementary Table S3 for
reaction times). We first tested whether control measures
were associated with accuracy (percentage of correct
responses) in this test. IQ was unrelated, but we did find
a significant positive relationship with visual short-term
memory: The higher the VPA score was, the more accurately
participants responded for the still-valuable outcomes
(ρ = 0.277, p = 0.004). Controlling for visual short-term
memory, we did not find a continuous relationship between
accuracy during the devaluation test and BMI as assessed
by partial rank correlation (ρ = −0.09, p = 0.926). Also
group analysis (rank analysis of covariance, covariate:
VPA) did not suggest differences between normal-weight,
overweight and obese participants regarding accuracy of
responding for still-valuable outcomes [F(2,104) = 0.201,
p = 0.818]. Interestingly, UPPS Sensation Seeking was
negatively associated with accuracy during this test: The
higher participants scored in this domain of impulsivity the
less accurate their choices were (ρ = −0.197, p = 0.045).
This correlation remained significant after controlling
for the other UPPS scales using partial rank correlation
(ρ = −0.217, p = 0.030). Spearman’s correlation analyses
did not yield significant relationships between test accuracy
and any other UPPS impulsivity domain (ρ <= 0.123,
p >= 0.223). A gender difference in accuracy after devaluation,
as determined by rank analysis of covariance, was not observed
[F(1,103) = 0.733, p = 0.394; covariates: age, UPPS Sensation
Seeking].

Performance in both tests was very good. There were just few
responses for cues indicating devalued outcomes or stimuli
and high responding for cues indicating still-valuable outcomes
or stimuli (Table 3; see Supplementary Figure S1 of the
Supplementary Material for histograms and Supplementary Table
S3 for reaction times). Descriptive data on the DSI of the slipsof-action test indicated a general trend toward outcome-based
responding (Table 3).
Contrary to our hypothesis, BMI was unrelated to the DSI
of the slips-of-action (ρ = −0.029, p = 0.770, Figure 3A) as
well as the baseline test (ρ = 0.033, p = 0.738), indicated
by correlation analyses. Correspondingly, group analyses did
not indicate differences in the sensitivity to devaluation
between normal-weight, overweight, and obese participants
[slips-of-action test: F(2,104) = 0.577, p = 0.563, Figure 3B;
baseline test: F(2,104) = 0.079, p = 0.924]. In line with
our hypothesis, impulsivity, i.e., UPPS Sensation Seeking,
was negatively associated with the DSI of the slips-of-action
(ρ = −0.240, p = 0.014; Figure 4A) and baseline test (ρ = −0.253,
p = 0.01; Figure 4B), meaning that the higher participants
scored in Sensation Seeking the less they were sensitive to
devaluation of both outcomes and stimuli. Correlation between
UPPS Sensation Seeking and the DSI remained significant after
controlling for the other UPPS domains of impulsivity (slips-ofaction test: ρ = −0.270, p = 0.007; baseline test: ρ = −0.326,
p = 0.001). No other UPPS scale was related to devaluation
sensitivity (ρ <= 0.094, p >= 0.359). We further assessed
whether impulsivity (i.e., UPPS Sensation Seeking) moderated
the relationship between BMI and task performance in the
slips-of-action test, but did not find evidence for a significant
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TABLE 3 | Task performance in the slips-of-action, baseline, and outcome-devaluation tests (1st Quartile, Median, and 3rd Quartile).
Slips-of-action test
interquartile
range

Baseline test

Outcome-devaluation test

Devalued
(%)

Valuable
(%)

DSI

Devalued
(%)

Valuable
(%)

DSI

Accuracy (%)

1st Quartile

5.56

74.31

54.86

4.17

84.03

70.14

88.89

Median

11.11

87.50

76.39

8.33

93.06

83.33

94.44

3rd Quartile

20.83

94.44

88.19

13.89

97.22

89.58

100.00

Included are the percentages of responding for devalued and still-valuable outcomes as well as the corresponding devaluation sensitivity index (DSI) in the slips-of-action
test; the percentages of responding for devalued and still-valuable stimuli including the corresponding DSI in the baseline test, and accuracy in the outcome-devaluation
test.

FIGURE 3 | Performance in the slips-of-action test depending on body mass index (BMI). The devaluation sensitivity index (DSI) did not correlate with BMI
(A) or differ between normal-weight, overweight, and obese participants (B).

interaction with the DSI [F(1,101) = 0.567, p = 0.453]. As control
measures were positively correlated with the DSI of the slips-ofaction (IQ: ρ = 0.370, p < 0.001; VPA: ρ = 0.418, p < 0.001)
and baseline test (IQ: ρ = 0.274, p = 0.005; VPA: ρ = 0.394,
p < 0.001), the previously mentioned correlation and group
analyses were controlled for IQ and VPA score. Gender did
not affect the DSI of the slips-of-action test [F(1,103) = 2.947,
p = 0.089, covariates: age, UPPS Sensation Seeking] or baseline
test [F(1,103) = 3.195, p = 0.077, covariates: age, UPPS Sensation
Seeking], as determined by rank analysis of covariance.

certainty of R→O (51% of participants reaching maximum
certainty) and S→O associations (42% of participants reaching
maximum certainty) were inspected for correlations with the
variables of interest, excluding participants reaching maximum
certainty beforehand. Both control measures were positively
associated with R→O (IQ: ρ = 0.389, p = 0.004; VPA: ρ = 0.381,
p = 0.004; n = 54) and S→O certainties (IQ: ρ = 0.320, p = 0.011;
VPA: ρ = 0.414, p = 0.001; n = 63) and controlled for in the
following analyses. BMI and UPPS Sensation Seeking did not
correlate with the certainty of R→O (BMI: ρ = 0.066, p = 0.634;
UPPS Sensation Seeking: ρ = −0.162, p = 0.242; n = 54) and
S→O (BMI: ρ = 0.119, p = 0.352; UPPS Sensation Seeking:
ρ = −0.101, p = 0.432; n = 63) knowledge. In addition to
that, the comparison of normal-weight, overweight, and obese
participants did not indicate group differences in the certainty of
R→O [F(2,53) = 1,294, p = 0.283] and S→O [F(2,62) = 0.561,
p = 0.573] knowledge.

Questionnaires of Contingency
Knowledge
Variance of questionnaire measures was extremely low, with
a majority of participants accomplishing 100% accuracy and
full certainty regarding all kinds of associations (see Table 4;
Supplementary Figure S2 of the Supplementary Material for
histograms). According to strong ceiling effects, we decided not
to perform correlation analyses with respect to the accuracy
measures (100% accuracy: S→R = 98%, R→O = 79%, SO = 80%
of participants) and certainty of S→R assignments (77% of
participants with maximum certainty), as they would not
give meaningful results. According to less pronounced ceiling,
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there is a domain-general habit propensity in obesity; (2) And
whether aspects of impulsivity influence the balance between
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FIGURE 4 | Performance in the slips-of-action (A) and baseline test (B) depending on UPPS Sensation Seeking. UPPS Sensation Seeking is negatively
associated with devaluation sensitivity indices (DSI) of both tests (Spearman correlations).
TABLE 4 | Explicit knowledge (1st Quartile, Median, and 3rd Quartile).
Interquartile
range

S→R accuracy
(%)

S→R certainty

R→O accuracy
(%)

R→O certainty

S→O accuracy
(%)

S→O certainty

7.44

1st Quartile

100.00

9.15

100.00

8.51

100.00

Median

100.00

10.00

100.00

9.90

100.00

9.77

3rd Quartile

100.00

10.00

100.00

10.00

100.00

10.00

Accuracy (percentages of correct answers) and certainty of S→R, R→O, and S→O assignments (certaintymax = 10, as measured by visual analog scales).

with a diagnosis of binge eating (Voon et al., 2015; Reiter et al.,
2016) or food addiction (Gearhardt et al., 2009; Davis et al.,
2011; Davis, 2013; Meule and Gearhardt, 2014; Murphy et al.,
2014) may be prone to stimulus-guided behavior, which should
be clarified in future studies.
Impulsivity, or more specifically the domain of Sensation
Seeking, negatively correlated with the DSI of both the slipsof-action and baseline test. In other words, Sensation Seeking
was related to the inability to selectively respond for stillvaluable outcomes and stimuli while suppressing responses for
devalued outcomes and stimuli. This result suggests a general
impairment in the ability to inhibit previously learnt responses.
The finding of relationships between impulsivity and both
balance measures (slips-of-action and baseline test) is consistent
with the possibility of enhanced S→R learning and a relative
reliance on habits in sensation seekers, but fits less well with
the idea of impaired outcome-based learning (as the baseline
test controls for outcome-based responding). On the other
hand, the negative relationship of impulsivity and accuracy
in the outcome-devaluation test does indicate a more specific
dysregulation of outcome-based responding. Consequently, the
current results are not sufficient to determine if the habit
propensity in highly impulsive individuals is due to excessive
reliance on habits or weak goal-directed control. An alternative
interpretation of our results would be a general impairment in
response inhibition in highly impulsive individuals leading to
failures to suppress learnt responses across these different tests.
Future studies should therefore control for this type of inhibition

goal-directed and habitual action control. Regarding excess body
weight, we did not find evidence for heightened habitual action
control in a non-food context. Consequently, although there
is previous indication for obesity-associated domain-general
behavioral inflexibility as suggested by paradigms assessing
inhibitory control (Nederkoorn et al., 2006; Gunstad et al.,
2007) or decision making (Pignatti et al., 2006; Weller et al.,
2008; Horstmann et al., 2011; Simmank et al., 2015), these
inflexibilities may not extend to abnormal stimulus-response
linkage at the expense of outcome-driven action control. On
the other hand, obesity-associated impairments in goal-directed
behavior and overreliance on habits might not be generalizable,
but may be restricted to the food domain. Previous investigations
demonstrated food-related behavioral inflexibility in obesity as
measured by food-specific versions of the delay-discounting task
(Rasmussen et al., 2010) and the go/no-go task (Batterink et al.,
2010; He et al., 2014). In the delay-discounting paradigm of
Rasmussen et al. (2010) also a monetary condition was included.
Interestingly, only food-specific discounting was significantly
associated with the percentage of body fat. A recent study also
showed a positive relationship between BMI and a behavioral
estimate of habitual responding for snack food (Horstmann et al.,
2015a). Unfortunately, the majority of these studies focused
on the food context without including a comparative neutral
condition. Therefore, conclusions regarding specificity of the
effects should be drawn with caution. Moreover, abnormalities in
habit formation might be a specific issue of certain obese subtypes
as opposed to applying generally to obesity. Especially individuals
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This study is accompanied by some limitations. Most
substantial may be the issue of low task difficulty and
corresponding ceiling effects. Therefore, the paradigm may
not be sensitive enough to detect subtle differences in goaldirected vs. habitual behavior potentially associated with weight
status. Future studies might adapt the task to make it more
challenging, e.g., by consideration of the originally introduced
congruent and incongruent discrimination conditions (de Wit
et al., 2007). Thereby variance may be enahnced in order
to disentangle potential subtle relationships. Furthermore, the
instrumental learning phase may be adapted. To strengthen habit
formation overtraining might be a fruitful approach (Tricomi
et al., 2009). On the other hand, alternative tasks assessing
behavioral flexibility, e.g., reversal learning tasks (e.g., Cools et al.,
2006; Waltz et al., 2013; Zhang et al., 2014; Culbreth et al.,
2015), might be more sensitive to detect subtle differences with
respect to weight status. Moreover, domain-general impairments
in goal-directed behavior may play a role in gaining weight and
in the end obesity if food motivation is also strong (Nederkoorn
et al., 2010; Rollins et al., 2010; Appelhans et al., 2011).
Unfortunately, with the current paradigm we cannot evaluate
the aspect of food motivation, which should be considered in
future investigations. Apart from limitations of the paradigm,
sample characteristics might have limited the ability to detect
differences. Unfortunately, we were not able to do analyses
based on the aspect of food addiction, as only few participants
showed symptoms and just seven participants were diagnosed
as food addicted (Gearhardt et al., 2009). In addition, here we
focused on young and healthy individuals. Impairments in goaldirected behavior might be specifically apparent in morbidly
obese (Horstmann et al., 2015b) or older obese individuals (de
Wit et al., 2014). Future studies therefore may broaden age and
BMI range. Moreover, with the current paradigm we cannot
draw conclusions on the generalizability of the effect. Future
comparative studies, using paradigms that differentiate between
neutral and specific (e.g., food) contexts, are needed to clarify
this aspect. Finally, according to low task difficulty one may
argue that differences in participants’ motivation might have
accounted for the effect of Sensation Seeking. Although we cannot
rule out this possibility, providing participants with monetary
reward – a universally effective reinforcer – is expected to
maintain high motivation in all participants, especially as there
is no previous indication for differences in the sensitivity to
reward depending on Sensation Seeking. Also the excellent - near
ceiling - performance among all participants indicate continuous
engagement in the task.

failure, to cancel out the possibility of inhibition disturbances
which are independent of associative learning. Beyond the direct
relation between task performance and impulsivity, we failed
to find a moderation of the proposed relationship between
BMI and the balance measure. Future studies focusing on
the abovementioned subtypes of obesity may find interaction
effects.
The finding of a habit propensity in impulsivity is in line
with previous research showing impaired goal-directed control
(Hogarth et al., 2012), cognitive inflexibility (Franken et al., 2008;
Crews and Boettiger, 2009; Romer et al., 2009) and heightened
cue-reactivity resulting in inhibition failures (reviewed in Bari
and Robbins, 2013) in human impulsivity. Interestingly, in
this study overreliance on habits was specifically observed
in participants scoring high in the subdomain of Sensation
Seeking, conceptualized as (1) the tendency to enjoy and pursue
activities that are exciting and (2) the openness to trying new
experiences that may be risky (Whiteside and Lynam, 2001).
The abovementioned study of Hogarth et al. (2012) reported
a negative relationship between goal-directedness and Motor
Impulsiveness (Patton et al., 1995) in a food context. This
conceptualization of impulsivity reflects the tendency to act on
the spur of the moment, which probably covers aspects reflecting
risk-taking and excitement seeking. Sensation seeking is assumed
to go along with strong approach behaviors and weak behavioral
avoidance/inhibition (Depue and Collons, 1999; Collins et al.,
2012). In addition to that, sensation seeking or the related
constructs of novelty or excitement seeking (Zuckerman, 1979;
Cloninger et al., 1993) have been associated with the inability
to delay responding in the face of a larger reward (Cyders
and Coskunpinar, 2011), with risky and unpredictable decision
making (Finn, 2002; Suhr and Tsanadis, 2007; Bornovalova et al.,
2009; Noël et al., 2011), as well as with impairments in response
inhibition (Finn, 2002; Noël et al., 2011). Another study indicates
a diminished ability of sensation seekers to evaluate the negative
outcomes in their decisions (Cservenka et al., 2013). According to
our findings, these alterations may be due to heightened reliance
on S→R guided action control with inappropriate consideration
of outcome values. Individual differences in corticostriatal loops,
previously associated with trait impulsivity, might constitute
the underlying mechanism (Jentsch and Taylor, 1999; Volkow
and Fowler, 2000; Cardinal et al., 2001; McClure et al., 2004;
Brown et al., 2006; Dalley et al., 2008; Forbes et al., 2009; Davis
et al., 2013), which should be clarified in future studies. Striatal
dopaminergic disturbances in sensation seekers may contribute
to these alterations (Golimbet et al., 2007; Munafò et al., 2008;
Gjedde et al., 2010).
Apart from impulsivity cognitive capacities, as assessed by
estimates of non-verbal IQ and short-term memory, were
related to the balance between outcome- and stimulus-based
responding. This is in line with previous research showing goaldirected behavior to depend on higher-order cognitive resources
(Eppinger et al., 2013; Otto et al., 2013; Schad et al., 2014).
According to their relationships with instrumental learning and
performance, we recommend including estimates of IQ and
working or short-term memory as standard control variables into
studies investigating instrumental performance.
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CONCLUSION
This study is indicative of an impaired balance between goaldirected and habitual action control in the impulsivity domain
of Sensation Seeking leading to a habit propensity. However, we
failed to find an imbalance between goal-directed and habitual
behavior in overweight or obesity in a non-food context. We
recommend that future studies should (1) adapt the applied task
to make it more challenging, thereby enhancing variance in task
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performance, and (2) focus on specific subtypes of obesity which
might be especially prone to an overreliance on habits. Moreover,
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of proposed habit propensities by identifying brain structures
mediating differences in action control.

AUTHOR CONTRIBUTIONS
AD, AH, and SdW are responsible for study conception and
design. AD acquired the data and did the analysis. AD, AH, and
SdW interpreted the results. AD did the drafting of the work.
AD, AH, and SdeW revised the draft critically, approved the
final version for publication and agreed to be accountable for
all aspects of the work, ensuring that questions related to the
accuracy or integrity of any part of the work are appropriately
investigated and resolved.

ACKNOWLEDGMENTS
We would like to thank Maria Pössel for her help during
data acquisition. Moreover, we thank Zsuzsika Sjoerds, Lorenz
Deserno, and Florian Schlagenhauf for their valuable feedback on
the results.

SUPPLEMENTARY MATERIAL
FUNDING
The Supplementary Material for this article can be found
online at: http://journal.frontiersin.org/article/10.3389/fnbeh.
2016.00213/full#supplementary-material

The work of AH is supported by the IFB Adiposity Diseases,
Federal Ministry of Education and Research (BMBF), Germany,

REFERENCES

Carroll, M. E., Lynch, W. J., Roth, M. E., Morgan, A. D., and Cosgrove, K. P. (2004).
Sex and estrogen influence drug abuse. Trends Pharmacol. Sci. 25, 273–279. doi:
10.1016/j.tips.2004.03.011
Cloninger, C. R., Svrakic, D. M., and Przybeck, T. R. (1993). A psychobiological
model of temperament and character. Arch. Gen. Psychiatry 50, 975–990. doi:
10.1001/archpsyc.1993.01820240059008
Collins, H. R., Corbly, C. R., Liu, X., Kelly, T. H., Lynam, D., and Joseph, J. E.
(2012). Too little, too late or too much, too early? Differential hemodynamics
of response inhibition in high and low sensation seekers. Brain Res. 1481, 1–12.
doi: 10.1016/j.brainres.2012.08.004
Cools, R., Altamirano, L., and D’Esposito, M. (2006). Reversal learning in
Parkinson’s disease depends on medication status and outcome valence.
Neuropsychologia 44, 1663–1673. doi: 10.1016/j.neuropsychologia.2006.03.030
Corbit, L. H. (2016). Effects of obesogenic diets on learning and habitual
responding. Curr. Opin. Behav. Sci. 9, 84–90. doi: 10.1016/j.cobeha.2016.02.010
Crews, F. T., and Boettiger, C. A. (2009). Impulsivity, frontal lobes and
risk for addiction. Pharmacol. Biochem. Behav. 93, 237–247. doi:
10.1016/j.pbb.2009.04.018
Cservenka, A., Herting, M. M., Seghete, K. L. M., Hudson, K. A., and Nagel,
B. J. (2013). High and low sensation seeking adolescents show distinct patterns
of brain activity during reward processing. Neuroimage 66, 184–193. doi:
10.1016/j.neuroimage.2012.11.003
Culbreth, A. J., Gold, J. M., Cools, R., and Barch, D. M. (2015). Impaired activation
in cognitive control regions predicts reversal learning in schizophrenia.
Schizophr. Bull. 42, 1–10. doi: 10.1093/schbul/sbv075
Cyders, M., and Coskunpinar, A. (2011). Measurement of constructs using selfreport and behavioral lab tasks: Is there overlap in nomothetic span and
construct representation for impulsivity? Clin. Psychol. Rev. 31, 965–982. doi:
10.1016/j.cpr.2011.06.001
Dalley, J. W., Mar, A. C., Economidou, D., and Robbins, T. W. (2008).
Neurobehavioral mechanisms of impulsivity: fronto-striatal systems and
functional neurochemistry. Pharmacol. Biochem. Behav. 90, 250–260. doi:
10.1016/j.pbb.2007.12.021
Davis, C. (2013). Compulsive overeating as an addictive behavior: overlap between
food addiction and binge eating disorder. Curr. Obes. Rep. 2, 171–178. doi:
10.1007/s13679-013-0049-8
Davis, C., Curtis, C., Levitan, R. D., Carter, J. C., Kaplan, A. S., and Kennedy, J. L.
(2011). Evidence that ‘food addiction’ is a valid phenotype of obesity. Appetite
57, 711–717. doi: 10.1016/j.appet.2011.08.017

Appelhans, B. M., Woolf, K., Pagoto, S. L., Schneider, K. L., Whited, M. C., and
Liebman, R. (2011). Inhibiting food reward: delay discounting, food reward
sensitivity, and palatable food intake in overweight and obese women. Obesity
(Silver Spring) 19, 2175–2182. doi: 10.1038/oby.2011.57
Balleine, B. W., and O’Doherty, J. P. (2010). Human and rodent homologies in
action control: corticostriatal determinants of goal-directed and habitual action.
Neuropsychopharmacology 35, 48–69. doi: 10.1038/npp.2009.131
Bari, A., and Robbins, T. W. (2013). Inhibition and impulsivity: behavioral
and neural basis of response control. Prog. Neurobiol. 108, 44–79. doi:
10.1016/j.pneurobio.2013.06.005
Batterink, L., Yokum, S., and Stice, E. (2010). Body mass correlates inversely with
inhibitory control in response to food among adolescent girls: an fMRI study.
Neuroimage 52, 1696–1703. doi: 10.1016/j.neuroimage.2010.05.059
Beck, A. T., Ward, C. H., Mendelson, M., Mock, J., and Erbaugh, J. (1961). An
inventory for measuring depression. Arch. Gen. Psychiatry 4, 561–571. doi:
10.1001/archpsyc.1961.01710120031004
Berridge, K. C., Ho, C.-Y., Richard, J. M., and DiFeliceantonio, A. G. (2010). The
tempted brain eats: pleasure and desire circuits in obesity and eating disorders.
Brain Res. 1350, 43–64. doi: 10.1016/j.brainres.2010.04.003
Bornovalova, M. A., Cashman-Rolls, A., O’Donnell, J. M., Ettinger, K., Richards,
J. B., DeWit, H., et al. (2009). Risk taking differences on a behavioral task as
a function of potential reward/loss magnitude and individual differences in
impulsivity and sensation seeking. Pharmacol. Biochem. Behav. 93, 258–262.
doi: 10.1016/j.pbb.2008.10.023
Braet, C., Claus, L., Verbeken, S., and Van Vlierberghe, L. (2007). Impulsivity
in overweight children. Eur. Child Adolesc. Psychiatry 16, 473–483. doi:
10.1007/s00787-007-0623-2
Brown, S. M., Manuck, S. B., Flory, J. D., and Hariri, A. R. (2006). Neural basis
of individual differences in impulsivity: contributions of corticolimbic circuits
for behavioral arousal and control. Emotion 6, 239–245. doi: 10.1037/15283542.6.2.239
Buckholtz, J. W., Treadway, M. T., Cowan, R. L., Woodward, N. D., Li, R., Ansari,
M. S., et al. (2010). Dopaminergic network differences in human impulsivity.
Science 329:532. doi: 10.1126/science.1185778
Cardinal, R. N., Pennicott, D. R., Lakmali, C., Robbins, T. W., and Everitt, B. J.
(2001). Impulsive choice induced in rats by lesions of the nucleus accumbens
core. Science 292, 2499–2501. doi: 10.1126/science.1060818

Frontiers in Behavioral Neuroscience | www.frontiersin.org

11

November 2016 | Volume 10 | Article 213

Dietrich et al.

Habit Propensity Obesity/Impulsivity

Davis, F. C., Knodt, A. R., Sporns, O., Lahey, B. B., Zald, D. H., Brigidi, B. D.,
et al. (2013). Impulsivity and the modular organization of resting-state neural
networks. Cereb. Cortex 23, 1444–1452. doi: 10.1093/cercor/bhs126
de Weijer, B. A., van de Giessen, E., van Amelsvoort, T. A., Boot, E., Braak, B.,
Janssen, I. M., et al. (2011). Lower striatal dopamine D2/3 receptor availability in
obese compared with non-obese subjects. EJNMMI Res. 1:37. doi: 10.1186/2191219X-1-37
de Wit, S., Corlett, P. R., Aitken, M. R., Dickinson, A., and Fletcher, P. C.
(2009). Differential engagement of the ventromedial prefrontal cortex by goaldirected and habitual behavior toward food pictures in humans. J. Neurosci. 29,
11330–11338. doi: 10.1523/JNEUROSCI.1639-09.2009
de Wit, S., and Dickinson, A. (2009). Associative theories of goal-directed
behaviour: a case for animal-human translational models. Psychol. Res. 73,
463–476. doi: 10.1007/s00426-009-0230-6
de Wit, S., Niry, D., Wariyar, R., Aitken, M. R. F., and Dickinson, A. (2007).
Stimulus-outcome interactions during instrumental discrimination learning
by rats and humans. J. Exp. Psychol. Anim. Behav. Process 33, 1–11. doi:
10.1037/0097-7403.33.1.1
de Wit, S., Standing, H. R., Devito, E. E., Robinson, O. J., Ridderinkhof, K. R.,
Robbins, T. W., et al. (2012a). Reliance on habits at the expense of goaldirected control following dopamine precursor depletion. Psychopharmacology
219, 621–631. doi: 10.1007/s00213-011-2563-2
de Wit, S., van de Vijver, I., and Ridderinkhof, K. R. (2014). Impaired acquisition
of goal-directed action in healthy aging. Cogn. Affect. Behav. Neurosci. 14,
647–658. doi: 10.3758/s13415-014-0288-5
de Wit, S., Watson, P., Harsay, H., Cohen, M., van de Vijver, I., and Ridderinkhof,
K. R. (2012b). Corticostriatal connectivity underlies individual differences in
the balance between habitual and goal-directed action control. J. Neurosci. 32,
12066–12075. doi: 10.1523/JNEUROSCI.1088-12.2012
Delorme, C., Salvador, A., Valabrègue, R., Roze, E., Palminteri, S., Vidailhet, M.,
et al. (2016). Enhanced habit formation in Gilles de la Tourette syndrome. Brain
139, 605–615. doi: 10.1093/brain/awv307
Depue, R. A., and Collons, P. F. (1999). Neurobiology of the structure of
personality: dopamine, facilitation of incentive motivation, and extraversion.
Behav. Brain Sci. 22, 491–569. doi: 10.1017/S0140525X99002046
Dickinson, A. (1985). Actions and habits: the development of behavioural
autonomy. Philos. Trans. R. Soc. B Biol. Sci. 308, 67–78. doi: 10.1098/rstb.
1985.0010
Dimitropoulos, A., Tkach, J., Ho, A., and Kennedy, J. (2012). Greater corticolimbic
activation to high-calorie food cues after eating in obese vs. normal-weight
adults. Appetite 58, 303–312. doi: 10.1016/j.appet.2011.10.014
Dolan, M., Deakin, W. J. F., Roberts, N., and Anderson, I. (2002). Serotonergic
and cognitive impairment in impulsive aggressive personality disordered
offenders: are there implications for treatment? Psychol. Med. 32, 105–117. doi:
10.1017/S0033291701004688
DSM-IV-TR (2000). Diagnostic and Statistical Manual of Mental Disorders, 4th
Edn. Washington, DC: American Psychiatric Association Press.
Eisenstein, S. A., Antenor-Dorsey, J. A. V., Gredysa, D. M., Koller, J. M.,
Bihun, E. C., Ranck, S. A., et al. (2013). A comparison of D2 receptor
specific binding in obese and normal-weight individuals using PET with
(N-[(11)C]methyl)benperidol. Synapse 67, 748–756. doi: 10.1002/syn.
21680
Eppinger, B., Walter, M., Heekeren, H. R., and Li, S. C. (2013). Of goals and habits:
age-related and individual differences in goal-directed decision-making. Front.
Neurosci. 7:253. doi: 10.3389/fnins.2013.00253
Evans, S. M., Haney, M., and Foltin, R. W. (2002). The effects of smoked cocaine
during the follicular and luteal phases of the menstrual cycle in women.
Psychopharmacology (Berl.) 159, 397–406. doi: 10.1007/s00213-001-0944-7
Everitt, B. J., Belin, D., Economidou, D., Pelloux, Y., Dalley, J. W., and Robbins,
T. W. (2008). Review. Neural mechanisms underlying the vulnerability to
develop compulsive drug-seeking habits and addiction. Philos. Trans. R. Soc.
Lond. B Biol. Sci. 363, 3125–3135. doi: 10.1098/rstb.2008.0089
Everitt, B. J., and Robbins, T. W. (2005). Neural systems of reinforcement for drug
addiction: from actions to habits to compulsion. Nat. Neurosci. 8, 1481–1489.
doi: 10.1038/nn1579
Finn, P. R. (2002). Motivation, working memory, and decision making: a cognitivemotivational theory of personality vulnerability to alcoholism. Behav. Cogn.
Neurosci. Rev. 1, 183–205. doi: 10.1177/1534582302001003001

Frontiers in Behavioral Neuroscience | www.frontiersin.org

Forbes, E. E., Brown, S. M., Kimak, M., Ferrell, R. E., Manuck, S. B., and Hariri,
A. R. (2009). Genetic variation in components of dopamine neurotransmission
impacts ventral striatal reactivity associated with impulsivity. Mol. Psychiatry
14, 60–70. doi: 10.1038/sj.mp.4002086
Formann, A. K. (1979). Wiener Matritzen-Test, eds A. K. Formann and K.
Piswanger. Weinheim: Beltz Test Gesellschaft.
Franken, I. H. A., van Strien, J. W., Nijs, I., and Muris, P. (2008). Impulsivity
is associated with behavioral decision-making deficits. Psychiatry Res. 158,
155–163. doi: 10.1016/j.psychres.2007.06.002
Garcia-Garcia, I., Jurado, M. A., Garolera, M., Segura, B., Sala-Llonch, R., MarquesIturria, I., et al. (2013). Alterations of the salience network in obesity: a restingstate fMRI study. Hum. Brain Mapp. 34, 2786–2797. doi: 10.1002/hbm.22104
Gearhardt, A. N., Corbin, W. R., and Brownell, K. D. (2009). Preliminary
validation of the Yale Food Addiction Scale. Appetite 52, 430–436. doi:
10.1016/j.appet.2008.12.003
Gillan, C. M., Morein-Zamir, S., Urcelay, G. P., Sule, A., Voon, V., Apergis-Schoute,
A. M., et al. (2014). Enhanced avoidance habits in obsessive-compulsive
disorder. Biol. Psychiatry 75, 631–638. doi: 10.1016/j.biopsych.2013.02.002
Gillan, C. M., Papmeyer, M., Morein-Zamir, S., Sahakian, B. J., Fineberg, N.,
Robbins, T. W., et al. (2011). Disruption in the balance between goal-directed
behavior and habit learning in obsessive-compulsive disorder. Am. J. Psychiatry
168, 718–726. doi: 10.1176/appi.ajp.2011.10071062
Gjedde, A., Kumakura, Y., Cumming, P., Linnet, J., and Møller, A. (2010). InvertedU-shaped correlation between dopamine receptor availability in striatum
and sensation seeking. Proc. Natl. Acad. Sci. U.S.A. 107, 3870–3875. doi:
10.1073/pnas.0912319107
Gläscher, J., Hampton, A. N., and O’Doherty, J. P. (2009). Determining a role
for ventromedial prefrontal cortex in encoding action-based value signals
during reward-related decision making. Cereb. Cortex 19, 483–495. doi:
10.1093/cercor/bhn098
Golimbet, V. E., Alfimova, M. V., Gritsenko, I. K., and Ebstein, R. P. (2007).
Relationship between dopamine system genes and extraversion and novelty
seeking. Neurosci. Behav. Physiol. 37, 601–606. doi: 10.1007/s11055-007-0058-8
Guerrieri, R., Nederkoorn, C., and Jansen, A. (2008). The effect of an impulsive
personality on overeating and obesity: current state of affairs. Psychol. Top. 17,
265–286.
Gunstad, J., Paul, R. H., Cohen, R. A., Tate, D. F., Spitznagel, M. B., and
Gordon, E. (2007). Elevated body mass index is associated with executive
dysfunction in otherwise healthy adults. Compr. Psychiatry 48, 57–61. doi:
10.1016/j.comppsych.2006.05.001
Guo, J., Simmons, W. K., Herscovitch, P., Martin, A., and Hall, K. D. (2014).
Striatal dopamine D2-like receptor correlation patterns with human obesity
and opportunistic eating behavior. Mol. Psychiatry 19, 1078–1084. doi:
10.1038/mp.2014.102
Hampton, A. N., and O’doherty, J. P. (2007). Decoding the neural substrates of
reward-related decision making with functional MRI. Proc. Natl. Acad. Sci.
U.S.A. 104, 1377–1382. doi: 10.1073/pnas.0606297104
He, Q., Xiao, L., Xue, G., Wong, S., Ames, S. L., Schembre, S. M., et al. (2014).
Poor ability to resist tempting calorie rich food is linked to altered balance
between neural systems involved in urge and self-control. Nutr. J. 13:92. doi:
10.1186/1475-2891-13-92
Hogarth, L., Chase, H. W., and Baess, K. (2012). Impaired goal-directed
behavioural control in human impulsivity. Q. J. Exp. Psychol. (Hove) 65,
305–316. doi: 10.1080/17470218.2010.518242
Horstmann, A., Busse, F. P., Mathar, D., Müller, K., Lepsien, J., Schlögl, H.,
et al. (2011). Obesity-related differences between women and men in
brain structure and goal-directed behavior. Front. Hum. Neurosci. 5:58. doi:
10.3389/fnhum.2011.00058
Horstmann, A., Dietrich, A., Mathar, D., Pössel, M., Villringer, A., and
Neumann, J. (2015a). Slave to habit? Obesity is associated with decreased
behavioural sensitivity to reward devaluation. Appetite 87, 175–183. doi:
10.1016/j.appet.2014.12.212
Horstmann, A., Fenske, W. K., and Hankir, M. K. (2015b). Argument for a nonlinear relationship between severity of human obesity and dopaminergic tone.
Obes. Rev. 16, 821–830. doi: 10.1111/obr.12303
Jentsch, J. D., and Taylor, J. R. (1999). Impulsivity resulting from frontostiatal
dysfunction in drug abuse: implications for the control of reward-related
stimuli. Psychopharmacology (Berl.) 146, 373–390. doi: 10.1007/PL00005483

12

November 2016 | Volume 10 | Article 213

Dietrich et al.

Habit Propensity Obesity/Impulsivity

Kaasinen, V., Någren, K., Hietala, J., Farde, L., and Rinne, J. O. (2001).
Sex differences in extrastriatal dopamine d(2)-like receptors in the
human brain. Am. J. Psychiatry 158, 308–311. doi: 10.1176/appi.ajp.158.
2.308
King, J. A., Tenney, J., Rossi, V., Colamussi, L., and Burdick, S. (2003). Neural
substrates underlying impulsivity. Ann. N. Y. Acad. Sci. 1008, 160–169. doi:
10.1196/annals.1301.017
Kullmann, S., Heni, M., Linder, K., Zipfel, S., Häring, H.-U., Veit, R., et al. (2014).
Resting-state functional connectivity of the human hypothalamus. Hum. Brain
Mapp. 35, 6088–6096. doi: 10.1002/hbm.22607
Lynch, W. J., Roth, M. E., and Carroll, M. E. (2002). Biological basis of sex
differences in drug abuse: preclinical and clinical studies. Psychopharmacology
164, 121–137. doi: 10.1007/s00213-002-1183-2
McClure, S. M., Laibson, D. I., Loewenstein, G., and Cohen, J. D. (2004). Separate
neural systems value immediate and delayed monetary rewards. Science 306,
503–507. doi: 10.1126/science.1100907
Meule, A., and Gearhardt, A. N. (2014). Five years of the Yale Food Addiction
Scale: taking stock and moving forward. Curr. Addict. Rep. 1, 193–205. doi:
10.1007/s40429-014-0021-z
Meule, A., and Kübler, A. (2012). Food cravings in food addiction: the
distinct role of positive reinforcement. Eat. Behav. 13, 252–255. doi:
10.1016/j.eatbeh.2012.02.001
Meule, A., Vögele, C., and Kübler, A. (2012). Deutsche übersetzung und validierung
der Yale Food Addiction Scale. Diagnostica 58, 115–126. doi: 10.1026/00121924/a000047
Mobbs, O., Crépin, C., Thiéry, C., Golay, A., and Van der Linden, M. (2010).
Obesity and the four facets of impulsivity. Patient Educ. Couns. 79, 372–377.
doi: 10.1016/j.pec.2010.03.003
Munafò, M. R., Yalcin, B., Willis-Owen, S. A., and Flint, J. (2008). Association
of the dopamine D4 receptor (DRD4) gene and approach-related personality
traits: meta-analysis and new data. Biol. Psychiatry 63, 197–206. doi:
10.1016/j.biopsych.2007.04.006
Murphy, C. M., Stojek, M. K., and MacKillop, J. (2014). Interrelationships among
impulsive personality traits, food addiction, and Body Mass Index. Appetite 73,
45–50. doi: 10.1016/j.appet.2013.10.008
Nederkoorn, C., Houben, K., Hofmann, W., Roefs, A., and Jansen, A. (2010).
Control yourself or just eat what you like? Weight gain over a year is predicted
by an interactive effect of response inhibition and implicit preference for snack
foods. Health Psychol. 29, 389–393. doi: 10.1037/a0019921
Nederkoorn, C., Smulders, F. T. Y., Havermans, R. C., Roefs, A., and
Jansen, A. (2006). Impulsivity in obese women. Appetite 47, 253–256. doi:
10.1016/j.appet.2006.05.008
Noël, X., Brevers, D., Bechara, A., Hanak, C., Kornreich, C., Verbanck, P.,
et al. (2011). Neurocognitive determinants of novelty and sensation-seeking
in individuals with alcoholismdempster. Alcohol. Alcohol. 46, 407–415. doi:
10.1093/alcalc/agr048
Nummenmaa, L., Hirvonen, J., Hannukainen, J. C., Immonen, H., Lindroos, M. M.,
Salminen, P., et al. (2012). Dorsal striatum and its limbic connectivity mediate
abnormal anticipatory reward processing in obesity. PLoS ONE 7:e31089. doi:
10.1371/journal.pone.0031089
Otto, A. R., Raio, C. M., Chiang, A., Phelps, E. A., and Daw, N. D.
(2013). Working-memory capacity protects model-based learning from stress.
Proc. Natl. Acad. Sci. U.S.A. 110, 20941–20946. doi: 10.1073/pnas.13120
11110
Patton, J. H., Stanford, M. S., and Barratt, E. S. (1995). Factor structure of the
Barratt impulsiveness scale. J. Clin. Psychol 51, 768–774. doi: 10.1002/10974679(199511)51:6<768::AID-JCLP2270510607>3.0.CO;2-1
Pignatti, R., Bertella, L., Albani, G., Mauro, A., Molinari, E., and Semenza, C.
(2006). Decision-making in obesity: a study using the Gambling Task. Eat.
Weight Disord. 11, 126–132. doi: 10.1007/BF03327557
Rasmussen, E. B., Lawyer, S. R., and Reilly, W. (2010). Percent body fat is related
to delay and probability discounting for food in humans. Behav. Processes 83,
23–30. doi: 10.1016/j.beproc.2009.09.001
Redish, A. D., Jensen, S., and Johnson, A. (2008). A unified framework for
addiction: vulnerabilities in the decision process. Behav. Brain Sci. 31,
415–437; discussion437–87. doi: 10.1017/S0140525X0800472X
Reiter, A. M., Heinze, H.-J., Schlagenhauf, F., and Deserno, L. (2016).
Impaired flexible reward-based decision-making in binge eating disorder:

Frontiers in Behavioral Neuroscience | www.frontiersin.org

evidence from computational modeling and functional neuroimaging.
Neuropsychopharmacology doi: 10.1038/npp.2016.95 [Epub ahead of print].
Rollins, B. Y., Dearing, K. K., and Epstein, L. H. (2010). Delay discounting
moderates the effect of food reinforcement on energy intake among
non-obese women. Appetite 55, 420–425. doi: 10.1016/j.appet.2010.
07.014
Romer, D., Betancourt, L., Giannetta, J. M., Brodsky, N. L., Farah, M., and Hurt, H.
(2009). Executive cognitive functions and impulsivity as correlates of risk taking
and problem behavior in preadolescents. Neuropsychologia 47, 2916–2926. doi:
10.1016/j.neuropsychologia.2009.06.019
Rydén, A., Sullivan, M., Torgerson, J. S., Karlsson, J., Lindroos, A.-K., and
Taft, C. (2003). Severe obesity and personality: a comparative controlled study
of personality traits. Int. J. Obes. Relat. Metab. Disord. 27, 1534–1540. doi:
10.1038/sj.ijo.0802460
Schad, D. J., Jünger, E., Sebold, M., Garbusow, M., Bernhardt, N., Javadi, A. H., et al.
(2014). Processing speed enhances model-based over model-free reinforcement
learning in the presence of high working memory functioning. Front. Psychol.
5:1450. doi: 10.3389/fpsyg.2014.01450
Schmidt, R. E., Gay, P., D’Acremont, M., and Van Der Linden, M. (2008).
A German adaptation of the upps impulsive behavior scale: psychometric
properties and factor structure. Swiss J. Psychol. 67, 107–112. doi: 10.1024/14210185.67.2.107
Simmank, J., Murawski, C., Bode, S., and Horstmann, A. (2015). Incidental
rewarding cues influence economic decisions in people with obesity. Front.
Behav. Neurosci. 9:278. doi: 10.3389/fnbeh.2015.00278
Sjoerds, Z., de Wit, S., van den Brink, W., Robbins, T. W., Beekman, A. T., Penninx,
B. W., et al. (2013). Behavioral and neuroimaging evidence for overreliance
on habit learning in alcohol-dependent patients. Transl. Psychiatry 3:e337. doi:
10.1038/tp.2013.107
Snorrason, I., Lee, H. J., de Wit, S., and Woods, D. W. (2016). Are nonclinical
obsessive-compulsive symptoms associated with bias toward habits? Psychiatry
Res. 241, 221–223. doi: 10.1016/j.psychres.2016.04.067
Sofuoglu, M., Dudish-Poulsen, S., Nelson, D., Pentel, P. R., and Hatsukami,
D. K. (1999). Sex and menstrual cycle differences in the subjective effects
from smoked cocaine in humans. Exp. Clin. Psychopharmacol. 7, 274–283. doi:
10.1037/1064-1297.7.3.274
Stoeckel, L. E., Kim, J., Weller, R. E., Cox, J. E., Cook, E. W., and Horwitz, B. (2009).
Effective connectivity of a reward network in obese women. Brain Res. Bull. 79,
388–395. doi: 10.1016/j.brainresbull.2009.05.016
Suhr, J. A., and Tsanadis, J. (2007). Affect and personality correlates of the
Iowa Gambling Task. Pers. Individ. Dif. 43, 27–36. doi: 10.1016/j.paid.2006.
11.004
Tanaka, S. C., Balleine, B. W., and O’Doherty, J. P. (2008). Calculating
consequences: brain systems that encode the causal effects of actions.
J. Neurosci. 28, 6750–6755. doi: 10.1523/JNEUROSCI.1808-08.2008
Tricomi, E., Balleine, B. W., and O’Doherty, J. P. (2009). A specific role for posterior
dorsolateral striatum in human habit learning. Eur. J. Neurosci. 29, 2225–2232.
doi: 10.1111/j.1460-9568.2009.06796.x
Vainik, U., Dagher, A., Dubé, L., and Fellows, L. K. (2013). Neurobehavioural
correlates of body mass index and eating behaviours in adults: a systematic
review. Neurosci. Biobehav. Rev. 37, 279–299. doi: 10.1016/j.neubiorev.2012.
11.008
Valentin, V. V., Dickinson, A., and O’Doherty, J. P. (2007). Determining the
neural substrates of goal-directed learning in the human brain. J. Neurosci. 27,
4019–4026. doi: 10.1523/JNEUROSCI.0564-07.2007
Volkow, N. D., and Fowler, J. S. (2000). Addiction, a disease of compulsion and
drive: involvement of the orbitofrontal cortex. Cereb. Cortex 10, 318–325. doi:
10.1093/cercor/10.3.318
Volkow, N. D., Wang, G.-J., and Baler, R. D. (2011). Reward, dopamine and the
control of food intake: implications for obesity. Trends Cogn. Sci. 15, 37–46.
doi: 10.1016/j.tics.2010.11.001
Volkow, N. D., and Wise, R. A. (2005). How can drug addiction help us understand
obesity? Nat. Neurosci 8, 555–560. doi: 10.1038/nn1452
Voon, V., Derbyshire, K., Rück, C., Irvine, M. A., Worbe, Y., Enander, J., et al.
(2015). Disorders of compulsivity: a common bias towards learning habits. Mol.
Psychiatry 20, 345–352. doi: 10.1038/mp.2014.44
Waltz, J. A., Kasanova, Z., Ross, T. J., Salmeron, B. J., McMahon, R. P., Gold,
J. M., et al. (2013). The roles of reward, default, and executive control

13

November 2016 | Volume 10 | Article 213

Dietrich et al.

Habit Propensity Obesity/Impulsivity

networks in set-shifting impairments in schizophrenia. PLoS ONE 8:e57257.
doi: 10.1371/journal.pone.0057257
Wang, G. J., Volkow, N. D., Logan, J., Pappas, N. R., Wong, C. T., Zhu, W., et al.
(2001). Brain dopamine and obesity. Lancet 357, 354–357. doi: 10.1016/S01406736(00)03643-6
Wechsler, D. (1987). Wechsler Memory Scale - Revised. New York, NY: The
Psychological Corporation.
Wechsler, D. (2006). Wechsler-Intelligenztest für Erwachsene: WIE; Übersetzung
und Adaption der WAIS-III, ed. M. von Aster. Frankfurt: Harcourt Test
Services.
Weller, R. E., Cook, E. W., Avsar, K. B., and Cox, J. E. (2008). Obese women show
greater delay discounting than healthy-weight women. Appetite 51, 563–569.
doi: 10.1016/j.appet.2008.04.010
Whiteside, S. P., and Lynam, D. R. (2001). The five factor model and
impulsivity: using a structural model of personality to understand
impulsivity. Pers. Individ. Dif. 30, 669–689. doi: 10.1016/S0191-8869(00)00
064-7
Worbe, Y., Savulich, G., de Wit, S., Fernandez-Egea, E., and Robbins, T. W.
(2015). Tryptophan depletion promotes habitual over goal-directed control of
appetitive responding in humans. Int. J. Neuropsychopharmacol. 18: yv013. doi:
10.1093/ijnp/pyv013

Frontiers in Behavioral Neuroscience | www.frontiersin.org

Zhang, Z., Manson, K. F., Schiller, D., and Levy, I. (2014). Impaired associative
learning with food rewards in obese women. Curr. Biol. 24, 1731–1736. doi:
10.1016/j.cub.2014.05.075
Zuckerman, M. (1979). Sensation Seeking: Beyond the Optimal Level of Arousal.
Hillsday, NJ: Erlbaum.
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.
The reviewer MP and handling Editor declared their shared affiliation, and the
handling Editor states that the process nevertheless met the standards of a fair and
objective review.
Copyright © 2016 Dietrich, de Wit and Horstmann. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) or licensor are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

14

November 2016 | Volume 10 | Article 213

