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Poor self-regulation (i.e., inability to harness cognitive, emotional, motivational resources to achieve
goals) is hypothesized to contribute to unhealthy behaviors across the lifespan. Enhancing early self-
regulation may increase positive health outcomes. Obesity is a major public health concern with
early-emerging precursors related to self-regulation; it is therefore a good model for understanding self-
regulation and health behavior. Preadolescence is a transition when children increase autonomy in
health behaviors (e.g., eating, exercise habits), many of which involve self-regulation. This paper presents
the scientific rationale for examining self-regulation mechanisms that are hypothesized to relate to
Obesity health behaviors, specifically obesogenic eating, that have not been examined in children. We describe
Eating behavior novel intervention protocols designed to enhance self-regulation skills, specifically executive functioning,
Child emotion regulation, future-oriented thinking, and approach bias. Interventions are delivered via home
Self-regulation visits. Assays of self-regulation and obesogenic eating behaviors using behavioral tasks and self-reports
Health behavior are implemented and evaluated to determine feasibility and psychometrics and to test intervention
Intervention effects. Participants are low-income 9-12 year-old children who have been phenotyped for self-
regulation, stress, eating behavior and adiposity through early childhood. Study goals are to examine
intervention effects on self-regulation and whether change in self-regulation improves obesogenic
eating.
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Childhood obesity is an ongoing public health problem, with
almost 25% of children overweight by age 4 years and 35% by
adolescence in the United States (Ogden, Carroll, Kit, & Flegal,
2014). Once established, childhood obesity is difficult to treat and

Abbreviations: Executive Function (EF), Emotion Regulation (ER); Future
Orientation (FO), Approach Bias (AB); Eating in the Absence of Hunger (EAH),
Ability to Delay Gratification (ATDG); Child Eating Behavior Questionnaire (CEBQ),
Body Mass Index (BMI).

* Corresponding author. University of Michigan School of Public Health,
Department of Health Behavior and Health Education, 1415 Washington Heights,
SPHI, Room 3718, Ann Arbor, MI 48109-2029, United States.

E-mail addresses: alimill@umich.edu (A.L. Miller), agearhar@umich.edu
(AN. Gearhardt), emfred@med.umich.edu (E.M. Fredericks), benkatz@umich.edu
(B. Katz), finkshap@umich.edu (L.F. Shapiro), kelsieho@umich.edu (K. Holden),
nicola@umich.edu (N. Kaciroti), gonzo@umich.edu (R. Gonzalez),
hunterchristine@niddk.nih.gov (C. Hunter), jlumeng@umich.edu (J.C. Lumeng).

https://doi.org/10.1016/j.brat.2017.09.008
0005-7967/© 2017 Elsevier Ltd. All rights reserved.

tracks into adulthood (Freedman et al., 2005; Nader et al., 2006).
The more years one is obese, the greater risk for obesity-associated
comorbidities such as coronary heart disease, type 2 diabetes, or
hypertension (Berenson et al., 1989; Everhart, Pettitt, Bennett, &
Knowler, 1992; Nader et al., 2006). Current prevention and treat-
ment programs focused on diet and physical activity in children
and youth have limited efficacy (Czajkowski, 2016; Summerbell
et al, 2009). One reason for the modest efficacy of these pro-
grams may be the limited attention to basic mechanisms of health
behavior change (Onken, 2015; Onken, Carroll, Shoham, Cuthbert,
& Riddle, 2014), specifically self-regulation processes that may
shape whether the promoted health behaviors are adopted.
Self-regulation occurs at cognitive, emotional, motivational,
biological, and behavioral levels. It influences capacity to control
thoughts, emotions, and actions to achieve a desired outcome (Blair
& Diamond, 2008; Mischel, Shoda, & Rodriguez, 1989). Self-
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regulation develops during childhood and can set the stage for
adult self-regulation (Blair & Diamond, 2008; Kochanska, Coy, &
Murray, 2001; Posner & Rothbart, 2000). Adults’ self-regulation
deficits are linked to poorer health outcomes for conditions
which require long-term behavior management and lifestyle
changes (Bickel & Mueller, 2009; Bickel, Quisenberry, Moody, &
Wilson, 2015; Heatherton & Wagner, 2011).

Here, we use the Science of Behavior Change (SOBC) experi-
mental medicine approach (Riddle & Science of Behavior Change
Working, 2015) to understand processes or mechanisms that in-
fluence change in eating behavior. The SOBC approach includes
identifying and validating intervention targets, testing whether the
target can be engaged through an intervention or experimental
manipulation, and systematically testing whether engagement of
the targets achieves the hypothesized behavior change. In this
study, we focus on testing the engagement of four self-regulation
targets and evaluating whether change in these self-regulations
causes changes in obesogenic eating.

Improving self-regulation early in life may be a novel approach
to obesity prevention; eating behavior provides an excellent
context in which to test a self-regulation behavior change model
(Czajkowski, 2016; Onken, 2015; Onken et al., 2014). We examine
“obesogenic” eating behaviors that are hypothesized to promote
risk for obesity, such as eating in the absence of hunger (Birch,
Fisher, & Davison, 2003), (in)ability to delay gratification (Francis
& Susman, 2009; Seeyave et al., 2009), emotional eating, and un-
healthy diet. Pediatric weight management guidelines recommend
adherence to diet and physical activity goals (Barlow, 2007).
Adhering to such goals requires 1) cognitive capacity to understand
how to achieve them (e.g., monitoring diet); 2) emotion regulation
to engage despite obstacles (e.g., not overeating when stressed); 3)
focus on long-term outcomes (e.g., maintaining healthy weight);
and 4) motivation to approach items consistent with goals (e.g.,
healthy foods) and avoid items inconsistent with goals (e.g., un-
healthy foods). Of note, improving self-regulation in one domain
may not apply to behavior change in another domain, or across
different populations. It is also likely that motivation and effective
approaches to behavior change vary as a function of age, social
setting, and cultural norms. We focus here on children growing up
in poverty, a group at high risk for obesity (Pan, May, Wethington,
Dalenius, & Grummer-Strawn, 2013).

Origins of self-regulation can be detected in childhood (Cole,
Michel, & Teti, 1994; Ryan & Deci, 2000; Wentzel, 1999; Zelazo
et al, 2003) and may shape eating behaviors and obesity risk.
Early-life self-regulation associates with lowered obesity risk in
adolescence (Seeyave et al., 2009) and adulthood (Schlam, Wilson,
Shoda, Mischel, & Ayduk, 2013), suggesting that early-life self-
regulatory capacity may be important for obesity prevention. As-
sociations between self-regulation and obesity during childhood
are inconsistent, however perhaps because most studies use a
delay-of-gratification task (Mischel et al.,, 1989) that combines
multiple self-regulation components like executive functioning and
appetitive drive. Thus, we do not know the specific pathways
through which (poor) self-regulation increases childhood obesity
risk. Furthermore, although few studies have examined stability of
obesogenic eating behaviors from childhood into adulthood, these
eating behaviors in adults have been associated with poorer self-
regulation (Forman & Butryn, 2015; Martin, Davidson, & McCrory,
2017) and obesity (Teixeira et al., 2015). Further understanding of
how improvements in specific self-regulation components, or tar-
gets, reduce obesogenic eating during childhood could aid in
developing novel strategies to prevent obesogenic eating and
obesity risk for adults, as well as children.

The goal of the current study is to identify, engage, and measure
self-regulation targets and map change in these targets to change in

obesogenic eating behaviors in school-aged children. Fig. 1 presents
our conceptual model of self-regulation as a mechanism of health
behavior change with regard to eating and obesity risk. Self-
regulation targets are Executive Function (EF); Emotion Regula-
tion (ER); Future Orientation (FO); and Approach Bias (AB). The
health behavior of interest is obesogenic eating. We view this study
as a model that may be applied to a broader spectrum of health
behaviors that require self-regulation to achieve improved health
outcomes.

1. Self-regulation targets as mechanisms of change

Our self-regulation targets (EF, ER, FO, AB) have been shown to
associate with eating behavior or obesity. These targets can be
assessed in children, with adaptation, and can be changed through
intervention, as evidence suggests. Each target is discussed below
with regard to the evidence linking it to obesity risk; behavioral
interventions to change it; and assessment in children. Goals of this
study, aligned with the SOBC framework, are to develop novel
methods to assess four domains of self-regulation, evaluate their
psychometrics, and test intervention techniques to enhance self-
regulation and reduce obesogenic eating behavior. We also
address the developmental issues that arise when conducting this
work with children.

1.1. Target 1: executive function (EF)

EF is essential for self-regulation. EF broadly includes working
memory, cognitive flexibility, and inhibitory control (Diamond,
2013; Miyake et al., 2000). Deficits in processing speed, working
memory (Li, Dai, Jackson, & Zhang, 2008; Maayan, Hoogendoorn,
Sweat, & Convit, 2011; Schwartz et al., 2013), cognitive flexibility
(Cserjési, Molnar, Luminet, & Lénard, 2007; Lokken, Boeka, Austin,
Gunstad, & Harmon, 2009; Maayan et al., 2011), inhibition and
decision-making (Bartholdy, Dalton, O'Daly, Campbell, & Schmidt,
2016; Maayan et al.,, 2011; Verdejo-Garcia, 2014, pp. 23—35) have
been increasingly identified in association with obesity correlates
(Jansen, Houben, & Roefs, 2015; Liang, Matheson, Kaye, & Boutelle,
2013; Smith, Hay, Campbell, & Trollor, 2011). EF deficits may make
it difficult to remember guidelines and plan ahead. In school-age
children, poorer attention shifting, working memory, and
response inhibition were associated with obesogenic eating
(Groppe & Elsner, 2014, 2015) and unhealthy diet (Riggs, Spruijt-
Metz, Chou, & Pentz, 2011). Further, EF training in obese children
enhanced working memory and increased healthy weight main-
tenance (Verbeken, Braet, Goossens, & van der Oord, 2013). EF
training programs that promote working memory (Chacko et al.,
2014; Cortese et al., 2015; Jaeggi, Buschkuehl, Jonides, & Shah,
2011; Katz, Jaeggi, Buschkuehl, Stegman, & Shah, 2014; Rapport,
Orban, Kofler, & Friedman, 2013; Shinaver, Entwistle, &
Soderqvist, 2014) have been found to be effective with school-
aged children (Jaeggi et al., 2011; Khalili Kermani, Mohammadi,
Yadegari, Haresabadi, & Sadeghi, 2016; Wass, 2014). We use this
approach to enhance EF (see “Self-Regulation Interventions” for
intervention descriptions).

1.2. Target 2: emotion regulation (ER)

ER is another self-regulation process affecting health. Stressed
and depressed individuals experience poorer health through bio-
logical and behavioral pathways (Chen, Langer, Raphaelson, &
Matthews, 2004; Chrousos, 1997; Rozanski, Blumenthal, &
Kaplan, 1999), which can be established early in life (Chen et al.,
2004; G. E.; Miller, Chen, & Parker, 2011; Repetti, Taylor, &
Seeman, 2002). Emotions may affect health and obesity through
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Fig. 1. Conceptual model: Self-regulation as mechanism of behavior change.

multiple pathways. One potential behavioral pathway is through
emotional overeating in response to distress (Levitan & Davis, 2010;
Turton, Chami, & Treasure, 2017) and feelings of depression (Isasi,
Ostrovsky, & Wills, 2013). Consumption of palatable food has
been shown to be biologically calming (Dallman et al., 2003) and
stress-reduction strategies have been proposed as a mechanism to
reduce emotional overeating among adults (O'Reilly, Cook, Spruijt-
Metz, & Black, 2014). Yet, few child obesity prevention/treatment
programs specifically address ER as a mechanism of behavior
change. We use biofeedback activities (McKenna, Gallagher, Forbes,
& Ibeziako, 2014; Moss, 2015, pp. 285—303) to enhance child ER

capacity.
1.3. Target 3: future orientation (FO)

Motivation is important in achieving short-term goals (e.g.,
healthy diet) and longer-term health outcomes (e.g., weight con-
trol) (J. O. Prochaska & Velicer, 1997; Strecher, DeVellis, Becker, &
Rosenstock, 1986).Motivational interviewing is a health behavior
change technique that involves setting personal change goals and
building self-efficacy to achieve them (Rollnick, Miller, & Butler,
2008; Strecher et al., 1986). School-age children are developing
planning and organizational skills that enable conception of longer-
term goals (Anderson, Anderson, & Lajoie, 1996; Krikorian and
Bartok, 1998). Engaging children in future-oriented (FO) thinking,
or the process of visualizing and valuing future events, could
enhance their capacity for motivation and self-efficacy with regard
to health behaviors. It could build their capacity to “mentally
project” and invest in their own future (R. B. Miller & Brickman,
2004; Nurmi, 2005). A recent brief intervention using episodic
future thinking to promote FO reduced food consumption in adult
women (Daniel, Stanton, & Epstein, 2013) and was associated with
reduced delay discounting and reduced energy intake among 9 to
14-year-olds (Daniel, Saids, Stanton, & Epstein, 2015; Lin & Epstein,
2014). Optimistic thoughts about the future were also found to
associate with lower BMI among 9 to 15-year-olds (Kallem et al.,
2013). Some have examined FO in relation to health behavior in
adults (Hall & Fong, 2003; Joireman, Shaffer, Balliet, & Strathman,
2012), but FO has rarely been considered with regard to health
behaviors in children. We developed an intervention to promote FO
using episodic future thinking approaches.

1.4. Target 4: approach bias (AB)

Cues that are repeatedly paired with a given substance (e.g.,
smell of cigarettes) or food (e.g., image of cookie) can become

powerful conditioned stimuli (Berridge, Ho, Richard, &
DiFeliceantonio, 2010). Exposure to such cues can trigger a moti-
vational drive for the item (Robinson & Berridge, 1993). Action
tendencies in response to the cue can reflect tendencies to
approach or avoid the stimulus (Strack & Deutsch, 2004). An
approach bias is associated with greater drive for desired sub-
stances like alcohol (R. W. Wiers et al., 2007) and food (Dickson,
Kavanagh, & MacLeod, 2016). Emerging research suggests that
ABs can be modified through approach-avoidance training tasks,
wherein individuals are trained to push a joystick away to avoid
certain stimuli and to pull it closer to approach other stimuli
(Becker, Jostmann, Wiers, & Holland, 2015; Brockmeyer, Hahn,
Reetz, Schmidt, & Friederich, 2015; Dickson et al., 2016). Chang-
ing AB's in this manner can reduce substance use (Beard, Sawyer, &
Hofmann, 2012; Eberl et al., 2013; Fadardi & Cox, 2009; C. E.; Wiers
et al., 2014) and may also apply to food-specific AB's (Becker et al.,
2015; Brockmeyer et al., 2015; Houben & Jansen, 2015; Kakoschke,
Kemps, & Tiggemann, 2017a; Kopetz, Lejuez, Wiers, & Kruglanski,
2013). Training to reduce AB's in adults was shown to reduce
cravings for and consumption of palatable foods (Kakoschke,
Kemps, & Tiggemann, 2014, Kakoschke, Kemps, & Tiggemann,
2015, Kakoschke, Kemps, & Tiggemann, 2017b; Fishbach & Shah,
2006; Guerrieri, Nederkoorn, Schrooten, Martijn, & Jansen, 2009;
Hardman, Rogers, Etchells, Houstoun, & Munafo, 2013; Houben &
Jansen, 2015; Houben, 2011; Kemps, Tiggemann, Martin, & Elliott,
2013; Lawrence, Verbruggen, Morrison, Adams, & Chambers,
2015; Schumacher, Kemps, & Tiggemann, 2016). Scant research
has been conducted with children. Altering AB's early in develop-
ment could be a powerful tool in shaping later health behavior (Lau,
2013). We created a child-friendly approach-avoidance training
task in order to reduce AB for unhealthy food and increase AB for
healthy food.

The current study examines EF, ER, FO and AB as self-regulation
targets that are hypothesized to relate to obesogenic eating be-
haviors in children. We seek to manipulate these targets through
the interventions described below and additionally assess whether
changing self-regulation targets reduces obesogenic eating
behavior.; Participants and Intervention Setting.

Participants are drawn from an extant cohort of low-income US
children (n = 250; 56% white/non-Hispanic; 49% male) followed
longitudinally since children were 4 years old (Gearhardt, Miller,
Sturza, Epstein, & Lumeng, accepted; Lumeng et al., 2014; A. L.
Miller et al., 2013; A. L. Miller et al., 2015). Low-income children
have higher obesity prevalence (Singh, Siahpush, & Kogan, 2010)
and more chronic health problems (Montgomery, Kiely, & Pappas,
1996) than their middle-income peers. Participants were



74 A.L Miller et al. / Behaviour Research and Therapy 101 (2018) 71-81

phenotyped for biological and behavioral aspects of self-regulation,
including parent-reported and objective measures of eating
behavior, emotion regulation and stress reactivity (Leung et al.,
2014; Lumeng et al,, 2014; A. L.; Miller et al,, 2013) across early
childhood (ages 4—7 years). Here, we focus on middle-to-late
childhood (9—12 years), a developmental period in which chil-
dren assume increased responsibility for their own health
behaviors.

2. Study design

We employ a Multiphase Optimization Strategy Trial (MOST)
design (Collins, Dziak, Kugler, & Trail, 2014) to assess which self-
regulation targets are changed through intervention. MOST uses a
factorial design to identify effectiveness of individual intervention
components. MOST is well-suited to the SOBC goal to assess
mechanisms of change, as it allows us to map each intervention
approach to a specific self-regulation target and to test the impact
of each intervention on each target. Children are randomized to
receive between 0 and 4 of the self-regulation interventions,
resulting in 16 possible conditions. With 10—11 children per con-
dition, the study is powered to detect small-to-medium effect sizes.
The order of intervention delivery is randomized across partici-
pants. Self-regulation targets (proximal outcome) and eating be-
haviors (distal outcome) are assessed for all children at pre- and
post-assessment (see Fig. 2). We will use MOST to assess which
intervention combinations engage self-regulation targets (see
Analysis Plan) and whether other factors (e.g., maternal education;
child weight) predict response to intervention. The current study
will test effectiveness of each intervention to engage each self-
regulation target, whether change in self-regulation targets pre-
dicts change in health behavior (obesogenic eating), and provide
information to enhance tailoring in future interventions.

3. Self-regulation interventions: development and
implementation

Interventions were selected based on prior experimental or
clinical work that showed change in the identified self-regulation
target and were feasible to conduct with children in the field.
While some interventions had been used with children, others had
only been used with adults (e.g., approach-avoidance training). In

such cases, we adapted interventions to be developmentally
appropriate as described below. Each intervention is delivered
during three home visits over a 6-week period where activities are
introduced, reviewed and practiced with a trained bachelor's level
interventionist. Home visits were selected for ease of family
participation. Some interventions also include home practice and
most include a technological component. The child's parent/
guardian is present, but interventions are individually delivered.
Protocols are scripted and manualized to ensure implementation
fidelity. All sessions are videotaped and 20% coded for fidelity.

3.1. Executive function

The EF training program was selected based on prior work with
children that have shown improvements in EF (Jaeggi et al., 2011;
Katz et al., 2014; Loosli, Buschkuehl, Perrig, & Jaeggi, 2012). Chil-
dren are shown pictorial stimuli like fruit or animals on a tablet.
They are asked to indicate whether they have seen that image
before and how many stimuli ‘back’ they have seen it (e.g., 1 image
prior “1-back”, 2 images prior “2-back”). Children learn how to play
the “n-back” game during the first home visit and play up to 10
rounds and receive their score at each visit. The game automatically
increases or decreases in difficulty depending on the child's per-
formance. Since school-aged children benefitted most from such
training when sessions were administered across a few weeks' time
with daily practice (Wang, Zhou, & Shah, 2014), we leave the tablet
with the family after the first home visit. The child is encouraged to
practice in between visits by playing through 10 rounds of the game
each day and trying to beat prior times. The child completes a home
practice log and can earn bigger prizes with more practice.

3.2. Emotion regulation

Our ER intervention uses a combination of biofeedback and
assisted relaxation training techniques that are used clinically to
promote capacity for self-calming (Bell, 2003; Divine, 2006;
McKenna et al., 2015; Moss, 2014, pp. 285—303). It incorporates
computer-mediated biofeedback and home-practice. The child is
shown how to monitor and control heart rate and skin conductance
using breathing techniques in a computer-game context, Journey to
Wild Divine (Bell, 2003; Divine, 2006). A finger sensor displays the
child's heart rate variability data. The child uses this variability to

Children are randomized to receive between 0 -4 of the self-regulation interventions

|
1 1
Pre-test Post-test

Assessment: EF (n-back) ER (biofeedback) FO (epl:sod.lc future || AB (approach- Assessment:

Self- thinking) avoidance) Self-

Regulation Regulation

Targets and \ ] Targets and

Eating I Eating

Behaviors

All children are assessed for all self-regulation targets
and all eating behaviors at pre- and post-test

Behaviors

I Week 1

Weeks 2-5 (intervention participation)

Week 6

Fig. 2. Timeline for intervention participation and pre-post outcome evaluation.
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control the game. While the child wears the sensor, the interven-
tionist prompts the child to complete activities. The interventionist
demonstrates how the child can alter the color of the heart rate
variability status bar with physical movements and breathing (e.g.,
wiggling fingers, slowing down, taking calm breaths), saying “this
colored bar is showing us how calm your body is.” The interven-
tionist helps the child to relax and engage in diaphragmatic
breathing using an image of butterfly wings that move in a rhythm
on the screen, and narrates how the colors change in response to
the child's breathing. Next, the interventionist teaches the child to
use this “power of your body” in a game using breathing techniques
to move balloons across the screen. The interventionist also teaches
the child relaxation exercises to do at home and leaves laminated
instruction cards for home practice.

3.3. Future orientation

Little work has sought to enhance FO in children, but studies in
adolescents (Oyserman & Fryberg, 2006; Oyserman, Brickman, &
Rhodes, 2007) have shown that visualizing and writing de-
scriptions of future events may enhance future-oriented thinking.
Research with adults (Daniel et al., 2013) and pre-adolescents
(Daniel et al., 2015) in weight management programs found that
enhancing episodic future thinking by encouraging concrete
visualization of future events may reduce obesogenic eating. We
drew on developmental literature on episodic future thinking
(Atance & O'Neill, 2005; Nigro, Brandimonte, Cicogna, & Cosenza,
2014; Nurmi, 2005; Trommsdorff, 1983) and studies of FO in older
children (Gott & Lah, 2014; McCabe & Barnett, 2000; Willoughby,
Desrocher, Levine, & Rovet, 2012) to develop an intervention to
promote FO by engaging children in episodic future thinking. The
interventionist asks the child to describe three upcoming events
that are positive in nature, using as many details as possible to
describe the events. The interventionist works with the child to
generate examples, prompting to “use lots of detail to describe it
to me; make me really understand what it would be like to be
there.” Standard prompts (e.g., “describe what's happening”; “who
will you be with?”, “how will you be feeling?”, “what do you
see?”) are used to elicit concrete, descriptive language from the
child. There are no between-visit home-practice activities for this
protocol.

3.4. Approach bias

Based on experimental work with adults (Becker et al., 2015;
Brockmeyer et al., 2015; Dickson et al., 2016), we developed a
novel approach-avoidance bias training task, feasible with chil-
dren as young as 9-years old, that uses images of healthy and
unhealthy foods. The task is presented as a timed game for the
child. First, the child categorizes images of eight common foods
into those that are healthy (e.g., carrots) and unhealthy (e.g., po-
tato chips). This ensures they understand how to sort foods and
almost all sort the foods correctly. If not, the incorrectly sorted
food is described as “this food is good for our body because it has
vitamins that make us grow strong” if healthy, or “this food is not
so good for our body” if unhealthy. Next, the child is instructed to
use a joystick to pull healthy foods forward and push unhealthy
foods away as fast as he/she can. When the food images are pulled
toward the child, the image grows larger to fill the screen; when
pushed away, the image disappears into the horizon. At each visit,
the child plays the game twice through with the examiner and
tries to beat the prior round(s); 40 foods are sorted each time.
There are no between-visit home-practice activities for this
protocol.

4. Outcome assessments

We use a multi-method approach to assess self-regulation tar-
gets and eating behaviors. We code all interview and observational
data, training coders to reliability (Cohen's Kappa>0.70 or
ICC>0.80) and conducting periodic checks to protect against “coder
drift”. We administer parent and child questionnaires orally to
reduce literacy concerns. Visits are conducted at community sites.
For each child, self-regulation and eating behaviors are assessed in
a standard order at pre- and post-intervention (6 weeks later) by
trained bachelors-level examiners who are different from the in-
terventionists and blinded to child intervention condition.

4.1. Self-regulation targets

We hypothesize that children in the self-regulation intervention
focused on a given target will show better self-regulation outcomes
in that domain (e.g., higher EF scores among children who complete
n-back training; better observed ER and more ER strategy use
among children who complete biofeedback training; more FO-
thinking among children who complete the episodic future
thinking task; reduced AB for unhealthy foods among children who
complete the approach-avoidance training task) than children who
did not receive that intervention. Per the SOBC approach, if evi-
dence emerges that these interventions affect the self-regulation
target, they may be used as novel intervention strategies to
enhance that domain of self-regulation.

4.1.1. Executive functioning

As there is some evidence for transfer effects of working
memory training (Cortese et al., 2015; Jaeggi et al., 2011; Loosli
et al., 2012), we assess multiple EF outcomes (working memory;
inhibitory control). Working memory is assessed using a stan-
dardized digit span task (Wechsler, 2003). Children recite digits
they have just heard in progressively longer sequences; the longest
span repeated correctly indexes working memory. Inhibitory con-
trol is measured using a go/no-go “Zoo” task (Grammer, Carrasco,
Gehring, & Morrison, 2014). The child is taught to play a
computer-based game wherein the goal is to help a zookeeper find
animals that are loose in the zoo. The child is instructed to press a
key to respond as fast as possible when he/she sees the “go”
stimulus (orangutan who is “helping” the zookeeper retrieve the
escaped animals, presented for 300 ms) but not when he/she sees
the no-go stimulus (any other animal). The task requires children to
inhibit the response to “go” when they see the “helper” animal,
indexing inhibitory control. Scores are based on accuracy and re-
action time. Faster, more accurate responses indicate better EF
(Akshoomoff et al., 2013; Grammer et al., 2014).

Parents report on child EF using the Metacognition subscale of
the Behavior Rating Inventory of Executive Function (Gioia, Isquith,
Retzlaff, & Espy, 2002), which is normed for ages 5—18 years.
Higher scores indicate better EF (e.g., planning and organizing,
attention shifting, working memory).

4.1.2. Emotion regulation

Children complete a standard task designed to be frustrating:
removing a toy from a lockbox using the wrong key (Berger, Miller,
Seifer, Cares, & LeBourgeois, 2012; Goldsmith, Reilly, Lemery,
Longley, & Prescott, 2001; Lengua, 2008; A. L.; Miller, Seifer,
Crossin, & LeBourgeois, 2014). The task is videotaped for observa-
tional coding of frustration indicators such as negative affect (e.g.,
frown, cry) or behaviors (e.g., loud sigh, set keys down roughly)
based on prior work (Berger et al., 2012; A. L.; Miller, Gouley, Seifer,
Dickstein, & Shields, 2004; A. L.; Miller et al., 2014). More negative
displays indicate poorer ER.
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Children complete individual interviews to assess ER strategy
use and emotion dysregulation. The SIDES Affect dysregulation
scale (Brown et al, 2012) assesses how much emotions are
disruptive (e.g., “small problems got me very upset”); higher scores
indicate poorer ER. Children report on ER strategies using the
Children's Emotion Management Scales (Zeman, Shipman, &
Penza-Clyve, 2001) (e.g., “when I am feeling mad, I can stop
myself from losing my temper”). Higher scores indicate more
effective ER strategies.

Parents report on children's coping with stress using the NIH
Toolbox Perceived Stress scale normed for ages 8—12 years (Kupst
et al.,, 2015; Salsman et al., 2013). They also report on child posi-
tive and negative mood using the Positive and Negative Affect
Schedule for children (Ebesutani, Okamura, Higa-McMillan, &
Chorpita, 2011) which presents positively- and negatively-valenced
words and has respondents indicate which best describe how the
child generally feels (e.g., upset, scared vs. interested, excited).
Responses are summed to generate positive and negative affect
scores, with more positive scores indicating better ER.

4.1.3. Future orientation

As there are few extant measures of FO, we developed our
assessment of FO based on a semi-structured interview and two
adapted questionnaires. The interview draws on FO research with
low-income children (McCabe & Barnett, 2000) and autobio-
graphical memory studies of adolescents (Addis, Wong, & Schacter,
2008; Bohn & Berntsen, 2013; Bromberg, Wiehler, & Peters, 2015)
and children (Gott & Lah, 2014; Willoughby et al., 2012). The
interviewer asks the child to think of three different events that
could happen over the next few days, next week, and next few
months, and to describe each event. The interview is audiotaped
and later coded using an adaptation of prior coding systems
assessing episodic future thinking (Addis et al., 2008; Bromberg
et al, 2015). Indicators of FO include use of rich, descriptive
detail, vivid imagery, mental state and future-oriented language
(e.g., “we will ...”) (Bohn & Berntsen, 2013; Bromberg et al., 2015).

The NIH Toolbox Self-Efficacy questionnaire, validated for 8-12
year-old children (Kupst et al., 2015), assesses belief in one's ca-
pacity to manage and have control over meaningful events (e.g., “I
can manage to solve difficult problems if I try hard enough”). The
Future Time Perspective subscale from the Zimbardo Time
Perspective Questionnaire (Zimbardo & Boyd, 2015, pp. 17—55)
assesses how much individuals value future compared to present
events and engage in behaviors that prioritize long-term gains (e.g.,
starting work ahead of time). We adapted certain questions from
the adult version based on prior work with youth (e.g., changing “it
upsets me to be late for appointments” to “it upsets me to be late for
school”) to reflect more child-appropriate language and contexts
(Barnett et al., 2013; Wills, Sandy, & Yaeger, 2001). Children indi-
cate how much items reflect their views (e.g., “I can manage to
solve difficult problems if I try hard enough”). Higher scores indi-
cate greater FO.

4.1.4. Approach bias

Because AB's are related to greater motivation to seek out the
substance, we use a relative reinforcing value (RRV) task from prior
research (Gearhardt et al., accepted) to assess how hard the child is
willing to work to gain access to a desired food (Epstein, Leddy,
Temple, & Faith, 2007; Raynor & Epstein, 2003). The child is
shown how to play a computer game and told that he/she may play
the game to win candy. The screen displays boxes containing
different shapes; each time a key is pressed the shapes rotate.
When all shapes match, the child receives a point. For every five
points, the child is given a ticket to redeem for candy. The rein-
forcement schedule begins at 10 presses to earn one point and

doubles each time a ticket is earned (Progressive Ratio (PR) 20, PR
40, PR 80, PR 160, PR 320, PR 640, PR 1280, PR 2560, PR 5120, PR
10240). The highest reinforcement schedule the child completes to
earn candy indicates his/her motivation to work for palatable food.

As AB's are thought to be implicit, we assess children's implicit
bias for food with a single-category implicit association task that
we developed based on prior methods to assess attitudes about
chocolate and candy in adults (Hofmann, Rauch, & Gawronski,
2007; Houben & Jansen, 2015; Kemps et al., 2013). The task as-
sesses implicit associations between images of chocolate (all im-
ages are chocolate per prior work) and “stopping” versus “going”.
Children are first shown how to press different buttons when they
see a “stop” (e.g., hand signaling stop) versus a “go” signal (e.g.,
walk sign; 16 trials). In block 2 (48 trials) children sort the “stop” or
“go” signals by pressing one of the buttons when one of the signals
is paired with an image of chocolate (e.g., “go + chocolate”), and the
other button for the other (unpaired) signal (“stop”). In block 3 (48
trials), the pattern is reversed; children sort the “stop” or “go”
signals based on the alternate signal-chocolate pairing (e.g.,
“stop + chocolate” vs. “go”). Following others (Houben & Jansen,
2015), order is counterbalanced such that half of the children first
sort chocolate with “stop”, and then with “go” signals; and the
other half respond to “go” signals with their left hand and “stop”
with their right hand. Scores are calculated using the D600 scoring
protocol (Greenwald, Nosek, & Banaji, 2003); higher values indicate
a stronger implicit association between chocolate and “go” (AB for
chocolate), compared to chocolate and “stop”.

Children also complete the Power of Food Scale (Cappelleri et al.,
2009; Lowe et al., 2009) to assess sensitivity to food cues in the
environment (e.g. “I think about food even when I'm not truly
hungry”) and the ability of these cues to increase desire for food
(e.g., “If I see or smell a food I like, I get a very strong desire to have
some”). Higher scores reflect greater AB for tempting foods.

4.2. Obesogenic eating behaviors

Keeping with the SOBC approach, we hypothesize that better
self-regulation (the proximal intervention target) will reduce obe-
sogenic eating (the distal outcome). We index obesogenic eating
through direct assessment, parent- and child-report.

Eating in the Absence of Hunger (EAH) (eating in response to
external cues, vs. hunger) has been found to predict excessive
weight gain and obesity (Birch et al., 2003). We use methods from
prior work (Gearhardt et al., accepted). Children and their families
are served a standardized meal: 12-inch deli meat sandwich, baked
potato chips, apple sauce, fruit cups, condiments, water. When the
child indicates he/she is finished, the researcher invites the child,
without the parent, to a separate room. The researcher presents
generous, pre-weighed portions of sweet foods, instructs the child
that he/she can have as much dessert as he/she would like for
5 min, but cannot take the food home, and goes into the other room
(5 min). Foods are weighed before and after the protocol and total
energy intake (kcal) is calculated to generate an EAH score, repre-
senting propensity to eat in the absence of hunger.

Delay of gratification requires balancing the desire to have
something now with having more of it later; poorer ability to delay
gratification (ATDG) is associated with obesity risk (Appelhans
et al., 2011; Epstein, Salvy, Carr, Dearing, & Bickel, 2010; Francis &
Susman, 2009). Our ATDG task (Gearhardt et al., accepted) in-
volves waiting for food and money (in counterbalanced order),
comparable to adult delay discounting tasks (Bickel & Mueller,
2009; Epstein et al., 2010). The child chooses a preferred candy
(15-g packet of M&M's® or 15-g packet of Skittles®) and is then
shown two piles of candy or money: one with a large quantity (two
packets/$1.00) and the other with a small quantity (one packet/
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$0.50). The child is told that he/she will be allowed to eat the large
quantity (or have $1.00) if he/she waits until the examiner returns
(up to five trials for both candy and money). The amount of candy
or money added is the same absolute value, but the difference
between the smaller and larger amounts becomes progressively
smaller as the time the child waits increases (up to 15 min). The
number of trials (zero to five) the child passes is used to indicate
ATDG for food (versus money).

Children complete the Dutch Eating Behavior Questionnaire for
Children (Carper, Orlet Fisher, & Birch, 2000) which generates three
subscales associated with obesity/overweight: dietary restraint/
cognitive control of eating; emotional disinhibition of eating; and
external disinhibition (eating in response to external cues). Chil-
dren also complete a questionnaire (Koffarnus & Bickel, 2014) on
which they are asked whether they would like to have a smaller
amount of a desired food sooner versus a larger amount later.
Children respond to nine questions and their discounting rate
(point at which their preference for immediate vs. future reward
switches) is calculated. Finally, healthy diet attitudes and prefer-
ences are measured using a questionnaire that assesses how much
the child wants to consume fruits and vegetables (De
Bourdeaudhuij et al., 2005).

Parents complete the Children's Eating Behavior Questionnaire
(Wardle, Guthrie, Sanderson, & Rapoport, 2001) a validated, reli-
able, and frequently used questionnaire that generates eating
behavior subscales associated with obesity/overweight (Food
Responsiveness, Enjoyment of Food, Emotional Overeating)
(Carnell, Haworth, Plomin, & Wardle, 2008; Domoff, Miller,
Kaciroti, & Lumeng, 2015). Parents report on their child's diet
(servings/day of sugar-sweetened beverages, high-fat foods, des-
serts, fruit, vegetables), physical activity and media use in the past
seven days and “typical week” (Carlson, Crespo, Sallis, Patterson, &
Elder, 2012; Joe, Carlson, & Sallis, 2012). They also report on the
number of restaurant or fast food meals, meals in front of the TV,
breakfasts, and family dinners.

4.3. Covariates

The study cohort is well characterized regarding perinatal his-
tory, demographics (sex, race/ethnicity, maternal education), food
insecurity (Kendall, Olson, & Frongillo, 1995) and household chaos
(Matheny, Wachs, Ludwig, & Phillips, 1995). Mothers report on
their own eating behaviors (Strien, Frijters, Bergers, & Defares,
1986)) impulsivity (Patton & Stanford, 1995) depression symp-
toms (Radloff, 1977), perceived stress (Cohen, Kamarck, &
Mermelstein, 1994), and adverse childhood experiences (Dube
et al., 2001). Mothers complete the Child Behavior Questionnaire
short form (Rothbart, Ahadi, Hershey, & Fisher, 2001) to assess child
temperament and report on child pubertal status (NICHD, 2010),
child sleep (Owens, Spirito, & McGuinn, 2000), and whether there
are electronics/TV in the child's bedroom. Children self-report on
their sleep (Meltzer et al., 2013), media use, physical activity (J. J.
Prochaska, Sallis, & Long, 2001) and pubertal status (NICHD, 2010).
Children and mothers are weighed using a Detecto Portable Scale
Model #DR550C and measured using a Seca 214 portable stadi-
ometer. Mother and child BMIs are calculated and child BMI z-score
derived using age- and sex-specific CDC norms (Kuczmarski et al.,
2000).

5. Analysis plan

Our analysis plan includes three steps. First, we will examine
psychometrics (i.e., adequate range; Cronbach's alpha >0.70) and
examine factor structure of the self-regulation and eating behavior
variables using exploratory factor analysis (EFA). We will examine

whether meaningful factors emerge and whether they differ across
child groups, e.g., by race/ethnicity. We will also generate a
weighted index based on factor loadings.

Second, we will test for change in self-regulation targets. The
factorial design used in the MOST approach allows testing of the
effect of each specific intervention as well as interactions between
interventions using effect coding (Kugler, Trail, Dziak, & Collins,
2012). Effects of the four individual interventions will be exam-
ined as a factorial experiment by crossing of the four interventions
(EF; ER; FO; AB) by two levels (present vs. not). A self-regulation
target will be considered “engaged” if participation is associated
with change in that target (small-to-moderate effect size or sta-
tistically significant change in the hypothesized direction). We will
test on an intent-to-treat basis using linear mixed models whether
each factor has a significant effect on each self-regulation target
from pre-to post-intervention. Statistically these effects will be
modeled as component by time interactions, with the post-
intervention outcome as the primary endpoint. MOST designs
also allow for testing whether participant characteristics modify
intervention effects so that interventions can be tailored for
maximum effectiveness (Collins et al., 2014). We will use a
modified version of this decision making approach (Pellegrini,
Hoffman, Collins, & Spring 2014) to examine interactions with
child characteristics (e.g., age, weight status, race/ethnicity) to
determine whether interventions are equally effective across
groups.

Third, we will assess whether change in self-regulation is in turn
associated with change in eating behavior. We will examine
bivariate associations of self-regulation and eating behavior vari-
ables, and employ multivariate analysis using a general linear
modeling approach to assess associations among key variables
using the appropriate models based on the distribution of the data
(i.e., normal, categorical data, count data, reaction time data). We
will include covariates as warranted. We will also conduct an
intent-to-treat analysis to examine impact of the self-regulation
interventions on eating behavior outcomes.

6. Limitations and conclusion

In the current study we seek to assess whether the self-
regulation assays that were adapted for use based on prior work
and that were newly developed for the current study are psy-
chometrically valid with this population of low-income children,
to determine whether the self-regulation interventions prompt
change in these constructs, and test whether change in these
constructs alters obesogenic eating behavior. Following the SOBC
approach, we hypothesize that if an intervention does not alter
proximal behaviors (e.g., self-regulation), it is unlikely that distal
outcomes (e.g., obesogenic eating) will be affected via these
mechanisms. Yet, it is also possible that distal outcomes may be
affected due to unmeasured mechanisms that change in response
to intervention, or that our measures do not adequately capture
self-regulation change. Interventions may also have differential
effectiveness due to dosage (e.g., home practice vs. not). These
hypotheses could be tested in future work, and self-regulation
assays that are found to be psychometrically valid and associ-
ated with change may be tested in other settings with children
(e.g., pediatric clinics; school settings). Ultimately, interventions
that integrate multiple elements of self-regulation enhancement
may be most effective in reducing health risk behaviors and pro-
moting positive health behaviors. Overall, findings may not only
inform obesity prevention efforts, but have broader implications
for the science of behavior change by articulating how early self-
regulation may function as a broad mechanism of health
behavior change.
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