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ABSTRACT
Childhood obesity has become an increasing concern in the United States. Currently,
33% of children are overweight, and over 17% are obese. A significant contributor to this
childhood obesity epidemic is the current obesogenic food environment of the United States.
This environment promotes the increased intake of high-energy dense foods through the
promotion of large portion sizes of food products, access and availability of energy dense foods,
and influential media messages such as food marketing. Studies have shown exposure to food
marketing, such as food brands and food commercials, can increase food intake in children.
Furthermore, several studies have shown that food brands and food commercials impact critical
regions of the brain related to control, rewards, and appetite. However, it is unclear if these brain
responses correlate with eating behaviors. Therefore, the primary aim of this dissertation is to
evaluate whether brain response to food branding and food commercials relate to actual food
intake in a laboratory setting. Study 1 of this thesis was designed to assess the effects of food
branding on the brain and food intake. We found that food-brand associated activity in inferior
frontal gyrus, a region associated with cognitive control, was positively associated with
children’s consumption from branded test-meals. Study 2 was designed to assess whether
priming with food commercial would affect food intake during a multi-item meal. Furthermore,
we evaluated the effects of food commercials on brain response to images of food. We found that
food commercials impact regions of the brain related to reward, control, emotion, and attention,
and variations in these responses could explain why some children are more vulnerable to
advertising content than others. It also provided preliminary evidence that brain response to food
commercial priming was related to children’s laboratory food consumption. The results of these
two studies suggest that food marketing techniques impact brain regions implicated in the
processing of food cues and eating behavior. Furthermore, brain responses to these marketing
techniques correlate to actual food intake. Therefore, reducing exposure of children to food
marketing techniques, whether through public policy or parental intervention, may be essential to
improve children’s food behavior particularly in relation to high-energy dense foods.
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Chapter 1: General Introduction
Food Marketing, and Childhood Obesity
Childhood obesity has become an increasing concern in the United States. Currently,
33% of children are overweight, and over 17% are obese [1]. This obesity epidemic is a public
health concern as children with obesity often present with co-morbidities. These co-morbidities
impact the child’s overall quality of life [2] and lead to increases in total healthcare costs over
the child’s lifetime [3]. Children in the United States currently live in an environment described
as “obesogenic” [4]. The obesogenic environment has been defined as “the sum of influences
that the surroundings, opportunities, or conditions of life have on promoting obesity in
individuals or populations” [5]. In general terms, this refers to an environment that promotes
increased intake of high-energy dense foods [6] and reduced amounts of physical activity [7]. It
can specifically refer to aspects of the environment such as barriers to exercise, promotion of
sedentary time [8], large portion sizes of food products [8], access and availability of energy
dense foods[9], and other social conditions such as media messages [9].
Mass media has been described as one of the most critical factors influencing the
sociocultural aspects of both eating behavior and physical activity [10-12]. Media can shape,
reflect, and reinforce societal attitudes surrounding common cultural topics, such as food [13,
14]. Food marketing campaigns are targeted and pervasive and are designed to influence and
change attitudes, emotions, and societal norms around food [15, 16]. The goal these marketing
campaigns is to increase purchases of the marketed products and have been shown to be one of
the most influential ways to change child preferences and intake of food [17]. In fact, food
advertising aimed at children has explicitly been implicated as a significant contributor to the
obesity epidemic [18].
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Food marketing has been implicated explicitly as a contributor to the rise in childhood
obesity through a variety of mechanisms, but primarily as a promoter of unhealthy food intake
[8]. Food marketers use a variety of channels to advertise their products including internet,
mobile phone messaging, magazines, comics, and television commercials [19]. However, TV
advertising is consistently the most popular promotional channel used by food marketers [19,
20]. The majority of child-targeted food advertisements focus on establishing brand loyalty early
in life [21, 22]. The early establishment of loyalty leads to greater product purchases over the
lifetime of the individual leading to increased revenue for the companies [23]. Therefore, the
reciprocal relationship between food advertising and food branding is vital to the success of
products in the marketplace.
Recent reports show that food companies spend over $7.4 billion a year to increase
purchase and consumption of four major product categories including cereals, snack foods,
beverages, and fast foods [24-28]. These branded food products are aggressively promoted on
television with 98% of them being high in fat and sugar and low in nutrients [17, 29-32]. Intake
of these high-energy, nutrient-poor foods is considered a major contributing factor to weight
gain. Therefore, understanding if food marketing techniques have an impact on food choice and
energy intake in children is of paramount importance.
Framework for the Effects of Food Marketing on Food Intake
Schachter’s externality theory provides an initial rationale for understanding the effects
of food marketing on food intake [33-36]. This theory was the first to suggest that some
individuals may be more reactive to food cues encountered in the environment and less sensitive
to internal hunger and satiety cues. The theory postulates that over-responsiveness to food cues,
including their sight, smell, taste, leads to overeating and ultimately excessive weight gain [36].
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An early experiment in favor of this theory showed that the amount of food visible to participants
affected their intake even though the amount of food available to them remained constant [37]. It
was observed that those with obesity had significantly higher food intake compared to healthy
weight counterparts when all available food for the meal was visible. However, if the food was
placed out of sight, those with obesity ate less than the healthy weight participants [37]. The
author of this study concluded that the sight of food is a potent environmental cue that leads to
consumption in both lean and obese individuals. However, the results of this study also showed
that some individuals are more sensitive to these external food cues while others may be more
dependent on internal signaling [37].
A new theoretical framework rooted in Schacter’s externality theory has been proposed to
model the relationship between food marketing and food intake known as The Reactivity to
Embedded Food Cues in Advertising Model (REFCAM) [38] (see figure 1.1) [38]. This model
suggests that food cues presented within advertisements cause psychological and physiological
responses within an individual. The individual differences in child susceptibility to these
environmental cues is thought to influence subsequent food consumption. Within this model,
food cues are defined as any visual, auditory, or mental signal that prompts a behavioral response
towards eating [38]. More specifically, the model proposes that exposure to food cues within the
context of food advertising can lead to increased intake of highly palatable foods. As palatable
foods are considered natural behavioral reinforces [39, 40] the increased intake of these foods
can lead to sensitization to the food cues found in food advertisements. This cycle of food cue
exposure and increased sensitization to food cues is thought to ultimately lead to weight gain
over time [41, 42]. The REFCAM model provides a basis for understanding observed individual
variation in food intake following food advertising exposure.
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Figure 1.1. The Reactivity to Embedded Food Cues in Advertising Model (REFCAM). This
model assumes a two-step process. 1) Food cues induce physiological and psychological
reactivity to food (advertising effect process). 2) Leads to a reciprocal relationship with eating
behavior (incentive-sensitization process). Furthermore, message factors, such as the level of
integration of food cues, influence this effect, because the message and its media context
influence the level of elaboration. Finally, individual dispositional factors determine
susceptibility to food cues in advertisements. Reference [38]: Reprinted from Current Opinion in
Behavioral Sciences, Vol 9, Folkvord, F., Anschutz, D.J., Boyland, E., Kelly, B., Buijzen, M.,
Food advertising and eating behavior in children, p. 6, Copyright (2016), with permission from
Elsevier.
This model draws heavily from a media exposure model known as the Differential
Susceptibility to Media Effects Model (DSMM) [43]. The DSMM provides a framework for
understanding individual susceptibility to various forms of media. This model suggests that a
person may be more or less susceptible to media techniques due to varying levels of cognitive,
emotional, and social development [43]. Furthermore, the model suggests that the influence of
media and marketing is most potent during childhood [43]. Food marketers seem to be keenly
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aware of this fact as 63% of advertising during children’s programming is for food products
compared to 18% during adult prime-time television [19].
While the REFCAM model provides a robust theoretical framework for understanding
how food marketing contributes to childhood obesity it remains relatively untested. While there
is some evidence that individual susceptibility to food marketing is related to weight gain [41,
44, 45] the principal hypothesis of this model relates to increased food intake. Behavioral data
suggest that variability in intake may be due to individual susceptibility to marketing techniques
[31, 46, 47]. Similarly, some recent brain imaging data also suggest that there is variability in
response to food marketing techniques [48, 49]. However, these two factors, food intake, and
brain response, about food marketing cues have not been tested concurrently within the same
population.
In summary, billions of dollars are spent each year to promote products and establish
brand loyalty in children. Food marketing campaigns rely on powerful external stimuli to
influence consumer behavior and product purchase. Some individuals may be particularly
vulnerable to these external cues and therefore may increase consumption of food products to a
greater extent under similar environmental conditions. The REFCAM model provides a basis for
understanding how these external cues can influence eating behavior. While some research has
been done evaluating the effects of food marketing on eating behavior more detailed studies are
needed to understand the physiological, psychological, and individual factors that influence this
response.
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Effects of Food Marketing on Children’s Eating Behavior
One of the major goals of marketing campaigns is to establish brand loyalty within a
consumer base. Brands serve as a symbol of product quality and help consumers to simplify
choices by reducing risk and engendering trust [50, 51]. Brands play a crucial role in marketing
strategies and can often significantly influence the effectiveness of such efforts [50]. Brand
loyalty involves developing a unique, emotional attachment to a company through the use of
names, symbols, logos, characters, and slogans in attempts to increase purchases of products
over the consumer’s lifetime [21]. Companies specifically target children in attempts to establish
brand loyalty early in life to maximize revenue from purchases over the lifespan [22]. Children
as young as three years old have been shown to be influenced by branding. A study conducted by
Robinson et al. found that 3-5-year-old children preferred food branded with the McDonald's®
logo compared to plain packaging even though the foods were identical [52].
Food branding has not only been shown to shift preference for products but has also been
shown to affect consumption of advertised products [31, 47, 53, 54]. Additionally, the intake
promoting effects of food brands may be particularly impactful on specific individuals within the
general population. For example, Keller and colleagues found that 7-9-year-old girls but not boys
increased food intake when their meals were presented in fast food branded containers [55]. The
same researchers also observed increased food intake in 4-6-year-old children with overweight
when they were served food in branded containers but not in healthy weight children [46]. While
these results are suggestive of individual susceptibility to the intake promoting effects of food
marketing, it is unclear what the underlying mechanisms may be.
To engender brand loyalty companies heavily rely on television marketing campaigns
[21, 22]. On average, children see more than 15 food commercials per day [56]. A recent
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evaluation of television food commercial content reported that 98% of the advertised foods are
high in sugar, fat, and sodium [32]. Furthermore, food commercials often contain powerful food
consumption cues including images of peers eating and snacking, associations between positive
emotions and energy dense snacks, and salient images of energy dense nutrient poor foods [57].
Similar to food brands, food commercials have been shown to alter product choices in children.
For example, Borzekowski and colleagues found that a brief 30-second exposure to televised
food ads was able to shift food preference from a desired food to the advertised foods in 2-6year-old children [58].
Food commercials have also been shown to impact long-term goal-oriented purchasing
behaviors [59, 60]. While children have limited resources to make purchases themselves, they
are often able to influence parental purchases of products [61]. One way to quantify this is by
measuring purchase influence attempts by children. Purchase influence attempts are any
prompting by the child intended to influence the parent to purchase a specific product.
Colloquially this form of child influence has been termed “pester power” [60, 62]. Brodi and
colleagues demonstrated that children’s pester power can affect food purchases. They conducted
a randomized control trial in which children were exposed to either food or toy ads while
watching a cartoon. They were then sent to shop with their parents. Children who viewed the
food advertisements made twice as many purchase influence attempts compared to the children
who had not watched advertisements [63]. Pester power has been shown to increase requests for
both specifically advertised food brands [64-66] as well as general products within the category
of foods advertised [65, 67, 68]. The ability for children to influence parental purchases provides
further rationale for why marketing companies work to solidify brand loyalty early by inundating
children with food advertisements.
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Crucially, there is growing evidence of individual differences in responsiveness to food
marketing techniques. For example, in two recent studies, overweight children recognized more
food brands than their healthy weight counterparts in a brand awareness test [31, 47].
Furthermore, children with obesity have shown distinct brain response to food brands compared
to healthy weight children [69]. Identifying individuals who have increased vulnerability to the
effects of branding and advertising may assist researchers in phenotyping children who are at
risk for obesity [46].
One of the primary goals of food commercials is to reinforce the company’s food brands.
Therefore, it has been suggested that these two marketing techniques (branding and
commercials) promote food intake in very similar ways [70]. Furthermore, there is a growing
body of work indicating that even acute exposure to food commercials can significantly increase
intake [71]. Work has been done evaluating the impact of food commercials on eating behavior
in both adults [72-79] and children [80-93]. However, the food intake promoting effects of the
commercials is primarily observed in children. A recent meta-analysis by Boyland et al. used
data from 18 of these studies to estimate the effect size of food commercials on food intake in
children. They found that overall there is a moderate effect of food commercials on child snack
food intake [71]. Similar to the branding literature, some studies suggest that various
demographic attributes are related to higher levels of vulnerability to the intake promoting
effects of food commercials. Some of these attributes include sex [80, 92], weight status [89],
and levels of neophobia [83]. For example, one study showed that following exposure to food
advertisements, compared to toy advertisements, children with obesity increased food intake to a
greater extent than healthy weight counterparts [89]. Another showed that those with low levels
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of neophobia increased intake following food commercials whereas those with high levels were
unaffected [83].
It is important to note that all current studies evaluating the effects of food commercial
exposure on food intake have measured the consumption of snack foods while children watch
television [71]. It is currently unclear if these effects carry over into broader eating events, such
as meals. Furthermore, children with specific demographic characteristics, such as those with
obesity, appear to be more susceptible to these marketing effects. Therefore, it is particularly
important to understand the underlying brain mechanisms particularly in those that may be more
vulnerable to these forms of marketing. Characterization of these brain mechanisms may lead to
early identification of those who are vulnerable. For example, it may be possible to identify
children who respond and behave similarly to those with obesity but who have not yet gained
enough weight to be classified with overweight or obesity. This early identification of brain
response to food cues could also clarify conflicting results often observed in behavioral studies
by separating children who respond as though they are obese from the common healthy weight
grouping. Furthermore, these characterizations of the brain mechanisms may allow for tailored
behavioral treatment. For example, it may be possible to use real-time neurofeedback training to
improve brain response to food stimuli [94]. Finally, brain regions identified by fMRI paradigms
may be used as possible targets for pharmacotherapy [95]. Therefore, a proposed framework to
assess these brain mechanisms and a review of the current literature in regards to brain response
and food marketing techniques follows.
Proposed Framework for the Effects of Marketing on Brain Response
To conceptualize and test how consumers respond to marketing techniques, such as
branding and commercials, consumer psychologists have developed a theoretical consumer
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decision-making framework [96-98]. This framework posits that the consumer’s attention is first
drawn to the advertisement or brand. Consumers must then make a rapid evaluation of the
product being presented. As part of this initial evaluation, the consumer predicts the product’s
value and the possible amount of enjoyment that may be experienced by consuming the product.
This valuation process leads to the consumers’ decision to take action and either consume the
product or not. If the consumer decides to consume the product they then can evaluate the
experience with the product to determine whether or not it matches their expectations. This
judgment is used to inform future valuations of the product and the associated marketing stimuli
such as a brand.
Recently neuroimaging techniques, such as fMRI, have been able to inform this
framework by implicating brain regions involved with the different stages of the consumer
decision-making process (see figure 1.2). Functional MRI provides an indirect evaluation of
metabolic changes, known as the blood oxygenation level dependent signal (BOLD), in the
brain during stimulus processing [99]. Blood has different magnetic properties depending on the
concentration of oxygen present [100]. When blood is fully oxygenated, it behaves as a
diamagnetic substance [100]. In contrast, when blood is deoxygenated it becomes paramagnetic
[100]. The BOLD signal is a measure of the proportion of deoxyhemoglobin relative to
oxyhemoglobin within a predetermined volume of the brain [101]. When there are higher
concentrations of oxyhemoglobin within a region of the brain, the area becomes brighter in the
MRI image output [101].
Blood is delivered to brain tissue as part of an automatic response when neurons use
oxygen within the tissue [102]. There is substantial evidence that the variation in blood supply to
a region occurs with functional activity of the region [102]. Or that is, if a region of the brain is
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involved with the evaluation of a stimuli or task, neurons will consume oxygen, and blood flow
will increase to that region to replace the used oxygen [102]. The region surrounding the
activated neurons delivers a more substantial amount of oxygen than is required to replace the
used oxygen [103]. One reason for the excess amount of oxygen is to increase the overall
pressure gradient in the region and force oxygen into the tissue [103]. Therefore, regions that are
consuming oxygen in response to the task will contain significantly higher amounts of
oxygenated blood leading to a measurably higher BOLD signal [104, 105] in the MRI output.
Therefore, BOLD signal serves as an indirect measure of neuronal activity during a specific
behavioral task in the MRI. Regions of the brain have been implicated and correlated with
specific behaviors and processes, and therefore inference can be made as to what functional
processes are occurring during stimulus presentation. In fMRI paradigms, it is possible to acquire
images of the whole brain every 2-3 seconds [101]. These whole-brain outputs can then be
statistically evaluated to detect areas of the brain correlated with the behavior [101].
Within the value-based decision-making model, it is hypothesized that when a person is
presented with a visual cue, such as food brands, brain regions related to visual processing are
initially activated. Two major visual pathways, dorsal and ventral streams, are thought to be the
initial drivers of the stimulus-response. The dorsal visual pathway, implicated in spatial
attention, projects form the primary visual cortex through the posterior parietal cortex and the
dorsolateral prefrontal cortex (dlPFC) [106]. The ventral pathway, implicated in object
recognition, projects from the visual cortex to the inferior temporal cortex and ventrolateral
prefrontal cortex [106]. These proposed pathways allow for rapid identification of food cues,
products, and brand stimuli and allow for the initial decision to focus on a particular cue [107].
This process is thought to happen on both the conscious [108] and unconscious [109] level and is
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thought to be the primary driving force behind rapid decision making. For example, in a recent
study, consumers were asked to make quick food choices based on product packaging. These
consumers consistently selected foods presented in brighter packaging [110]. The change in
selection happened even when participants indicated they preferred the taste of the alternative
food choice [110].

Figure 1.2. Overview of prominent brain areas involved in brand decisions. Visual pathways evaluate the salience
of food cues (i.e., food marketing) in the environment and then feed forward into regions responsible for
remembering and responding to the predicted, experienced, and remembered value of the cue. Abbreviations used:
ACC = anterior cingulate cortex; dlPFC = dorsolateral prefrontal cortex; lOFC = lateral orbitofrontal cortex; mOFC
= medial orbitofrontal cortex; NAcc = nucleus accumbens; vmPFC = ventromedial prefrontal cortex; VS = ventral
striatum. Adapted from Reference: [111]: Reprinted from Journal of Consumer Psychology, Vol 22, Plassmann, H.,
Ramsoy, T.Z., Milosavljevic, M., Branding the brain: A critical review and outlook, p. 19, Copyright (2012), with
permission from Elsevier.

After visual evaluation, the value of the product is predicted by the consumer. This
predicted value is a representation of the consumer's belief about the value or reward they expect
to experience from the product. Three brain structures have been implicated as significant drivers
of prediction valuation: the striatum [112], the ventral medial prefrontal cortex (vmPFC) [113],
and the dlPFC [114]. Visual evaluation and value prediction ultimately lead to the consumption
of a product. If consumers decide to consume the product they can evaluate the value and
enjoyment of the product. This experience provides information to the brain on whether this
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value meets predetermined reward expectations and allows for adjustments for future valuations
of the product. The orbitofrontal cortex (OFC) [115], insula [116], and anterior cingulate
cortex[116] have been implicated in the processing of valence and intensity of stimuli to derive
the enjoyment value of the consumption experience. Experience values have been shown to be
modifiable based on the state of the consumer. For example, activity in the OFC to food products
is reduced when consumers are fed to satiety before exposure [117]. This experience value is
thought to drive brand-product associations and is what solidifies loyalty in consumers [111]. In
other words, consumers strongly associate brands with previous experiences with that brand
product. If the experience is positive, this will lead to improved visual evaluation and valuation
predictions the next time the brand is encountered. This ability to remember and learn from
experience is thought to primarily occur in the medial temporal lobe, specifically the
hippocampus, in conjunction with the dlPFC [118].
This proposed model of experience, learning, and valuation adjustment has been used to
illustrate why it is possible to shift preferences for products and brands when consumers have
direct exposure to the products [115]. Furthermore, advertising has been shown to influence
consumer’s beliefs [119] and valuations of brands and products [120] without direct exposure to
the product. This phenomenon of commercials acting as a proxy for experience with a product
has been suggested as a significant reason for the success of marketing campaigns [121].
It is for this reason that food advertising may serve as a so-called secondary food cue.
Secondary food cues are stimuli that have food cues and food messages embedded within them
such as food commercials. These secondary food cues are not the food that will be consumed but
may be images, messaging or branding that may attempt to alter or interfere with the processing
of a primary food cue [120]. Furthermore, a secondary food cue may act as a proxy for food
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images providing a visual indicator of the food product [120]. For example, television
commercials provide passive secondhand experience with the advertised product. This passive
experience allows a company to associate their brand or product with specific emotions and
attitudes to influence future valuations of their products by consumers [122]. This proxy process
happens independently of personal experience but by observing the behavior and emotions of
others [122]. It is thought that this form of associative learning happens on both a conscious and
unconscious level and ultimately impacts behavior [123]. This associative learning may be why
food brands can impact food intake [121]. Furthermore, this also provides a basis for why food
marketing may interfere with the processing of subsequent food cues in the environment.
Understanding food cues and their relationship to food marketing techniques may lead to a better
understanding of how food marketing influences food intake and if it is possible to reduce these
effects.
Food Cues, Food Marketing, and Brain Response
The majority of studies evaluating brain response to food cues have been conducted in
adult populations [41, 124-154]. Recently there has been an increased interest in understanding
brain response in children [44, 45, 69, 155-164] and adolescents [41, 49, 158, 164-168]. One
reason there has not been more data collected in younger populations can be attributed to the
challenging nature of the MRI environment. For example, the MRI room is kept below
average room temperature to assure that the MRI machine does not overheat during scanning.
Children must remain in the scanning room alone during the scan. Children are unable to see
the researchers during the experiment, and the only form of communication is through the
use of an intercom. Furthermore, the MRI machine is large and intimidating, and children
must lay in the center of the machine within a narrow bore for a substantial amount of time
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(20-60 min). The machine is also loud and can cause damage to hearing if proper ear
protection is not worn during the scan. These factors combined may induce anxiety and
distress for the child leading to poor task performance and excessive head motion. Small head
movements (on the scale of 1-3 mm) can render fMRI data unusable [169]. Early studies in
children tended to have relatively low success rates [169]. However, the use of shorter imaging
paradigms and MRI practice sessions have been shown to improve scan success rates and
quality [170].
Many previous studies have evaluated the processing of primary food cues through the
use of food pictures [41, 69, 126, 131, 137, 139, 146, 149, 151, 171, 172]. However, some
work has been done evaluating response to secondary food cues such as food advertising [45,
49, 156, 157, 168, 173, 174] and food-related words [165]. Activation in regions related to
cognitive control (e.g., prefrontal cortex (PFC)), goal-directed behavior (e.g., orbitofrontal
cortex (OFC)), reward-based decision making (e.g., anterior cingulate cortex (ACC)), and
motivation (e.g., ventral striatum and hippocampus) are commonly observed in response to
food cues [139, 140, 155, 175]. These regions are thought to be the primary drivers behind
food-based decisions [155]. Previous research has shown that response to food cues in reward
and control regions of the brain can be influenced by factors such as physical activity [150,
159], time of day [135], and genetics [160, 171, 172, 174]. Therefore, it is plausible that
environmental factors designed to influence decision making, like food marketing, may also be
able to influence response to primary food cues.
Understanding the impact of food marketing on the brains response to general food cues
is particularly critical in children. Children are in a period of rapid brain development and
therefore, may be at an opportune time to be affected by these environmental cues. For
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example, it has been demonstrated that children have developmental lag in regions of the brain
related to cognitive control (e.g., prefrontal cortex) compared to reward regions (e.g., ventral
striatum) [176, 177]. This lag in development is thought to cause a window of susceptibility in
which children are particularly vulnerable to food and marketing cues [178]. Furthermore,
some children may be more vulnerable than others [174, 179]. For example, fMRI studies
evaluating brain response to both primary and secondary food cues have shown differential
activation in reward and control regions of the brain in children with obesity compared to
healthy weight counterparts [44, 45, 49]. Furthermore, some preliminary studies have shown
that individual variation in brain response to food cues can predict weight gain over time [41,
168].
Similar to primary food cues, the majority of studies evaluating brain response to
marketing techniques have been conducted in adults [115, 121, 180-182]. These studies have
provided initial evidence that brands activate regions of the brain related to reward and control
such as the PFC, OFC, ACC, ventral striatum, and hippocampus similar to visual food stimuli
[115, 121, 180, 183, 184]. To date, only two studies have addressed brain response to food
brands in children [48, 157]. Bruce and colleagues assessed brain response to food brands
compared to either non-food brands or control images in 17, 10-14-year-old children [157]. In
this study increase, BOLD response was observed in regions of the PFC and OFC. These regions
are similar to those seen in the food cue literature and have been implicated in cognitive control
and evaluation food-related cues. Another study by Bruce and colleagues evaluated response to
food brands in children with obesity compared to healthy weight counterparts [48]. In this
analysis, they observed increased BOLD response in the PFC to food logos compared to nonfood logos in both groups [48]. Furthermore, they demonstrated an altered response in control

16

regions (i.e., inferior frontal gyrus) in children with obesity compared to healthy weight children
[48]. These results suggest that control regions of the brain are particularly crucial in the
processing of food brands. Furthermore, these results provide initial evidence for heightened
susceptibility to food marketing techniques in some children. However, it is unclear if these
differences in brain responses to food brands correlate with eating behaviors.

Two recent studies have evaluated brain response to food commercials [45, 155]. These
studies demonstrated that food commercials could influence areas of the limbic system
implicated in food motivation and reward [49, 168]. Additionally, Bruce et al. found that
following food commercials exposure there was both increased brain activation in the ventral
medial prefrontal cortex, a region implicated in cognitive control, and an increased selection of
high-energy dense foods following food commercials. They suggested that this shift in selection
may be due to food commercials encouraging children to place more emphasis on hedonic as
opposed to health attributes of food [156]. While these studies have evaluated the effects of
commercials on the brain, none to date have evaluated if priming children with food
commercials may interfere with brain response to primary food cues (i.e., pictures of high- and
low-energy food). Furthermore, no studies evaluating food marketing have related brain
responses to objectively assessed eating behaviors.
Understanding the neural response to food branding and commercials may lead to early
identification of those that may be vulnerable to such techniques. Early identification of
individuals would allow for targeted interventions to improve response to food marketing
techniques before issues such as excess weight gain occur. Another significant gap in the current
food cue and marketing literature is the link between measured eating behavior and brain
response. Understanding these underlying mechanisms may help provide tailored intervention
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techniques. For example, if brain regions related to cognitive control are correlated to eating
behavior interventions focused on improving cognitive control response could be used.
Furthermore, identified brain regions could be targeted in neurofeedback training paradigms to
improve response in real time [94]. Finally, these data may be useful for informing
policymakers about the potentially detrimental effects of specific marketing techniques.

Summary
Food commercials support and reinforce brand loyalty within children. Food branding
and food commercials have both been shown to impact eating behaviors in children. Specific
subgroups of the population appear to be vulnerable to these marketing techniques. Furthermore,
whether or not food marketing techniques influence eating behavior within a meal setting is not
well studied. While some studies have begun to assess the effects of food marketing techniques
on the brain, there is a paucity of information in regards to how these brain mechanisms correlate
to actual eating behavior. Understanding the link between brain response and behavior will allow
for targeted and tailored prevention and intervention techniques. Furthermore, such data may be
helpful for informing public policy and recommendations related to food marketing, particularly
policy related to children.
Dissertation Aims
The overall aim of this dissertation is to understand the effects of two food marketing
techniques, branding and food commercials, on brain response and eating behavior in children.
Two separate studies were conducted to accomplish this. The individual study aims are as
follows.
Study 1. Brain response to food brands correlates with increased intake from branded meals in
children: an fMRI study
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Aim 1: To determine whether food brands evoke differential brain response compared to nonfood brands or control images in a cohort of children in middle childhood (ages 7-10 years-old).
Hypothesis 1: We hypothesized that brain response would be greater in areas related to reward
and food motivation (e.g., ventral tegmental area, caudate, hypothalamus, etc.) and decreased in
areas related to inhibitory control and executive function (e.g., prefrontal cortex, etc.) during
exposure to food brands relative to non-food brands and control images.
Aim 2: To determine whether child brain responses to food brands compared to non-food brands
are associated with laboratory energy intake at ad libitum test-meals presented with familiar food
brands (compared to novel brand and unbranded controls)
Hypothesis 2: We hypothesized that increased brain response in areas related to reward and
decreased response in areas related to inhibitory control and executive function would be
associated with greater food intake from foods presented with brands relative to control
(unbranded) foods.

Study 2. Food commercials do not affect energy intake in a laboratory meal but does alter brain
response to visual food cues in children.
Aim 1: To compare the impact of food and non-food commercials on brain response to high- and
low-energy-dense food stimuli in children ages 7-9 years.
Hypothesis 1.1: Exposure to food commercials will result in decreased task-related activity in
cognitive control areas of the brain such as the IFG, dorsolateral PFC, dorsal striatum, and
hippocampus to high energy dense foods relative to low energy dense foods.
Hypothesis 1.2: Exposure to food commercials will result in increased activity in drive areas of
the brain such as ventromedial PFC, amygdala, OFC, and ventral striatum to high energy dense
foods relative to low energy dense foods.

19

Aim 2: To determine the impact of food and non-food commercials on ad libitum intake of highand low-energy-dense foods in a laboratory setting.
Hypothesis 2.1: Children will consume more high-energy-dense food and less low-energy-dense
food after exposure to food vs. non-food commercials.

Aim 3: To determine whether there is a correlation between differences in neural responses to
high- and low-energy-dense foods after viewing food commercials and measured consumption of
high- and low-energy-dense foods in the laboratory.
Hypothesis 3.1: Decreased activation in control regions of the brain after viewing food
commercials will be associated with greater intake of high-energy-dense food and lower intake
of low-energy-dense foods.
Hypothesis 3.2: Increased activation in drive regions of the brain after viewing food
commercials will be associated with greater intake of high-energy-dense food and lower intake
of low-energy-dense foods.

Aim 4: To assess differences in behavioral and brain response by weight status.
Hypothesis 4.1: We hypothesize that there will be pronounced effects in both brain and
behavioral response in children at overweight or obese status compared to their healthy weight
counterparts.
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Abstract
Food branding is ubiquitous, however, not all children are equally susceptible to its
effects. The objectives of this study were to 1) determine whether food brands evoke differential
response than non-food brands in brain areas related to motivation and inhibitory control using
blood oxygen level dependent (BOLD) functional magnetic resonance imaging (fMRI) and 2)
determine the association between brain response and energy intake at test-meals presented with
or without brands. Twenty-eight 7-10 year-old children completed four visits as part of a withinsubjects design where they consumed three multi-item test-meals presented with familiar food
brands, novel food brand, and no brand. On the fourth visit an fMRI was performed where
children passively viewed food and non-food brands and control images. A whole-brain analysis
was conducted to compare BOLD response between conditions. Pearson’s correlations were
calculated to determine the association between brain response and meal intake. Relative to nonfood brands, food brand images were associated with increased activity in left postcentral gyrus
(P=0.01). Relative to control, food brand images were associated with greater response in right
inferior frontal gyrus (IFG) (P=0.007) and decreased response in left fusiform gyrus (P=0.0006).
Activation in right IFG was positively associated with the difference in energy intake between
the branded meal versus control (r=0.56; P=0.004) and the novel branded meal versus control
(r=0.49; P=0.012). Food-brand associated activity in the right IFG was positively associated
with children’s consumption from branded test-meals. These findings may help explain
differences in the susceptibility to the intake-promoting effects of food advertising in children.
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Background
In the United States nearly 33% of children are overweight and over 17% are obese
(Ogden, Carroll, Kit, & Flegal, 2012). A major contributor to increasing rates of childhood
obesity is an excess intake of high-fat/high-sugar foods, drinks, and snacks (Fox, Pac, Devaney,
& Jankowski, 2004; Nicklas, Yang, Baranowski, Zakeri, & Berenson, 2003). These foods are
aggressively marketed to youth with recent reports showing that food companies spend over $7.4
billion a year to increase purchase and consumption of cereals, snack foods, beverages, and fast
foods (J Harris, 2014; JL Harris et al., 2012; J. L. Harris et al., 2015; J. L. Harris, Schwartz, &
Brownell, 2010; J. L. Harris et al., 2013). This type of targeted food marketing has been
specifically implicated as a contributor to the rise in childhood obesity (J. L. Harris, Bargh, &
Brownell, 2009).
The majority of child-targeted food advertisements focus on establishing brand loyalty
early in life (Connor, 2006; Escalante de Cruz, Phillips, Visch, & Bulan Saunders, 2004). Brand
loyalty involves developing a unique, emotional attachment to a company through use of names,
symbols, logos, characters, and slogans in attempts to increase purchases of products over the
consumer’s lifetime (Connor, 2006). Companies specifically target children in attempts to
establish brand loyalty early in life (Escalante de Cruz et al., 2004). Brand loyalty has been
associated with an increase in children’s preferences (Coon & Tucker, 2002; Robinson,
Borzekowski, Matheson, & Kraemer, 2007), requests for (Buijzen & Valkenburg, 2002;
McDermott, O'Sullivan, Stead, & Hastings, 2006), and consumption of (Cravener et al., 2015;
Halford, Boyland, Hughes, Oliveira, & Dovey, 2007; Halford, Gillespie, Brown, Pontin, &
Dovey, 2004; Keller et al., 2012b) the advertised products. This is of concern considering that a
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recent evaluation of television commercials promoting food brands showed that 98% of the
advertised foods were high in sugar, fat, and sodium (Powell, Schermbeck, & Chaloupka, 2013).
Although branding and advertising are ubiquitous, there is growing evidence of
individual differences in the responsiveness to their effects. For example, in two recent studies
overweight children recognized more food brands than their healthy weight counterparts in a
brand awareness test (Halford et al., 2007; Halford et al., 2004). In addition, Forman and
colleagues showed that overweight children were more responsive to the intake-promoting
effects of food branding than healthy weight children (Forman, Halford, Summe, MacDougall, &
Keller, 2009). Identifying individuals who have increased vulnerability to the effects of branding
and advertising may assist researchers in phenotyping children who are at risk for obesity
(Forman et al., 2009).
Tools such as functional magnetic resonance imaging (fMRI) have been used to
characterize differences in brain response to a variety of stimuli related to obesity. Functional
MRI provides an indirect evaluation of metabolic changes in the brain during stimulus
processing (McGonigle, 2012). For example, a recent fMRI study in 10-14 year old children
demonstrated increased response to food brands compared to non-food brands and control
images in areas related to motivational value and cognitive control (Bruce et al., 2014). Another
fMRI study in 10-14 year old children showed reduced response in brain regions associated with
cognitive control in overweight children compared to their normal weight counterparts when
viewing food relative to non-food logos (Bruce et al., 2013). It is unknown if similar differences
in brain response would be apparent in a younger population (e.g., 7-10 year-old children).
Children are especially vulnerable to food marketing because they lack the cognitive ability to
comprehend or evaluate its purpose compared to adolescents (McClure et al., 2013; Story &
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French, 2004). Furthermore, research suggests that reward areas of the brain develop more
rapidly than control areas, which may bias children toward selection of immediate rewards
(Somerville & Casey, 2010) and make them more susceptible to poor food choices following
food marketing exposures (Somerville, Jones, & Casey, 2010). More importantly, no study to
date has shown whether differences in brain responses to food brands correlate with eating
behaviors.
The primary aim of the present study was to determine whether food brands evoke
differential response to food brands compared to non-food brands or control images in a cohort
of children in middle childhood (ages 7-10 years-old). We hypothesized that brain response
would be greater in areas related to reward and food motivation (e.g., ventral tegmental area,
caudate, hypothalamus, etc.) and decreased in areas related to inhibitory control and executive
function (e.g., prefrontal cortex, etc.) during exposure to food brands relative to non-food brands
and control images. A secondary aim was to determine whether child brain responses to food
brands compared to non-food brands are associated with laboratory energy intake at ad libitum
test-meals presented with familiar food brands (compared to novel brand and unbranded
controls). We hypothesized that increased brain response in areas related to reward and
decreased response in areas related to inhibitory control and executive function would be
associated with greater food intake from foods presented with brands relative to control
(unbranded) foods.
Methods
Participants
Twenty-eight (N = 28) children between the ages of 7-10 years (mean ± SD = 8.56 ± 1.12
years) were tested. Participant characteristics are summarized in Table 2.1. Three children were
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excluded due to excessive motion during their MRI scans for a final sample of 25 participants
with complete data. In order to participate, children were required to be in overall good health,
with no metabolic diseases, eating disorders, or learning disabilities. Furthermore, children were
screened for participation in the MRI portion of the study and were excluded if they were left
handed or had other characteristics that would impact fMRI performance (e.g., braces,
claustrophobia, red/green color blindness). This study was approved by the Institutional Review
Board of The Pennsylvania State University. All parents provided written informed consent and
children provided written assent before participating.
Study design and overview
Using a within-subjects, cross-over design with repeated measures, participants
completed four visits, each scheduled one week apart. The first three visits were conducted
primarily in the Children’s Eating Behavior Laboratory, while the last visit, an fMRI, was
conducted in the Social Life and Engineering Imaging Center (see Table 2.1).
Table 2.1. Study visits timeline.
Visit 1
Visit 2
Visit 3
Meal conditions randomized and counterbalanced: unbranded, familiar branded, or novel branded
Anthropometrics
Ad Libitum Laboratory Meal
Ad Libitum Laboratory Meal
Questionnaires
Questionnaires
Mock MRI
Ad Libitum Laboratory Meal

Visit 4
Mock MRI
fMRI scan

During the first three visits, children were presented with test-meals in a randomized,
counter-balanced order using three conditions of food packaging: familiar food brands,
unbranded, and a condition using a novel food brand, referred to as “novel” herein. In the
branded condition, all foods were presented in plastic containers labeled with logos from familiar
food brands (e.g., Kraft®, Pringles®). In the unbranded condition, food containers were
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presented with plain, white labels. Although we compared children’s response to popular food
versus non-food brands (e.g., Nike®, Gap®) and scrambled images during the fMRI, we opted
not to repeat this condition in the test-meals (i.e., by labeling applesauce with a scrambled or
non-food brand logo such as Nike®) to avoid creating an unrealistic presentation that could
confuse children. Therefore, the plain white label was used for the unbranded condition at the
test-meals to simulate the “generic” brand condition. In the novel branding condition, a cartoon
brand image was developed called “Kaiyo” that included a cartoon coyote on roller skates. The
novel brand was used to test an exploratory aim of the study, determining whether children’s
food intake would vary depending on brand familiarity. On the fourth visit, children completed
an MRI scan where they passively viewed food brands (e.g., Kraft®, Motts®, etc.), non-food
brands (e.g., Nike®, Tide®, etc.), and control images (scrambled versions of the food and nonfood brands).
Procedures
Children’s visits were scheduled at the same time each week for four consecutive weeks.
Study visits took place during lunchtime (11:30 AM to 2:00 PM) or dinner time (4:30 PM to
7:30 PM), depending on the family’s availability. Parents were instructed to have their child fast
for at least two hours prior to all appointments. Children were instructed to wear comfortable
clothes without metal fasteners for both their mock-MRI and MRI scan.
On the first visit, participants and their parents reported to the Children’s Eating Behavior
Laboratory. Each research participant and his/her parent(s) were given an overview of the study
and provided informed consent/assent to participate. Parents completed questionnaires to assess
demographics and general child eating behaviors while anthropometrics were performed on
children.
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At the second and third visits, children consumed ad libitum test-meals and completed fullness
measures before and after meal consumption on a validated pictorial analog scale (Keller et al.,
2006). The third visit also included a mock MRI scan to expose the children to the MRI
environment and help reduce movement during the actual MRI scan. On the fourth visit,
participants reported to the imaging facility for a 5-min mock refresher scan and their MRI scan.
Children also rated perceived fullness immediately before and after the scan.
Measurements
Anthropometrics: Duplicate measurements of children’s height and weight were collected
in light clothing without jackets, socks, or shoes. Height was measured to the nearest tenth of a
centimeter using a portable stadiometer (seca®, Chino, CA). Weight was measured to the nearest
tenth of a pound using a digital scale (Tanita®, Arlington Heights, IL). Children’s percent body
fat was measured to the nearest tenth percent using a standing bioelectrical impendence body
composition analyzer (Tanita®, Arlington Heights, IL).
Pilot testing to develop food brand stimuli
Brand stimuli used in the test-meals and fMRI were pilot tested to evaluate their
familiarity, emotional valence, and excitability. The purpose of the pilot test was to ensure that
food brands and non-food brands selected for both the test-meal and fMRI had similar ratings for
familiarity, emotional valance, and excitability. Twenty healthy, 7-10 year-old children of
similar demographics (e.g., age, weight status, ethnicity, and socioeconomic status.) to those
enrolled in the main study were recruited to participate. Children from the pilot study were not
allowed to participate in the main study. Familiarity of brands was assessed by children reporting
if they recognized a brand and if they could correctly recall the brand name. Excitability and
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emotional valence were assessed on pictorial, 5-point likert scales adapted from the International
Affective Picture System (IAPS) (Lang, Bradley, & Cuthbert, 2008).
Results of the pilot study were used to determine which food brands to use in the test
meal. We selected food brands that attained the highest scores for familiarity, emotional valance
and excitability within each category (i.e., entree, vegetables, fruits, snacks, and beverages).
These categories were selected because they provided a variety of flavors and textures and have
previously been used in studies with children (J. O. Fisher, Y. Liu, L. L. Birch, & B. J. Rolls,
2007; Forman et al., 2009; Keller et al., 2012a). The final brands selected for the test meals
included: Kraft® Macaroni and Cheese (Kraft®, Chicago, IL), Green Giant® Mixed Vegetables
(B&G Foods, Parsippany-Troy Hills, NJ), Mott’s® Original Applesauce (Mott’s®, Plano, TX),
Pringles® Original Potato Chips (Kellogg’s, Battle Creek, MI), Keebler® Chips Deluxe
Chocolate Chip Cookies (Kellogg’s, Battle Creek, MI), Kool-Aid® Bursts Tropical Punch
(Kraft®, Chicago, IL), and Nesquick® Low-Fat Chocolate Milk (Nestle, Vevey, Switzerland).
The results also confirmed that our novel logo was not familiar to children, as only 1 child
reported recognizing the logo. In addition, the novel logo had similar emotional valence
(3.0/5.0), but lower excitability (2.3/5.0) than other more well-known brands used in the study.
Results of the pilot study were also used to determine the 60 food brand and 60 non-food
brand images used in the MRI paradigm. Brands were only included if they were recognized by
at least 75% of children (a rating of 2 or above) and if they had mean emotional valence and
excitability scores above a “neutral” rating of 3.0 on the 5-point scale. Average ratings of the
food brands were compared to ratings of the non-food brands with paired T-tests. There were no
significant differences between familiarity for food brands (M=2.44; SD=0.33) and non-food
brands (M=2.48; SD=0.35) (T=-1.02; P=.32). Food brands scored higher in average emotional
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valence (M=3.70; SD=0.50) compared to non-food brands (M=3.5; SD=0.49) (T=5.15;
P=.0001). Similarly food brands scored higher for excitability (M=3.34; SD=0.65) compared to
non-food brands (M=3.04; SD=0.69) (T=5.64; P=.0001). Images were displayed on 8 by 11 ½
plain white backgrounds and were adjusted to control for size and proportions across images.
Control images were created by pixelating and scrambling the images in Matlab v. 8.0. The
control images were created to control for color and other low-level visual characteristics.
Ad libitum test-meals
The foods presented at each test meal were: Kraft® macaroni and cheese, Green Giant®
mixed vegetables, Mott’s® applesauce, Pringles® potato chips, Keebler® chocolate chip
cookies, Kool-Aid® tropical punch, and Nesquick® low-fat chocolate milk. Serving sizes were
selected based on previous studies within this age group (Fearnbach et al., 2016; Fearnbach,
Thivel, Meyermann, & Keller, 2015; Jennifer O Fisher, Yan Liu, Leann L Birch, & Barbara J
Rolls, 2007). Detailed information on serving sizes and energy density of the meal foods and
beverages can be found in Table 2.2.
Table 2.2. Test-meal foods and beverage.

Meal Item
®
Kraft Macaroni and Cheese
Green Giant® Mixed Vegetables
Mott’s® Original Applesauce
Pringles® Original Potato Chips
Keebler® Chips Deluxe Chocolate
Chip Cookies
Kool-Aid® Bursts Tropical Punch
Nesquick® Low-Fat Chocolate
Milk

Serving
Size
1 cup
½ cup
½ cup
16 chips

Weight Energy
(g)
(kcal)
220
286.0
85
50.6
141
121.2
29
155.4

Energy Density
(kcal/g)
1.3
0.6
0.9
5.4

3 Cookies

49

261.3

5.3

6.75 oz.

211

21.1

0.1

8 oz.

251

159.5

0.6
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At least two servings of each item were prepared prior to the ad libitum test-meal, with
additional servings of foods and beverages readily available. All test-meal foods and beverages
were served in clear plastic containers with labels corresponding to the appropriate brand
condition (i.e., Food Branded, Unbranded, or Novel Branded) as shown in Figure 2.1. Macaroni
and cheese was served in a clear 16-ounce (oz.) plastic container with matching lid, mixed
vegetables and applesauce were served in clear 8-oz. plastic containers with matching lids,
cookies and chips were served in clear plastic zip-top sandwich bags, and punch and chocolate
milk were served in clear 9-oz. plastic cups with matching lids and straws. Prior to serving, testmeal foods and beverages were weighed to the nearest hundredth of a gram using a digital food
scale. Pre-meal food weights with and without their container were recorded. Meal containers
were arranged identically on a tray for all meals.
A research assistant informed children that they had 30 minutes to eat as much as they
wanted. Children were also told that they could ask for additional servings of any item
throughout the meal. Children were asked if they would like another serving of a particular item
once they finished it. While the child ate, a research assistant read an age-appropriate story (e.g.,
Matilda) that did not contain food references. The story served as a consistent, neutral distraction
and provided a reason for the researcher to be in the room to monitor the child. If the child
requested seconds, the researcher brought out another serving of the same size and in the same
packaging. Children were told they could end their meal early by informing the researcher they
had finished before the 30-minute time limit. Immediately following the meal, leftovers were
weighed in their containers and weights were recorded to the nearest hundredth of a gram.
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Figure 2.1 Foods presented in their condition packaging (unbranded, food-branded, or novelbranded). The foods presented at each test meal were: Kraft® macaroni and cheese, Green
Giant® mixed vegetables, Mott’s® applesauce, Pringles® potato chips, Keebler® chocolate
chip cookies, Kool-Aid® tropical punch, and Nesquick® low-fat chocolate milk. Detailed
information on serving sizes and energy density of the meal foods and beverages can be found in
Table 2.1. Macaroni and cheese was served in a clear 16-ounce (oz.) plastic container with
matching lid, mixed vegetables and applesauce were served in clear 8-oz. plastic containers with
matching lids, cookies and chips were served in clear plastic zip-top sandwich bags, and punch
and chocolate milk were served in clear 9-oz. plastic cups with matching lids and straws. Foods
were presented according to condition food branded (left), unbranded (right), or novel branded
(bottom).
Mock MRI procedure
Following the test-meal on the third visit, children completed a training session conducted at
the MRI imaging facility mock scanner. This mock-training session was developed in-house to
facilitate the quality of fMRI data collection in children (English, Lasschuijt, & Keller, 2015).
The mock scanner allows children to experience the MRI environment and practice holding still
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while they are observed by research staff. Children were first asked to lie down in the scanner
and the various components such as the table, head coil, and mirror were explained. Next,
children were given examples of movements to avoid that could cause motion artifacts during the
scan. Children were also instructed on how to respond to questions without moving their heads
so they could communicate during the MRI. Padding was placed around the child’s head
simulating the head cushions used in the MRI scanner. While in the mock scanner children
watched a 5-minute presentation which contained age-appropriate images not presented during
the fMRI scan (e.g., puppies, kittens). Sounds similar to those experienced during an MRI scan
were played over speakers so children could become accustomed to hearing them during the
procedure. On the fourth visit, participants completed a second, 5-minute mock protocol as a
refresher before the MRI procedure.
Functional MRI paradigm
Development of stimuli used in the fMRI was described above. Using a block design,
children were shown a total of 180 images: 60 food brands, 60 non-food brands, and 60 control
images over 18 minutes. Stimuli were presented over 12 functional runs. Each functional run
lasted approximately 90 seconds and contained three blocks of stimuli (i.e., food brands, nonfood brands, scrambled control). Block order was randomized within and counterbalanced across
each run. Each stimuli block contained 5 condition specific images displayed for 2 seconds each
with a half second fixation cross between images. Inter-block intervals were jittered between 1020 seconds.
MRI data acquisition
MRI data were acquired using a Siemens MAGNETOM Trio 3T MRI scanner (Siemens
Medical Solutions, Erlangen, Germany) with a standard 12-channel head coil. To restrict
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movement, padding around the head, arms, and body was used. Furthermore, to reduce motioninduced effects during functional runs in-scan prospective movement correction (PACE) was
used (Thesen, Heid, Mueller, & Schad, 2000). Stimuli were projected onto an MRI compatible
screen and were controlled by a computer using Matlab v. 8.0 (The Mathworks Inc., Natick,
Massachusetts).
The following parameters were used to obtain a T1-weighted MPRAGE structural scan
for each subject: TR/TE = 1650/2.03ms, flip angle = 9°, FOV = 256mm, slice thickness = 1 mm,
sagittal plane, voxel size 1x1x1 mm. Functional scans used a T2-weighted gradient single-shot
echo planar imaging (EPI) sequence (TE = 25ms, TR = 2000ms, flip angle = 90°, matrix 64x64)
with an in-plane resolution of 3 x 3 x 3 mm (FOV = 220mm) to acquire 33, 3 mm (interleaved)
slices along the AC-PC plane.
Data analysis
Participant’s descriptive data, food intake, and fullness scores were analyzed in SPSS
22.0 (IBM Corp., Chicago, IL, USA). Total energy intake from test meals was calculated by
converting gram amounts consumed to total energy (kcal). Linear mixed models were used to
test for differences in pre-meal fullness and total energy intake between the three meal
conditions. Three separate models were used to assess if sex, BMI-z scores, or pre-meal fullness
impacted the relationship between brand condition and test-meal intake. Covariates were tested
in individual models and eliminated from the final model if they did not significantly impact the
relationship between brand condition and test-meal intake.
Statistical analyses for whole-brain response from the fMRI data were conducted using
BrainVoyager QX version 2.8.2 (Brain Innovation, Maastricht, The Netherlands). Functional
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data preprocessing steps consisted of 3D motion correction (trilinear sync interpolation) using 6
vectors (3 translations, 3 rotations), temporal high-pass filtering using a GLM-Fourier basis set
with 6 cycles per time course, and 3D spatial smoothing using an 8-mm3 FWHM Gaussian filter.
Functional data were co-registered to each participant’s anatomical data. Anatomical data were
normalized to Talairach space using 8 parameters (anterior, posterior, inferior, superior, left,
right, AC, PC) manually adjusted and then spatially realigned within BrainVoyager. Runs were
excluded if there was excessive motion, defined as 3 mm of translation or 3° of rotation in any
direction. Three participants did not have any successful functional runs and were excluded from
final analyses.
Functional data were then analyzed using a random-effects general linear model (GLM).
Regressors were created coding for food brand blocks, non-food brand blocks and control
blocks. Blocks were modeled by convolving the standard hemodynamic response function with a
30-second boxcar function.
A group-level analysis was conducted using ANOVA on the whole-brain data with
picture type (food brand, non-food brand, control) as fixed factors and participants as a random
factor. A grey matter mask was applied to the functional data. To correct for multiple testing,
results were thresholded with a voxel-wise P-value of P < 0.001 and spatial extent threshold of
four, determined by using the standard procedures of the ClusterThresh plugin of the
BrainVoyager software (Steven D Forman et al., 1995; Rainer Goebel, Fabrizio Esposito, & Elia
Formisano, 2006). The simulation performed by BrainVoyager is similar to that employed by
AFNI’s 3DClustSim tool. However, unlike AFNI, the BrainVoyager simulation estimates the
spatial smoothness directly on the respective group statistical map (Goebel, 2016). Parameters
were determined, as recommended by Woo and colleagues, by conducting 10,000 Monte Carlo
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simulations to yield an overall P-value of P<0.05 (S. D. Forman et al., 1995; R. Goebel, F.
Esposito, & E. Formisano, 2006). Three contrasts were used for analysis, food brands > non-food
brands, food brands > control images, and non-food brands > control images. Peak beta
coefficients were extracted from all areas of BOLD response that survived the multiple
comparison correction and were subjected to further analysis (ANOVA) in SPSS. To determine
whether key variables influenced these findings, we included sex, BMI z-score, and pre-fMRI
fullness ratings as covariates in general linear models predicting brain response as a function of
brand condition. Again, each variable was tested in a separate model and eliminated if it was not
significant.
Differences in beta coefficient values were calculated for exposure to food brands
compared to either non-food brands or control images. Therefore, positive beta coefficient values
indicate greater response to food brand images relative to non-food brand or control. Differences
in energy intake between the food branded and unbranded meals and novel branded and
unbranded meals were also calculated. Positive difference scores indicate greater intake in the
presence of food brands relative to control. Pearson’s correlations were then calculated between
the difference scores obtained from the fMRI data (i.e., beta values from the contrast of food
brands vs. non-food brands or control) and the test-meals (i.e., energy intake in the presence of
food brands vs. unbranded or novel brand) to determine the relationship between brain response
and test-meal intake. A P-value ≤ 0.05 was used to determine significance.
Results
Participant characteristics are summarized in Table 2.3. The majority of participants were
Caucasian (n=23). Participants reported no difference in pre-meal fullness between
sessions (F=1.18; P=0.31). Furthermore, there was no difference in energy intake between
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conditions (familiar branded, novel branded, and unbranded containers) (F=0.23; P=0.79). None
of the covariates tested (i.e., sex, BMI z, order of test visits, and pre-meal fullness) impacted
these models.

Table 2.3. Participant characteristics (n=25).
Age (y)

8.56 ± 1.12

Sex

Male (48%); Female (52%)

Height (cm)

135.4 ± 10.02

Weight (kg)

32.95 ± 8.70

BMI (kg/m2)

17.68 ± 2.77

BMI-Age-Sex-Percentile

59.28 ± 30.46

Body Fat (%)

20.88 ± 7.90

Race

White (92.9%), Black (3.6%), Hispanic (3.6%)

Values represented are mean ± SD
BMI = Body Mass Index

Functional MRI results
Food brands > Non-food brands: In the whole brain fMRI analysis, food brands were
associated with increased brain response in the left postcentral gyrus relative to non-food brands
(P=0.01). Including sex, BMI z-score, and pre-fMRI fullness as covariates did not influence
these results (Table 2.4, Figure 2.2).
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Figure 2.2 Food brand> non-food brand contrast from the whole brain analysis.
Group-level analysis was conducted using ANOVA on the whole-brain data with picture type
(food brand, non-food brand, control) as fixed factors and participants as a random factor.
Results were thresholded with a voxel-wise P-value of P < 0.001 and spatial extent threshold of
four. Parameters were determined by conducting 10,000 Monte Carlo simulations to yield an
overall P-value of P<0.05. Food brands were associated with increased brain response in the left
postcentral gyrus relative to non-food brands (P=0.01). Covariates tested but not retained in
analyses included: sex, BMI z-score, and pre-fMRI fullness.

Food brands > Control images: Relative to control images, food brand images resulted
in greater response in the right inferior frontal gyrus (IFG) (P=0.007), but decreased response in
the left fusiform gyrus (P=0.0006). Including sex, BMI z-score, and pre-fMRI fullness as
covariates did not influence these results (Table 2.4, Figure 2.3).
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Figure 2.3 Food brand > control contrast from the whole brain fMRI analysis.
Group-level analysis was conducted using an ANOVA on the whole-brain data with picture type
(food brand, non-food brand, control) as fixed factors and participants as a random factor.
Results were thresholded with a voxel-wise P-value of P < 0.001 and spatial extent threshold of
four. Parameters were determined by conducting 10,000 Monte Carlo simulations to yield an
overall P-value of P<0.05. Relative to control images, food brand images resulted in greater
response in right inferior frontal gyrus (IFG) (P=0.007) and decreased response in left fusiform
gyrus (P=0.0006). Covariates tested but not retained in analyses include: sex, BMI z-score, and
pre-fMRI fullness as covariates did not influence these results. Warm colors indicate greater
response to food brands; cool colors indicate greater response to control images.

Non-food brands > Control images: Relative to control images, non-food brand images
resulted in greater response in two areas of the right middle frontal gyrus (P=0.01 for both) and
one are of the right superior frontal gyrus (P=0.009). Relative to control, non-food brand images
were associated with decreased response in the left fusiform gyrus (P=0.0006). Including sex,
BMI z-score, and pre-fMRI fullness as covariates did not influence these result
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Table 2.4. Regions reaching significance from the whole brain analysis.
Region Name

No. Voxels X

Y

Z

F-value

P-value

394

-45

-22

40

6.49

0.01

R. IFG

11

41

25

-6

8.50

0.007

L. Fusiform Gyrus**

180

-38

-25

-25

15.52

0.0006

R. Middle Frontal Gyrus

371

43

34

-10

6.67

0.01

R. Middle Frontal Gyrus

6

31

53

-9

7.31

0.01

R. Superior Frontal Gyrus

5

25

53

-2

7.85

0.009

43

-71

-9

15.52

0.0006

Food Brands > Non-food Brands
L. Postcentral Gyrus
Food Brands > Control Images

Non-food Brands > Control Images

L. Fusiform Gyrus**
562
**Greater BOLD response for control stimulus
(R=Right; L=Left)P=.001 Cluster threshold =4

Correlation between fMRI results and test-meal intake
Pearson’s correlations between brain response to food brands and test-meal intake are
detailed in Table 2.5.Greater response in the right IFG in response to food brands relative to
control was positively associated with intake at the branded compared to the unbranded test-meal
(r=0.54; P=0.006). In other words, children who had greater response in the right IFG to food
brand images tended to consume more from meals presented with food-brands in the laboratory
(see Figure 2.4).
To determine if this relationship was influenced by any statistical outliers, we reran the
data after their removal. Only one data point was considered a statistical outlier, a child who
consumed a difference of ~1300 kcal between the branded and unbranded meals. Removal of this
data point did not influence the relationship (r=0.57; P=0.004). Difference in energy intake
between the novel and unbranded meal was also positively associated with response to food
brands compared to non-food brands in the right IFG (r=0.52; P=0.008) (see Figure 2.5).
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The intake differences calculated from the meals (familiar brand – control and novel
brand –control) were positively correlated (r=0.56; P=0.003). Children’s response to food brand
images in the other regions identified by the whole-brain analysis did not correlate with intake at
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Figure 2.4 Correlation between brain response in IFG and familiar-brand meal intake.
Plot shows the correlation between the differences in response in right IFG to food brand images
compared to control images and the difference in energy intake between familiar-branded and
unbranded meals. Differences in fMRI beta values were calculated by subtracting one condition
from another. Differences in energy intake was calculated by subtracting caloric intake between
meal conditions i.e., Familiar kcal – Unbranded kcal. Pearson’s correlations were then conducted
between the differences in BOLD response within rIFG and meal intake to determine the
relationship between brain response and test-meal intake. Greater response in the right IFG in
response to food brands relative to control was positively associated with intake at the branded
compared to the unbranded test-meal (r=0.54; P=0.006).
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Figure 2.5 Correlation between brain response in IFG and unfamiliar-brand meal intake.
Relationship between brain response in IFG and (novel-brand) test-meal intake. Plot shows the
correlation between the differences in response in right IFG to food brand images compared to
control images and the difference in energy intake between novel-branded and unbranded meals.
Differences in fMRI beta values were calculated by subtracting one condition from another.
Differences in energy intake was calculated by subtracting caloric intake between meal
conditions i.e., Novel kcal – Unbranded kcal. Pearson’s correlations were then conducted
between the differences in BOLD response within rIFG and meal intake to determine the
relationship between brain response and test-meal intake. Greater response in right IFG in
response to food brands relative to control was positively associated with intake at the novel
branded compared to the unbranded test-meal (r=0.52; P=0.008).
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Table 2.5. Pearson’s correlation coefficients for the relationship between the difference in
energy intake between meal conditions and the difference in brain response between brand
conditions
Meal
Comparison
Food branded vs.
Unbranded Meal

Pearson
Correlation

P-value

L. Postcentral Gyrus

0.138

0.511

R. IFG

0.536

0.006*

L. Fusiform Gyrus

-0.057

0.788

R. Middle Frontal Gyrus

-0.031

0.882

R. Middle Frontal Gyrus
R. Superior Frontal Gyrus
L. Fusiform Gyrus

-0.212
0.003
0.029

0.308
0.987
0.889

Food Brands >
Non-food Brands

L. Postcentral Gyrus

0.095

0.652

Food Brands >
Control Images

R. IFG

0.519

0.008*

L. Fusiform Gyrus

0.114

0.587

R. Middle Frontal Gyrus

0.018

0.932

R. Middle Frontal Gyrus
R. Superior Frontal Gyrus
L. Fusiform Gyrus

0.068
-0.024
-0.046

0.745
0.910
0.828

fMRI Contrast

Brain Region

Food Brands >
Non-food Brands
Food Brands >
Control Images

Non-food Brands >
Control Images

Novel branded vs.
Unbranded Meal

Non-food Brands >
Control Images

(R=Right; L=Left)

Discussion
This study offers two primary contributions to the literature. First, we partially confirmed
previous results conducted with older children (Bruce et al., 2014; Bruce et al., 2013; Rapuano,
Huckins, Sargent, Heatherton, & Kelley, 2016) to demonstrate that food brands increase
response in brain regions related to sensory processing and cognitive control to a greater extent
than non-food brands (i.e., the postcentral gyrus and the IFG). In the current study, we identified
fewer regions overall than previously reported by other studies (Bruce et al., 2014; Bruce et al.,
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2013), however, we utilized a strict threshold for multiple comparisons testing (Eklund, Nichols,
& Knutsson, 2016; Woo, Krishnan, & Wager, 2014) which reduces the likelihood that these
findings are due to chance. Second, this is the first study to our knowledge examining the
association between brain response to food brands and objectively measured energy intake.
Response in the IFG to food brands compared to control images was positively associated with
children’s intake from branded meal conditions, regardless of whether they were familiar or not.
Our findings provide evidence that brain response to food cues correlates to food intake in the
presence of those cues, whereas previous studies (Masterson, Kirwan, Davidson, &
LeCheminant, 2016; Rothemund et al., 2007; Yokum, Ng, & Stice, 2011) have only been able to
speculate about this relationship.
Food brands > Non-food brands: Relative to non-food brands we found increased brain
response to food brands in the left postcentral gyrus. Previously, Rapuano and colleagues found
increased response in the postcentral gyri while viewing food vs. non-food commercials, and this
was correlated with percent body fat (Rapuano et al., 2016). Rapuano et al. suggested that
response in the postcentral gyrus, a region implicated in sensorimotor responses, may be
associated with anticipation of the sensory characteristics associated with a food. In children at
risk for developing obesity, Stice and colleagues also found increased response in the postcentral
gyrus when children were given a small amount of a sweet milkshake solution compared to a
tasteless control solution (Stice, Yokum, Burger, Epstein, & Small, 2011). The authors suggested
that increased responsivity to food cues in this region may be a risk factor for overeating and
obesity. Bruce and colleagues also found that overweight children have greater response in the
postcentral gyrus than healthy weight children when viewing food brand images compared to
control images (Bruce et al., 2013). Other studies have hypothesized that the postcentral gyrus is
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involved in the integration of emotion and sensory processing during food cue exposure
(Atalayer et al., 2014; Holsen et al., 2005; W. D. Killgore et al., 2003). In our study of primarily
healthy weight children, there was greater brain response to food brands relative to non-food
brands, but this did not relate to test-meal food intake or child weight status. Taken together,
these findings suggest a more general role of the postcentral gyrus in processing information
about food cues to guide subsequent consumption. Whether increased food-cue responding in
this region is a cause or consequence of overeating and obesity is unknown. Because the
postcentral gyrus is also involved with emotion processing (Goldin, McRae, Ramel, & Gross,
2008), it is possible that response to food brands in this region compared to non-food brands may
be because children found them more emotionally stimulating (as evidenced by our pilot study).
Food brands > Control images: Relative to control images, food brands were associated
with greater response in the right IFG. The IFG is a region involved in cognitive control and
inhibitory processing (Nakata et al., 2008). This finding is consistent with other studies that have
examined child brain response to food logos (Bruce et al., 2014; Bruce et al., 2013). For
example, Bruce and colleagues found increased response in the IFG in healthy weight children
compared to children with obesity when viewing food brand images and speculated that
increased response in this area might be due to increased cognitive restraint during food brand
exposure (Bruce et al., 2013). The increased response in this lateral prefrontal region may be an
attempt to down-regulate the tendency to overeat when presented with food cues. A recent study
by English et al., found greater IFG response in response to images of large portions of food
relative to small portions. They similarly speculated that the IFG response might have
represented an anticipatory attempt to control intake when presented with stimuli depicting large
amounts of food (L. English et al., 2016). However it is important to note that the IFG is
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involved with a wide number of brain functions, including attention (Hampshire, Chamberlain,
Monti, Duncan, & Owen, 2010) and word selection (Thompson-Schill, D’Esposito, Aguirre, &
Farah, 1997), and therefore replication studies are needed to draw firm conclusions.
A novel contribution of the current study is that we related brain response to objective
measures of energy intake. Similar to previous studies (Bruce et al., 2014; Bruce et al., 2013) we
found variability in brain response to food branding in children but we chose to also examine
whether this was associated with energy intake at condition specific test-meals. Results showed a
positive correlation between response in the right IFG in response to food brand images relative
to control and children’s intake at the branded compared to the unbranded meal. Similarly, we
found that IFG response was positively associated with intake at the novel branded compared to
the unbranded meal. Our results show that the increased IFG response associated with greater
intake when presented with branding cues. Therefore, response in the IFG may represent an
attempt to exercise cognitive control during the anticipation of food, however, when presented
with actual food at a meal, these mechanisms were unsuccessful at moderating intake. The
correlation to both the food and novel branded meal intake suggests that those who have
increased IFG response to food marketing cues may be similarly likely to overeat regardless of
brand familiarity.
In the current study, the pixelated control images were associated with increased response
in the left fusiform gyrus compared to food brands images. The fusiform gyrus is primarily
involved in the retrieval of information (de Zubicaray, Wilson, McMahon, & Muthiah, 2001;
Okada et al., 2000), memory processes (Garoff, Slotnick, & Schacter, 2005), object recognition
(Gauthier, Tarr, Anderson, Skudlarski, & Gore, 1999) and negative emotions (Schienle, Schäfer,
Walter, Stark, & Vaitl, 2005). Other studies have shown increased response in this region to non-
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food brands compared to scrambled control images but have found no relationship to evaluation
of food brands (Bruce et al., 2014; Bruce et al., 2013). Greater response in the fusiform gyrus has
also been implicated in response to a variety of food stimuli (Killgore et al., 2003; Masterson et
al., 2016; Pelchat, Johnson, Chan, Valdez, & Ragland, 2004). In contrast, in our results we
observed reduced response in this region to food brand images relative to pixelated control
images. One possible speculation for these findings is that the scrambled images elicited greater
activation that was partly due to children’s attempts to recognize these images.
This study has several strengths and limitations. Although some studies have examined
the effects of food branding and advertising in youth (Bruce et al., 2014; Bruce et al., 2013;
Gearhardt, Yokum, Stice, Harris, & Brownell, 2014; Yokum, Gearhardt, Harris, Brownell, &
Stice, 2014), few have focused on pre-adolescent children. Children at this age are especially
vulnerable to food advertising and branding because they have limited cognitive ability to fully
comprehend or evaluate its purpose (McClure et al., 2013; Story & French, 2004). Furthermore,
those previous studies in adolescents have lacked measures of food intake, which limits the
interpretations that can be drawn. This study also had a high success rate of fMRI scanning
which is likely due to the careful mock training protocol we employed. A final strength is the use
of brand images that were piloted with a cohort of children from similar demographics.
However, the pilot study also highlights a limitation; the food brands used had higher emotional
valence and excitability than the non-food brands. Although stimuli were matched for level of
familiarity, we were unable to practically match for these other characteristics. Food logos may
be inherently more emotional and exciting as they are related to the salience of food as a
biological necessity (Bruce et al., 2014). It should also be noted that previous studies have found
differential responses to food brands in children with overweight and obesity. Our study had a
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wide BMI range and although weight status did not influence the models, for child weight status,
a larger sample may be needed to detect between group differences in brain response as a
function of child weight status. Additionally, our cohort was homogenous in ethnicity,
socioeconomic and weight status, which affects the generalizability of the results. Future studies
should examine the effects of branding in more diverse populations as food advertising may have
unique impacts on energy intake within specific sub groups of the population. A final limitation
is the use of the Talairach conversion of children’s anatomical MRI data. This conversion
allowed us to relate our findings to those from previous studies. However, no current process for
spatial normalization of anatomical data perfectly matches brains across individuals (Sanchez,
Richards, & Almli, 2012).
In conclusion, brain regions implicated in somatosensory processing, motivation (i.e., left
postcentral gyrus) and inhibitory control (i.e., right IFG) showed response to familiar food-brand
images in this cohort of healthy, 7-10 year-olds. Furthermore, brand-associated response in the
IFG was positively related to children’s energy intake from test-meals that were presented in
familiar food and novel branding (relative to unbranded control meals). These findings may help
explain differences in the susceptibility to the intake-promoting effects of food advertising in
children.
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Abstract
Food commercials promote intake of snacks and influence brain responses in regions implicated
in cognitive control. However, not all children are equally susceptible to the influence of food
commercials, and it is unknown whether neurobiological differences in responsiveness to this
form of advertising may be related to individual differences in children’s eating behaviors.
Therefore, this study had three objectives: 1) to compare the impact of priming children with
food and non-food commercials on ad libitum intake of high- and low-energy-dense foods at a
meal; 2) to compare the impact of priming children with food and non-food commercials on
brain response to high- and low-energy-dense food stimuli; 3) to determine whether children’s
brain responses to food commercial priming are related to their laboratory eating behaviors.
Forty-one 7-9 year-old children (25 healthy weight; 16 overweight/obese) completed 5 visits as
part of a within-subjects design where they consumed three multi-item test-meals under three
conditions: baseline (no priming), food commercial priming, and toy commercial priming. On
the fourth and fifth visits, blood oxygen level dependent (BOLD) fMRI was performed where
children passively viewed low- and high-energy dense food images following priming with
either food or toy commercials. Linear mixed models were used to test for differences in meal
energy intake by priming condition. A whole-brain fMRI analysis was conducted to compare
differences in brain response by commercial condition, food energy density, and child weight
status. Pearson’s correlations were calculated to determine the association between brain
response and meal intake. There was no difference in energy intake between conditions
(P=0.40). Relative to toy commercials, food commercials influenced brain responses to food
cues in visual cortex (P<0.001). An interaction between commercial condition and weight status
was observed in visual cortex, with children responding less in this region following food
relative to toy commercial priming (P<0.05). BOLD response in the inferior frontal gyrus,
orbitofrontal cortex, visual cortex, and angular gyrus were related to laboratory meal intake.
Food commercials do not appear to impact laboratory meal intake but may interfere with
children’s subsequent processing of food cues.

Keywords: fMRI, Children, Food Commercials, Energy Intake, Obesity
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Background
The high prevalence of childhood obesity both in the United States (Van Grouw &
Volpe, 2013) and globally (Karnik & Kanekar, 2012) continues to be a problem. Currently, 33%
of children are overweight and over 13% are obese (Ogden, Carroll, Kit, & Flegal, 2012). This is
a public health concern as children with obesity often present with co-morbidities that negatively
impact overall quality of life (Schwimmer, Burwinkle, & Varni, 2003) and increase total
healthcare costs (Wang, McPherson, Marsh, Gortmaker, & Brown, 2011). A major contributor to
the rise in childhood obesity is increased intake of high-fat/high-sugar foods, drinks and snacks
which are aggressively marketed to children (Andreyeva, Kelly, & Harris, 2011; Cullen,
Baranowski, Rittenberry, & Olvera, 2000; Halford, Boyland, Hughes, Oliveira, & Dovey, 2007;
Story & French, 2004). Food marketing has been specifically implicated as a contributor to the
rise in childhood obesity through a variety of mechanisms (Harris, Bargh, & Brownell, 2009),
but primarily as a promoter of unhealthy food intake (Brownell & Horgen, 2004). While many
environmental factors influence children’s eating behaviors, food advertising has been proposed
as one of the most powerful (Story & French, 2004).
Food commercials, in particular, are associated with an increase in children’s preferences
(Borzekowski & Robinson, 2001; Goldberg, Gorn, & Gibson, 1978), requests for (Buijzen &
Valkenburg, 2002; McDermott, O'Sullivan, Stead, & Hastings, 2006), and consumption of
(Halford et al., 2007; Halford, Gillespie, Brown, Pontin, & Dovey, 2004) the advertised
products. On average, children see more than 15 food commercials per day (Commission, 2007).
A recent evaluation of television food commercial content reported that 98% of the advertised
foods are high in sugar, fat, and sodium (Powell, Schermbeck, & Chaloupka, 2013).
Furthermore, food commercials often contain powerful food consumption cues including images
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of peers eating and snacking, associations between positive emotions and energy dense snacks,
and salient images of energy dense foods that lack critical micronutrients (Folta, Goldberg,
Economos, Bell, & Meltzer, 2006). It has been suggested that such messaging may increase
snacking behaviors (Harris et al., 2009). Boyland et al. recently analyzed data from 18 studies to
determine the impact of food commercials on children’s consumption. They found a statistically
and clinically meaningful effect associating food commercial exposure with increased food
intake in children (Boyland et al., 2016). Several studies also suggest that children with obesity
may be particularly vulnerable to these effects (Halford et al., 2007; Halford et al., 2004).
However, most current studies evaluating the effects of food commercials on intake have been
primarily focused on measuring consumption of snack foods while children watch television
(Boyland et al., 2016). It is currently unclear if these effects carry over into larger eating events,
such as meals.
Neurobiological differences in brain regions implicated in cognitive control and reward
processing may underlie individual differences in the response to food commercials (Bruce et al.,
2013; Bruce, Martin, & Savage, 2011). Two brain imaging studies have demonstrated that food
commercials are associated with engagement of limbic system implicated in food motivation and
reward (Gearhardt, Yokum, Stice, Harris, & Brownell, 2014; Yokum, Gearhardt, Harris,
Brownell, & Stice, 2014). Additionally, Bruce et al. found that following food commercial
exposure there was both increased brain activation in the ventral medial prefrontal cortex and an
increased selection of high-energy dense foods. They suggested that this shift in selection may be
because food commercials bias children to place more emphasis on hedonic as opposed to health
attributes of food (Bruce et al., 2016). While these studies have evaluated the effects of
commercials on the brain, none to date have measured how priming children with commercials
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may impact brain response to high- and low-energy food cues and related these responses to
objectively assessed eating behaviors. This study design is ecologically relevant because often
children are exposed to food advertising content when they watch television prior to a meal.
This study addressed three primary aims, 1) to compare the impact of priming children
with food and non-food commercials on ad libitum intake of high- and low-energy-dense foods
at a laboratory meal; 2) to compare the impact of priming children with food and non-food
commercials on brain response to high- and low-energy-dense food stimuli; 3) to determine
whether children’s brain responses to commercial priming are related to their subsequent
laboratory eating behaviors. Considering that behavioral studies have shown that the intake
promoting effects of food commercials are stronger in those with overweight or obesity (Halford
et al., 2007; Halford et al., 2004) and neuroimaging studies have shown differences in brain
response between weight groups to both food marketing techniques (Bruce et al., 2013;
Gearhardt et al., 2014) and visual food cues, (Stice, Spoor, Bohon, Veldhuizen, & Small, 2008).
A secondary aim was to assess differences in behavioral and brain response by weight status.
Therefore, we hypothesized that children would consume more high-energy-dense food and less
low-energy-dense food after exposure to food vs. non-food commercials. We also hypothesized
that exposure to food commercials would result in decreased food cue reactivity in areas related
to cognitive control (e.g., dorsolateral prefrontal cortex (dlPFC), etc.) and increased response in
areas related to reward (e.g., amygdala, ventral striatum, etc.) to high- relative to low-energy
dense food stimuli. Considering that brain response should be related to behavior, we
hypothesized that observed differences in brain reactivity between priming conditions would
correlate to observed differences in food intake between conditions. Finally, we hypothesized
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that child weight status would moderate the impact of commercial condition on both brain and
behavioral responses.
Methods
Participants
Forty-four (N = 44) children (53.70% female) between the ages of 7-9 years (7.90 ± 0.70)
were recruited for testing. Three children did not finish the study and were excluded from the
analysis resulting in a final sample of 41 (25 healthy weight and 16 with overweight/obesity).
Characteristics of the 41 participants are summarized in Table 3.1. All children were screened
via phone calls with parents to ensure they were in overall good health, had no metabolic
diseases, eating disorders, or learning disabilities (e.g., ADHD). Children were also required to
watch at least one hour of television per week, according to parental report, to exclude those with
minimal exposure to television commercials. Children were also excluded if they were left
handed or had other characteristics that would impact fMRI performance (e.g., braces,
claustrophobia, etc.). This study was approved by the Institutional Review Board of The
Pennsylvania State University. All parents provided written informed consent and children
provided written assent before participating.
Study design and overview
Using a within-subjects, cross-over design with repeated measures, participants
completed five visits, each scheduled one week apart to determine the impact of viewing food
versus non-food commercials on food intake and brain response to food cues. The first three
visits were completed at the Metabolic Kitchen and Children’s Eating Behavior Laboratory. In
these visits children were presented with test-meals under three conditions: baseline and two
commercial priming conditions (food or non-food commercials). During the final two visits
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participants completed two fMRI scans at the Social Life and Engineering Imaging Center (see
Table 3.2). In these visits children viewed pictures of high- and low-energy dense foods in the
MRI scanner following two commercial priming conditions (food or toy commercials).
Table 3.1. Participant characteristics (n=41).
Healthy Weight (n=25)

Overweight/Obese (n=16)

Sex

12 female (48%); 13 male (52%)

10 female (62.5%); 6 male (37.5%)

Age

7.84 ± 0.68

8.00 ± 0.73

Height (cm)

129.48 ± 7.29

135.35 ± 7.93

Weight (kg)

26.92 ± 3.64

37.77 ± 8.35

BMI (kg/m2)

15.99 ± 0.98

20.38 ± 2.38

BMI-Age-Sex-Percentile

0.48 ± 0.18

0.91 ± 0.05

Body Fat (%)

15.99 ± 4.98

27.41 ± 7.36

Values represented are mean ± SD.
Healthy Weight = <85% BMI-Age-Sex Percentile
Overweight/Obese = ≥85% BMI-Age-Sex Percentile
BMI = Body Mass Index
Overview of Procedures
Participants who qualified for the study selected a preferred day of the week and then
either a lunch (11:30 AM to 2:00 PM) or dinnertime (4:30 PM to 7:30 PM) to attend for five
consecutive weeks. Children were instructed not to eat three hours prior to all appointments.
Compliance was verified by parental report at the start of each visit. Prior to the start of the
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study, all children were assigned a randomized order for viewing the food and toy commercials
prior to visits two through five and this order was counter-balanced across participants.
On the first visit, parents and children were given an overview of the study and
completed informed consent/assent to participate. Parents and children also completed
questionnaires (described in detail below) administered through Qualtrics (Qualtrics, Provo, UT).
Anthropometric measurements (i.e., height, weight, and body fat percentage) were collected on
the children. Prior to the meal, children rated their liking and wanting of all test foods. Children
then consumed an ad libitum test-meal to serve as a baseline control condition for food intake in
the laboratory setting (Birch, McPhee, Bryant, & Johnson, 1993). At the end of the visit, children
completed a mock MRI scan (described below).
On visits two and three, children viewed a cartoon embedded with commercials from
their assigned condition (i.e., food or toy) followed by an ad libitum test-meal. On visits four and
five, children again viewed a cartoon embedded with commercials from their assigned condition
(i.e., food or toy) immediately followed by a 30-minute fMRI scan where they passively viewed
pictures of low- and high-energy dense foods.
Table 3.2. Study visits timeline.
Visit 1
Visit 2
Visit 3
Food or Toy Commercial Priming
Anthropometri
cs
Questionnaires
Ad Libitum
Laboratory
Meal

Ad Libitum
Laboratory
Meal
Mock MRI

Ad Libitum
Laboratory Meal
Mock MRI

Visit 4
Visit 5
Food or Toy Commercial Priming
fMRI scan

fMRI scan
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Questionnaires
Parents completed a standard demographic assessment to determine socioeconomic
status, ethnicity, and other variables. Parents reported child pubertal development using the
Puberty Development scale (Cole, Bellizzi, Flegal, & Dietz, 2000). Parents also completed the
Children’s Eating Behavior Questionnaire (CEBQ), a validated 35- item assessment of child
appetitive traits (Carnell & Wardle, 2007; Wardle, Guthrie, Sanderson, & Rapoport, 2001).
Furthermore, parents reported child advertisement exposure using The Parent Brand Inventory, a
questionnaire developed by our laboratory to measure parents’ perception of their child’s
familiarity with food brands. Information from these questionnaires was used to assess for
potential covariates that might influence children’s food intake and/or brain response to food
cues, but will not be presented in detail in the current paper.
On the first visit children rated liking and wanting of all the test-meal foods using 5-point
pictorial Likert scales anchored from “Hate it” to “Love it”. Children completed the Children’s
TV survey, a questionnaire developed by our laboratory (available on request) to assess
children’s exposure to television and advertisements. Children also reported fullness before and
after all test-meals and before the fMRI scan using an age-appropriate, validated analog scale
(Keller et al., 2006).
Anthropometric measurements
Children were assessed for height, weight, and body fat percentage in light clothing (e.g.
no jackets, socks, or shoes). Weight was measured to the nearest tenth of a pound using a digital
scale (Tanita®, Arlington Heights, IL). Height was measured to the nearest tenth of a centimeter
using a stadiometer (Seca®, Chino, CA). Body fat was measured to the nearest tenth percent
using a standing bioelectrical impedance body composition analyzer (Tanita®, Arlington
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Heights, IL). Child BMI (BMI kg/m2) was used to categorize children by weight status. Children
were included in the overweight and obese group if their BMI for age and sex was ≥ 85th
percentile (Control & Prevention, 2000).
Commercial Priming
At the beginning of visits 2-5, participants watched a 12-minute cartoon embedded with 10
commercials presented in two commercial breaks lasting 90 seconds each for a total run time of
15-minutes; this is similar to established protocols used in other studies (Boyland, KavanaghSafran, & Halford, 2015; Halford et al., 2007; Halford et al., 2004). Commercials were selected
using Nielsen data (Nielsen Ad Intel, 2015) for the most advertised brands seen by children. See
Table 3.3 for a list of commercials used. Commercial condition (food or toy) order was randomly
assigned at the start of visits 2 and 4 and counterbalanced for the subsequent visit. Four different
episodes of a popular cartoon show (Phineas and Ferb ©, Disney Channel) were used to ensure
children did not tire of watching the same episode over the four visits. The episodes were
screened to not contain any overt conversations or actions related to food.
Ad libitum test-meals
The foods presented at each test-meal were: Grilled Chicken (Tyson®, Springdale, AR),
Four Cheese Pizza (DiGiorno®, NestleS.A., Vevey, Switzerland), Frozen Broccoli Florets
(Wegmans®, Rochester, NY), Red Grapes, Chips Deluxe Chocolate Chip Cookies (Keebler®,
Battle Creek, MI) and French Fries (Ore Ida®, Kraft Heinz, Philadelphia, PA). In order to test
exploratory hypotheses related to the impact of food commercials on meal energy density,
children were presented with three high-energy dense foods (i.e., pizza, cookies, and French
fries) and three low-energy dense foods (i.e., grilled chicken, broccoli, and grapes). Serving sizes
were based on prior studies (Fearnbach et al., 2016; Fearnbach, Thivel, Meyermann, & Keller,
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2015) and were intended to provide children with enough food so as not to limit intake of any
item. Details of serving sizes and energy densities of the foods can be found in Table 3.4. All
test-meal foods were weighed to the nearest hundredth of a gram using a digital food scale prior
to serving. Food items were arranged identically on two trays for all meals.
Table 3.3. Commercials viewed by children.
Commercial Type
Food

Toy

Brand Promoted
BurgerKing
McDonalds
LuckyCharms
McDonalds
Go-Gurt
Chuck-E-Cheese
Fruit Loops
Honey Nut Cheerios
Cinnamon Toast Crunch
Wendy’s
TacoBell
Trix
Go-Gurt
Subway
Jurassic World Action Figures
Hello Kitty Creator
Star Wars Blade Builders
Skylanders
Mario Party 10
Project MC2
Pokemon Action Figures
Color Wonder
Star Wars MicroMachines
Melt and Mold Factory
Splatoon
Lego Star Wars

Details
Child eating at burger king
Minions at McDonalds
Animated
McDonalds drive through
GoGurt as a lightsaber
Eating at restaurant
Animated
Animated
Animated
Fresh bacon
Crunch wraps
New fruity flavors
Whatever it takes to get it
New sandwiches
Hasbro
Character
Hasbro
Activision
Nintendo
MGA entertainment
Tomy
Crayola
Hasbro
Crayola
Nintendo
Lego
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Table 3.4. Test-meal foods and beverage.

Meal Item
Tyson Grilled Chicken
DiGiorno® Four Cheese Pizza
Wegmans® Frozen Broccoli Florets
Red Grapes
Keebler® Chips Deluxe Chocolate
Chip Cookies
OreIda® French Fries
Wegmans® Ketchup
®

Serving
Size
3 oz
½ pizza
1 cup
1 cup

Weight
(g)
84
130
93
127

Energy
(kcal)
100
360
20
90

Energy
Density
(kcal/g)
1.2
2.8
0.2
0.8

3 Cookies

33

160

4.8

27 pieces
1.2 oz

84
35

190
30

2.3
0.9

Children were informed that they had 30-minutes to eat as much or as little as they
wanted and that they could end the meal early if they were finished. A research assistant read an
age-appropriate story (e.g., Matilda) that did not contain food references out loud while the
children ate to serve as a consistent, neutral distraction that also provided a reason for the
researcher to be in the room to monitor the child. Children were also allowed to request
additional servings of any item throughout the meal. If the child finished any food item they
were asked if they would like seconds, and if requested, the researcher brought out another
serving of the same size. We have used similar protocols in past studies of ad libitum test-meal
assessment because we have found that some children may be too shy to request seconds even if
they would like them (Lee & Keller, 2012). Immediately following the meal, leftovers were
weighed to the nearest hundredth of a gram.
Mock MRI procedure
Following each of the three test-meals, children completed a training session conducted at the
MRI imaging facility mock scanner. The mock-training sessions were based on a previous
protocol developed to facilitate the quality of fMRI data collection in children (English,
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Lasschuijt, & Keller, 2015). The mock scanner allows children to experience the MRI
environment and practice the viewing task prior to testing. A trained research assistant explained
the various components of the MRI machine such as the table, head coil, and mirror. Because
excessive motion in the scanner can cause motion artifacts and loss of data (Byars et al., 2002),
children were given examples of movements to avoid and research staff coached them on how to
remain still. Children then practiced the task for 5-minutes with images not presented during the
fMRI scan. Recorded sounds similar to those heard during MRI were also played over speakers
to prepare children for the upcoming scans.
Functional MRI paradigm
Standardized food images used in the fMRI task were provided by the Image Sciences
Institute, UMC Utrecht, and created as part of the Full4Health project (www.full4health.eu),
funded by the European Union Seventh Framework Program (FP7/2007-2013) under grant
agreement nr. 266408, and the I.Family project (http://www.ifamilystudy.eu), grant agreement
nr. 266044 (Charbonnier, van Meer, van der Laan, Viergever, & Smeets, 2016). Pictures of food
shown during the fMRI scan included: low-energy dense foods (e.g., vegetables and fruit)
(n=120); high-energy dense foods (e.g., candy and ice-cream) (n=120); and blurred image
controls (n=240). Blurred pictures were used as an implicit baseline in order to control for visual
stimulation. Images were presented to subjects using E-Prime (Psychology Software Tools Inc.,
Sharpsburg, PA) by projecting images onto a screen at the head of the MRI scanner for viewing
by means of a mirror mounted to the head coil. Pictures were each presented for 2.5 seconds with
a 0.5 second (blank screen) inter-stimulus interval.
The MRI task procedure was based off a previously used paradigm (Masterson, Kirwan,
Davidson, & LeCheminant, 2016). Each MRI visit consisted of 2 functional runs each 6-minutes
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in length (120 pictures in each run) with a 1-minute rest period to provide children time to ask
any questions or express any concerns about the procedure. A total of 48 blocks of 10 images
each were presented to each participant. To ensure presentation of the stimuli was random while
still being balanced for food types, the 48 blocks of images were randomized into two master
blocks. Master blocks consisted of 6 sub-blocks of high-energy foods and 6 low-energy subblocks. A master block of stimuli (6 low- and 6 high-energy blocks) was randomly assigned to
be shown in the first visit with the other block being used in the subsequent visit. Blocks of
stimuli were always followed by a sub-block of identical corresponding blurred images. The
presentation order of the sub-blocks was randomized. Furthermore, the presentation order of the
images within a sub-block were randomized.
To improve engagement in the task, participants were asked to respond to the question,
“Would you eat this in the morning or the evening?” while viewing each picture. Participants
indicated their response by pressing one of two buttons on a fiber optic response pad with his/her
right hand. For blurred stimuli, participants were asked to press a button each time the picture
changed.
MRI data acquisition
MRI data were acquired using a Siemens MAGNETOM Trio 3T MRI scanner (Siemens
Medical Solutions, Erlangen, Germany) with a standard 12-channel head coil. To restrict
movement, padding around the head, arms, and body was used. Scans were identical for both
sessions. The following parameters were used to obtain a T1-weighted MPRAGE structural scan
for each subject: TE= 2.26 ms; T= 1900 ms; flip angle= 9°; matrix size= 256 × 215 mm; field of
view= 250 × 218 mm; 176 slices; slice thickness= 1 mm; voxel size= .977 × .977 × 1 mm; 1 total
acquisition. T2*-weighted echo-planar images were obtained using the following parameters:
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TE= 28 ms; TR= 1800 ms; flip angle= 90°; matrix size= 64 × 64; field of view= 220 × 220 mm;
36 slices; slice thickness= 3 mm; voxel size= 3.4 × 3.4 × 3 mm; 270 total acquisitions.
Data analysis
Participants’ descriptive data, food intake, fullness scores, and external analysis of fMRI
results were analyzed in SPSS 22.0 (IBM Corp., Chicago, IL, USA). Energy intake from testmeals was calculated by converting gram amounts of foods consumed to energy (kcal). Linear
mixed models were used to test for differences in pre-meal fullness and energy intake between
the three meal conditions. Models were tested to assess if sex, BMI-z scores, parental education,
time of the meals, social economic status, or pre-meal fullness impacted the relationship between
priming condition and test-meal intake. A paired-samples t-test was used to test for differences in
pre-scan fullness for the two MRI days.
Statistical analyses for whole-brain response from the fMRI data were conducted using
BrainVoyager 20.6 (Brain Innovation, Maastricht, The Netherlands). Functional data were 3D
motion corrected using 6 vectors (3 translations, 3 rotations), temporal high-pass filtered using a
GLM-Fourier basis set with 3 cycles per time course, and 3D spatial smoothed using a 6-mm3
FWHM Gaussian filter. Anatomical data were normalized to MNI space using the MNI-152
template. Functional data were co-registered to each participant’s anatomical data.
Functional runs were analyzed using BrainVoyager’s Motion Correction Processor
plugin. Regressors of no interest were created for any volume with over 1 mm of translation or
1° of rotation in any direction. Runs were excluded if more than 25% of the data was censored
using this process. Only 15% of runs contained motion over the desired threshold with only 1%
being unusable. Therefore 2 of 164 total runs were excluded from the final analysis.
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Functional data were analyzed using a random-effects general linear model (RFX-GLM).
Regressors were created coding for low- and high-energy food blocks. Control blocks were not
explicitly modeled and served as the implicit baseline. Blocks were modeled by convolving the
standard hemodynamic response function with a 30-second boxcar function.
A group-level analysis was conducted using ANOVA on the whole-brain data with
picture type (low-energy, high-energy, and commercial priming condition) as within-subject
factors, weight status as a between-subject factor, and participants as a random factor. A grey
matter mask was also applied to the functional data. To correct for multiple testing, results were
thresholded with a voxel-wise P-value of P < 0.001 and spatial extent threshold of six,
determined by using the ClusterThresh plugin of the BrainVoyager software (Forman et al.,
1995; Goebel, Esposito, & Formisano, 2006). As recommended by Woo and colleagues, 10,000
Monte Carlo simulations were conducted to provide estimations for an overall P-value of P<0.05
(Woo, Krishnan, & Wager, 2014). Contrast maps for all main effects and interactions were
evaluated for the analysis. Average beta coefficients were extracted from all areas of BOLD
response that survived the multiple comparison correction and were subjected to further analysis
(ANOVA) in SPSS.
To conduct the correlation analysis difference scores for both brain response and food
intake were created. As the primary goal of these analyses was to determine if brain response to
the commercial priming was related to food intake following commercial priming, we focused on
brain differences that showed a main effect or interaction of commercials on BOLD response to
food cues. For each brain region that showed a main effect of commercials at the group level, we
created contrast values to assess the difference in BOLD contrast to food cues following food
versus toy commercial priming. These contrast values were further correlated with difference
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scores of laboratory test-meal intake following food versus toy commercial priming. Therefore,
positive beta coefficient values indicate greater response to food images following the food
commercial condition. Similarly, positive difference scores for laboratory intake imply greater
food intake following food relative to toy commercials. Additionally, as one of the aims of the
study was to examine individual differences in response to low- and high-energy food following
food compared to toy commercials, we created separate difference scores to model the
relationship between brain and behavioral responses to both high- and low-energy dense foods
combined, as well as high- and low-energy dense foods analyzed separately. Pearson’s
correlations were calculated between the difference scores obtained from the fMRI data (i.e.,
beta values from brain regions showing a main effect or interaction of commercial condition) and
the test-meals (i.e., energy intake following food commercials vs. toy commercials) to determine
the relationship between brain response and test-meal intake. Separate correlations were also run
to determine whether BOLD response to high-energy dense food cues following food versus toy
commercial priming correlated with laboratory intake from the high-energy dense foods after
children viewed food compared to non-food advertisements. Likewise, we tested the relationship
between children’s BOLD response to low-energy dense food cues following food versus toy
commercial priming to determine its relationship to children’s intake from the low-energy dense
foods. For all of these relationships, a P-value ≤ 0.05 was used to determine significance.
Results
Participant characteristics are summarized in Table 3.1. The majority of participants were
Caucasian (n=34), the others were Black (n=4), Asian (n=2), and Hispanic (n=1). The sample
included 22 males (53.7%) and 19 females (46.3%). Participants reported no difference in premeal fullness between meal sessions (F(1,39)=0.62; P=0.54). Similarly, there was no difference
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in pre-scan fullness by commercial condition (t=-0.461; P=0.65). There was no difference in
energy intake between conditions (baseline, food commercials, toy commercials conditions)
(F(1,39)=0.927; P=0.40). However, there was a main effect of weight status (normal vs
overweight/obese) (F(1,39)=18.905; P≤0.001) indicating that those with overweight/obesity
consumed 212.77 (±48.94) kcal more on average than their healthy weight counterparts,
regardless of commercial condition. When separating out high- and low-energy dense foods in
the analysis there were no differences in high-energy food intake by commercial condition
(F(1,39)=0.407; P=0.66). However, children with overweight/obesity consumed more [231.87
(±47.33)] high-energy dense foods than those who were healthy weight (F(1,39)=24.001;
P≤.0001). There was no effect of commercial condition (F(1,39)=1.994; P=0.14) or weight status
(F(1,39)=1.576; P=0.21) for intake of low-energy dense foods.
Functional MRI results
Brain Regions Defined by the Contrast for the Main Effect of Commercial Condition:
There was a main effect of commercial priming in right visual cortex (F(1,39)= 22.89; P <
0.001). Exposure to food commercials prior to viewing food images resulted in decreased
response in right visual cortex compared to exposure to toy commercials (P≤0.0001) (see Table
3.5; Figure 3.1).
Brain Regions Defined by the Contrast of the Main Effect of Food Energy Density:
Regardless of commercial condition, the whole-brain analysis revealed increased brain response
to high- relative to low-energy food cues in bilateral fusiform gyrus [right - F(1,39)= 22.36;
P≤0.001; left – (F(1,39)= 13.95; P≤0.001)], bilateral visual cortex [right - F(1,39)= 13.41;
P≤0.001); left - (F(1,39)= 15.83; P≤0.001)], and right amygdala (see Table 3.5). The secondary
ANOVA within these regions revealed a significant main effect of weight status in right fusiform
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gyrus (F(1,39)= 5.13; P=0.03) and a significant interaction between commercial condition and
weight status in right visual cortex (F(1,39)= 5.07; P≤0.03) (see Table 3.5; figure 3.2). Post-hoc
pairwise comparisons in visual cortex showed a significant decrease in BOLD response (P=0.01)
to the food stimuli following exposure to food relative to toy commercials in children with
overweight or obese weight status. However, there was no difference between condition seen in
the healthy weight children (P=0.81).
Figure 3.1. Main effect of commercial exposure in the R. visual cortex.
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Brain Regions Defined by the Contrast for the Interaction between Commercial
Condition and Food Energy Density: There was an interaction between commercial condition
and food energy density in left inferior frontal gyrus (left IFG) (F(1,39)= 6.35; P≤0.001) (see
Table 3.5; Figure 3.3). Post-hoc pairwise comparisons were unable to detect any significant
differences between commercial or energy density conditions. However, the pattern of the data
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suggests that BOLD response in left IFG was reduced following exposure to food relative to toy
commercials for high-energy dense food cues, but not for low-energy dense food cues.
Figure 3.2. Commercial condition and weight status interaction in the R. visual cortex.
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Brain Regions Defined by the Contrast for the Main Effect of Weight Status: There was a
main effect of weight status in left medial prefrontal cortex (F(1,39)= 5.61; P=0.02) showing that
compared to healthy weight children, those with overweight/obesity had increased BOLD
response in this region to food cues, regardless of commercial priming condition (see Table 3.5).
Brain Regions Defined by the Contrast for the Interaction between Food Energy Density
and Weight Status: There was an interaction between energy density and weight status in right
angular gyrus (F(1,39)= 7.03; P=0.01) (see Table 3.5). Post-hoc pairwise comparisons were
unable to detect any differences between groups in the interaction. The secondary ANOVA in
this region also revealed a significant (F(1,39)= 5.20; P=0.03) interaction between food energy
density and commercial condition (see Table 3.5; Figure 3.4). Post-hoc pairwise comparisons
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showed response to high-energy food stimuli in the right angular gyrus was reduced following
food commercial exposure compared to the toy commercial condition (P=0.022).
Figure 3.3. Interaction between food energy density and commercial condition in L. IFG.
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Figure 3.4. Interaction between food energy density and commercial condition in the R. angular
gyrus
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Brain Regions Defined by the Contrast for the Interaction between Commercial
Condition and Food Energy Density and Weight Status: A three-way interaction between
commercial condition, food energy density and weight status was found in left orbitofrontal
cortex F(1,39)= 5.20; P=0.03) (see Table 3.5). Post-hoc analyses revealed that following toy
commercials, children with overweight/obese status showed greater response in left OFC to lowenergy-dense food stimuli than children who were healthy weight (P=0.01). Furthermore, visual
inspection of the data suggests that following exposure to food compared to toy commercials
healthy weight children tended to increase responses to both low- and high-energy dense food
cues, while children with overweight/obesity tended to reduce responses to food cues in left
orbitofrontal cortex (see Figure 3.5).
Figure 3.5. Interaction between food energy density, commercial condition, and weight status in
the L. orbitofrontal cortex.
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Table 3.5. Significant clusters of activation for the contrasts of main effect of commercial exposure, main effect of stimulus, and the
commercial exposure by stimulus interaction.
ANOVA Contrast

ROI Name

Energy Density

Z

F(1,39)

Energy Density x
Commercial
Condition
F(1,39)

Commercial
Condition x Weight
Status
F(1,39)

ME Energy
Density

ME
Commercials

ME
Weight

Energy Density x
Weight Status

F(1,39)

F(1,39)

F(1,39)

3 Way
Interaction
F(1,39)

-65

-26

22.36**

-

5.13*

-

-

-

-

R Visual Cortex

9

42

-63

-4

13.41**

-

-

-

-

5.07*

-

R Amygdala

14

18

-1

-21

19.00**

-

-

-

-

-

-

L Visual Cortex

17

-12

-90

-16

15.83**

-

-

-

-

-

-

L Fusiform Gyrus

17

-50

-62

-5

13.95**

-

-

-

-

-

-

R Visual Cortex

6

26

-85

-4

-

22.89**

-

-

-

-

-

6

-10

33

41

-

-

5.61*

-

-

-

-

13

-57

32

6

-

-

-

-

6.35*

-

-

63

53

-48

25

-

-

-

7.02*

5.20*

-

-

6

-25

21

-26

-

-

-

-

-

-

5.19*

Main Effect Weight Status L Medial Prefrontal
Cortex
Commercial Condition x
L Inferior Frontal Gyrus
Energy Density
Interaction Energy
Density x Weight Status

Y

48

Main Effect Commercial
Condition

X

6

R Fusiform Gyrus
Main Effect

No. Voxels

R Angular Gyrus

Commercial Condition x
Energy Density x Weight L Orbitofrontal Cortex
Status

ME=Main Effect; ME Stimulus = high calorie vs. low calorie; ME Commercials = food commercials vs. toy commercials
Voxelwise threshold: p=.001
Cluster threshold: 6
*
p<0.05
**
p<0.001
R=Right; L=Left
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Correlation between fMRI results and test-meal intake
Pearson’s correlations between brain response in regions showing a main effect or
interaction of commercial priming and intake at the laboratory test-meal are detailed in Table
3.6. Greater response in right visual cortex to food stimuli following food relative to toy
commercial exposure was correlated to decreased meal intake following food relative to toy
commercial exposure in the laboratory (r= -0.33; P=0.04). A similar correlation was observed
when only considering the response to high-energy stimuli and intake of high-energy food in the
meal (r= -0.37; P=0.02). Greater response in both left IFG (r= 0.31; P=0.05) and left
orbitofrontal cortex (r= 0.35; P=0.02) to low-energy food stimuli following exposure to food
relative to toy commercials correlated to increased intake of low-energy foods after children
viewed food relative to toy commercials in the lab.
The four significant correlations were then analyzed for outliers. In all four cases 2 to 3
potential outliers were detected (values in the 1.5 interquartile range to the 3.0 interquartile
range). When these outliers were removed from the analysis, all four correlations became nonsignificant. To assess if child weight influenced the results partial correlations controlling for
BMI-z were conducted, but this did not affect any of the outcomes. Other regions identified by
the whole-brain analysis did not correlate with total, low-energy, or high-energy intake at the
test-meals (P-values ranging from 0.38 – 0.96).
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Table 3.6. Pearson’s correlation coefficients for the relationship between the difference in
energy intake between meal conditions and the difference in brain response between brand
conditions
fMRI Beta Weight
Difference Score
Food Commercials vs. Combined Food
Toy Commercials Total Difference Score
Meal Intake
Meal Comparison

Food Commercials vs.
Toy Commercials Low
Energy Food Intake

Low ED Food
Difference Score

Food Commercials vs.
Toy Commercials Low
Energy Food Intake

High ED Food
Difference Score

Brain Region
R. Visual Cortexa
R. Visual Cortexb
L. IFG
R. Angular Gyrus
L. Orbitofrontal Cortex
R. Visual Cortexa
R. Visual Cortexb
L. IFG
R. Angular Gyrus
L. Orbitofrontal Cortex
R. Visual Cortexa
R. Visual Cortexb
L. IFG
R. Angular Gyrus
L. Orbitofrontal Cortex

Pearson
Correlation
-0.325
0.038
0.095
-0.021
0.085
0.078
0.141
0.311
0.055
0.353
-0.368
-0.008
-0.123
-0.087
0.015

P-value
0.038*
0.816
0.557
0.894
0.595
0.629
0.380
0.048*
0.732
0.023*
0.018*
0.958
0.444
0.589
0.928

(R=Right; L=Left)
Region defined by the main effect of food energy density contrast
b
Region defined by the main effect of commercial condition contrast
a

Discussion
This study adds three major contributions to the literature. First, while previous studies
have shown that food commercials have a small to moderate effect on snack food intake
(Boyland et al., 2016) this is the first study to test the impact of food commercials on subsequent
intake at a meal. Our results suggest that exposing children to food commercials prior to a
laboratory meal does not increase intake (compared to priming with toy commercials).
Furthermore, food commercials did not differentially influence intake of low- or high-energy
dense foods. Second, although previous research has observed the effects of food commercials
on the brain, (Bruce et al., 2016; Gearhardt et al., 2014; Yokum et al., 2014) we are the first to
observe that food commercials impact processing of subsequent visual food cues in regions of
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the brain related to sensory processing, reward, control, and emotion. Third, we correlated
observed brain response to food cues following commercial priming to children’s eating
behaviors in the laboratory, although caution is advised because these analyses were driven by
outliers. These findings highlight the role of individual differences in determining children’s
susceptibility to overeat in response to food advertising cues. In sum, these results demonstrate
that food advertising alters children’s neural processing of food cues and these alterations are
associated with objectively assessed eating behaviors.
In regards to the primary study aim, we observed no effect of food commercial priming
on children’s intake at a multi-item test-meal. There are several possible explanations for this
outcome. First, we note that not all previous studies have found an influence of food
commercials on consumption (Anschutz, Engels, & Van Strien, 2009, 2010; Boyland et al.,
2013; Harris, Speers, Schwartz, & Brownell, 2012). This suggests that observed effects may vary
depending on differences in participant characteristics, commercial exposure paradigms, and/or
foods included in the snack or meal. For example, Dovey et al. found that children with high
levels of food neophobia did not increase consumption of snack foods to the same extent as those
with lower levels of reported food neophobia following food commercials (Dovey, Taylor, Stow,
Boyland, & Halford, 2011). Second, the effect size reported in a recent meta-analysis conducted
by Boyland and colleagues (Boyland et al., 2016) suggests that commercials have only a smallto-moderate effect on consumption of snack foods in children. Meals and snacks vary
substantially with respect to food variety (Rolls et al., 1981), portion sizes (Rolls, Morris, & Roe,
2002), and palatability (Rolls, 1979). Therefore, it is possible that food commercials have a
greater influence on snack food intake than they do on intake at a meal, where competing
influences such as variety, portion size, and palatability may override any priming effect of food
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adverts. It is worth noting that the estimated effect size for energy intake differences between the
two commercial conditions in this study was very small (d=0.003) and therefore the lack of an
effect is not likely due to inadequate sample size. Therefore, this study provides preliminary
evidence that the intake promoting effects of food commercials may not extend into multi-item
meals, at least not under the conditions tested in the current study.
A primary aim of this study was to evaluate response to visual food stimuli following exposure
to food and toy commercials. Our whole-brain analysis revealed two regions of the visual cortex
that responded to commercial condition. One region showed a main effect of commercial
condition where BOLD response to food images decreased following food relative to toy
commercial exposure. The other region showed an interaction between commercial condition
and weight status where BOLD response to food images was decreased following food
commercial priming more extensively in children with overweight/obesity relative to healthy
weight. We found that this reduced activation in visual cortex correlated to increased energy
intake (both total and high-energy) in a meal following priming with food commercials, and this
relationship was not explained by child weight status. Visual cortex is responsible for processing
external visual stimuli and is implicated in the processing of both pleasant and unpleasant
emotional cues (Lang et al., 1998). Prior studies have shown greater BOLD response in the
visual cortex to food advertising (both brands and commercials) relative to non-food advertising
controls in children (Bruce et al., 2014; Bruce et al., 2016; Gearhardt et al., 2014; Yokum et al.,
2014). Increased response to food images in visual cortex has been observed in healthy weight
adults compared to those with obesity (Cornier et al., 2009). Our results suggest that food
commercial priming may reduce children’s attention and processing of visual food cues, and this
could have implications for overeating.
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The whole-brain analysis revealed an interaction between commercial condition and food
energy density in IFG and angular gyrus. Furthermore, BOLD response in IFG following food
commercials correlated to increased intake of low-energy dense food after children were primed
with food compared to toy commercials. Inferior frontal gyrus is located within the dorsolateral
prefrontal cortex and is involved primarily in attention (Hampshire, Chamberlain, Monti,
Duncan, & Owen, 2010), cognitive control, and inhibitory processing (Nakata et al., 2008).
Children with obesity (compared to healthy weight children) have shown increased BOLD
response to both visual food stimuli and food logos in IFG (Bruce et al., 2014; Bruce et al., 2010;
Bruce et al., 2013). Our findings compliment those from Bruce and colleagues (Bruce et al.,
2014; Bruce et al., 2010; Bruce et al., 2013) who found increased response in IFG to food
marketing techniques, particularly in children with obesity. In addition, post-hoc analyses of
these relationships suggested that food commercial priming reduced BOLD signal specifically to
high- but not low-energy dense food cues in this region. We speculate that priming children with
food commercials, many of which contained images of palatable, energy dense foods, may have
impaired children’s cognitive control mechanisms. As such, we saw reduced engagement of IFG
when children were presented with palatable, energy-dense food images in the scanner.
Similarly, in angular gyrus, we demonstrated that food commercial priming also reduced BOLD
response to high- relative to low-energy density food stimuli. The angular gyrus has been
implicated in language processing (Hubbard & Ramachandran, 2003), spatial cognition (Grabner
et al., 2007), attention (Farrer et al., 2008) and food cue processing (Uher, Treasure, Heining,
Brammer, & Campbell, 2006). Therefore, the observed reduction may reflect a decline in
sensitivity to the visual aspects of high-energy dense food stimuli following food commercial
exposure. Taken together, these results suggest that exposing children to commercials that
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promote consumption of tasty, energy dense foods may interfere with cognitive processing of
other high-energy dense food stimuli encountered in the environment. The implications of this
finding require additional investigation.
The whole-brain analysis also revealed a three-way interaction between commercial
condition, food energy density, and weight status in the orbitofrontal cortex. Our post-hoc
analysis revealed that following toy commercials, children who were overweight/obese had
greater response to low-energy food stimuli than children who were healthy weight. In contrast,
we observed no significant differences in orbitofrontal cortex response following food
commercials. The orbitofrontal cortex is thought to be a key region of the “appetitive network”
that is involved in taste and smell processing (De Araujo, Rolls, Kringelbach, McGlone, &
Phillips, 2003), sensory specific satiety (Kringelbach, O’Doherty, Rolls, & Andrews, 2003), and
evaluating the pleasantness and reward value of a food-related stimulus (Kringelbach, 2005; van
der Laan, De Ridder, Viergever, & Smeets, 2011). Increased activation of the orbitofrontal
cortex has been observed following food commercials (Gearhardt et al., 2014; Rapuano,
Huckins, Sargent, Heatherton, & Kelley, 2015) and in response to food images in children with
obesity compared to healthy weight counterparts (Bruce et al., 2010). Our results support these
previous findings as we also found differences in processing of visual food cues, specifically
low-energy food stimuli, between healthy weight children and those with overweight/obesity.
Unexpectedly, these effects were observed following toy commercial exposure, but not after
food commercials. Additional studies will be needed to determine the reproducibility of this
effect and further understand this complex interaction.
While not explicitly part of our primary aims, we identified several brain regions that
showed a main effect of food energy density: fusiform gyrus, visual cortex, and amygdala. In
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addition, two regions showed a main effect of weight status: medial prefrontal cortex and
fusiform gyrus. One region showed an energy density by weight interaction: angular gyrus.
These findings are all confirmatory of previous findings (Bruce et al., 2010; García‐García et al.,
2013; Killgore et al., 2003; Murdaugh, Cox, Cook, & Weller, 2012; Uher et al., 2006; Yokum,
Ng, & Stice, 2011) adding more certainty to their role in evaluating visual food stimuli.
This study has several strengths and limitations. One strength of this study is the use of
toy commercials for comparison as opposed to using commercials for other items (e.g., cars,
clothes) that are not specifically targeted towards children. This allowed us to test the food
commercials against a salient and age appropriate contrast. In addition, we observed high success
rates for the fMRI scanning protocol due to a comprehensive mock training protocol (de Bie et
al., 2010; English, Lasschuijt, & Keller, 2015). Another strength is the use of strict multiple
comparison corrections during the whole-brain analyses to control for the number of statistical
tests performed and avoid false positives (Woo et al., 2014). Importantly, we note that the
presence of outliers in the meal intake data may limit the interpretations that can be made about
the relationship between the brain’s response to food advertising cues and eating behavior.
However, these results provide a starting point for potential key regions of interest that may
relate to observed eating behaviors for future studies. A final limitation is the homogeneity of the
population sampled. Future studies should examine these relationships in cohorts that vary by
demographic characteristics that have been implicated in the response to food commercials, such
as ethnicity (Harris, Schwartz, & Brownell, 2010), and socioeconomic status (Gorn & Goldberg,
1977).
In conclusion, our study suggests that the intake promoting effects of food commercials,
while important during snack consumption, may not extend to a meal. We found that food
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commercials impact regions of the brain related to reward, control, emotion, and attention, and
variations in these responses could explain why some children are more vulnerable to advertising
content than others. Finally, we show preliminary evidence that brain response to food
commercial priming was related to children’s laboratory food consumption. These results
suggest that food marketing techniques interfere with the processing of food cues in the
environment and subsequent eating behavior. Therefore, reducing exposure of children to food
marketing techniques, whether through public policy or parental intervention, may be important
to improve children’s food behavior particularly in relation to high-energy dense foods.
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Chapter 4: Brain response to visual food cues following food commercials correlates to
subscales of the CEBQ: a short communication
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Background
Currently, 33% of children are overweight, and over 13% are obese [1]. One major
contributor to the childhood obesity epidemic is the increased intake of high-fat/high-sugar
foods, drinks, and snacks which are heavily marketed to children [2-5]. Food commercials, a
prominent form of food marketing, allow a company to associate their brand with positive
emotions and attitudes in an attempt to influence future consumption of their product [6]. Food
consumption cues found in food commercials include scenes of peers eating and snacking,
associations between positive emotions and energy-dense snacks, and salient images of energydense foods [7].
It has been suggested that the embedded food cues and related messaging used in food
commercials may impact key regions of the brain involved in the processing of food cues and
making food-related decisions [8, 9]. Furthermore, these observed neurobiological differences
may be suggestive of a child’s susceptibility to the intake promoting messaging found in food
commercials [10, 11]. Two brain imaging studies have used functional magnetic imaging (fMRI)
techniques to demonstrate that food commercials are associated with engagement of areas
implicated in food motivation and reward in the limbic system [9, 12]. Furthermore, a recent
study found that brain response in the ventral medial prefrontal cortex when viewing food
commercials correlates to children’s increased selection of high-energy-dense foods following
food commercial exposure [8]. These studies suggest that fMRI may be a useful tool for
identifying children who are vulnerable to food marketing techniques.
However, fMRI is costly and cannot be easily used in field or clinical settings. One way
to bypass the need for MRI scanning of all children would be to identify behavioral correlates of
brain responses, such as the Child Eating Behavior Questionnaire (CEBQ) [13, 14], which could
then be used to characterize phenotypes that are susceptible to food marketing. The CEBQ
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includes a series of 8 scales that assess food approach and food avoidant behaviors. The food
approach scales include food responsiveness, enjoyment of food, desire to drink, and emotional
overeating. The food avoidant scales include satiety responsiveness, slowness in eating,
emotional undereating, and food fussiness. Scores on the food avoidant scales have been shown
to negatively correlate to adiposity whereas food approach scores have been shown to positively
correlate [15-20]. Several of the subscales, such as Satiety Responsiveness and Food
Responsiveness, may be particularly relevant to the study of external food cue responsiveness.
The Satiety Responsiveness scale is considered a measure of food avoidance in children and it
has been suggested that low scores may be indicative of impaired sensitivity to internal satiety
cues [21]. The Food Responsiveness scale is considered a measure of food approach. High scores
on Food Responsiveness scale are thought to indicate susceptibility to environmental food cues
[14, 15]. The food approach and avoidance measures, as well as select subscales, may be able to
suggest children who are vulnerable to food marketing techniques.
The CEBQ and other questionnaires or tasks may be able to serve as a proxy screening
tool in clinics and field studies to help quickly identify children who are vulnerable to food
marketing. Therefore, this secondary analysis was conducted to explore whether measured brain
response to food images following exposure to food commercials correlated with valid measures
of child appetitive traits assessed by the CEBQ. The data used in these analyses were obtained as
part of a more extensive study (see Chapter 3). We hypothesized that increased child brain
response to food images following food commercials would positively correlate to the food
approach subscales, particularly the Food Responsiveness scale. Alternatively, we hypothesized
that increased child brain response to food images following exposure to food commercials
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would negatively correlate to the food avoidance subscales, particularly the Satiety
Responsiveness subscale.
Methods
Participants
Forty-four (N = 44) children (53.70% female) between the ages of 7-9 years (7.90 ± 0.70)
were recruited for the original study. Three of the children did not finish all visits and were
therefore excluded from this analysis, resulting in a final sample of 41 (25 healthy weight and 16
with overweight/obesity). Characteristics of the 41 participants are summarized in Table 4.1. Full
inclusion/exclusion criteria are reported in Chapter 3.
Study design and overview
The larger study used a within-subjects, cross-over design with repeated measures.
Participants completed five visits, each scheduled one week apart. The overall aim of the larger
study was to determine the impact of viewing food versus non-food commercials on food intake
and brain response to food cues. Therefore, the first three visits were completed at the Metabolic
Kitchen and Children’s Eating Behavior Laboratory. In these initial visits, children were
presented with test-meals under three conditions: baseline and two commercial priming
conditions (food or non-food commercials). One the first visit parents completed a series of
questionnaires including general demographics and the CEBQ. During the final two visits,
participants completed two fMRI scans at the Social Life and Engineering Imaging Center. In
these visits, children viewed pictures of high- and low-energy dense foods in the MRI scanner
following two commercial priming conditions (food or toy commercials).
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Overview of Procedures
Participants were evaluated on the same day of the week and same time of day, either at
lunch (11:30 AM to 2:00 PM) or dinner time (4:30 PM to 7:30 PM), for five consecutive weeks.
Before the start of the study, all children were assigned a randomized order for viewing the food
and toy commercials. This order was counter-balanced across participants.
On the first visit, parents and children were given an overview of the study and
completed informed consent/assent to participate. Parents also completed questionnaires
(described in detail below) administered through Qualtrics (Qualtrics, Provo, UT).
Anthropometric measurements (i.e., height, weight, and body fat percentage) were also collected
on the children. On visits two and three, children viewed a cartoon embedded with commercials
from their assigned condition (i.e., food or toy) followed by an ad libitum test-meal. At the end
of visits 1-3, children completed a mock MRI scan (described below). On visits four and five,
children again viewed a cartoon embedded with commercials from their assigned condition (i.e.,
food or toy) immediately followed by a 30-minute fMRI scan where they passively saw pictures
of low- and high-energy-dense foods.
CEBQ Questionnaire
Parents completed a standard demographic assessment to determine socioeconomic
status, ethnicity, and other variables. Parents then completed the CEBQ, a validated 35- item
assessment of child appetitive traits [22, 23]. The CEBQ contains eight subscales representing
children’s enjoyment of food, emotional overeating, satiety responsiveness, slowness in eating,
desire to drink, food fussiness, emotional underrating, and food responsiveness. These subscales
can also be grouped and used to calculate scores representing children's general food approach
and avoidance behaviors. Parents complete the CEBQ by answering questions on a scale of 1
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(never) to 5 (always). The CEBQ has been shown to have excellent test-retest reliability [24] and
has been shown to correlate with observed eating behavior [17]. We similarly found good
internal consistency within our sample for the subscales (α=0.67 – 0.88).
Commercial Priming
Detailed information about the commercial priming used at the beginning of visits 2-5 can be
found in Chapter 3 of this dissertation. In summary, participants watched a 12-minute cartoon
embedded with ten commercials (either food or toy depending on condition) presented in two
commercial breaks lasting 90 seconds each for a total run time of 15-minutes.
Functional MRI paradigm
Standardized food images used in the fMRI task were provided by the Image Sciences
Institute, UMC Utrecht, and created as part of the Full4Health project (www.full4health.eu),
funded by the European Union Seventh Framework Program (FP7/2007-2013) under grant
agreement nr. 266408, and the I.Family project (http://www.ifamilystudy.eu), grant agreement
nr. 266044 [25]. Pictures of food shown during the fMRI scan included: low-energydense foods
(e.g., vegetables and fruit) (n=120); high-energy dense foods (e.g., candy and ice-cream)
(n=120); and blurred image controls (n=240). Blurred pictures were used as an implicit baseline
to control for visual stimulation. Images were presented to subjects using E-Prime (Psychology
Software Tools Inc., Sharpsburg, PA) by projecting images onto a screen at the head of the MRI
scanner for viewing using a mirror mounted to the head coil. Pictures were each presented for 2.5
seconds with a 0.5 second (blank screen) inter-stimulus interval.
The MRI task procedure was based off a previously used paradigm [26]. Each MRI visit
consisted of 2 functional runs each 6-minutes in length (120 pictures in each run) with a 1minute rest period to provide children time to ask any questions or express any concerns about
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the procedure. A total of 48 blocks of 10 images each were presented to each participant. To
ensure presentation of the stimuli was random while still being balanced for food types, the 48
blocks of images were randomized into two master blocks. Master blocks consisted of 6 subblocks of high-energy foods and 6 low-energy sub-blocks. A master block of stimuli (6 low- and
6 high-energy blocks) was randomly assigned to be shown in the first visit with the other block
being used in the subsequent visit. Blocks of stimuli were always followed by a sub-block of
identical corresponding blurred images. The presentation order of the sub-blocks was
randomized. Furthermore, the presentation order of the images within a sub-block were
randomized. To improve engagement in the task, participants were asked to respond to the
question, “Would you eat this in the morning or the evening?” while viewing each picture.
Participants indicated their response by pressing one of two buttons on a fiber optic response pad
with his/her right hand. For blurred stimuli, participants were asked to press a button each time
the picture changed.
MRI data acquisition
MRI data were acquired using a Siemens MAGNETOM Trio 3T MRI scanner (Siemens
Medical Solutions, Erlangen, Germany) with a standard 12-channel head coil. To restrict
movement, padding around the head, arms, and body was used. Scans were identical for both
sessions. The following parameters were used to obtain a T1-weighted MPRAGE structural scan
for each subject: TE= 2.26 ms; T= 1900 ms; flip angle= 9°; matrix size= 256 × 215 mm; field of
view= 250 × 218 mm; 176 slices; slice thickness= 1 mm; voxel size= .977 × .977 × 1 mm; 1 total
acquisition. T2*-weighted echo-planar images were obtained using the following parameters:
TE= 28 ms; TR= 1800 ms; flip angle= 90°; matrix size= 64 × 64; field of view= 220 × 220 mm;
36 slices; slice thickness= 3 mm; voxel size= 3.4 × 3.4 × 3 mm; 270 total acquisitions.
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Data analysis
Participants’ descriptive data, CEBQ, and external analysis of fMRI results were
analyzed in SPSS 22.0 (IBM Corp., Chicago, IL, USA). Statistical analyses for whole-brain
response from the fMRI data were conducted using BrainVoyager 20.6 (Brain Innovation,
Maastricht, The Netherlands). Functional data were 3D motion corrected using 6 vectors (3
translations, 3 rotations), temporal high-pass filtered using a GLM-Fourier basis set with 3 cycles
per time course, and 3D spatial smoothed using a 6-mm3 FWHM Gaussian filter. Anatomical
data were normalized to MNI space using the MNI-152 template. Functional data were coregistered to each participant’s anatomical data.
Functional runs were analyzed using BrainVoyager’s Motion Correction Processor
plugin. Regressors of no interest were created for any volume with over 1 mm of translation or
1° of rotation in any direction. Runs were excluded if more than 25% of the data was censored
using this process. Only 15% of runs contained motion over the desired threshold with only 1%
being unusable. Therefore 2 of 164 total runs were excluded from the final analysis. Functional
data were analyzed using a random-effects general linear model (RFX-GLM). Regressors were
created coding for low- and high-energy food blocks. Control blocks were not explicitly modeled
and served as the implicit baseline. Blocks were modeled by convolving the standard
hemodynamic response function with a 30-second boxcar function.
A group-level analysis was conducted using ANOVA on the whole-brain data with
picture type (low-energy, high-energy, and commercial priming condition) as within-subject
factors, weight status as a between-subject factor, and participants as a random factor. A grey
matter mask was also applied to the functional data. To correct for multiple testing, results were
thresholded with a voxel-wise P-value of P < 0.001 and spatial extent threshold of six,
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determined by using the ClusterThresh plugin of the BrainVoyager software [27, 28]. As
recommended by Woo and colleagues, 10,000 Monte Carlo simulations were conducted to
provide estimations for an overall P-value of P<0.05 [29]. Contrast maps for all main effects and
interactions were evaluated for the analysis. Average beta coefficients were extracted from all
areas of BOLD response that survived the multiple comparison corrections and were subjected to
further analysis (ANOVA) in SPSS.
As the primary aim of this analyses was to determine if brain response to the commercial
priming was related to CEBQ measures we focused on brain regions that showed either a main
effect or interaction with commercials condition on BOLD response to food cues. For each brain
region that revealed a main effect of commercials at the group level, we created contrast values
to assess the difference in BOLD contrast to food cues following food versus toy commercial
priming. Mean food approach (food responsiveness, enjoyment of food, desire to drink, and
emotional overeating) and food avoidance (satiety responsiveness, slowness in eating, emotional
undereating, and food fussiness) scores were also calculated from the 8 CEBQ subscales for use
in the correlation analysis. Pearson’s correlations were calculated between the fMRI data (i.e.,
beta values from brain regions showing a main effect or interaction of commercial condition) and
the CEBQ subscale scores as well as the mean approach and avoidance scores calculated from
the CEBQ subscales. For all correlations, a P-value ≤ 0.05 was used to determine significance.
Results
Participant characteristics are reported in detail as part of Chapter 3 but are summarized
in Table 4.1. Similarly, detailed results of the MRI analysis, including figures and tables, can be
found in Chapter 3 but are reviewed here.
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Functional MRI results
Detailed reporting of the fMRI results can be found in Chapter 3. In summary, regions
showing either a main effect or interaction with commercial condition include: two areas of right
visual cortex (F(1,39)= 22.89; P < 0.001; (F(1,39)= 5.07; P≤0.03), left inferior frontal gyrus (left
IFG) (F(1,39)= 6.35; P≤0.001), right angular gyrus (F(1,39)= 5.20; P=0.03) and left orbitofrontal
cortex F(1,39)= 5.20; P=0.03).
Correlations between fMRI results and CEBQ measures
Pearson’s correlations between brain response in regions showing a main effect or
interaction of commercial priming and CEBQ subscales are reported in Table 4.2. The BOLD
response in the right visual cortex negatively correlated with the mean CEBQ avoidance score
(r=-0.345; P=0.026).
Discussion
In this study, we observed that the measured BOLD response in the visual cortex was
negatively correlated to the reported CEBQ avoidance score. This finding supports our initial
hypothesis and indicates that children with lower mean levels of avoidant food behaviors have
higher response in this region of the brain following exposure to food commercials. The visual
cortex is responsible for processing external visual stimuli and is implicated in the processing of
both pleasant and unpleasant emotional cues [30]. Prior studies have shown the visual cortex to
be impacted by food advertising (both brands and commercials) relative to non-food advertising
in children [8, 9, 12, 31]. Furthermore, the results from the primary outcomes in Chapter 3 found
that reduced activation in this portion of the visual cortex correlates to increased energy intake
(both total and high-energy) in a meal following priming with food commercials. These results
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taken together suggest that children who report avoidant food behaviors as part of the CEBQ
may be particularly vulnerable to the intake promoting aspects of food commercials.
While these results are intriguing, there are several significant limitations to consider. First, this
short communication is reporting a secondary data analysis. The original study was not focused
on or specifically designed to investigate the question addressed in this paper. Second, there are
only three significant correlations reported out of a total of 85 statistical tests conducted. When
using a Benjamini-Hochberg correction to correct for the number of tests conducted none of the
results remain significant indicating they are likely false positives. Finally, the sample size of the
study (n=41) is relatively small and may have limited the findings. The effect sizes for the
correlations are reported in Table 4.3. We note that the effect size of the reported significant
correlation is d=0.757. Several other correlations reported approached statistical significance.
However, they had smaller effect sizes ranging from d=0.401-0.560. To detect if effects of this
size were significant the study sample size would need to be increased to between 83 and 163
participants. Therefore, larger studies will be required to more fully explore this type of
correlative analysis.
In conclusion, mean scores calculated from the food avoidance subscales of the CEBQ
correlated to visual cortex brain response to food images following exposure to food
commercials. These results suggest that children who report higher levels of food avoidant
behaviors may be vulnerable to food marketing. We note that it is possible that individual
subscales of the CEBQ may be predictive of brain response following food commercials and
could be useful in predicting susceptibility to cues and food marketing. However, further studies
are needed to test for these relationships. These preliminary results should be assessed with
caution and not over-interpreted. However, they may provide a strong starting point for future
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studies looking to correlate self-reported eating behavior measures and brain response to food
advertising cues.
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Table 4.1. Participant characteristics (n=41).
Healthy Weight (n=25)

Overweight/Obese (n=16)

Sex

12 female (48%); 13 male (52%)

10 female (62.5%); 6 male (37.5%)

Age

7.84 ± 0.68

8.00 ± 0.73

Height (cm)

129.48 ± 7.29

135.35 ± 7.93

Weight (kg)

26.92 ± 3.64

37.77 ± 8.35

BMI (kg/m2)

15.99 ± 0.98

20.38 ± 2.38

BMI-Age-Sex-Percentile

0.48 ± 0.18

0.91 ± 0.05

Body Fat (%)

15.99 ± 4.98

27.41 ± 7.36

Values represented are mean ± SD.
Healthy Weight = <85% BMI-Age-Sex Percentile
Overweight/Obese = ≥85% BMI-Age-Sex Percentile
BMI = Body Mass Index
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Table 4.2. Correlations between CEBQ measures and significant clusters of activation for brain regions with main effects or
interactions with food commercial priming.
ANOVA Contrast

ROI Name

CEBQ Measure
Enjoyment of
Food

Emotional
Overeating

Satiety
Responsiveness

Slowness in
Eating

Desire to
Drink

Food
Fussiness

Emotional Under
Food
Eating
Responsiveness

Approach Score Avoidance Score

-0.060

-0.177

0.131

-0.113

0.025

-0.006

0.090

-0.006

-0.044

-0.047

0.085

-0.181

-0.186

-0.262

-0.075

0.081

-0.115

0.141

-0.026

-0.354*

0.037

-0.009

-0.087

-0.270

0.134

-0.141

-0.062

0.054

0.007

-0.250

-0.014

-0.017

0.090

-0.021

0.209

0.235

0.056

0.170

0.102

0.124

-0.129

-0.197

0.091

-0.154

-0.017

-0.072

0.005

-0.257

-0.218

-0.113

Main Effect
Energy Density

R Visual Cortex

Main Effect Commercial
Condition
Commercial Condition x
Energy Density

R Visual Cortex
L Inferior Frontal
Gyrus

Interaction Energy
Density x Weight Status

R Angular Gyrus

Commercial Condition x
Energy Density x Weight L Orbitofrontal
Cortex
Status

Pearson Correlation Values
< .05 *
R=Right; L=Left
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Table 4.3. Effect sizes of CEBQ measures and correlations with significant clusters of activation for brain regions with main effects or
interactions with food commercial priming.
ANOVA Contrast

ROI Name

CEBQ Measure
Enjoyment of
Food

Emotional
Overeating

Satiety
Responsiveness

Slowness in
Eating

Desire to
Drink

Food
Fussiness

Emotional Under
Food
Eating
Responsiveness

Approach Score Avoidance Score

0.120

0.359

0.264

0.227

0.050

0.012

0.180

0.012

0.044

0.094

0.170

0.368

0.378

0.543

0.150

0.162

0.231

0.284

0.052

0.757

0.037

0.018

0.174

0.560

0.270

0.284

0.124

0.108

0.014

0.516

0.028

0.034

0.187

0.042

0.427

0.483

0.112

0.345

0.205

0.249

0.260

0.401

0.182

0.311

0.034

0.144

0.010

0.531

0.446

0.227

Main Effect
Energy Density

R Visual Cortex

Main Effect Commercial
Condition
Commercial Condition x
Energy Density

R Visual Cortex
L Inferior Frontal
Gyrus

Interaction Energy
Density x Weight Status

R Angular Gyrus

Commercial Condition x
Energy Density x Weight L Orbitofrontal
Cortex
Status

Cohen’s d values
R=Right; L=Left
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Chapter 5: General Discussion
Overview
The primary aim of this dissertation was to understand the effects of food marketing on
brain response and eating behavior in children. While the effects of food marketing on food
intake [1-18] and brain response [19-23] have previously been studied, no study to date has
evaluated these outcomes within the same population. Furthermore, previous research has
suggested that not all children are equally susceptible to the effects of food marketing [24], but
the underlying brain mechanisms for these differences have remained relatively unexplored. To
address these gaps in the current literature, we completed 2 studies. Study 1 was designed to 1)
determine whether food brands evoke differential response than non-food brands in brain areas
related to motivation and inhibitory control using blood oxygen level dependent (BOLD)
functional magnetic resonance imaging (fMRI) and 2) determine the association between brain
response and energy intake at test-meals presented with or without brands. Study 2 addressed
similar questions as Study 1 but in relation to food commercials. Specifically, Study 2 was
designed to 1) compare the impact of priming children with food and non-food commercials on
ad libitum intake of high- and low-energy-dense foods at a meal, 2) compare the impact of
priming children with food and non-food commercials on brain response to high- and lowenergy-dense food stimuli, 3) determine whether children’s brain responses to food commercial
priming are related to their laboratory eating behaviors, and 4) evaluate differences in brain
response and food intake response by child weight status.
The fMRI results from Study 1 indicated that relative to non-food brands, food brand
images were associated with increased activity in left postcentral gyrus. Relative to control, food
brand images were associated with greater response in right inferior frontal gyrus (IFG) and
decreased response in left fusiform gyrus. There was no difference in energy intake between the
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three meal conditions (familiar branded, novel branded, and unbranded containers). Brain
response in IFG was able to explain differences in energy intake between the branded meal
versus control and the novel branded meal versus control. The fMRI results from Study 2
revealed that relative to toy commercials, food commercials interfered with brain responses to
food cues in visual cortex. An interaction between commercial condition and weight status was
also observed in visual cortex. There was an interaction between commercial condition and food
energy density in left IFG. Similar to Study 1 there was no difference in energy intake between
conditions. However, BOLD response in the visual cortex, inferior frontal gyrus, orbitofrontal
cortex, and angular gyrus explained observed variance in laboratory meal intake between food
and toy commercial conditions.
A common theme between these two studies was the lack of main effect of either food
branding or commercials on laboratory measures of food intake. This is in contrast to previous
studies that have shown that exposure to both food branding [2, 25] and commercials [3, 4, 26]
increases children’s intake compared to non-advertising control conditions [1-4, 26]. One
possible explanation for the lack of effect may be due to differences in experimental design. In
Study 1, for example, the foods were presented in identical plastic containers that only varied by
the label on the outside of the containers (food brand images or blank labels). This is in contrast
to previous work that used plain plastic containers during the unbranded condition but left the
products in their original packaging (e.g., chips within a sealed bag) in the branded condition
[24]. The original packaging may have limited the visibility and accessibility to the foods which
may have discouraged children from sampling the food or opening the package just to eat a small
portions of the foods.
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In Study 2, one fundamental difference with the prior literature is that we food intake
within a meal context whereas previous research has only evaluated snack food intake [26].
These differences may help explain the apparent discrepancy between the research presented in
the current dissertation and the available literature. However it also highlights the nascent nature
of this field of study. Future studies should work to tease apart the impact of various aspects of
the study designs used in the literature. This may include factors such as the type of food
commercials used, the types of foods served in the meal, the age of the participants evaluated,
the exposure time to the commercials, the participants’ genetic predisposition to the development
of obesity, etc. As it is likely that there is a complex interplay between these factors and eating
behavior, understanding the role they play is vital to informing current recommendations and
public policy surrounding food marketing.
A significant contribution from both Study 1 and Study 2 to understanding the brain
mechanisms underlying eating behavior was the combined use of fMRI and objectively assessed
eating behavior. While previous studies have shown brain response to both food brands [19, 27]
and commercials [21-23, 28, 29] it is unclear whether the brain regions implicated are related to
observed measures of food intake. For example, a brain region impacted by food marketing may
alter subsequent food intake or the region may be involved merely in normal processing and
therefore not correlate to eating behavior. Therefore, correlating brain response to a behavioral
measure provides insight into what brain regions may be particularly crucial to the behavior in
question. For example, in Study 1 increased BOLD response to food brands was observed in
regions of the brain implicated in sensory processing (e.g., postcentral gyrus [30-32]) and
inhibitory control (e.g., IFG [33-36]). Furthermore, the BOLD response in IFG was associated
with increased food intake in children when the food was presented in branded relative to
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unbranded containers. Likewise, in Study 2 exposure to food commercials interfered with the
processing of food images in several regions of the brain implicated in visual cue processing
(e.g., visual cortex [37]), inhibitory control (e.g., IFG [33-36]), higher level processing of foodrelated rewards (e.g., orbitofrontal cortex (OFC) [38, 39]), and attention (e.g., angular gyrus
[40]). BOLD response in IFG, OFC, and angular gyrus correlated to children’s intake at
laboratory meals after they were exposed to food relative to non-food commercials. These
findings suggest that some individuals may have increased neurobiological susceptibilities to
overeating in response to food advertising exposure and are supported by previous behavioral
research that has suggested that some individuals are more vulnerable to the intake promoting
effects of food marketing techniques than others [3-5, 8, 14, 17]. Furthermore, correlating brain
regions to eating behavior may allow for future studies to use more targeted analysis techniques,
such modifying brain function in a specific region to help individuals control overeating. It is
important to note that the use of fMRI to predict eating behavior is a relatively new approach and
can be quite challenging to interpret. However, Study 1 and Study 2 contribute to a growing
body of literature demonstrating that there is a measurable connection between brain response
and eating behavior.
Framework for Food Cue Reactivity and Intake
Two frameworks reviewed in Chapter 1, the REFCAM [41] and the Differential
Susceptibility to Media Effects Model (DSSM) models [42-44], have been used previously to
help characterize the effects of food marketing on decision making and food intake. While these
models served as a framework for the hypotheses of Study 1 and Study 2, they can be enhanced
based on the findings presented in this dissertation. For example, the REFCAM model suggests
that food cues presented within advertisements cause psychological and physiological responses
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within an individual. However, improving the specificity of the model to focus on the neural
regions implicated in food cue processing will be helpful in identifying neural targets for future
intervention studies.
Similarly, the DSSM model suggests that a person may be more or less susceptible to
marketing techniques due to varying levels of cognitive, emotional, and social development [45].
However, the model is not specific about how these cues relate to subsequent food intake.
Furthermore, it does not specify the types of cues that are under consideration. For example,
encountering food in the environment, such as food sitting on a table, is different from exposure
to food marketing techniques which contain images, messaging, and branding that attempt to
alter decisions around food and its consumption. Furthermore, food marketing techniques may
actually interfere with the neurocircuitry responsible for processing subsequent food cues
encountered in the environment [46]. Therefore, an enhanced theoretical model is warranted to
help illustrate the complex interactions of food cues, brain response, and food intake in light of
the results of Study 1 and Study 2.
This newly proposed model, the Food Cue Reactivity and Intake Model (FCRI Model)
(see figure 5.1), builds upon the previous two models discussed in several fundamental ways.
First, this model highlights specific brain regions that are implicated in the processing of food
cues from the results of Study 1 and Study 2. While the FCRI model does not comprehensively
list all brain regions involved it does provide a starting point for future research. Furthermore, it
provides a framework for future studies looking to evaluate interconnectivity between brain
regions in response to food cues and food marketing.
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Figure 5.1. The proposed Food Cue Reactivity and Intake Model (FCRI Model). This model
illustrates interactions between visual food cues, brain response, and food intake. The model
depicts both primary (i.e., food images) and secondary (i.e., food advertisements or brands) food
cues impacting brain response. Furthermore, it suggests that exposure to secondary food cues can
interfere with processing of primary food cues. Arrows between food cues, brain response, and
food intake are bidirectional indicating that incentive sensitization (i.e., changes in neurocircuitry
due to repeated exposure or experience with specific stimuli) can occur with exposure to both
visual food cues and actual ingestion of food. The interaction between individual susceptibility
and brain response are bidirectional suggesting susceptibility to environmental cues may be
modifiable. Study 1 findings are highlighted in blue. Study 2 findings are highlighted in orange.
Second, this new model separates food cues into two distinct categories: primary and
secondary food cues. Within the model, primary food cues are considered images of food that are
not modified by marketing techniques. For example, an image of an apple on a plate that appears
ready to eat. In contrast, secondary food cues are stimuli that are related to food, such as food
brands, or that have food images interlaced with influential messages designed to promote their
consumption, such as food commercials. As discussed previously in Chapter 1 of this
dissertation, food marketing often contains powerful images, emotions, and messages related to
food to attempt to influence the consumer’s perception, experience, and expectations of the
advertised foods [46, 47]. Therefore, another specification of the new model is an interaction
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pathway between the secondary food cues group and primary food cues group. This interaction
pathway implies that secondary food cues, such as food commercials, may impact or interfere
with processing of brain response to subsequent primary food cues encountered in the
environment as suggested by Study 2.
Another addition to the model is the bidirectional connections between brain response,
food cues, and food intake. These arrows indicate that sensitization to food cues may occur
through both exposure and experience with the stimuli [48]. It has been previously suggested that
the sensitization process happens through exposure, experience, and training [48] and can,
therefore, be manipulated through practice [49]. Future studies may want to consider ways to
modify the response to food cues using the proposed model as a framework. Focusing on
improving brain response may be of particular importance as changing aspects of the current
food environment (including regulation of food marketing policy) is unlikely to happen quickly
or easily.
Furthermore, we note that the results of both Study 1 and Study 2 were not impacted
when controlling for variables such as food marketing exposure, parental education,
socioeconomic status, or child weight status. This highlights the robust nature of using observed
brain response to predict food intake. For example, Study 2 found that the effects of food
commercial on both brain response and food intake were independent of body weight. This
suggests that these responses in the brain may be related to overeating independently of the
childs body mass index. It is important to note that these findings are in contrast to previous
research that has shown weight based differences in both brain response [20, 50] and measured
food intake [14, 24] with exposure to food marketing. While this particular finding warrants
further investigation it does suggest that fMRI studies may be able to identify children who may
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be particularly vulnerable to food marketing prior to the development of obesity allowing for
early and targeted intervention.
A final enhanced aspect proposed in the new FCRI model is that individual susceptibility
to food cues is considered a modifiable trait, indicated by the bidirectional arrows in the model.
Previous research has suggested that individual susceptibility could be influenced by a variety of
factors including body weight [20, 27], repeated cue exposure [51, 52], genetics [53, 54],
neurofeedback training [48, 55], and cognitive development [26]. As some of these traits are
modifiable, it may be possible to alter an individual’s base level of susceptibility. Defining this
aspect of the model provides a basis for designing and targeting interventions to improve brain
response to food cues. However, future studies are needed to investigate further what aspects are
most easily modified and to what degree each may improve child eating behavior.
Highlighted Findings within the proposed FCRI Model
Study 1 and Study 2 were able to test and inform several specific aspects of the proposed
framework. The principal aim of Study 1 was to measure brain and behavioral response to food
brands, a secondary food cue. The results of Study 1 informed the FCRI model by showing that
brain response to food branding (a secondary cue) was associated with laboratory meal
consumption when the food was presented in branded packaging (see Figure 5.1; blue highlight).
In this study brain response in IFG was positively associated with children’s intake from the
branded meal condition. While the IFG has many functions including attentional control [56] and
word selection [57] it is often implicated in inhibitory control [33-36, 58]. Study 2 was designed
to assess if exposure to food commercials, a secondary food cue, could interfere with brain
response to subsequent exposure to images of food. Furthermore, it was designed to investigate if
the altered brain response to food images would correlate to differences in laboratory meal intake
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following exposure to food advertising (see Figure 5.1; orange highlight). Study 2 found that
food commercials impacted regions of the brain related to sensory processing (e.g., postcentral
gyrus), reward (e.g., OFC), and control (e.g., IFG). Importantly, both Study 1 and Study 2 found
that brain response was associated with individual variation in children’s food intake following
exposure to the food marketing cues.
The IFG was one brain region affected by the food marketing cues in both Study 1 and
Study 2. The BOLD response in IFG was also correlated to food intake following food marketing
exposure in both studies. Inferior frontal gyrus is located within the dorsolateral prefrontal cortex
and is primarily involved in attention [56], cognitive control [58], and inhibitory processing [36].
Furthermore, IFG has been shown to be impacted by food marketing in previous studies [19, 20].
For example, Bruce et al. found an increased response in IFG in healthy weight children
compared to children with obesity when viewing food brand images relative to non-food brand
images [20]. They speculated that increased response in this area might be due to increased
cognitive restraint during food brand exposure that was not required during non-food brand
exposure [20]. Therefore, the increased response in IFG observed in both Study 1 and Study 2
may be an attempt by children to down-regulate the tendency to overeat when presented with
food cues. However, it’s important to note that no firm conclusions can be made from these
previous studies as the interpretation relies heavily on reverse inference (i.e., inferring the
underlying mental process given the observed brain activity) [59]. Therefore, we cannot
conclude whether greater BOLD activation in a region implies greater functionality or reduced
efficiency. For example, lower activation in a region may be indicative of higher processing
efficiency in that region and could, therefore, be beneficial [19]. Correlational studies, like Study
1 and Study 2, can help provide insight into whether activation in a brain region is protective or

132

permissive to eating behavior under specific environmental conditions. Furthermore, functional
connectivity analyses, which demonstrate a statistical association between two or more distinct
anatomical regions in relation to a specific behavior, may also improve upon the interpretation of
results by highlighting regions that are working in concert to regulate eating behavior.
We found that BOLD response in IFG correlated to food intake in both Study 1 and
Study 2 however the observed correlations were in opposing directions. In Study 1, we observed
a positive association between BOLD response in the IFG and increased food intake in the
laboratory when children were exposed to branded foods relative to the non-branded control
condition. In contrast, Study 2 showed that decreased response in IFG correlated to increased
food intake following exposure to the food brands. However, it is important to note that the
results of Study 1 were robust whereas the results of Study 2 were impacted by statistical
outliers. In Study 1 BOLD response was observed in right IFG whereas left IFG was activated in
Study 2. Furthermore, the IFG is also a vast functional region. In Study 1 BOLD activation was
observed more medial and anterior (x= 41, y=25, z=-6) compared to BOLD response observed in
Study 2 (x=-57, y=32, z=6). Differences in both the hemisphere and specific location activated
may play a factor in the observed discrepancy between the two studies. Furthermore, a variety of
differences between the two studies including the test meals used, the eating environment, the
marketing technique employed, the weight status of the children tested, and the visual food cue
being tested could also have contributed to the observed discrepancy in directionality between
the two studies. For example, Study 1 measured brain response to a secondary food cue (i.e., the
food brand images) whereas Study 2 measured brain response to a primary food cue (i.e., actual
food images) after children had been primed with food or toy commercials. Without clarification
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of these factors, it is difficult to interpret the significance of these observed brain activations
without correlating the activation to observed behavior.
Therefore, future studies are needed to tease apart the impact of these various factors. For
example, measuring brain response to food brands and food images in the same cohort of
children would provide information on how these two types of food cues differentially impact
brain response. Brain response to each type of image could then be correlated to measured food
intake. This would provide preliminary information on how these two types of cues (i.e., food
brands and actual food images) are processed differently. Furthermore, it would be possible to
correlate the brain response to each with measured food intake. The lack of direct comparison
between food marketing stimuli, such as food brands, and food images have previously been
noted as a limitation of the current fMRI literature [20]. These questions highlight the need for
further investigation into the underlying brain mechanisms responsible for response to food cues
in the environment and how they correlate to actual eating behavior.
While the studies in this dissertation were not explicitly set up to test for differences
between how children respond to primary (i.e., food cues) and secondary (i.e., marketing and
branding) food cues, there were several brain regions (i.e., fusiform gyrus, visual cortex, and
amygdala) that were identified in both studies which overlap with previous studies of food cue
processing in the literature [27, 60-64]. One region, OFC, observed in Study 2 is particularly
noteworthy as the whole-brain analysis revealed a three-way interaction between commercial
condition, food energy density, and weight status in this region. The OFC is thought to be a vital
region of the “appetitive network” that plays a role in taste and smell processing [65], sensoryspecific satiety [66], and evaluating the pleasantness and reward value of a food-related stimulus
[38, 67]. Increased activation of the OFC has been observed following food commercials [21,
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68] and in response to food images [27]. Future studies may want to focus on explicitly
examining the OFC to more fully understand its role in processing food cues and regulating
eating behavior. For example, using this brain region as a starting point for functional
connectivity studies may help to elucidate the network of other regions involved in regulating
food intake.
In summary, the results of Study 1 and Study 2 help to provide higher specificity to preexisting models in the literature [41-44] and clarify gaps in our present understanding of how
food marketing influences childhood eating behavior. Furthermore, these studies have begun to
inform the link between brain response to food cues and measured laboratory food intake. This
link is essential to understand because it may inform future prevention and interventions looking
to alter the underlying psychophysiological mechanisms being affected by food marketing in
order to improve eating behavior. While Study 1 and Study 2 inform several essential aspects of
the new FCRI model proposed in this discussion, there are still many questions that need to be
answered moving forward in order to understand the complex mechanisms behind food cues and
eating behaviors. Therefore, some of the most appropriate future directions will be addressed in
the next section.
Future Directions
In regards to the FCRI model, one critical question that has yet to be answered is whether brain
response to a primary food cue (i.e., food images) correlates to food intake. Previous studies
have assumed this to be true as brain response to primary food cues tends to correlate with body
weight [69]. However, only one study to date has attempted to address this question. Carbine et
al. attempted to correlate brain response to food images (as measured by fMRI) with actual food
intake in adults. However, they used self-reported food intake measured by 24-hour recall. They
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found no correlation between brain response and food intake [70]. However, it is important to
note that self-report of food intake is unreliable [71] and may not have captured actual eating
behaviors. Therefore, future studies should use objectively assessed intake within the laboratory
setting. Examining response to primary food cues (i.e., food images) and their correlation to
measured food intake will help provide insight into what brain regions are particularly relevant to
eating behavior.
Another aspect of the FCRI model that needs to be examined in more detail is the
interconnectivity between control and reward regions of the brain. The majority of studies related
to food cues have evaluated brain response with the traditional region of interest (ROI) or wholebrain analyses. A whole-brain analysis is an exploratory examination of the fMRI data with no a
priori expectations. This type of analysis is useful when little is known about what brain regions
may be involved in the processing of a particular type of stimuli. An ROI analysis differs from
whole-brain analyses in that prior to the study, specific regions of the brain are hypothesized to
be involved in a particular process and analyses are focused only on those regions. While both
these types of analyses provide essential information to understanding how the brain processes
food cues, it is unlikely that identified regions work in isolation [72]. Therefore, future studies
should look to capitalize on new analysis techniques such as functional, effective, and structural
connectivity analyses, which are designed to evaluate regions of the brain that appear to be
working in concert in regards to a particular behavior. These studies would be able to detect
underlying patterns of activation that would be useful in the identification of individuals who
may be particularly vulnerable to environmental food cues.
As individual susceptibility lies at the center of the FCRI model, future studies are
needed to assess whether a child’s underlying genetics may influence their susceptibility to food
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cues and food marketing techniques. Some preliminary work has been done to address this issue,
however, more data is needed [29, 53, 54]. For example, Stice and colleagues found that children
at risk for developing obesity, defined as having two parents that were obese, had increased
BOLD response in the postcentral gyrus when they were given a small amount of a sweet
milkshake solution compared to a tasteless control solution [54]. The authors suggested that the
increased response is a risk factor for overeating and obesity, although weight and food intake
were not measured in the study. A recent study found evidence that children with an obesity risk
variant in the fat mass and obesity-associated gene (FTO) had higher activity in brain regions
related to reward in response to viewing food advertisements compared to children without the
risk variant [29]. The authors of the study suggest that this FTO variant itself may be indicative
of a genetic predisposition to increased food cue reactivity [29]. Furthermore, this same group
has also demonstrated behaviorally that children with the high-risk FTO variant increase intake
of food following exposure to food commercials compared to those at low-risk [53]. Another
aspect that future studies should consider is differences in response by participants race or
ethnicity. Food companies spend a disproportionate amount of money on advertising to racial
minorities [73-75]. Understanding these underlying genetic variations in susceptibility may help
inform policy interventions at the community level.
The proposed FCRI model suggests that response to both food cues and individual factors
are modifiable. Therefore, future studies need to investigate if the response to food marketing
and food cues can be improved or altered. Some preliminary evidence suggests that
neurofeedback training programs may improve response to primary food cues in control regions
of the brain [48, 55]. While promising, more data is needed. Furthermore, future studies should
also address improving brain response to secondary food cues (food branding and commercials).
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It is also essential to understand if changing a variable that may make an individual more
susceptible to food cues, such as weight, may help individuals moderate overeating when faced
with food cues in the future. Finally, future studies should correlate fMRI outcomes to other
easily implemented tools such as questionnaires and tasks. Functional MRI is costly and cannot
easily be used in field or clinical settings. For example, we demonstrated that results could load
onto the Child Eating Behavior Questionnaire (CEBQ) [76, 77] and the Child Feeding
Questionnaire (CFQ) [78] (see Chapter 4 for CEBQ results and Appendix U for CFQ results).
However, the results lacked statistical power due to our small sample size and are therefore not
reported as a significant outcome of this dissertation. Correlating brain response and outcome
results with questionnaires and tasks could help to characterize neurobiological phenotypes that
are susceptible to obesity. These populations could then be targeted for public health
interventions.
Strengths and Limitations
There are both strengths and limitations of the studies presented in this dissertation. One
significant strength of both studies is that we were able to measure brain and behavioral
responses in 7-10-year-old children. Although some studies have examined the effects of food
branding and advertising in youth [19-22], few have focused on pre-adolescent children in such a
narrow age range. Children at this age are especially vulnerable to food advertising and branding
because they have limited cognitive ability to fully comprehend or evaluate its purpose [79, 80].
Even though we used a young age group, we were able to maintain a high success rate within
the fMRI scanning (~99% success rate) [81]. This high rate of success is likely due to the
particular mock training protocol we employed in both Study 1 and Study 2 [82, 83].
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Another strength of the studies in this dissertation is that both brain response and food
intake were measured in each study population. All previous studies evaluating brain response in
adolescents have lacked objective measures of food intake, which limits the interpretations that
can be drawn. By doing this, we are able to identify brain regions that not only respond to the
task stimuli but also correlate with actual eating behavior. These regions can be used to inform
future targeted approaches to identify specific brain neurocircuitry implicated in overeating. A
final strength is the use of strict multiple comparison corrections during the whole-brain analyses
to control for the number of statistical tests performed and avoid false positives [84].
A limitation exclusive to Study 1 is that the participants were all healthy weight limiting
the interpretation of results to that population. However, a limitation of both studies is that the
populations were reasonably homogenous in ethnicity, socioeconomic and weight status, which
affects the generalizability of the results. Future studies should examine the effects of food
commercials and branding in more diverse populations as food advertising may have unique
impacts on energy intake within specific subgroups of the population. Furthermore, food
companies spend a disproportionate amount of their budgets advertising products to racial
minorities [85]. The effects of food marketing may vary in these groups as messages may be
even more pervasive and targeted. Therefore, future studies should examine these relationships
in cohorts that vary by demographic characteristics that have been implicated in response to food
commercials, such as ethnicity [86], and socioeconomic status [87].
A limitation of both studies is the use of general anatomical templates for the group level
fMRI analysis. In Study 1 the Talairach template [88] was used while in Study 2 the MNI
template [89] was used. Study 1 was processed using BrainVoyager QX version 2.8.2 which did
not include MNI templates for normalization whereas Study 2 was analyzed using the latest
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version of BrainVoyager (version 20.4) which uses MNI templates as the default. The update to
the MNI template is warranted as this newer template was created using an extensive series of
MRI scans on healthy controls [90] whereas the Talairach template was created using postmortem dissections of one human brain [88]. Furthermore, the dissection process used large
brain slices (2-5 mm), and fifteen slices are unaccounted for. This leaves wide gaps in the
template causing it to not adequately reflect the complete neuro-anatomical features of the brain
[88]. Furthermore, the atlas was not created using 3D MRI images. Therefore initial alignment
and normalization to the Talairach template must be accomplished in 2D space which limits the
effectiveness of the normalization process. In contrast, the MNI template provides complete and
detailed brain coverage, and the use of 3D images improves the specificity of the normalization
process [91]. The use of either template is useful for comparing results from previous studies.
However, the conversion of the data to normalized space causes warping of brain anatomy that
may influence the specificity of findings [92]. Therefore, future studies may want to consider the
use of study or child-specific templates to improve the spatial resolution of the results. Although,
this may limit cross-study comparability.
Conclusions
In conclusion, the results of this dissertation suggest that food marketing techniques such
as branding and food commercials can impact both brain response and eating behavior in
children. These results suggest that food advertising may be impacting brain response to food
cues and this interference may be associated with overeating in some individuals. Furthermore,
both Study 1 and Study 2 demonstrate that individual variation in brain response in relation to
the food marketing exposure correlates with individual variation in food intake following
exposure to food marketing. However, the implications of these findings require additional

140

investigation. Understanding these underlying mechanisms may be useful in developing and
implementing tailored intervention techniques for weight loss or prevention. For example, the
use of real-time neurofeedback training may be used to improve cognitive control in response to
food marketing techniques and food images encountered in the environment [93]. Furthermore,
brain regions identified by fMRI paradigms may be used as possible targets for pharmacotherapy
[94].Finally, these data may be useful for informing parents and policymakers about the
potentially detrimental effects of specific marketing techniques.

141

References
1.

Keller, K.L., et al., The impact of food branding on children's eating behavior and
obesity. Physiology & Behavior, 2012. 106(3): p. 379-386.

2.

Cravener, T.L., et al., Feeding Strategies Derived from Behavioral Economics and
Psychology Can Increase Vegetable Intake in Children as Part of a Home-Based
Intervention: Results of a Pilot Study. Journal of the Academy of Nutrition and Dietetics,
2015. 115(11): p. 1798-1807.

3.

Halford, J.C.G., et al., Beyond-brand effect of television (TV) food
advertisements/commercials on caloric intake and food choice of 5-7-year-old children.
Appetite, 2007. 49(1): p. 263-267.

4.

Halford, J.C.G., et al., Effect of television advertisements for foods on food consumption
in children. Appetite, 2004. 42(2): p. 221-225.

5.

Anschutz, D.J., R.C. Engels, and T. Van Strien, Side effects of television food
commercials on concurrent nonadvertised sweet snack food intakes in young children.
The American journal of clinical nutrition, 2009. 89(5): p. 1328-1333.

6.

Anschutz, D.J., R.C. Engels, and T. Van Strien, Maternal encouragement to be thin
moderates the effect of commercials on children's snack food intake. Appetite, 2010.
55(1): p. 117-123.

7.

Boyland, E.J., et al., Food choice and overconsumption: effect of a premium sports
celebrity endorser. The Journal of pediatrics, 2013. 163(2): p. 339-343.

8.

Dovey, T.M., et al., Responsiveness to healthy television (TV) food
advertisements/commercials is only evident in children under the age of seven with low
food neophobia. Appetite, 2011. 56(2): p. 440-446.

9.

Folkvord, F., et al., The effect of playing advergames that promote energy-dense snacks
or fruit on actual food intake among children. The American journal of clinical nutrition,
2013. 97(2): p. 239-245.

10.

Folkvord, F., et al., Impulsivity,“advergames,” and food intake. Pediatrics, 2014. 133(6):
p. 1007-1012.

11.

Folkvord, F., et al., The role of attentional bias in the effect of food advertising on actual
food intake among children. Appetite, 2015. 84: p. 251-258.

12.

Halford, J.C., et al., Effect of television advertisements for foods on food consumption in
children. appetite, 2004. 42(2): p. 221-225.

13.

Halford, J.C., et al., Beyond-brand effect of television (TV) food
advertisements/commercials on caloric intake and food choice of 5–7-year-old children.
Appetite, 2007. 49(1): p. 263-267.

142

14.

Halford, J.C., et al., Beyond-brand effect of television food advertisements on food choice
in children: the effects of weight status. Public health nutrition, 2008. 11(9): p. 897-904.

15.

Harris, J.L., et al., US food company branded advergames on the internet: children's
exposure and effects on snack consumption. Journal of Children and Media, 2012. 6(1):
p. 51-68.

16.

van Strien, T., C. Peter Herman, and D. Anschutz, The predictive validity of the
DEBQ‐external eating scale for eating in response to food commercials while watching
television. International Journal of Eating Disorders, 2012. 45(2): p. 257-262.

17.

Anderson, G.H., et al., Mealtime exposure to food advertisements while watching
television increases food intake in overweight and obese girls but has a paradoxical
effect in boys. Applied Physiology, Nutrition, and Metabolism, 2014. 40(2): p. 162-167.

18.

Gorn, G.J. and M.E. Goldberg, Children's responses to repetitive television commercials.
Journal of Consumer Research, 1980. 6(4): p. 421-424.

19.

Bruce, A.S., et al., Branding and a child's brain: an fMRI study of neural responses to
logos. Soc Cogn Affect Neurosci, 2014. 9(1): p. 118-22.

20.

Bruce, A.S., et al., Brain Responses to Food Logos in Obese and Healthy Weight
Children. Journal of Pediatrics, 2013. 162(4): p. 759-+.

21.

Gearhardt, A.N., et al., Relation of obesity to neural activation in response to food
commercials. Social cognitive and affective neuroscience, 2014. 9(7): p. 932-938.

22.

Yokum, S., et al., Individual differences in striatum activity to food commercials predict
weight gain in adolescents. Obesity, 2014. 22(12): p. 2544-2551.

23.

Bruce, A.S., et al., The Influence of Televised Food Commercials on Children's Food
Choices: Evidence from Ventromedial Prefrontal Cortex Activations. The Journal of
Pediatrics, 2016. 177: p. 27-32. e1.

24.

Forman, J., et al., Food branding influences ad libitum intake differently in children
depending on weight status. Results of a pilot study. Appetite, 2009. 53(1): p. 76-83.

25.

Keller, K.L., et al., The impact of food branding on children's eating behavior and
obesity. Physiology & behavior, 2012. 106(3): p. 379-386.

26.

Boyland, E.J., et al., Advertising as a cue to consume: a systematic review and metaanalysis of the effects of acute exposure to unhealthy food and nonalcoholic beverage
advertising on intake in children and adults. Am J Clin Nutr, 2016. 103(2): p. 519-33.

27.

Bruce, A.S., et al., Obese children show hyperactivation to food pictures in brain
networks linked to motivation, reward and cognitive control. International Journal of
Obesity, 2010. 34(10): p. 1494-1500.

143

28.

Rapuano, K.M., et al., Individual differences in reward and somatosensory-motor brain
regions correlate with adiposity in adolescents. Cerebral Cortex, 2016. 26(6): p. 26022611.

29.

Rapuano, K.M., et al., Genetic risk for obesity predicts nucleus accumbens size and
responsivity to real-world food cues. Proceedings of the National Academy of Sciences,
2017. 114(1): p. 160-165.

30.

Atalayer, D., et al., Sexually dimorphic functional connectivity in response to high vs. low
energy-dense food cues in obese humans: an fMRI study. Neuroimage, 2014. 100: p. 40513.

31.

Holsen, L.M., et al., Neural mechanisms underlying food motivation in children and
adolescents. Neuroimage, 2005. 27(3): p. 669-676.

32.

Killgore, W.D., et al., Cortical and limbic activation during viewing of high- versus lowcalorie foods. Neuroimage, 2003. 19(4): p. 1381-94.

33.

Petrides, M. and D. Pandya, Comparative cytoarchitectonic analysis of the human and
the macaque ventrolateral prefrontal cortex and corticocortical connection patterns in
the monkey. European Journal of Neuroscience, 2002. 16(2): p. 291-310.

34.

Swick, D., V. Ashley, and U. Turken, Left inferior frontal gyrus is critical for response
inhibition. BMC neuroscience, 2008. 9(1): p. 102.

35.

Aron, A.R., T.W. Robbins, and R.A. Poldrack, Inhibition and the right inferior frontal
cortex: one decade on. Trends in cognitive sciences, 2014. 18(4): p. 177-185.

36.

Nakata, H., et al., Somato-motor inhibitory processing in humans: an event-related
functional MRI study. Neuroimage, 2008. 39(4): p. 1858-66.

37.

Karni, A. and D. Sagi, Where practice makes perfect in texture discrimination: evidence
for primary visual cortex plasticity. Proceedings of the National Academy of Sciences,
1991. 88(11): p. 4966-4970.

38.

Kringelbach, M.L., The human orbitofrontal cortex: linking reward to hedonic
experience. Nature Reviews Neuroscience, 2005. 6(9): p. 691-702.

39.

Rolls, E.T., The functions of the orbitofrontal cortex. Brain and cognition, 2004. 55(1): p.
11-29.

40.

Farrer, C., et al., The angular gyrus computes action awareness representations. Cerebral
Cortex, 2008. 18(2): p. 254-261.

41.

Folkvord, F., et al., Food advertising and eating behavior in children. Current Opinion in
Behavioral Sciences, 2016. 9: p. 26-31.

144

42.

Kahneman, D. and J. Snell, Predicting a changing taste: Do people know what they will
like? Journal of Behavioral Decision Making, 1992. 5(3): p. 187-200.

43.

Kahneman, D., P.P. Wakker, and R. Sarin, Back to Bentham? Explorations of
experienced utility. The quarterly journal of economics, 1997. 112(2): p. 375-406.

44.

Rangel, A., C. Camerer, and P.R. Montague, A framework for studying the neurobiology
of value-based decision making. Nature Reviews Neuroscience, 2008. 9(7): p. 545-556.

45.

Valkenburg, P.M. and J. Peter, The differential susceptibility to media effects model.
Journal of Communication, 2013. 63(2): p. 221-243.

46.

Cowley, E., How enjoyable was it? Remembering an affective reaction to a previous
consumption experience. Journal of Consumer Research, 2007. 34(4): p. 494-505.

47.

Van Osselaer, S.M. and C. Janiszewski, Two ways of learning brand associations.
Journal of Consumer Research, 2001. 28(2): p. 202-223.

48.

Ihssen, N., et al., Neurofeedback of visual food cue reactivity: a potential avenue to alter
incentive sensitization and craving. Brain imaging and behavior, 2017. 11(3): p. 915-924.

49.

Houben, K. and A. Jansen, Training inhibitory control. A recipe for resisting sweet
temptations. Appetite, 2011. 56(2): p. 345-349.

50.

Bruce, A., et al., Obese children show hyperactivation to food pictures in brain networks
linked to motivation, reward and cognitive control. International journal of obesity, 2010.
34(10): p. 1494.

51.

Ferriday, D. and J.M. Brunstrom, How does food-cue exposure lead to larger meal sizes?
British Journal of Nutrition, 2008. 100(6): p. 1325-1332.

52.

Fedoroff, I.D., J. Polivy, and C.P. Herman, The effect of pre-exposure to food cues on the
eating behavior of restrained and unrestrained eaters. Appetite, 1997. 28(1): p. 33-47.

53.

Gilbert-Diamond, D., et al., Television food advertisement exposure and FTO rs9939609
genotype in relation to excess consumption in children. International Journal of Obesity,
2017. 41(1): p. 23.

54.

Stice, E., et al., Youth at risk for obesity show greater activation of striatal and
somatosensory regions to food. Journal of Neuroscience, 2011. 31(12): p. 4360-4366.

55.

Yokum, S. and E. Stice, Cognitive regulation of food craving: effects of three cognitive
reappraisal strategies on neural response to palatable foods. International journal of
obesity (2005), 2013. 37(12): p. 1565.

56.

Hampshire, A., et al., The role of the right inferior frontal gyrus: inhibition and
attentional control. Neuroimage, 2010. 50(3): p. 1313-1319.

145

57.

Thompson-Schill, S.L., et al., Role of left inferior prefrontal cortex in retrieval of
semantic knowledge: a reevaluation. Proceedings of the National Academy of Sciences,
1997. 94(26): p. 14792-14797.

58.

Ochsner, K.N. and J.J. Gross, The cognitive control of emotion. Trends in cognitive
sciences, 2005. 9(5): p. 242-249.

59.

Poldrack, R.A., Inferring mental states from neuroimaging data: from reverse inference
to large-scale decoding. Neuron, 2011. 72(5): p. 692-697.

60.

Uher, R., et al., Cerebral processing of food-related stimuli: effects of fasting and gender.
Behavioural brain research, 2006. 169(1): p. 111-119.

61.

García‐García, I., et al., Alterations of the salience network in obesity: a resting‐state
fMRI study. Human brain mapping, 2013. 34(11): p. 2786-2797.

62.

Killgore, W.D., et al., Cortical and limbic activation during viewing of high-versus lowcalorie foods. Neuroimage, 2003. 19(4): p. 1381-1394.

63.

Murdaugh, D.L., et al., fMRI reactivity to high-calorie food pictures predicts short-and
long-term outcome in a weight-loss program. Neuroimage, 2012. 59(3): p. 2709-2721.

64.

Yokum, S., J. Ng, and E. Stice, Attentional bias to food images associated with elevated
weight and future weight gain: an fMRI study. Obesity, 2011. 19(9): p. 1775-1783.

65.

De Araujo, I.E., et al., Taste‐olfactory convergence, and the representation of the
pleasantness of flavour, in the human brain. European Journal of Neuroscience, 2003.
18(7): p. 2059-2068.

66.

Kringelbach, M.L., et al., Activation of the human orbitofrontal cortex to a liquid food
stimulus is correlated with its subjective pleasantness. Cerebral cortex, 2003. 13(10): p.
1064-1071.

67.

van der Laan, L.N., et al., The first taste is always with the eyes: a meta-analysis on the
neural correlates of processing visual food cues. Neuroimage, 2011. 55(1): p. 296-303.

68.

Rapuano, K.M., et al., Individual differences in reward and somatosensory-motor brain
regions correlate with adiposity in adolescents. Cerebral Cortex, 2015. 26(6): p. 26022611.

69.

Winter, S.R., et al., Elevated reward response to receipt of palatable food predicts future
weight variability in healthy-weight adolescents. The American Journal of Clinical
Nutrition, 2017. 105(4): p. 781-789.

70.

Carbine, K.A., et al., A direct comparison between ERP and fMRI measurements of foodrelated inhibitory control: Implications for BMI status and dietary intake. NeuroImage,
2017.

146

71.

Macdiarmid, J. and J. Blundell, Short report: Dietary underreporting: What people say
about recording their food intake. Eur J Clin Nutr, 1997. 51: p. 199-200.

72.

Van Den Heuvel, M.P. and H.E.H. Pol, Exploring the brain network: a review on restingstate fMRI functional connectivity. European neuropsychopharmacology, 2010. 20(8): p.
519-534.

73.

Grier, S. African American and Hispanic youth vulnerability to target marketing:
implications for understanding the effects of digital marketing. in BMSG Meeting on
Digital Media and Marketing to Children. 2009.

74.

Grier, S.A. and S.K. Kumanyika, The context for choice: health implications of targeted
food and beverage marketing to African Americans. American journal of public health,
2008. 98(9): p. 1616-1629.

75.

Grier, S.A. and S. Kumanyika, Targeted marketing and public health. Annual review of
public health, 2010. 31: p. 349-369.

76.

Wardle, J., et al., Development of the children's eating behaviour questionnaire. The
Journal of Child Psychology and Psychiatry and Allied Disciplines, 2001. 42(7): p. 963970.

77.

Carnell, S. and J. Wardle, Measuring behavioural susceptibility to obesity: validation of
the child eating behaviour questionnaire. Appetite, 2007. 48(1): p. 104-113.

78.

Birch, L.L., et al., Confirmatory factor analysis of the Child Feeding Questionnaire: a
measure of parental attitudes, beliefs and practices about child feeding and obesity
proneness. Appetite, 2001. 36(3): p. 201-210.

79.

Story, M. and S. French, Food Advertising and Marketing Directed at Children and
Adolescents in the US. Int J Behav Nutr Phys Act, 2004. 1(1): p. 3.

80.

McClure, A.C., et al., Receptivity to television fast-food restaurant marketing and obesity
among US youth. American journal of preventive medicine, 2013. 45(5): p. 560-568.

81.

Byars, A.W., et al., Practical aspects of conducting large-scale functional magnetic
resonance imaging studies in children. Journal of child neurology, 2002. 17(12): p. 885889.

82.

English, L., M. Lasschuijt, and K.L. Keller, Mechanisms of the portion size effect. What
is known and where do we go from here? Appetite, 2015. 88: p. 39-49.

83.

de Bie, H.M., et al., Preparing children with a mock scanner training protocol results in
high quality structural and functional MRI scans. European journal of pediatrics, 2010.
169(9): p. 1079-1085.

84.

Woo, C.-W., A. Krishnan, and T.D. Wager, Cluster-extent based thresholding in fMRI
analyses: pitfalls and recommendations. Neuroimage, 2014. 91: p. 412-419.

147

85.

Rideout, V., A. Lauricella, and E. Wartella, Children, media, and race: Media use among
White, Black, Hispanic, and Asian American children. Evanston, IL: Center on Media
and Human Development, School of Communication, Northwestern University, 2011.

86.

Harris, J.L., M.B. Schwartz, and K.D. Brownell, Evaluating fast food nutrition and
marketing to youth. New Haven, CT: Yale Rudd Center for Food Policy & Obesity, 2010.

87.

Gorn, G.J. and M.E. Goldberg, The impact of television advertising on children from low
income families. Journal of Consumer Research, 1977. 4(2): p. 86-88.

88.

Talairach, J. and P. Tournoux, Co-planar stereotaxic atlas of the human brain. 3Dimensional proportional system: an approach to cerebral imaging. 1988.

89.

Mazziotta, J.C., et al., A probabilistic atlas of the human brain: Theory and rationale for
its development: The international consortium for brain mapping (icbm). Neuroimage,
1995. 2(2): p. 89-101.

90.

Evans, A.C., et al. 3D statistical neuroanatomical models from 305 MRI volumes. in
Nuclear Science Symposium and Medical Imaging Conference, 1993., 1993 IEEE
Conference Record. 1993. IEEE.

91.

Lancaster, J.L., et al., Bias between MNI and Talairach coordinates analyzed using the
ICBM‐152 brain template. Human brain mapping, 2007. 28(11): p. 1194-1205.

92.

Sanchez, C.E., J.E. Richards, and C.R. Almli, Age-specific MRI templates for pediatric
neuroimaging. Developmental neuropsychology, 2012. 37(5): p. 379-399.

93.

Ihssen, N., et al., Neurofeedback of visual food cue reactivity: a potential avenue to alter
incentive sensitization and craving. Brain imaging and behavior, 2016: p. 1-10.

94.

Wise, R.G. and I. Tracey, The role of fMRI in drug discovery. Journal of Magnetic
Resonance Imaging, 2006. 23(6): p. 862-876.

148

APPENDICES
Appendix A: Telephone Screening Questionnaires

KIDS COMMERCIAL STUDY RECRUITMENT FORM
Parent’s Name: ________________________________________________
Phone: (home) __________________ (work/cell) ____________________
Address: ______________________________________________________
Email: _______________________________________________________
Date Call Received: ____________ Date Call Returned: ___________
What is your relationship to the child? ______________________________
Child’s Sex:

boy

girl

Child’s Name ____________________________ Age: _______ (if under 7 or
above 9 they are not eligible)
Child’s DOB: __________ Height (in):________ Weight (lb):________
BMI z-score: _____ BMI %-ile: __________
1. Is your child right-handed? YES NO
2. Is your child on any prescription medications? *YES NO
a. If yes, please specify what medications:
b. How often does your child take this medication?
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3. Does your child take any over the counter medications? If yes, what are they and how
often does your child take these?
4. Does your child have any dietary restrictions?
YES NO
a.
If yes, please
specify: (ineligible if vegetarian, vegan, or fasts for religious reasons)
5. Does your child have any food allergies?
a.
specify:

*YES NO
If yes, please

6. Does your child have any learning disabilities? YES NO
7. Does your child read at or above grade level?

YES NO

8. Is English your child’s native language? YES NO
9. Does anyone in your child’s immediate family (parents, siblings) have a diagnosed
psychiatric illness, such as depression, anxiety, bipolar disorder?
YES NO
10. Does your child have any medical problems? *YES NO
a. If yes, please specify:
11. Is your child red/green color blind? YES NO
12. Has your child ever had an MRI before? YES NO
13. Does your child have any metal in or on his or her body that cannot be removed (like a
metal plate or pin, or dental work which may contain metal)?
a. If yes, please specify: *YES NO
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14. Does your child have any medical devices that may contain metallic parts (like an
insulin pump or pacemaker)? *YES NO
a. If yes, please specify:
15. Has your child ever had an injury to the eye involving a metallic object or fragment?
*YES NO
16. Does your child have any body piercings? *YES NO
a. If yes, would he or she be willing to remove them? YES

*NO

17. Is your child comfortable in small spaces? YES *NO
18. We will be asking you and your child to answer questions pertaining to pubertal
assessment. Would you and your child be willing to answer these questions?
YES *NO
19. It is very important that you are able to participate in this study for five weeks in a row, at
the scheduled time. Will you be able to do this?
YES NO
Subject is ineligible if any bolded responses are selected. For the starred
responses, check with Shana to discuss eligibility. If any starred responses are
selected, politely inform them you will get back to them shortly with information
regarding eligibility.
Eligibility: YES NO
May the principal investigator keep your contact information to inform you about
future studies?
YES
NO
How did you hear about our study?
Could you please tell us your child’s favorite foods?
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Could you please tell us a list of your child’s least favorite foods?

Do they like these foods (circle all that apply). This is not an exclusion criteria.
Cheese Pizza ; Red Seedless Grapes ; Chocolate Chip Cookies ; Grilled Chicken Strips; Broccoli; French Fries
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Comments:

Let the parents know that you will review the eligibility form with your supervisor and call
them back shortly to let them know if they are eligible and set up an appointment.

First visit scheduled: Date: _______________ Time: ______________
Remind Caller: A Parent or Legal Guardian MUST be at the first visit to sign
consent forms.
Dates and Times of other visits:
Second Visit: ___________________
Third Visit: _____________________
Fourth Visit: ____________________
Fifth Visit:______________________
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Appendix B: Consent Form
CONSENT FOR RESEARCH
The Pennsylvania State University
Title of Project: The impact of food advertisements on brain response and eating behavior in children
Principal Investigator: Travis Masterson
Address: 110 Chandlee Laboratory, University Park, PA 16802
Telephone Number: 814-863-9841
Advisor: Kathleen Keller, Assistant Professor
Advisor Telephone Number: 814-863-2915
Subject’s Printed Name: _____________________________
We are asking you to be in a research study. This form gives you information about
the research.
Whether or not you take part is up to you. You can choose not to take part. You can
agree to take part and later change your mind. Your decision will not be held against
you.
Please ask questions about anything that is unclear to you and take your time to
make your choice.
Some of the people who are eligible to take part in this research study may not be able to
give consent because they are less than 18 years of age (a minor). Instead we will ask their
parent(s)/guardian(s) to give permission for their participation in the study, and we may ask
them to agree (give assent) to take part.
1. Why is this research study being done?
The purpose of this study is to examine the impact that television food advertisements have
on brain responses and eating behavior in children. This study will help us learn more
about how commercials may affect how the brain works to control what we eat, and
this may help us understand how to help children eat a more nutritious diet. After
watching a cartoon interlaced with commercials this study we will ask your child some
questions and have them eat a meal in our lab. Later we will use Magnetic Resonance
Imaging (MRI) to take pictures of your child’s brain. MRI is a tool that lets us look at how
your child’s brain works. In the MRI scanner your child will look at pictures of foods and
blurred images. The MRI scans will assist us in understanding the structure and function
of different parts of the brain. There are two types of scans that we will do. One is called
an anatomy scan, we use this to image the structure of the brain. The second is
functional scans we use these to image areas of activity when your child is resting or
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performing different tasks.
NONE of the scans done during this study are designed to detect or evaluate any medical
condition your child may have. They are intended solely for research purposes.
2. What will happen in this research study?
You and your child will attend five visits at Chandlee Laboratory. We ask your child to
fast for two hours prior to your arrival for each visit. Visits 1-5 will be done at the
Children’s Eating Behavior Laboratory in Chandlee. All practice and actual MRI scans will
be completed in at the Social, Life, and Engineering Imaging Center in Chandlee.
Visits 1: On the first visit, you will complete the consent form, and both you are your child
will complete some questionnaires. Your child will have their height and weight taken. Your
child will also eat a meal of common foods that we make in our kitchen. Prior to the meal
your child will taste test each food and tell us how much they like each one. The meal will
last for 30 minutes and your child can eat as much or little as they want. Following the meal
your child will participate in a task to assess how long they can delay eating a favorite food.
We will video record your child as they participate in this task. Finally you and your child will
be taken to the MRI facility to have your child participate in a practice MRI scan. This
practice session will allow your child to become familiar with the MRI environment and ask
any questions they may have about the procedures.
Visits 2-3: On visits 2-3 your child will first be shown a cartoon that will have short
commercial breaks throughout. After viewing the commercials your child will again eat a
meal with similar foods from the first visit. At the end of each visit we will conducted
another practice MRI scan.
Visits 4-5: On visits 4-5 your child will first be shown a cartoon that will have short
commercial breaks throughout. After viewing the commercials we will complete an MRI
scan where your child will be shown pictures of low and high calorie foods.
MRI practice scans: In order to help your child better understand the MRI, we will tell
them that they will be helping us explore “Nittany Lion Inner Space.” Inner space is the
space inside of your child’s head. Inner space scientists use a special machine—a
scanner—to take pictures of the brain’s inner space. The MRI facility at Penn State has a
mock scanner, which is like the real MRI Scanner, only without the magnet. Before going
into the MRI room, we will ask your child to lie in the mock scanner in order to see if he
or she is comfortable and able to be still. It is very important that your child does not
move when we are scanning so that we can get the best pictures of your child’s brain. In
the mock scanner we will also show your child some sample pictures and explain to
them how to signal to “Mission Control” so they can talk with researchers and/or you if
they need to. We will also introduce your child to the sounds that he or she will hear in
the scanner. Through all these procedures, our goal is to make your child feel very
comfortable while in the MRI scanner.
MRI procedures: To date, 150 million MRI studies have been performed around the
world. We will be following standard MRI procedures and safety guidelines. MRI has
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been shown to be extremely safe as long as proper safety precautions are taken. MRI
uses strong magnetic fields and radio waves to make pictures of the body. There is no
exposure to x-rays or radioactivity during an MRI scan. Levels of energy used are within
safety limits established by the U.S. Food & Drug Administration (FDA). This study will
use a 3.0 Tesla MRI scanner. You and your child will be asked to leave metal objects and
personal belongings in lockers provided in the prep room of the MRI center. Articles of
clothing with metal inserts or clasps must be removed before entering the MRI room.
Please ask us if you are unsure about any items. Next, we will ask your child to complete
a set of simple vision screening tests in order to fit your child with special glasses that
are safe to use in the scanner. The glasses will partially correct your child’s vision so that
he/she can see things we will display in the scanner. If your child wears contacts or has
normal vision the special glasses will not be needed. Your child will be asked to lie on a
bed that slides into the long tube of the scanner. Your child will be given earphones
and/or earplugs for hearing protection since the MRI scanner makes loud noises during
normal operation. Your child will be asked to remain very still at these times. For scans
of the head, we may put cushions around your child’s head and we may lightly tape the
head to help keep it from moving. Your child will be able to talk to the MRI technologist
by an intercom, and you and the technologist will be able to see and hear your child at
all times. Your child will also be given a squeeze-ball signaling device. If at any time your
child would like to discontinue the study, he/she can tell the investigators over the
intercom or press the squeeze-ball signaling device to be removed immediately from the
scanner. You or your child can choose to discontinue the study at any time without
penalty.

3. What are the risks and possible discomforts from being in this research study?
Risk of injury is very low during an MRI scan. However, MRI is not safe for everyone. It
may not be safe for your child to have an MRI scan if there is any metal containing iron
in or on your child’s body. This is because metal containing iron can pose a safety risk
when in the presence of strong magnetic fields. Radio waves may also heat the body and
metallic objects within or on the body, possibly resulting in burns. Before you or your
child is allowed in the scanner room, you will be asked a set of questions to determine if
it is safe for your child to have an MRI scan at this time. You will also be asked to answer
the questions to determine if it is safe for you to enter the scanner room with your child.
For you and your child’s safety, it is very important that you answer all questions
truthfully.
It is possible that your child may feel uncomfortable or confined once inside the
scanner. This feeling usually passes within a few minutes after the study begins. It is
possible that your child might experience dizziness, mild nausea, or see tiny flashing
lights. These sensations are mostly due to movement while inside the magnet and can
be minimized by holding still. All of these sensations should stop shortly after your child
leaves the magnet.
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There is a risk of loss of confidentiality if your information or your identity is obtained by
someone other than the investigators, but precautions will be taken to prevent this from
happening. The confidentiality of your electronic data created by you or by the
researchers will be maintained to the degree permitted by the technology used.
Absolute confidentiality cannot be guaranteed.
4. What are the possible benefits from being in this research study?
4a. What are the possible benefits to you?
You or your child may enjoy the activities during the study, or feel it is good to
contribute to a scientific study.
4b. What are the possible benefits to others?
This study may also benefit the community. That is because we know very little about
how a child’s brain processes pictures of different foods. Now that we can take pictures
of the brain, there is much we can learn from taking images while children look at
pictures of food, and comparing it to the foods they eat. This study will help us
understand the best possible techniques to look at children’s eating behavior. What we
learn in this study will enable us come up with ways to help children to eat well.

5. What other options are available instead of being in this research study?
You may decide not to participate in this research.

6. How long will you take part in this research study?
If you agree to take part, it will take you about 5 weeks to complete this research study.
You will be asked to return to the research site 5 times for 1-2 hours for a total study
duration of 5-10 hours.
7. How will your privacy and confidentiality be protected if you decide to take part in this
research study?
Efforts will be made to limit the use and sharing of your personal research information to
people who have a need to review this information.




A list that matches your name with your code number will be kept in a locked file
cabinet within our laboratory.
Video recordings will be kept in a locked file cabinet within our laboratory.
Your research records will be labeled with your code number and will be kept in a
locked file cabinet within our laboratory.

In the event of any publication or presentation resulting from the research, no
personally identifiable information will be shared.
We will do our best to keep your participation in this research study confidential to the
extent permitted by law. However, it is possible that other people may find out about your
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participation in this research study. For example, the following people/groups may check
and copy records about this research.






The Office for Human Research Protections in the U. S. Department of Health and
Human Services
The Institutional Review Board (a committee that reviews and approves research
studies)
The Office for Research Protections.
The research study sponsor, Penn State University’s Department of Nutritional
Sciencesand
The research study sponsor, US Department of Agriculture.

Some of these records could contain information that personally identifies you. Reasonable
efforts will be made to keep the personal information in your research record private.
However, absolute confidentiality cannot be guaranteed.

8. What are the costs of taking part in this research study?
8a. What happens if you are injured as a result of taking part in this research study?
In the unlikely event you become injured as a result of your participation in this study,
medical care is available. It is the policy of this institution to provide neither financial
compensation nor free medical treatment for research-related injury. By signing this
document, you are not waiving any rights that you have against The Pennsylvania State
University for injury resulting from negligence of the University or its investigators.
9. Will you be paid or receive credit to take part in this research study?
The total compensation provided for participating in the study is $200: $40 per visit. If
you or your child withdraws before completion of the visit, you will receive
compensation for the time you completed in the study, based on a rate of $10 per hour.
If we have to release you from the study because you or your child is unable to comply,
you will also receive travel costs plus $10 per hour completed.
10. Who is paying for this research study?
United States Department of Agriculture (USDA) and Penn State University’s Department of
Nutritional Sciences.
11. What are your rights if you take part in this research study?
Taking part in this research study is voluntary.
 You do not have to be in this research.
 If you choose to be in this research, you have the right to stop at any time.
 If you decide not to be in this research or if you decide to stop at a later date, there
will be no penalty or loss of benefits to which you are entitled.
12. If you have questions or concerns about this research study, whom should you call?
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Please call the head of the research study (principal investigator), Travis Masterson at 814863-9841 if you:
 Have questions, complaints or concerns about the research.
 Believe you may have been harmed by being in the research study.
You may also contact the Office for Research Protections at (814) 865-1775,
ORProtections@psu.edu if you:
 Have questions regarding your rights as a person in a research study.
 Have concerns or general questions about the research.
 You may also call this number if you cannot reach the research team or wish to
offer input or to talk to someone else about any concerns related to the research.

INFORMED CONSENT TO TAKE PART IN RESEARCH

Signature of Person Obtaining Informed Consent
Your signature below means that you have explained the research to the subject or subject
representative and have answered any questions he/she has about the research.
______________________________ _________ ________________
Signature of person who explained this research Date
Printed Name
(Only approved investigators for this research may explain the research and obtain informed
consent.)
Signature of Person Giving Informed Consent
Before making the decision about being in this research you should have:
 Discussed this research study with an investigator,
 Read the information in this form, and
 Had the opportunity to ask any questions you may have.
Your signature below means that you have received this information, have asked the questions
you currently have about the research and those questions have been answered. You will
receive a copy of the signed and dated form to keep for future reference.
Signature of Subject
By signing this consent form, you indicate that you voluntarily choose to be in this research and
agree to allow your information to be used and shared as described above.
___________________________ __________ ________________
Signature of Subject
Date Printed Name

Signature of Parent(s)/Guardian for Child
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By signing this consent form, you indicate that you permit your child to be in this research and
agree to allow his/her information to be used and shared as described above.
___________________________ __________
________________
Signature of Parent/Guardian
Date Printed Name

ASSENT FOR RESEARCH

The research study has been explained to you. You have had a chance to ask questions to help
you understand what will happen in this research. You Do Not have to be in the research study.
If you agree to participate and later change your mind, you can tell the researchers, and the
research will be stopped.
You have decided: (Initial one)
___ To take part in the research.
___NOT to take part in the research.
___________________________ __________
Signature of Subject
Date Printed Name

__________________

Optional part(s) of the study
In addition to the main part of the research study, there is another part of the research. You
can be in the main part of the research without agreeing to be in this optional part.
Optional Storage of Video Recordings for Future Research
In the main part of this study, we are collecting video recordings that contain
identifiable information from you. If you agree, the researchers would like to
maintain these video recordings for future research or to be used in publications
or at presentations.
 Any future studies may be helpful in understanding children’s food
behaviors.
 It is unlikely that any future studies will have a direct benefit to you.
Your video recordings will be labeled with a code number.
 These recordings will be stored on a study specific hard drive in a locked
drawer of our laboratory.
 The recordings will be kept indefinitely.
 You will be free to change your mind at any time.
 You should contact principal investigator if you wish to withdraw your
permission for your recordings to be used for future research or
publicly. The recordings will then be destroyed and not used for future
research studies or shown publicly.
You should initial below to indicate what you want regarding the storage your
video recordings for future research studies.
a. Your identifiable video recordings may be stored and used for future research
studies to learn about, children’s eating behaviors?
______ Yes _____ No
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b. Your identifiable video recordings may be shared publicly at presentations or
in publications.
______ Yes _____ No

Signature of Person Obtaining Informed Consent
Your signature below means that you have explained the optional part(s) to the
research to the subject or subject representative and have answered any
questions he/she has about the research.
______________________________ _________ ________________
Signature of person who explained this research
Date

Printed Name

Signature of Person Giving Informed Consent

Signature of Subject
By signing below, you indicate that you have read the information written above
and have indicated your choices for the optional part(s) of the research study.
___________________________ __________
Signature of Subject
Date
Printed Name

________________

Signature of Parent(s)/Guardian for Child
By signing this consent form, you indicate that you have read the information
written above and have indicated your choices for the optional part(s) of the
research study.
___________________________ __________
________________
Signature of Parent/Guardian Date
Printed Name

ASSENT FOR RESEARCH

The optional part(s) of the research study has been explained to you. You have had
a chance to ask questions to help you understand what will happen. You Do Not
have to be in the optional part(s) of the research study. If you agree to participate
and later change your mind, you can tell the researchers, and the optional part(s)
of the research will be stopped.
You have decided: (Initial one)
___ To take part in the research.
___NOT to take part in the research.
___________________________ __________
Signature of Subject
Date
Printed Name

___________________
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Appendix C: Demographics Questionnaire
Parent Demographics Questionnaire
Instructions: Please answer these questions as best you can so we can know a little more
about you and your child. If you feel uncomfortable answering a question, you may leave it
blank.
1. First, what is your relationship to the child? _____________________
2. Please fill in the following information as accurately as you can:
Mother of child’s height: _________
height: _________

weight: _________ Father of child’s
weight: _________

3. List the highest level of education completed for the child's:
M
o
t
h
e
r

F
a
t
h
e
r

a) 8th grade or below
b) Some high school
c) Completed high school
d) Some college
e) Completed college
f) Some graduate school
g) Completed graduate school
a) 8th grade or below
b) Some high school
c) Completed high school
d) Some college
e) Completed college
f) Some graduate school
g) Completed graduate school

4. Was your child breastfed?
If yes, for how long was he/she breastfed? _________
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5. Who is primarily responsible for feeding your child?
a) Mother
b) Father
c) Both
d) Other (please state) _________
6. Was your child born pre-mature?
If yes, by how many weeks? ___________
7. What was your child's birth weight? ___________

Birth length? ____________

8. Are you or anyone in your household currently receiving Supplemental Nutrition Assistance
Program (SNAP) benefits (formerly known as Food Stamps)?
a) Yes
b) No
c) Do Not Know
9. Is your child Hispanic or Latino?
a) Yes
b) No
10. What is the race of your child? (select all that apply):
a) American Indian or Alaskan Native
b) Asian
c) Black or African American
d) Native Hawaiian or Pacific Islander
e) White
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Appendix D: Data Collection Sheet
Participant ID ___________
Date ____________
Visit # ___________
Condition: Base Line Commercial Non-Commercial
Commercials Study- Meal Intake Data Sheet

Food
Pizza 1

Pre-weight
w/out
container (g)

Pre-weight w/
container (g)

Post-weight
w/ container
(g)

Amount eaten
(g)

% of food
eaten

Pizza 2
Chicken Strips
1
Chicken Strips
2
Grapes 1

Grapes 2

Cookies 1

Cookies 2
Broccoli 1
Broccoli 2
French Fries 1

French Fries 2

Water
------

------

164

Ketchup

Time of meal ______________
Duration of meal ______________
Freddy Fullness
Pre-meal _____________mm
Post-meal ____________mm
RAs Present
1)_________________
2)_________________
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Appendix E: Parent Brand Inventory
Parent Brand Inventory
Instructions: Would your child be familiar with these brands? Please answer as best you can.

Brand
McDonald's
Barilla
Motts
Snickers
Lay’s
Nabisco
Sprite
Eggo
Planters
Cheez-its
Kraft
Cocoa Puffs
Juicy Juice
Pillsbury
Sour Patch Kids
Jif
Crisco
Heinz
Mrs. Butterworth
Lucky Charms
Crunch Bar
Kashi
Trix
Capri Sun
Ritz
Nestle
Lunchables
KFC
Green Giant
Orville Redenbacher
Cheetos
Dunkin’ Donuts
Pringles

Yes

No

Not sure /
Don’t know

Brand

Yes

No

Not sure /
Don’t know

Taco Bell
Velveeta
Pepperidge Farm
Kool-Aid
Butterfinger
Fruit Roll-up
Fresh Express
Uncle Ben’s
Hostess
Ragu
Wendy’s
Cool Whip
Fritos
Tropicana
Smuckers
Chiquita
Blow Pop
Frosted Flakes
Hot Pockets
Doritos
CocaCola
Miracle Whip
Wonder Bread
Laffy Taffy
Nesquik
Pizza Hut
Quaker
Triscuit
Skittles
Sunmaid
Burger King
Pepperidge Farm
Dole
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SpaghettiOs
M&Ms

Starbucks
Froot Loops

167

Brand
Hershey
Subway
Chips Ahoy
Sunny Delight
Del Monte
Hidden Valley
Pepsi
Campbell’s
Land o’ Lakes
Tootsie Roll
Corn Flakes
Chick-fil-a
Hellman’s
V8
Turkey Hill
Tostitos
I can’t believe it’s
not butter!
Reese’s
Cheerios
Oreo
Chef Boyardee
Rice Krispies
Keebler
Annie’s
Twix
Gap
Nike
Playstation
Verizon
Lowe’s
Dawn
T-mobile
Honda
Maybelline
Scrubbing Bubbles

Yes

No

Not sure /
Don’t know

Brand

Yes

No

Not sure /
Don’t know

Best Buy
Glad
Crayola
Chrysler
CATA
Valvoline
Old Navy
UPS
Target
PNC Bank
Palmolive
Walmart
LG
Macy's
Swiffer
Hampton Inn
Home Depot
AT&T
Staples
Volkswagon
Apple
Tide
Dodge
Elmer's
Abercrombie & Fitch
Charmin
Lysol
Johnson & Johnson
Pampers
Comcast
Bounty
Dick’s Sporting
Goods
Barbie
Citizen’s Bank
Sears
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Toyota
Matchbox

Brand

Lego
Dial

Yes

No

Not sure /
Don’t know

Midas
Days Inn
Nintendo
Adidas
Ziploc
Hasbro
Kleenex
American Eagle
Mattel
Q-tips
Google
LeapFrog
Juicy Couture
M&T Bank
Diesel
Yahoo
Sony
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Appendix F: Children’s TV and Internet Survey
Children’s TV and Internet Survey
Instructions: The scientist will read these questions for you and after each
question they will give you a choice of answers. Pick the best answer.
1. Do you watch television (TV)?
Yes:______

2.
a.
b.
c.
d.
e.

No:_______

If you watch TV, can you remember about how many hours per day you watch TV?
about 1 hour
about 2 hours
about 3 hours
about 4 hours
more than 4 hours

3. Can you tell me how many TVs are in your home? ________
4. Do you have a TV in your bedroom?
Yes:_______

No:_______

5. When you watch TV, do you watch the commercials?
Yes:_______

No:________

6. What do you think commercials are for? There is no wrong answer.
___________________________________________________________________
7. Do you watch TV during dinner?
Yes:_______

No:________
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8. Please tell me if you watch these TV Channels:
Yes

No

Not sure /
I don’t know

Nickelodeon
Disney Channel
Cartoon Network
ABC
CBS
NBC
PBS
FOX
Discovery Channel
Animal Planet
TLC
MTV
VH1
CW
ESPN
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9. Tell me what you know about the following shows:
Never heard
of it

Heard of it
but never
seen it

Seen it a few
times

Watch it a lot

Spongebob Squarepants
The Adventures of Jimmy Neutron
Shake It Up
iCarly
Drake and Josh
Fanboy and ChumChum
Hannah Montana
Wizards of Waverly Place
Degrassi
Jessie
Victorious
The Fairly Oddparents
A.N.T. Farm
Power Rangers
Supah Ninjas
The Penguins of Madagascar
Austin and Ally
Arthur
House of Anubis
Good Luck Charlie
American Idol
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Wipeout
Phineas and Ferb
Big Time Rush
The Electric Company
Sports Programs (basketball, football,
or other sports)
America’s Funniest Home Videos

10. Do you watch other any other TV shows that we did not talk about? Can you remember what they are?
________________________________________________________________________
_______________________________________________________________________
11. Do you use the Internet?
Yes:_______ No:________
12. If you use the Internet, about how many hours per day do you use the Internet?
a.
b.
c.
d.
e.

about 1 hour
about 2 hours
about 3 hours
about 4 hours
more than 4 hours

13. Do you use the Internet in school?
Yes:_______ No:________
14. How many computers are in your home? ________
15. Do you have your own computer?
Yes:_______ No:________
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16. Do you use the Internet during dinner?
Yes:_______ No:________
17. Tell me what you know about the following Internet sites:
Never heard
of it

Heard of it but
never use it

Used it a few
times

Use it a lot

Google.com
FunBrain.com
NickJr.com
Disney.com
HotWheels.com
PoissonRouge.com
RoaryTheRacingCar.com
CartoonNetwork.com
Barbie.com
PBSKids.org
ThomasAndFriends.com
Facebook.com
Twitter.com
Tumblr.com
Myspace.com
ClubPenguin.com
Pinterest.com
PopTropica.com
MoshiMonsters.com
Webkinz.com
StarDoll.com
CoolMath-Games.com
NeoPets.com
PrimaryGames.com
Fantage.com
Nick.com
Bing.com
Kids.Yahoo.com
HoneyDefender.com
LuckyCharms.com
FrostedMiniWheats.com
FrootLoops.com
18. Do you use any other any other websites that we did not talk about? Can you remember what they are?
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Appendix G: Children’s Brand Familiarity Task

Brand Familiarity, Emotional Valence, and Excitability Task

Script and Questions
Instructions: “I am going to show you lots of pictures. You may know some of them, but
not others. That’s okay. For each picture, I will ask you to tell me what product or food you
think the picture goes with, how happy or sad the picture makes you, and how exciting or
boring you think the picture is. We have a lot of pictures to show, so we will stop and take
a few breaks in between. There are no right or wrong answers. Do you have any questions
before we start? If not, let’s begin.”
1. Can you tell me what type of food/product this picture goes with?
Record child response: _____________________________________

2.

On a scale from 1 to 5, with 1 being very sad and 5 being very happy, can you tell me how
sad or happy the picture makes you feel?

3. On a scale from 1 to 5, with 1 being very bored and 5 being very excited, can you tell me
how bored or excited the picture makes you feel?
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Data Collection

Brand

Food /
Product

Sad /
Happy
(1-5)

Bored /
Excited
(1-5)

Brand

Samsung

Johnson &
Johnson

Yahoo

Comcast

Harley Davidson

NBC

Colgate

Abercrombie &
Fitch

Dawn

Oral-B

Nerf

Ebay

Facebook

Bing

Target

Visa

Bounty

Sony

Playstation

Crayola

Nabisco

Kaiyo

Ragu

Domino's

Pepsi

Betty Crocker

Campbell's

Tostitos

Tropicana

Burger King

Snickers

Special K

Jif

Quaker

Kool-Aid

Mott's

Doritos

Reese's

Kraft

Nature Valley

Food /
Product

Sad /
Happy
(1-5)

Bored /
Excited
(1-5)
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Brand

Response

Sad /
Happy
(1-5)

Bored /
Excited
(1-5)

Brand

NFL

IBM

AT&T

Apple

Nintendo

Little Tikes

MTV

Matchbox

Lowe's

Charmin

BMW

Pampers

Elmer's

Playskool

Gap

Teen Nick

ty

Eggo

Mattel

Subway

Lay's

Yoplait

Ben & Jerry's

Food /
Product

Sad /
Happy
(1-5)

Bored /
Excited
(1-5)

Pepperidge Farm

Sunny Delight

Sun-Maid

Kellogg's

Ocean Spray

Starbucks

Pillsbury

Ritz

Cheerios

Pop-tarts

Powerade

Capri Sun

M&M's

Fritos

Lego

McDonald's

Toys "R" Us

American Eagle

Hanes
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Barbie

Brand

Hasbro

Response

Sad /
Happy
(1-5)

Bored /
Excited
(1-5)

Brand

USPS

Ikea

Webkinz

Adidas

Fisher-Price

Tide

3M

Oreo

Google

Lunchables

ESPN

Chili's

Taco Bell

Birds Eye

Cheez-It

Aunt Jemima

Cheetos

Planters

Progresso

Chips Ahoy!

Pizza Hut

Snyder's

Heinz

Fruit Roll-Ups

Keebler

Smucker's

Twizzlers

hp

Juicy Juice

UPS

Red Lobster

Kleenex

Cannon

Scrubbing
Bubbles

Ziploc

Twitter

American Express
Microsoft

Food /
Product

Sad /
Happy
(1-5)

Bored /
Excited
(1-5)

Intel
Walt Disney
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T-Mobile

Ford

Nike

Glad

Brand

Response

Sad /
Happy
(1-5)

Bored /
Excited
(1-5)

Brand

Warner Brothers

Hidden Valley

Sour Patch

Chef Boyardee

Hershey's

Wonder

Nesquick

Hot Pockets

Denny's

Trix

Mountain Dew

Pringles

SpaghettiOs

Lucky Charms

General Mills

Dole

Gatorade

Auntie Anne's

Food /
Product

Sad /
Happy
(1-5)

Bored /
Excited
(1-5)

Dunkin Donuts
Coca-Cola
Dell
Master Card
Xbox
Philadelphia
Eagles
FedEx
Honda
Lysol
Walmart
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Best Buy
Sears
Orville
Redenbacher's
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Appendix H: Parent Brand Inventory
Parent Brand Inventory
Instructions: Would your child be familiar with these brands? Please answer as best you can.

Brand
McDonald's
Barilla
Motts
Snickers
Lay’s
Nabisco
Sprite
Eggo
Planters
Cheez-its
Kraft
Cocoa Puffs
Juicy Juice
Pillsbury
Sour Patch Kids
Jif
Crisco
Heinz
Mrs. Butterworth
Lucky Charms
Crunch Bar
Kashi
Trix
Capri Sun
Ritz
Nestle
Lunchables
KFC
Green Giant
Orville Redenbacher
Cheetos
Dunkin’ Donuts

Yes

No

Not sure /
Don’t know

Brand

Yes

No

Not sure /
Don’t know

Taco Bell
Velveeta
Pepperidge Farm
Kool-Aid
Butterfinger
Fruit Roll-up
Fresh Express
Uncle Ben’s
Hostess
Ragu
Wendy’s
Cool Whip
Fritos
Tropicana
Smuckers
Chiquita
Blow Pop
Frosted Flakes
Hot Pockets
Doritos
CocaCola
Miracle Whip
Wonder Bread
Laffy Taffy
Nesquik
Pizza Hut
Quaker
Triscuit
Skittles
Sunmaid
Burger King
Pepperidge Farm
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Pringles
SpaghettiOs

Dole
Starbucks
Froot Loops

M&Ms

Brand
Hershey
Subway
Chips Ahoy
Sunny Delight
Del Monte
Hidden Valley
Pepsi
Campbell’s
Land o’ Lakes
Tootsie Roll
Corn Flakes
Chick-fil-a
Hellman’s
V8
Turkey Hill
Tostitos
I can’t believe it’s
not butter!
Reese’s
Cheerios
Oreo
Chef Boyardee
Rice Krispies
Keebler
Annie’s
Twix
Gap
Nike
Playstation
Verizon
Lowe’s
Dawn
T-mobile

Yes

No

Not sure /
Don’t know

Brand

Yes

No

Not sure /
Don’t know

Best Buy
Glad
Crayola
Chrysler
CATA
Valvoline
Old Navy
UPS
Target
PNC Bank
Palmolive
Walmart
LG
Macy's
Swiffer
Hampton Inn
Home Depot
AT&T
Staples
Volkswagon
Apple
Tide
Dodge
Elmer's
Abercrombie & Fitch
Charmin
Lysol
Johnson & Johnson
Pampers
Comcast
Bounty
Dick’s Sporting
Goods
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Honda
Maybelline
Scrubbing Bubbles
Toyota
Matchbox

Brand

Barbie
Citizen’s Bank
Sears
Lego
Dial

Yes

No

Not sure /
Don’t know

Midas
Days Inn
Nintendo
Adidas
Ziploc
Hasbro
Kleenex
American Eagle
Mattel
Q-tips
Google
LeapFrog
Juicy Couture
M&T Bank
Diesel
Yahoo
Sony
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Appendix I: Parent’s Ad Survey
Parent’s Ad Survey
Instructions: Please read the following questions and answer them to the best of your ability.
1. Do you watch television (TV)?
Yes:______
2.

No:_______

If you watch TV, about how many hours per day you watch TV?
a.
b.
c.
d.
e.

about 1 hour or less
about 2 hours
about 3 hours
about 4 hours
about 5 hours or more

3.

How many TVs are in your home? ________

4.

When you watch TV, do you watch the commercials?
Yes:_______

5.

Do you watch TV during dinner?

Yes:_______
6.

No:________

No:________

What 5 TV networks do you watch most often (e.g., ABC, NBC)?
1. ______________
2. ______________
3. ______________
4. ______________
5. ______________

7.

Do you use the Internet at home?

Yes:_______

No:________
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If you use the Internet at home, about how many hours per day do you use the Internet at
home?
a.
b.
c.
d.
e.
8.

about 1 hour or less
about 2 hours
about 3 hours
about 4 hours
about 5 hours or more

What 5 websites do you visit most often (e.g., Google, Yahoo)?
1. ______________
2. ______________
3. ______________
4. ______________
5. ______________

9.

How many computers are in your home? ________

10. How many times per week does your family usually go to the grocery store?
a.
b.
c.
d.
e.

1 time/week or less
2 times/week
3 times/week
4 times/week
5 times/week or more

11. Does your child come along with you when you go to the grocery store?
Yes:_______

Sometimes:________

No:________
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Appendix J: Infant Feeding Questionnaire
Infant Feeding Questionnaire
Instructions: Please answer the questions in this survey to the best of your ability. In
question #1, you will be asked to report whether you (a) mainly breast-fed your child or (b)
mainly formula-fed your child. Please answer this question with the method you remember
using most often in your child’s first year, even if you did both. After answering question
#1, go to questions #2-24 if you marked (a), or skip to questions #25-47 if you marked (b).
How did you feed your child during the first year (12 months) of their life?

Mainly breast- fed (Continue to Q#2)
Mainly formula- fed (Skip to Q#25)

If you chose “Mainly breast-fed” for question #1, continue to Q # 2. Otherwise, skip to Q# 25:
How many months was breast- milk the only way you fed your child?
Less than 1 month
1-3 months
4-6 months
More than 6 months
Don’t remember
Did you smoke while breast-feeding?
a. Yes
b. No
2.

Did you consume alcohol when breast-feeding?
a. Yes
b. No

3.

Did you feed your child formula while breast-feeding?
a. Yes (Continue to Q#6)
b. b. No (Skip to Q#10)

If “yes” to Q#5, continue to Q#6. Otherwise, skip to Q #10:

4.

How old was your child when you first fed him or her formula?
a. Less than 1 month
b. 1-3 months
c. 4-6 months
d. More than 6 months
e. Don’t remember

5.

How many months was your child fed breast milk and formula at the same time?
a. Less than 1 month
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b.
c.
d.
e.

1-3 months
4-6 months
More than 6 months
Don’t remember

6.

How many months total did you feed your child formula?
a. Less than 1 month
b. 1-3 months
c. 4-6 months
d. More than 6 months
e. Don’t remember

7.

When you fed your child formula, what type of formula did you feed your child?
a. Milk- based formula (like Enfamil LIPIL, Similac Advance, and Good Start Supreme)
b. Soy- based formula (like Enfamil ProSobee, Isomil, and Good Start Supreme Soy)
c. Hydrolysate formula (like Nutramigen, Pregestamil, and Alimentum) d. Other, please list
_________________

8.

How many months total did you breast- feed your child (including the time you were also giving them
formula)?
a. Less than 1 month
b. 1-3 months
c. 4-6 months
d. More than 6 months
e. Don’t remember

9.

Did you pump breast milk and feed your child this milk from a bottle?
a. Yes (Continue to Q#12)
b. No (Skip to Q#16)

If “yes” to Q#11, go to Q. 12. Otherwise, skip to Q# 16:

10. How old was your child when you first pumped breast milk?
a. Less than 1 month
b. 1-3 months
c. 4-6 months
d. Older than 6 months
e. Don’t remember
11. When you started to give your child pumped breast milk, how often did your child get milk in this form
(pumped milk in a bottle)?
a. Less than 1 time per day
b. 1 time a day
c. 2 times a day
d. 3 times a day or more
e. Don’t remember
12. How often did your child finish his or her bottle of breast milk?
a. Never
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b.
c.
d.
e.

Rarely
Sometimes
Often
Always

13. How often did you encourage your child to finish all of his or her bottle?
a. Never
b. Rarely
c. Sometimes
d. Often
e. Always
14. When breastfeeding, how often did your child let go of the breast by him or her-self?
a. Never
b. Rarely
c. Sometimes
d. Often
e. Always
15. How old was your child when you stopped breastfeeding, including pumping breast-milk?
a. Less than 1 month
b. 1-3 months
c. 4-6 months
d. More than 6 months
e. Don’t remember
16. How old was your child when you first fed them juice?
a. Less than 1 month
b. 1-3 months
c. 4-6 months
d. More than 6 months
e. Don’t remember
17. How old was your child when he or she was first given solid foods (e.g., baby food or cereal)?
a. 1-3 months
b. 4-6 months
c. 7-9 months
d. Older than 9 months
e. Don’t remember
18. What solid food did your child eat first?
a. Infant cereal
b. Pureed fruits (eg. peaches, pears, bananas, etc.)
c. Pureed vegetables (eg. carrots, green beans, potatoes, etc.)
d. Pureed sweet foods (eg. puddings, ice cream, etc.)
e. Don’t remember
If you can remember any of the foods your child liked when he/she was a baby, please list them:
______________________________________________________________________________ ____
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__________________________________________________________________________________
19. How did your child first react to solid foods?
a. Liked very much
b. Neutral (Neither liked nor disliked)
c. Disliked very much
d. Refused to eat it at first.
e. Don’t remember
20. During the time when you were weaning your child from the bottle or breast, how often did they eat solid
foods?
a. Less than once a day
b. Once a day
c. Twice a day
d. 3 or more times a day
e. Don’t remember
21. Currently, how willing is your child to try new foods?
a. Very unwilling to try new foods
b. Unwilling to try new foods
c. Neutral (Neither willing or unwilling)
d. Moderately willing to try new foods
e. Very willing to try new foods
22. Does your child have any food allergies?
a. Yes, please list ______________
b. No

If you circled in question #1 that you mainly breast-fed your child and have answered the above
questions you are finished with this part of the survey and do not need to answer questions #2547.

If you chose (b) “Mainly formula-fed” on question #1, begin here:
23. How old was your child when you first fed him or her formula?
a. Birth
b. Less than 1 month
c. 1-3 months
d. 4-6 months
e. Don’t remember
24. What type of formula did you mainly feed your child?
a. Milk- based formula (like Enfamil LIPIL, Similac Advance, and Good Start Supreme)
b. Soy- based formula (like Enfamil ProSobee, Isomil, and Good Start Supreme Soy)
c. Hydrolysate formula (like Nutramigen, Pregestamil, and Alimentum)
d. Other, please list ________________
25. Why did you choose this type of formula to feed your child?
a. My child liked it
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b.
c.
d.

It was the least expensive and/or easiest to get
My child had food allergies and needed it
Other reasons, please list
e. Don’t remember
26. Did you feed your child any other type of formula?
a. Yes (Continue to Q#29)
b. No (Skip to Q#31)

If “yes” go to Q#29, if “no” skip to Q#31:

27. What other types of formula did you feed your child?
a. Milk- based formula (like Enfamil LIPIL, Similac Advance, and Good Start Supreme)
b. Soy- based formula (like Enfamil ProSobee, Isomil, and Good Start Supreme Soy)
c. Hydrolysate formula (like Nutramigen, Pregestamil, and Alimentum)
d. Other, please list ________________
28. Why did you change formulas?
a. Didn’t like the first formula
b. Was allergic to the first formula
c. Doctor recommendation
d. Availability or price
e. Other, please list ________________
29. Did you breast-feed your child for any period of time?
a. Yes (Continue to Q#32)
b. No (Skip to Q#38)
30. How often did you smoke while breastfeeding?
a. Never
b. Rarely
c. Sometimes
d. Often
e. Always
31. How often did you consume alcohol while breastfeeding?
a. Never
b. Rarely
c. Sometimes
d. Often
e. Always
32. About how many weeks did you breast- feed your child before giving them formula?
a. Less than 1 week
b. 2-4 weeks
c. 4-6 weeks
d. More than 6 weeks
e. Don’t remember
33. Did you pump breast milk and feed your child this milk from a bottle?
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a.
b.

Yes (Continue to Q#36)
No (Skip to Q#38)

34. (If “yes” to Q#35) How old was your child when you first pumped milk?
a. Less than 1 month
b. 1-3 months
c. 4-6 months
d. Older than 6 months
e. Don’t remember
35. How many weeks total did you breast- feed your child (including the time you may also have been giving
them formula?
a. Less than 1 week
b. 2-4 weeks
c. 4-6 weeks
d. More than 6 weeks
e. Don’t remember
36. How many months total was your child fed formula?
a. 1- 3 months
b. 4-6 months
c. 7-9 months
d. 10-12 months
e. More than 12 months
37. How often did your child drink all of his or her bottle of formula?
a. Never
b. Rarely
c. Sometimes
d. Often
e. Always
38. How often did you encourage your child to finish all of his/her bottle?
a. Never
b. Rarely
c. Sometimes
d. Often
e. Always
39. How old was your child when you first fed them juice?
a. 1-3 months
b. 4-6 months
c. 7-9 months
d. Older than 9 months
e. Don’t remember
40. How old was your child when he or she was first exposed to solid foods (baby foods)?
a. 1-3 months
b. 4-6 months
c. 7-9 months
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d.
e.

Older than 9 months
Don’t remember

41. What solid food did your child eat first?
a. Infant cereal
b. Pureed fruits (eg. peaches, pears, bananas, etc.)
c. Pureed vegetables (eg. carrots, green beans, potatoes, etc)
d. Pureed sweet foods (eg. puddings, ice cream, etc)
e. Don’t remember
If you can remember any of the foods your child liked when he/she was a baby, please list them :
_______________________________________________________________________________
_______________________________________________________________________________
42. How did your child first react to solid foods (baby foods)?
a. Liked very much
b. Neutral (Neither liked nor disliked)
c. Disliked very much
d. Refused to eat it at first.
e. Don’t remember
43. During the time when you were weaning your child from the bottle, how often did they eat solid foods
(baby foods)?
a. Less than once a day
b. Once a day
c. Twice a day
d. 3 or more times a day
e. Don’t remember
44. Currently, how willing is your child to try new foods?
a. Very unwilling to try new foods
b. Unwilling to try new foods
c. Neutral (Neither willing or unwilling)
d. Moderately willing to try new foods
e. Very willing to try new foods
45. Does your child have any food allergies?
a. Yes, please list
b. No
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48. Age (Parent):___________ Weight (Parent):____________Height (Parent):_________
49. What is the highest level of education you have completed?
a. Junior high school
b. High school or G.E.D.
c. Technical school
d. College
e. Advanced degree
50. During your child’s first year (12 months) of life what was your marital status?
a. Single
b. Not married but living with the baby’s mother/ father
c. Married
d. Living with extended family
e. Other, please explain: _________________________
51. Where did you usually buy food from during your child’s first year (12 months) of life?
a. Supermarket
b. Bodega/ convenient store
c. Farmer’s market
d. W.I.C.
e. Other, please list:______________________________
52. How often does your family eat fruit?
a. Every day
b. Most days of the week (4-6)
c. A few days a week (2-3)
d. Less than once a week
e. Rarely, less than once a month
53. How often does your family eat vegetables?
a. Every day
b. Most days of the week (4-6)
c. A few days a week (2-3)
d. Less than once a week
e. Rarely, less than once a month
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Mother’s Food Preferences
Which of the following foods do you remember eating while you were pregnant or when your
child was young (age 1 year or less)? Please circle the foods you remember eating during this
time.
Broccoli
Brussels sprouts
Carrots
Celery
Corn
Cabbage
Green beans
Peas

Pears
Plums
Grapes
Mango
Melons
Pineapple
Avocado
Peanut butter

Garlic / cheese bread
Chinese takeout
Mozzarella sticks
French fries
Onion rings
Potato chips
Tortilla chips
Pretzels

Spinach / greens

Eggs

Popcorn with butter

Tomatoes

Buttermilk

Squash

Parmesan cheese
Blue/Roquefort
cheese
Sharp cheddar cheese

Nachos

Diet soda

Biscuits

Caffeinated drinks

Cinnamon rolls

100% fruit juice

Swiss cheese

Rice

Kool-Aid

Plain yogurt

Pancakes or waffles

Sweet potato / yams

Steak (beef)

Cereal

Iced Tea (sweetened)
Iced Tea (unsweetened)

Onions / scallion

Hamburger /
Cheeseburger

Sandwich bread

Radishes

Tacos

Pasta

Turnips
Sour pickles
Garlic
Hot peppers
Apples / applesauce
Apricots
Bananas
Berries
Lemons / limes
Orange / tangerine
Grapefruit
Peaches / nectarines
Pears

Hot dog
Pork / ham
Bacon
Chicken
Fried chicken
Turkey
Ground meat
Sausage
Fish (white fish)
Shellfish (shrimp)
Salmon
Fried fish
Pizza

Rolls
Cakes
Pies / pastry
Cheesecakes
Doughnuts
Cookies
Brownies
Muffins
Ice cream
Frozen yogurt
Milkshake
Caramel
Puddings

Mushrooms
Peppers
Legumes (e.g.,
kidney beans)
Potato (white)

Popcorn without butter

Custard
Jello (flavored)
Hard candy
Cotton candy
Milk chocolate
Dark chocolate
Marshmallows
Black coffee
Coffee with cream/
milk
Regular soda

Milk (whole fat)
Milk (low-fat or skim)
Chocolate Milk
Hot Chocolate
Beer or other alcohol
Snapple
Gatorade
Lemonade

Are there are any other foods you can remember eating while you were pregnant or when you r
child was young (age 1 year or less) that were not listed? Please list them here:
_______________________________________________________________________________
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Appendix K: Children’s Eating Behavior Questionnaire
Children’s Eating Behavior Questionnaire
Instructions: Please read the following statements and tick the boxes most appropriate to
your child’s eating behavior. If you cannot answer a question for any reason, feel free to
leave it blank.

Never
My child loves food
My child eats more when worried
My child has a big appetite
My child finishes his/her meal quickly
My child is interested in food
My child is always asking for a drink
My child refuses new foods at first
My child eats slowly
My child eats less when angry
My child enjoys tasting new foods
My child eats less when s/he is tired
My child is always asking for food
My child eats more when annoyed
If allowed to, my child would eat too much
My child eats more when anxious
My child enjoys a wide variety of foods
My child leaves food on his/her plate at the end of a meal
My child takes more than 30 minutes to finish a meal
Given the choice, my child would eat most of the time
My child looks forward to mealtimes
My child gets full before his/her meal is finished
My child enjoys eating
My child eats more when she is happy
My child is difficult to please with meals
My child eats less when upset
My child gets full up easily
My child eats more when s/he has nothing else to do
Even if my child is full up s/he finds room to eat his/her
favourite food
If given the chance, my child would drink continuously
throughout the day
My child cannot eat a meal if s/he has had a snack just
before
If given the chance, my child would always be having a
drink
My child is interested in tasting food s/he hasn’t tasted
before

Rarely

Sometimes

Often

Always

□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□

□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
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□
□
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□
□
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□
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□
□
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□
□
□
□
□
□
□
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□
□
□
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□
□
□
□
□
□
□
□
□
□
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□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
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□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□
□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□

□
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My child decides that s/he doesn’t like a food, even
□
without tasting it
If given the chance, my child would always have food in
□
his/her mouth
My child eats more and more slowly during the course of
□
a meal

□

□

□

□

□

□

□

□

□

□

□

□
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Appendix L: Child Feeding Questionnaire
Child Feeding Questionnaire
Instructions: Using the scale below, please circle one number for each question
which best corresponds to your answer. Please answer about your child who is in
our study.
Never
1. When your
child is home,
how often are you
1
responsible for
feeding
him/her?
2. How often are
you responsible
for deciding what
1
your child’s
portion
sizes are?
3. How often are
you responsible
for deciding if
1
your child has
eaten the right
kind of foods?

Seldom

Half of time

Most of time

Always

2

3

4

5

2

3

4

5

2

3

4

5

Instructions: Using the scale below, please indicate how you would classify your
own weight at each of these 4 time periods listed below. (Please circle ONLY ONE
number for each time period)
Markedly
underweight

Underweight

Average

Markedly
overweight

Overweight

4. Your
childhood (5 to
10 years old)

1

2

3

4

5

5. Your
adolescence

1

2

3

4

5

6. Your 20’s

1

2

3

4

5

7. Currently

1

2

3

4

5
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Instructions: Using the scale below, please indicate how you would classify your
child’s weight at each of these 6 time periods listed below. (Please circle only one
number for each time period)
Markedly
underweight
8. Your child
during the first
year of life

Underweight

Average

Markedly
overweight

Overweight

1

2

3

4

5

9. Your child as
1
a toddler

2

3

4

5

10. Your child as
1
a preschooler

2

3

4

5

2

3

4

5

2

3

4

5

2

3

4

5

11. Your child
kindergarten
1
through 2nd
grade
12. Your child
from 3rd through 1
5th grade
13. Your child
from 6th through 1
8th grade

Instructions: Using the scale below, please circle one number for each question
which best corresponds to your answer. Please answer about your child who is in
our study.
Slightly
unconcerned

Unconcerned
14. How
concerned are
you about your
child eating too 1
much when you
are not around
him/her?
15. How
concerned are
you about your
child having to 1
diet to maintain a
desirable
weight?

Slightly
concerned

Neutral

Very
concerned

2

3

4

5

2

3

4

5
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16. How
concerned are
you about your 1
child becoming
overweight?

2

3

4

5

Instructions: Using the scale below, please circle one number for each question which best
corresponds to your answer. Please answer about your child who is in our study.
Slightly
disagree

Disagree
17. I have to be sure
my child does not eat
too many sweets
(candy, ice cream,
cake or pastries).
18. I have to be sure
my child does not eat
too many high fat
foods.
19. I have to be sure
my child does not eat
too many of his/her
favorite
foods.
20. I intentionally
keep some foods out
of my child’s reach.
21. I offer sweets
(candy, ice cream,
cake or pastries) to
my child as a reward
for good behavior.
22. I offer my child
his/her favorite foods
in exchange for good
behavior.
23. If I did not
regulate or guide my
child’s eating, he/she
would eat too many
junk foods.
24. If I did not
regulate or guide my
child’s eating, he/she
would eat too many

Neutral

Slightly
agree

Agree

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5

1

2

3

4

5
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of his/her favorite
foods.
25. My child should
always eat all of the 1
food on his/her plate.
26. I have to be
especially careful to
1
ensure my child eats
enough.
27. If my child says
“I’m not hungry” I try
1
to get him/her to
eat anyway.
28. If I did not guide
or regulate my child’s
eating, he/she
1
would eat much less
than he/she should.

2

3

4

5

2

3

4

5

2

3

4

5

2

3

4

5

Instructions: Using the scale below, please circle one number for each question
which best corresponds to your answer. Please answer about your child who is in
our study.
Never
29. How much do you
keep track of the
sweets (candy, ice
1
cream, cake or
pastries) that your
child eats?
30. How much do you
keep track of the
snack food (potato
1
chips, Doritos, cheese
puffs) that
your child eats?
31. How much do you
keep track of the high
1
fat foods that
your child eats?

Rarely

Sometimes

Mostly

Always

2

3

4

5

2

3

4

5

2

3

4

5
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Appendix M: Child Food Neophobia Scale
Child Food Neophobia Scale
Instructions: Please answer the following questions about your child to the best of your ability.
Strongly
disagree
1. My child does not
trust new foods.
2. If my child doesn’t
know what’s in a food,
he or she won’t try it.
3. My child is afraid to
eat things he or she has
never had before
4. My child will eat
almost anything
5. My child is very
particular about the food
he or she will eat.
6. My child is constantly
sampling new and
different foods.

Disagree

Strongly
agree

Agree

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4

1

2

3

4
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Appendix N: Impulsivity Questionnaire
Impulsivity Questionnaire
Instructions: I am going to read some questions to you. After each question, I
would like you to say “YES” or “NO” based on how you feel. There are no right or
wrong answers or trick questions. Try not to think that much about what the
questions mean, just do your best. Okay?
Question

Yes / No

1. Would you enjoy water skiing?
2. Do you have a hard time sitting still?
3. Do you often want more excitement?
4. Do you prefer to eat foods you know rather than trying new ones?
5. Would you feel sorry for a lonely stranger in a group?
6. Do you enjoy taking risks?
7. Would you like to be a rock star?
8. Do you get very interested in your friend’s problems?
9. Do you save your money?
10. Would you like to jump out of a parachute?
11. Do you worry about how animals feel?
12. Do you often buy things that you don’t need?
13. Would you prefer an exciting job with travel and adventure to an office job?
14. Do unhappy children who feel sorry for themselves annoy you?
15. Do you often do or say things without stopping to think?
16. Would you like to own an adventure playground?
17. Do you feel sorry for children who are very shy?
18. Do you often get into trouble because you do things without thinking?
19. Would you enjoy betting your own money if you had the chance to win
more?
20. Do you think it is silly for people to cry when they are happy?
21. Do you do your homework quickly without double-checking the answers?
22. Do you like diving off the high-dive?
23. Do you get happy when your friends are happy, or sad when your friends
are sad?
24. Has anyone ever told you that you are impulsive?
25. Do you like when new things happen, even when they are frightening and
strange?
26. When one of your friends is upset, do you get upset too?
27. Do you usually think carefully before you do something?
28. Would you like to learn to fly an airplane?
29. Do you ever get really involved with how a character in a movie or book
feels?
30. Do you often do things at the last minute?
31. Do you like to take chances?
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32. Do you get very upset when you see someone cry?
33. Do you sometimes break rules?
34. Do you act very carefully when you are in a new situation?
35. Does it make you laugh when you see others in a group laughing?
36. Do you often say things without thinking about them?
37. At an amusement park, do you like the darts and side shows better than you
like the roller coasters and bumper cars?
38. Do you get worried when others around you are worried?
39. Do you get involved in things and then later wish you could get out of
them?
40. Do you like to take charge?
41. When your friends talk about their problems, do you try to change the
subject?
42. Do you get so excited about new projects that you don’t think about possible
problems you might run into?
43. Even though you could fall and get hurt, would you like to climb a
mountain?
44. Do you get bored easily?
45. Would you like to travel to exciting places?
46. Can you understand why some people get upset so easily?
47. Do you think that planning ahead takes the fun out of things?
48. Do you sometimes like doing things that are a little frightening?
49. Do you stay happy even when your friends are upset about something?
50. Is it hard for you to stay out of trouble?
51. Would a life with no danger be too boring for you?
52. Do you feel annoyed when someone you are with is crying?
53. Would you avoid doing something if it is dangerous?
54. Do you prefer getting into a swimming pool slowly to diving straight in?
55. Are you often surprised at how people react to what you do or say?
56. Do you get very annoyed if someone keeps you waiting?
57. Would you enjoy skiing very fast down a steep mountain?
58. Do you like watching people open presents?
59. Would you prefer an unexpected trip to one that was planned for a while?
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Appendix O: Kid’s Activity Questionnaire
Kid’s Activity Questionnaire
Instructions: Please answer the following questions to the best of your ability.
Answer each question for the school year and summer.
During the school year, how
many times a week do you
engage in the following?
Swimming

Never

Less than
once

1-2 times

3-5 times

6-7 times

Never

Less than
30 min

30 min to
1 hour

1-2 hours

More than
2 hours

Ride your bike
Bowling
Play soccer
Basketball
Baseball or softball
Hiking
Fishing
Running or jogging
Tennis
Football
Volleyball
Play golf
Go mountain climbing or rock
climbing
Ride your scooter
Ride your skateboard
Go in-line roller skating
Go snowboarding
Go skiing
Play video games
Watch TV
Use the computer
Play outside at recess
Play inside at recess
During the school year, how
much time do you spending
doing the following?
Homework
Riding a bus
Riding in a car
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During the summer, how many
times a week do you
Never
engage in the following?
Swimming

Less than
once

1-2 times

3-5 times

6-7 times

Less than
30 min

30 min to
1 hour

1-2 hours

More than
2 hours

Ride your bike
Bowling
Play soccer
Basketball
Baseball or softball
Hiking
Fishing
Running or jogging
Tennis
Football
Volleyball
Play golf
Go mountain climbing or rock
climbing
Ride your scooter
Ride your skateboard
Go in-line roller skating
Go snowboarding
Go skiing
Play video games
Watch TV
Use the computer
Play outside at recess
Play inside at recess
During the summer, how
much time do you spending
doing the following?
Homework
Riding a bus

Never

Riding in a car
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Appendix P: Loss of Control Questionnaire
LOC-ED Questionnaire
Please answer “Yes” or “No” to the following questions by
putting an “X” in the appropriate box. While you were
eating…

Yes

No

1. During the past 3 months have you ever felt that you were
not able to stop eating, or not able to control the type of food
or amount of food that you ate?
If you answered “Yes” – Please continue below. If you answered “No” – STOP – turn in your
form.
3. How many times did this happen:
a. In the past month?
Times
b. 2 months ago? ____ Times
c. 3 months ago? ____ Times
(If you can’t remember, please give your best guess)
Answer the following questions based on the last time you
felt like you lost control or were unable to stop eating.
Before you started eating:

Yes

No

3. Were you hungry?

4. Were you trying to cut back or eat less food than usual?
5. Did you have a bad feeling, like angry, sad, or lonely
before you ate?
6. Were you feeling bored or tired before you ate?
7. Did something bad happen to make you want to eat? (For
example: Had a fight with a friend, got in trouble with a
parent)
8. Did something good happen to make you want to eat?
(For example: Did well on a test went to a party or
celebration)
9. Did you keep eating even though you were full or had
already eaten enough?
10. Did the amount of food feel like too much for you at the
tiem time?
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11. Do you think other people would think you ate too much
food?
12. Were you eating in secret or trying to hide the food you
were eating?
13. Did it feel like you were eating more than others?
14. During any time when you were eating, did you feel
numb or like you spaced or zoned out?

After you finished eating:

Yes

No

15. Did you feel badly about yourself for eating or about
what you ate? For example, did you feel guilt, shame,
unhappiness, or another kind of bad feeling?
16a. Did you throw up?

16b. If yes, did you make yourself throw up?
17. Did you use laxatives or any kind of pills to make the
food go out of your body?
18. Did you exercise for an hour or more, in order to make
up for the food that you ate?
19. Did you not eat anything at all for a whole day or more
because you ate too much?
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Appendix Q: Loss of Control Questionnaire
Child Food Frequency Questionnaire
Instructions: Please fill in the box for each question. Answer all of the questions for each
food group.
How often do you eat the
following per week?

Never

Less
than
once

1-2
times

3-5 times

6-7
times

More
than 7
times

Breads and Grains
White bread
Dark bread
Cooked cereal, such as
oatmeal
Rice
Macaroni and cheese
Spaghetti and tomato
sauce
Pizza
Vegetables
Carrots
String beans
Peas
Corn
Baked potato
Mashed potatoes
Baked beans
Fruits
Apple
Applesauce
Banana
Dairy
Skim milk
Whole milk
Ice cream
Protein
Beef, such as hamburger
Pork chops, steaks, roast
Fish, such as fried
flounder
Chicken
Chicken based soup
Tomato based soup
Scrambled eggs
Peanut butter
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Beverages
Tea
Fruit drinks
Soft drinks
Snacks
Potato chips
Corn chips/ Doritos
Popcorn
Desserts
Muffin
Cookie
Doughnut
Pie
Chocolate
Other candy without
chocolate
Miscellaneous foods
Tomato ketchup
Salad dressing
Butter
Mayonnaise
Brown gravy
Syrup
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Appendix R: Brand Liking and Wanting VAS Questionnaire
Brand Liking and Wanting VAS Questionnaire
Instructions: Please answer the following questions to the best of
your ability.

Screenshot from Qualtrics Survey.
Food and non-food brands included in survey.
NBC
Sun-Maid
Ragu
Cartoon Network
Elmer’s
Pepsi
Oral-B
Gap
Campbell’s
Burger
King
ty
Tropicana
Quaker
Little Tikes
Jif
Mott’s
The North Face
Samsung
Nature Valley
Ocean Spray
Disney
Sunny Delight
Keebler
Nickelodeon
Ebay
Twizzlers
Colgate

Planters
Lunchables
Synder’s
Smucker’s
Fisher-Price
Kohl’s
Google
ESPN
General Electric
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Dawn
Kool-Aid
Doritos
Kraft
Chili’s
Betty Crocker
Nerf
Facebook
Target
Bounty
PlayStation
Tostitos
Hostess
Nutter Butter
Honey Maid
Reese’s
PBS Kids
Comcast
Scrubbing Bubbles
Ford
Barilla
Chef Boyardee

Old Navy
Visa
Sony
Crayola
Lay’s
Kellogg’s
Starbucks
Ritz
Capri Sun
Hot Wheels
AT&T
Nintendo
Puma
Bic
Sun Chips
McDonald’s
Subway
Yoplait
Glad
Dell
Walmart
Trix

Juicy Juice
Pillsbury
Mac
Matchbox
Charmin
Playskool
Lego
Taco Bell
Chex Mix
Cheetos
Progresso
Pizza Hut
Toys R Us
Animal Planet
Hasbro
UPS
JCPenney
Heinz
Barilla
Dannon
Coca-Cola

Pringles
Lucky Charms
Dole
Green Giant
McCormick
Ziploc
Microsoft
T-Mobile
Verizon
Nike
Sour Patch
Nesquik
Mountain Dew
Life
Gatorade
Tide
Adidas
hp
Walmart
Best Buy
Sears
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Appendix S: Food Liking and Wanting Assessment
Liking and Wanting Assessment

Peryam & Kroll 5-point smiley face scale.

Smiley Face Scale Training Script
Introduction: “Let’s play a fun food game, okay?

Part 1: Explanation of Five-point Scale
I am going to give you some fun foods to taste and I want you to taste each one and use these
smiley faces to tell me how they taste, okay? (Present Smiley face scale to the child)
I have this card with five little faces that we can use today. (Point to the face that says “super
good”) Do you see this face? This guy is smiling a lot because he just tasted something that is
“super good.” If you taste something that is “super good” point to this face.
(Point to the face that says “good”) Do you see this face? This guy is smiling, but not as much as
this one (the “super good” face). He is smiling because he just tasted something that is “good.” If
you taste something that is “good” point to this face.
(Point to the face that says “bad”) Do you see this face? This guy is frowning because he just
tasted something that is “bad.” If you taste something that is “bad” point to this face.
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(Point to the face that says “super bad”) Do you see this face? This guy is really frowning? He just
tasted something that is “super bad.” If you taste something that is “super bad” point to this face.
(Point to the face in the middle, “maybe good, maybe bad”) This last face in the middle is for
something that you taste that is not good, but not bad either. Use this face if something is in the
middle, or if you just can’t decide.

Testing the child’s understanding of the scale.
What is your favorite food? So, if I gave you some (favorite food) to taste, which face would you
point to? (Allow child to point to the face to make sure they understand. If the child points at
“good” or “super good” the child’s response is correct and assume they understand).
What is your least favorite food, or a food you think is yucky? So, if I gave you some (least favorite
food) to taste, which face would you point to? (Allow child to point to the face to make sure they
understand. If the child points at “bad” or “super bad” the child’s response is correct and assume
they understand).
Great work, now one more question and we will start our tasting game. What if I gave you
something to taste and it you couldn’t decide if it was good or bad? What face would you point
to? (Allow child to point to the face to make sure they understand. Most children will point to the
middle face, but some children point to “bad” or “good” and give additional explanations why.
We have counted these responses as correct, as long as they don’t pick “super good” or “super
bad.”)
If the child does not understand, go through the explanation again. Okay, let’s start the game.
Ready?

Give child one food item at a time, allowing them to taste and rate each one. Have them sip
water
between each food.

Smiley Face Scale Refresher Script
For use when a child comes back after their first visit, to make sure they remember how to use
the scale.
“It’s so great to see you again. Did you have fun last time? We are going to play another tasting
game today. Do you remember our smiley faces? Can you remind me again how to use them?
(Have child go through the explanation of each face. If they have trouble remembering, remind
them what each face means. If the child does not remember, go through Parts 1 and 2 above
again).
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Liking Wanting Scale: Standard Lab Meal Questions
How much do you like this pizza?
 Hate It
 Dislike It
 It's Okay
 Like It
 Love It
How much do you want this pizza?
 Hate It
 Dislike It
 It's Okay
 Like It
 Love It
How much do you like this chicken?
 Hate It
 Dislike It
 It's Okay
 Like It
 Love It
How much do you want this chicken?
 Hate It
 Dislike It
 It's Okay
 Like It
 Love It
How much do you like this broccoli?
 Hate It
 Dislike It
 It's Okay
 Like It
 Love It
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How much do you want this broccoli?
 Hate It
 Dislike It
 It's Okay
 Like It
 Love It
How much do you like this cookie?
 Hate It
 Dislike It
 It's Okay
 Like It
 Love It
How much do you want this cookie?
 Hate It
 Dislike It
 It's Okay
 Like It
 Love It
How much do you like this red grape?
 Hate It
 Dislike It
 It's Okay
 Like It
 Love It
How much do you want this red grape?
 Hate It
 Dislike It
 It's Okay
 Like It
 Love It
How much do you like this French fry?
 Hate It
 Dislike It
 It's Okay
 Like It
 Love It
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How much do you want this French fry?
 Hate It
 Dislike It
 It's Okay
 Like It
 Love It
How much do you like this ketchup?
 Hate It
 Dislike It
 It's Okay
 Like It
 Love It
How much do you want this ketchup?
 Hate It
 Dislike It
 It's Okay
 Like It
 Love It
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Appendix T: Freddy Fullness Visual Analog Scale
Freddy Fullness
Introduction: “I have a doll here whose name is Freddy. You can use Freddy to tell how full your stomach
feels after eating food or a meal, like breakfast, lunch, or dinner. For example, if you hadn’t eaten anything
and your stomach felt empty, you’d put the slider at the very bottom. If you ate so much and were so full that
you felt like you could burst and you couldn’t possibly eat anymore, you’d put the slider at the top. Why
don’t you try to move the slider to get a feel for it? “ (Allow child to demonstrate how the slider can move
up and down Freddy’s tummy.)

“Now, I have a few questions for you, and I want you to move the slider up and down Freddy’s tummy
to tell me how full you think you would be. Okay?”
“Imagine if you ate just a little bit, like one cookie, how full do you think your stomach would feel?” (If
child moves the slider more than 25%, ask whether he/she is sure that’s really a little bit. Moving the
slider too far for a little may indicate the child doesn’t understand.)
“Now, imagine that you ate a few more cookies, how full do you think your stomach would feel?”
(Any response between the last one and the top is acceptable.)
“Now imagine that you ate so many cookies that you didn’t want any more, but you could still eat
something else, how full do you think your stomach would feel?”(Child should put the slider between
60 and 80% of the distance.)
“Now, if you ate so much that you couldn’t possibly eat anymore of ANY food, how full do you think your
stomach would feel?” (Child should use the maximum.)

“Do you understand how Freddy works?” (Allow child to respond. If child is still unclear, go through
explanation again.)
Fullness Determination and Study Meal

“Can you use Freddy to show me how full your stomach feels right now? Remember, if your stomach
feels empty, you push the rectangle to the bottom of the page like this.” (Push the slider to the bottom
of the page.)
“If you have eaten a lot and you can’t possibly eat anymore, you push the rectangle all the way to the
top like this.” (Push the slider to the top of the page.)
“Do you understand? Great! Move the rectangle to show me how you feel right now.” (Let child use
Freddy to rate how full he/she feels.)
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Appendix U: Correlations between CFQ and brain regions impacted by food commercials
Table S1. Correlations between CFQ measures and significant clusters of activation for brain
regions with main effects or interactions with food commercial priming.
ANOVA Contrast

ROI Name

CFQ Measure
Perceived Perceived Parent Perceived Child
Responsibility
Weight
Weight

Concern About
Child Weight

Restriction

Pressure to
Monitoring
Eat

Main Effect
Energy Density

R Visual Cortex
0.147

0.053

0.157

-0.025

0.039

0.075

0.109

0.037

0.074

-0.157

-0.089

0.097

-0.100

-0.009

0.140

0.116

-0.124

0.014

0.114

0.284

0.054

0.204

0.016

0.053

0.036

0.180

0.172

0.053

-0.095

0.175

0.028

-0.203

-0.088

0.376*

-0.129

Main Effect Commercial
Condition
Commercial Condition x
Energy Density

R Visual Cortex
L Inferior Frontal
Gyrus

Interaction Energy
Density x Weight Status

R Angular Gyrus

Commercial Condition x
Energy Density x Weight L Orbitofrontal
Cortex
Status

Pearson Correlation Values
< .05 *
R=Right; L=Left
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Appendix V: Description of additional steps taken attempt to improve MRI data quality
for Study 2
Several techniques, checks, and analyses were completed to ensure that reported data was of
the highest quality. We have provided a list of these procedures as a reference for future studies
or anyone attempting to look further at the data.
Functional MRI outputs were analyzed using the “Verify Functional Coverage” function of
BrainVoyager. This function allows you to visualize functional coverage of all participants
included in your multi-subject analysis overlay. It is a simple way to verify coverage and assess
the probability of functional overlap between participants.
We also used BrainVoyager’s “VTC inspector” to check all volume time courses for
outliers. This tool provides probabilistic maps for each participant and can detect VTC’s that
appear as outliers due to motion or other scan inconsistencies in the multi-subject model. As part
of this check we also added motion parameters to the statistical model to attempt to account for
excessive motion not controlled by the standard motion correction processing and our motion
scrubbing protocol.
Using the quality control outputs from BrainVoyager we noticed that there were
discrepancy’s in the initial alignment between participant’s functional and structural scans.
Therefore, we attempt alignment using different order of anatomical steps prior to automate
alignment. However, we still observed mismatches by the automated software and therefore
chose to align all participants scans manually.
Finally, we attempted to perform a cortical alignment of the data. This process is
accomplished using BrainVoyager’s surface module. Essentially, this technique detects the
separation between white and gray matter. A two dimensional white matter surface map is
generated and then morphed into a standardized sphere space. Participant’s spheres can then be
aligned to each other using cortical land marks rather than morphing participant’s anatomical
images into a standards space using a template (such as an MNI template). While this procedure
theoretically provides better alignment there are several downsides to using it. One is that it is
time consuming both computationally and in regards to man hours needed. For example, all
anatomical scans must be hand cleaned by a researcher to remove any remnants of skull or
connective tissue not removed by standard skull stripping methods. Another aspect of this
technique that is unique is that it only measures brain response observed near the white matter/
gray matter border. Therefore, if brain activation is observed more superficially it will not be
detected by this technique was the case for our study.
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Appendix W: Main effect of sex on response to brand logos in the whole brain analysis
from Study 1 when using child sex as a between subject factor.
Table S2. Regions of interest (ROI) for main effect of child sex from Study 1.
No.
ROI Name
Voxels X
Y
Z
F-value
p-value
R. Middle Frontal Gyrus
16
31 17
44 23.58
0.00006
R. Lingual Gyrus
9
7
-89 -6 18.71
0.00025
L. Cingulate Gyrus
19
-9
20
40 22.06
0.00009
(R=Right; L=Left)
ROI= Region of interest
p=.001 cluster threshold = 5
**No interaction with brand image were observed
Figure S1.

(C)
(A)
(B)

Regions of interest (ROI) for the main effect of child sex from Study 1. (A) R. Middle Frontal
Gyrus. (B) R. Lingual Gyrus. (C) L. Cingulate Gyrus. All regions show greater activation for
males compared to females.
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Appendix X: Details of energy intake data from Study 1.
Table S3. Linear mixed model for energy intake Study 1 with condition and child sex as model
factors.
Model Factor
F-value
p-value
Condition
0.23
0.79

Table S4. Mean intake and standard errors for Study 1 by condition and child sex.
Mean
Standard Lower 95%
Model Factor
(kcal)
Error
CI
Upper 95% CI
Condition
Branded
757.87
49.25
656.81
858.92
Unbranded
806.13
56.12
690.96
921.29
Novel
765.34
58.92
644.44
886.24

Table S5. Linear mixed model for energy intake Study 1 with condition and child sex as model
factors.
Model Factor
F-value
p-value
Child Sex
4.27
0.042
Condition
0.24
0.79
Child Sex * Condition
0.72
0.49

Table S6. Mean intake and standard errors for Study 1 by condition and child sex.
Mean
Standard Lower 95%
Model Factor
(kcal)
Error
CI
Upper 95% CI
Child Sex
Male
840.99
44.16
753.00
928.98
Female
711.90
44.16
623.90
799.89
Condition
Branded
757.87
45.01
665.35
850.38
Unbranded
806.13
56.52
689.93
922.33
Novel
765.34
59.63
642.76
887.91
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Table S7. Mean intake (g) and standard errors for each food served in Study 1 by condition.
Total
Males
Females
Mean Standard Mean Standard Mean Standard
Condition
Food Item
(g) Deviation
(g)
Deviation (g)
Deviation
Branded
197.4
129.40 158.46
101.78
Mac and Cheese 177.93 115.94
Vegetables
26.93
29.40
30.93
32.28 22.93
26.80
Applesauce
85.34
69.94
95.56
86.68 75.12
59.42
28.72
9.14 17.82
13.80
Chips
23.27
12.75
Cookies
42.64
29.39
47.89
27.38 37.39
31.37
Fruit Punch
136.80 111.20
130.70
112.90 142.90
113.50
146.33
157.36 80.81
106.48
Chocolate Milk 189.26 226.66
Unbranded
Mac and Cheese 185.53 123.20
174.39
110.21 196.66
150.84
Vegetables
42.26
50.68
31.63
31.76 19.10
28.75
98.90
63.54 68.40
58.07
Applesauce
92.93
68.57
Chips
22.02
12.30
27.16
12.02 16.87
10.61
Cookies
48.37
35.32
50.36
39.41 46.38
32.08
112.70
89.80 112.50
90.00
Fruit Punch
112.60 88.20
Chocolate Milk 146.41 135.98
151.66
132.75 141.18
143.95
Novel
Mac and Cheese 175.72 132.58
166.15
143.94 185.30
124.86
32.60
34.11 23.13
26.66
Vegetables
27.86
30.43
Applesauce
88.35
59.31
101.67
58.93 70.03
40.38
Chips
24.05
13.96
28.96
15.15 19.14
9.40
42.09
23.81 42.62
26.33
Cookies
41.57
24.63
Fruit Punch
114.90 90.60
118.20
87.80 111.60
96.50
Chocolate Milk 124.53 121.41
138.10
135.93 110.98
108.35
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Appendix Y: Details of energy intake data from Study 2.
Table S8. Linear mixed model for energy intake Study 2 with condition and child weight status
as factors.
Analysis
Model Factor
F-value
p-value
Total Intake
Child Weight Status
18.90
0.001
Condition
0.92
0.40
Condition * Weight Status
0.23
0.79
High-Energy Intake
Child Weight Status
24.00
0.001
Condition
0.40
0.66
Condition * Weight Status
0.38
0.68
Low-Energy Intake
Child Weight Status
1.58
0.21
Condition
1.99
0.14
Condition * Weight Status
0.19
0.82

Table S9. Mean intake and standard errors for Study 2 with condition and weight status as
factors.
Mean
Standard Lower 95%
Analysis
Model Factor
(kcal)
Error
CI
Upper 95% CI
Total Intake
Child Weight Status
Healthy
840.99
44.16
753.00
928.98
Overweight/Obese
711.90
44.16
623.90
799.89
Condition
Baseline
768.48
42.89
681.84
855.26
Food Commercials
697.07
41.26
613.60
780.54
Toy Commercials
697.94
42.98
610.99
784.88
High-Energy Intake Child Weight Status
Healthy
840.99
44.16
753.00
928.98
Overweight/Obese
711.90
44.16
623.90
799.89
Condition
Baseline
757.87
45.01
665.35
850.38
Food Commercials
806.13
56.52
689.93
922.33
Toy Commercials
765.34
59.63
642.76
887.91
Low-Energy Intake
Child Weight Status
Healthy
106.86
7.65
91.69
122.03
Overweight/Obese
91.47
9.57
72.51
110.43
Condition
Baseline
116.83
11.26
94.04
139.62
Food Commercials
91.80
10.65
70.24
113.36
Toy Commercials
88.86
9.87
68.89
108.83
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Table S10. Linear mixed model for energy intake Study 2 with condition and child sex as
factors.
Analysis
Model Factor
F-value
p-value
Total Intake
Condition
1.01
0.36
Child Sex
1.43
0.23
Condition * Child Sex
0.041
0.96
High-Energy Intake
Condition
0.50
0.60
Child Sex
0.74
0.38
Condition * Child Sex
0.03
0.96
Low-Energy Intake
Condition
1.90
0.15
Child Sex
2.49
0.12
Condition * Child Sex
0.28
0.75

Table S11. Mean intake and standard errors for Study 2 with condition and child sex as factors.
Mean
Standard Lower 95%
Analysis
Model Factor
(kcal)
Error
CI
Upper 95% CI
Total Intake
Condition
Baseline
751.40
43.88
662.65
840.16
Food Commercials
671.71
44.65
581.39
762.91
Toy Commercials
677.14
44.87
586.37
767.91
Child Sex
Female
669.30
34.95
600.08
738.54
Male
730.86
37.61
656.37
805.36
High-Energy Intake Condition
Baseline
615.46
44.26
525.92
705.00
Food Commercials
557.39
42.45
471.52
643.26
Toy Commercials
566.72
45.16
475.37
658.08
Child Sex
Female
557.92
34.56
489.46
626.38
Male
601.80
37.19
528.13
675.47
Low-Energy Intake
Condition
Baseline
118.13
11.02
95.84
140.42
Food Commercials
95.83
10.33
74.93
116.72
Toy Commercials
90.67
9.61
71.23
110.12
Child Sex
Female
92.12
8.12
76.02
108.21
Male
110.97
8.74
93.65
128.29
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Table S12. Mean intake (g) and standard errors for each food served in Study 2 by condition.
Total
Males
Females
Mean
Standard Mean Standard Mean Standard
Condition
Food Item
(g)
Deviation
(g)
Deviation (g)
Deviation
Baseline
Pizza
104.18
73.15
107.28
85.22 101.51
62.87
Chicken
34.15
32.54
34.51
27.19
33.83
37.20
Grapes
85.65
72.85
107.48
98.46
89.60
68.84
Cookies
37.83
27.66
37.01
21.28
37.97
32.33
Broccoli
41.45
54.20
27.94
27.87
46.13
61.66
French Fries 61.27
46.26
67.27
55.27
58.12
39.55
Ketchup
19.73
21.74
15.33
16.78
14.35
16.28
Food Commercials
Pizza
93.55
105.50
100.99
84.21
87.14
61.07
Chicken
23.49
29.24
26.52
34.64
20.89
24.18
Grapes
75.25
67.91
107.12
84.90
67.77
67.42
Cookies
33.15
24.90
34.16
22.81
31.78
26.70
Broccoli
31.45
47.15
21.06
28.66
35.13
51.96
French Fries 58.66
47.38
56.32
50.11
62.64
47.51
Ketchup
20.68
23.10
13.83
16.04
16.99
18.63
Toy Commercials
Pizza
98.96
70.46
107.88
84.45
91.27
56.67
Chicken
20.45
23.43
20.92
24.06
20.04
23.41
Grapes
75.31
66.27
98.14
86.63
75.67
65.22
Cookies
31.20
26.82
30.75
21.84
31.13
30.64
Broccoli
26.45
44.50
22.17
25.43
25.68
50.59
French Fries 59.77
48.28
65.28
55.91
56.99
43.44
Ketchup
21.96
21.48
16.09
15.52
16.82
16.98

226

VITA
Travis Daniel Masterson
EDUCATION
The Pennsylvania State University, Ph.D. in Nutritional Sciences
Brigham Young University, M.S. in Exercise Science – Health Promotion
Brigham Young University, B.S. in Exercise and Wellness
2010 – 2013

2015 – 2018
2013 – 2015

SELECTED PUBLICATIONS
Masterson, T.D., Kirwan, C.B., Davidson, L.E. et al. “Brain reactivity to visual food stimuli after
moderate-intensity exercise in children” Brain Imaging and Behavior. 2017.
Fearnbach SN, Masterson TD, Schlechter HA, Loken E, Downs DS, Thivel D, Keller KL. “Perceived
exertion is associated with children’s post-exercise ad libitum energy intake.” Medicine & Science in
Sports & Exercise. 2016.
Fearnbach SN, Masterson TD, Schlechter HA, Ross AJ, Rykaczewski MJ, Loken E, Downs DS,
Thivel D, Keller KL. “Impact of imposed exercise on ad libitum energy intake in children at risk for
overweight.” Nutrition Journal, 15(1), 92. 2016.
Masterson TD, Kirwan CB, Davidson LE, LeCheminant JD. “Neural reactivity to visual food stimuli
is reduced in some areas of the brain during evening hours compared to morning: an fMRI study in
women”. Brain Imaging and Behavior. 2015 Mar.

SELECTED ORAL PRESENTATIONS
Masterson TD, Austen M, Bermudez M, Bruce AS, Keller KL. “Brain reactivity to visual food stimuli
after food commercial exposure in children” Oral Presentation, The Obesity Society, Obesity Week
2017 Annual Meeting, October – November 2017, Washington DC.
Masterson TD, “The Effects of Food Marketing on Children’s Brain Response and Eating Behavior”,
Invited Speaker, Nutritional Sciences Department, Brigham Young University, September 2017
Masterson TD, Austen M, Bermudez M, Bruce AS, Keller KL. “Overweight children consume more
high-energy dense foods at a meal than healthy weight children, regardless of pre-meal priming with
food advertisements.” Oral Presentation, Society for the Study of Investigative Behavior 2017 Annual
Meeting, July 2017, Montreal, Quebec, Canada.

FELLOWSHIPS AND AWARDS
2018
2017
2017
2016
2016

Ruth L. Pike Nutritional Sciences Graduate Fellowship Award
Grace M Henderson Graduate Scholarship – The Pennsylvania State University
Rolls-Simons Travel Grant Award (The Obesity Society)
Penn State, Nutritional Sciences, Department Travel Award
Outstanding First Year Graduate Student Award 2016- The Pennsylvania
State University – Nutrition Graduate Student Association
2015 – 2016
Graham Endowed Fellowship - The Pennsylvania State University
2015
Professional Development Endowment Award – The Pennsylvania State
University – College of Health and Human Development
2015
Outstanding Graduate Student Award 2015 – Brigham
Young University – Department of Exercise Sciences
2014
Mary Lou Fulton Conference Award – Outstanding Presentation

