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Abstract

Within-session decreases in instrumental responding to obtain food, consistent with habituation, have
been reliably demonstrated in adults and children. This study tested the hypothesis that within-session
decreases in instrumental responding for food are due to habituation rather than satiation. Thirty-
eight 8-12 year old children performed a computer- based operant task to earn points toward access
to potato chips for 20 minutes, and for chocolate candies for the final six minutes of the session.
Portion size of the food reinforcer (75 vs 225 kcal) and food consumption (consumption/no
consumption) were varied during the first 20 minutes. There was no difference in the rate of response
decrease between the two portion size conditions. Both the consumption and non-consumption
groups showed response decelerations during the first 20 minutes, with responses in the consumption
group decreasing at a faster rate. When the novel food was presented, participants in all conditions
recovered responding. Although satiation may contribute to reductions in motivated responding for
food when food is consumed, habituation provides a more complete explanation for the results
observed in this study.
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Habituation is a basic, neurobiological process by which responses to stimuli decrease with
repeated exposures (Groves & Thompson, 1970). This is ubiquitous among species and can
be applied to both reflexive physiological responses and complex behavioral processes
(McSweeney & Swindell, 1999; McSweeney, Swindell, & Weatherly, 1996). There has been
a series of habituation studies in humans which show that the salivary responses to food cues
habituate after repeated presentations, and dishabituate or recover when a new food stimulus
is presented (Myers Ernst & Epstein, 2002; Temple, Kent, Giacomelli, Paluch, Roemmich, &
Epstein, 2006; Wisniewski, Epstein, & Caggiula, 1992). These studies have used both olfactory
(Epstein, Saad, Handley, Roemmich, Hawk, & McSweeney, 2003; Temple et al., 2006) and
taste (Epstein, Caggiula, Rodefer, Wisniewski, & Mitchell, 1993; Epstein & Paluch, 1997;
Myers & Epstein, 1997) stimuli, which involve little or no energy intake. Animal research has
also been conducted using very small portions of taste stimuli to study habituation of mouthing
responses (Swithers-Mulvey, Miller, & Hall, 1991; Swithers-Mulvey, Mishu, & Hall, 1992).
Thus, habituation to food cues can occur in the absence of food consumption and satiation,
defined as the physiological and psychological factors that result in meal termination.
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Habituation theory has also been applied to changes in motivated responding for reinforcers.
Studies in animals and in humans have shown that instrumental responding for food is reduced
over repeated presentations (Epstein et al., 2003; Myers Ernst & Epstein, 2002; Temple, 2007).
In addition, responding for food recovers when a novel food is available (Epstein et al.,
2003; Myers Ernst & Epstein, 2002; Temple et al., 2006), which is characteristic of habituation
(Thompson & Spencer, 1966). These paradigms to assess within session changes in motivated
responding for food may also involve simultaneous food consumption, which raises the
question whether the decreased responding observed in these studies is due to habituation or
satiation.

Based on an extensive literature review, McSweeney and Murphy (Mcsweeney & Murphy,
2000) argue that within-session decreases in instrumental responding for food are due to
habituation, not satiation. One of the most powerful arguments against the satiation hypothesis
is that if cessation of motivated responding were due to satiation, then presentation of additional
food would not result in a resumption of responding. However, research reliably shows that
presentation of a novel food after responding has ceased leads to recovery of responding
(Epstein etal., 2003; Temple et al., 2006; Wisniewski et al., 1992), consistent with habituation.
A satiation theory also would suggest that providing more energy, either by providing more
energy dense reinforcers or a larger portion of a reinforcer, would resultin amore rapid decrease
in responding, as a sense of fullness would be achieved faster. However, studies have shown
that using larger or more energy dense food stimuli results in either no difference, or sometimes
an increase, in the rate of responding (Epstein et al., 1993; Fuhrer, 1977; Pitman, Ottenweller,
& Natelson, 1990). Finally, because satiation is achieved after consuming food, satiation theory
would argue that decreases in responding for food would not occur in the absence of food
consumption, but habituation theory would predict that responding for food should decrease
with sensory exposure to food cues, even in the absence of food consumption (McSweeney &
Murphy, 2000).

The purpose of this study was to demonstrate that reduction in instrumental responding for
food is due to habituation rather than satiation. We conducted three experimental
manipulations. The first manipulation varied the portion size of the food stimulus that was
earned. If satiation was important in response reduction, it would be expected that responses
should decline faster for the large portion (225 kcal) group in comparison to the small portion
(75 kcal) group. Habituation theory would predict no differences as a function of energy
consumed or, perhaps, an increase in responses in the larger portion group (McSweeney &
Roll, 1998; Weatherly, McSweeney, & Swindell, 2004). The second manipulation was the
presentation of a novel food stimulus after responses to the original stimulus had decreased. If
response reductions are due to satiation, and the subjects could earn as much food as they
wished, then presenting more food should not result in a resumption of responding for food.
However, recovery of responding after presentation of a novel stimulus is a defining
characteristic of habituation. The third manipulation compared responses for food between
individuals who were allowed to consume the food as it was earned and those who were exposed
to sensory cues from the food but told that they had to wait until the end of the experiment to
consume it. If satiation is required for response reduction, than the non-consumption group
should show no decrease in responding for food over time. However, habituation theory would
predict that a decrease in responding to sensory cues from food stimuli can be observed even
in the absence of consumption of the food reinforcer (McSweeney & Murphy, 2000).

Participants were 20 females and 18 male, non-obese (<95 Body Mass Index, BMI Percentile)
(Kuczmarski et al., 2002) 8 to 12 year-old children recruited from local newspaper
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advertisements and from the laboratory database. Compensation for completing the study was
$20.00 US dollars. Potential participants were excluded if they had one or more of the
following: medications or conditions that may suppress appetite or alter responding to food
cues (e.g., methylphenidate, ADHD, diabetes, upper respiratory illness); current psychological
disorder or developmental disability. Inclusion criteria included rating the test foods as
moderately liked (>3 on a 5-point Likert-type scale of liking). Participants were randomized
into one of four conditions based on portion size (small or large), and on within-session
consumption (consumption vs. no consumption).

Parents of potential participants were screened over the telephone to ensure initial eligibility
to study protocol. If children were eligible, a 90-minute visit to the University at Buffalo’s
Behavioral Medicine Laboratory was scheduled between the hours of 2:00PM - 5:30PM. The
parents were told that their children could not eat or drink anything, except for water, for at
least three hours prior and not to consume the study foods which were potato chips and
chocolate for 24 hours prior to test appointment. Upon arrival to the laboratory, parents and
children read and signed informed consent and assent forms, and assisted in completing a same-
day dietary recall. Parents filled out a demographics questionnaire while the children completed
a food preference questionnaire, food liking and hunger scales. After questionnaires and scales
were complete, parents were escorted to the waiting area and instructions on how to perform
the computer generated task were provided to the participants. Participants were shown how
much food could be earned for one point. Depending upon the portion size condition,
participants were either shown 75 kcal (149) or 225 kcal (42g) portions of Wavy Lay’s Potato
Chips™ as the habituation stimulus or 75 kcal (15g) or 225 kcal (45g) portions of M&M
Chocolate Candies™ as the recovery stimulus. Participants in the Consumption condition were
instructed that they could consume the food as soon as it was earned while participants in the
Non-Consumption condition were told that they had to wait to consume food earned until the
entire task was completed (Table 1). Water was provided ad libitum and both conditions could
earn and consume as much or as little of the food stimuli as they wanted. When a point was
earned the experimenter delivered the food stimulus into the experimental room and placed it
on a table next to the computer station. Participants were able to earn points towards portions
of potato chips for the first 20-minutes of the task and portions of M&M candies™ for the last
six-minute session of the task. An activity station that included age-appropriate magazines
(National Geographic®©, Kids Discover© and Disney Adventures®©), cross words, word
searches, mazes and word jumbles was set up so that when children no longer wished to respond
for food, they could engage in non-contingent activities. This reduces the potential for
responding simply out of boredom. They were told that they could go back and forth between
the activities and the computer task as much as they wanted. After the participants completed
the computer task, hunger was reassessed and they completed a modified Dutch Eating
Behavior Questionnaire designed to measure dietary restraint in children (Hill & Pallin,
1998). Finally participants and parents were debriefed and children were measured for height
and weight. All procedures were conducted in accordance with NIH Guidelines for the ethical
conduct of experiments in human participants and with the approval of the University at Buffalo
Institutional Review Board.

The Laboratory Environment—The laboratory is designed specifically for food
experiments and is constructed with a fresh air delivery system. The laboratory rooms are in
negative pressure, so the exhaust has greater cubic feet per minute than the supply, and the air
circulates ~10 times/h, or new air is circulated once every 6 min in the experimental room
(1385 ft3) and the experiment room is also equipped with a Carbon HEPA Filtration System
(Carbon, Permanganate, Zeolite) which filters at a rate of 225ft3/min to assist in removing
lingering odors.
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Instrumental Responding Task—An operant computer generated task using a Variable
Interval 120s reinforcement schedule (VI 120) was used to measure motivated responding to
food stimuli. The task consisted of a square that flashes red every time a response was made
on amouse button, and another square that flashes green when a point is earned. The habituation
phase was 20 minutes, broken into of ten, 2-minute time blocks where participants could earn
points towards portions of potato chips. The recovery phase was six minutes, broken into three,
2-minute time blocks where participants could earn portions of chocolate candies. These times
were imposed to keep consistency among participants in the number of food portions available,
but from the point of view of the participant, responding was continuous. The pattern of
responses over trials served as a primary outcome measure.

Food Hedonics and Hunger—Liking of study foods assessed by a 5-point Likert-type
scale, anchored by “do not like” (1) and “like very much” (5). A 40-item food questionnaire
which included the study foods was administered to ensure reliability of liking of foods
presented. Pre-experimental hunger was assessed using a 5-point Likert-type scale anchored
by “not very hungry” (1) and “very hungry” (5).

Same-day Food Recall—Participants, with the help of their parent, were asked to recall all
foods and beverages that had been eaten on the day of the experiment. The participant was
guided through the interview by the experimenter who asked about time of day, portion sizes,
and whether foods were completed. This measure was used to ensure that the study foods were
not consumed the day of experiment, that the child adhered to not consuming food or drinking
beverages except water at least 3 hours prior to scheduled appointment, and to control for
potential differences in energy intake prior to the experiment. Total energy consumption (in
Kcal) was calculated using Nutritionist V' nutrient analysis software (I, 2000).

Dietary Restraint—Dietary restraint was evaluated using the Dutch Eating Behavior
Questionnaire designed for children (Hill & Pallin, 1998). Examples of questions included on
the restraint scale are “I have tried to lose weight”; “I try not to eat between meals because |
want to be thinner”.

Demographics—An experimenter designed demographics questionnaire was used to assess
highest education level, annual household income, race, and ethnicity.

Anthropometrics—Height (cm) and weight (Ibs) were measured in light clothing with shoes
removed after the participant had voided using a digital stadiometer (Digi-Kit, North Bend,
WA) and digital Tanita™ weight scale (Tanita Corporation of America, Inc., Arlington
Heights, IL). These measures were used to calculate BMI (Kg/m?).

Analytic Plan—~Participant characteristics, food hedonics, and baseline hunger were
compared using an analysis of variance (ANOVA) with consumption (consumption vs. no
consumption) and portion size (small or large) as between subject variables for continuous
variables and Chi-Square tests for dichotomous variables. Changes in the pattern of
instrumental responding were analyzed using a mixed ANOVA with access to food and portion
size as between subject factors and trials 1 — 13 as the within subjects factor. In order to
distinguish between effects during the habituation and recovery phases, separate ANOVA
analyses were also done with trials 1 — 10 (habituation) and trials 10 — 13 (recovery) as the
within subjects factors. Analyses were conducted using SYSTAT software (Systat Software,
2002).
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Subject characteristics were shown in Table 2. There were no differences among the different
conditions for any of the characteristics that were examined (all p > 0.05). The racial and ethnic
composition of the sample included 75% non-Hispanic Caucasian, 13% African American,
3% African American and Hispanic, 3% American Indian or Alaskan Native, 3% Asian and
3% reported other. All groups had equivalent baseline hunger (F (1, 34) = 0.47, p = 0.50).

When examining the pattern of responding across all trials, there was a two-way interaction
between consumption condition and trials (F (12, 402) = 2.51, p = 0.003) and a main effect of
consumption condition (F (1, 34) = 6.49, p = 0.02) with participants in the consumption group
showing a more rapid decrease in instrumental responses than those who had delayed access
to food. There was no three-way interaction among portion size, consumption condition, and
trials (F (12, 402) = 0.84, p = 0.61), no two-way interaction between portion size and trials (F
(12, 402) = 0.57, p = 0.87) or portion size and consumption condition (F (1, 34) =0.34,p =
0.57), and no main effect of portion size (F (1, 34) =0.14, p = 0.72).

When examining the habituation and recovery phases alone, the portion of food presented had
no effect on the pattern of responding for food. The ANOVA showed an interaction between
consumption and trials (F (9, 306) = 2.63, p = 0.006; Figure 1A) and a main effect of
consumption of snack foods on number of responses (F (1, 34) = 7.29, p = 0.01) for trials 1 —
10. However, there was no interaction among portion size, consumption condition, and trials
(F (9, 306) = 1.04; p = 0.41); no interaction between portion size and trials (F (9, 306) = 0.53,
p = 0.85; Figure 1B) and no interaction between portion size and consumption (F (1, 34) =
0.50, p = 0.48). As was mentioned above, participants in the consumption group showed a
more rapid decrease in instrumental responses than those who had delayed access to food.
Despite differences in the rate of habituation, separate analyses on each group showed that the
group who consumed food (F (1, 18) = 13.48, p = 0.002) and the group that had delayed access
to food (F (1, 18) =5.82, p = 0.03) both showed a decrease in responding between trial 1 —trial
10. There was a significant effect of trials on responding on trials 10 — 13 (F (3, 102) = 19.97,
p < 0.001). There was no interaction between trials and portion size (F (3, 102) =0.31,p =
0.82; Figure 1A) or consumption (F (3, 102) = 1.76, p = 0.16; Figure 1B), and no three-way
interaction among trials, portion size, and consumption on responding from trials 10 — 13 (F
(3,102) =0.17; p = 0.91). Linear contrasts showed significant increase in responding between
trials 10 and 11 (F (4, 34) = 7.85, p < 0.001), and significant decreases between trials 11 and
12 (F (4, 34) = 18.10, p < 0.001) and trials 11 and 13 (F (4, 34) = 15.16, p < 0.001) for all
conditions.

Discussion

This study tested the hypothesis that within session changes in motivated responding for food
in children are due to habituation and not satiation. The first test of this hypothesis was the
comparison of motivated responding for either 75 kcal food portions or 225 kcal food portions,
and our results showed portion size had no effect on the rate of change in instrumental
responding, despite the fact that children in the large portion group earned a reinforcer that was
three times greater than those in the small group. Our findings are consistent with previous
work showing that larger or more energy dense reinforcers do not increase the rate of decrease
in responding for food (Roll, McSweeney, Johnson & Weatherly, 1995; Weatherly et al.
2004). Roll and colleagues (1995, Experiment 1) showed that rates of decrease in motivated
responding for food did not differ as a function of energy density, consistent with research
from our laboratory showing no difference in the rate of habituation in humans when energy
density was varied (Epstein et al., 1993). When sucrose concentration was varied, slower
decreases in responding were observed for higher concentrations (Melville, Rue, Rybiski, &
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Weatherly, 1997), the opposite of what would be expected if satiation was the best explanation
for the reduction in responding. In addition, when the magnitude of a food reinforcer was
changed (either halved or doubled) within the session, increasing the amount of reinforcer
slowed down the rate of response deceleration compared with the baseline condition
(Weatherly et al., 2004).

Recovery in responding after presentation of a novel stimulus is a defining characteristic of
habituation (Thompson & Spencer, 1966). A second test of the hypothesis involved the
presentation of a novel food (M&Ms) after responding had significantly decreased for the
original food (potato chips). If the satiation hypothesis were correct, then presentation of
additional food would not result in a resumption of responding. However, we observed an
increase in responding for all subjects, independent of the previous conditions, which is
consistent with research that shows presentation of a novel food after responding has ceased
leads to recovery of responding (Epstein et al., 2003; Temple et al., 2006; Wisniewski et al.,
1992).

The third test of our hypothesis was to compare responses in individuals who consumed food
throughout the duration of the experiment with those who received the food, but were not
allowed to eat until the end of the experiment. A decrease in responding during the exposure
to sensory cues without food consumption during the initial twenty minute period is predicted
by habituation but not by satiation theory. Previous studies have demonstrated that habituation
to sensory cues related to food, such as olfactory (Epstein et al., 2003; Temple et al., 2006) and
gustatory (Epstein etal., 1993; Epstein & Paluch, 1997; Myers & Epstein, 1997) stimuli, occurs
in the absence of eating. Food consumption involves the integration of multiple sensory stimuli,
including visual, olfactory, and gustatory signals as well as cognitive and post-ingestive cues
that may accelerate decreases in responding. The group that did not consume food was exposed
only to visual and olfactory cues from the food stimuli throughout the duration of the
experiment. Previous studies have shown that neuronal and physiological responses habituate
to visual stimuli as well as to a combination of visual and olfactory stimuli (Epstein et al.,
2003; Holsen, Zarcone, Thompson, Brooks, Anderson, Ahluwalia, Nollen, & Savage, 2005;
Temple et al., 2006). Imaging studies have found that viewing pictures of food leads to neural
activation in brain regions associated with taste, reward, and memory (Holsen et al., 2005;
LaBar, Gitelman, Parrish, Kim, Nobre, & Mesulam, 2001; Simmons, Martin, & Barsalou,
2005). The integration of responses in these brain regions allow the individual to assess the
salience of the stimulus and, if properly motivated, initiate behaviors involved in food
consumption (Holsen et al., 2005). Once eating behaviors have been initiated, neural
responding to the food stimulus habituates (Holsen et al., 2005). It is possible, as our data
suggest, that habituation of neuronal responses to food drives habituation of behavioral
responses for food as well, even in the absence of food consumption (LaBar et al., 2001).

Though subjects did habituate to food cues without eating the food, consumption did increase
the rate of reduction in responding. One explanation for this effect is that both satiation and
habituation contributed to this reduction when food was consumed. A steeper rate of reduction
in responding after food consumption would be predicted by satiation theory (Bizo, Bogdanov
& Killeen, 1998; DeMarse et al, 1999). One interesting way to test the independent effects of
sensory stimulation that could lead to habituation versus energy repletion that could lead to
satiation is in experiments that combine sensory taste stimuli and energy placed in the stomach
that bypasses oral stimulation. In two studies, animals showed a reduction in response when
only oral sensory stimuli were presented, but a more rapid reduction in responding when oral
sensory stimuli were presented along with large gastric infusions (Roll et al., 1995, Experiment
3; Swithers-Mulvey & Hall, 1993). These results suggest that in paradigms in which oral
sensory and gastric fill are presented simultaneously, both contribute to the within session
reductions in operant responding. Another explanation for difference in the rate of decrease
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between eaten and uneaten foods is sensory specific satiety, defined as a decrease in hedonic
ratings of foods eaten to satiety compared with uneaten foods (Rolls, Rolls, Rowe, & Sweeney,
1981). There is a large body of literature showing that as a food is consumed, it becomes less
pleasurable and eating rate for that food declines, but that uneaten foods retain high hedonic
ratings and are readily consumed when presented after another food has been eaten to satiety
(Rolls, 1985; Rolls, 1986; Rolls et al., 1981; Rolls, Van Duijvenvoorde, Rolls, 1984). Although
this study examined motivated responding for food and not hedonic ratings of food, it is
possible that a decrease in food hedonics when the food was eaten contributed to a faster decline
in motivation to obtain the food than when the food was not consumed. Similarly, the increase
in responding when a novel food was presented is also consistent with sensory specific satiety
and, thus, higher hedonic ratings for the novel food may have contributed to increased
responding.

This study demonstrates that within-session changes in the pattern of responding for food can
generally be attributed to habituation, consistent with findings in animal models as well as
previous studies in humans. While the decreases in the rate of responding in the consumption
condition could have been influenced in part by satiation, the decreases in responding to sensory
stimuli from food in the non-consumption condition, the lack of effect of different portions
sizes, and the recovery of responding when a novel food was presented are best understood by
habituation. The observation that motivated responding for food can be decreased in the
absence of energy intake, suggests that finding ways to promote habituation to food, such as
presentation of food odors or pictures of food prior to eating, may reduce energy intake.
Stimulation of the sensory systems, in particular olfactory and gustatory systems, has been
applied to weight loss treatment. For example, a study by Hirsch and Gomez showed that
inhalation of odors prior to eating, in the absence of any instructions about dieting or energy
restriction, resulted in a significantly amount of weight loss relative to a control group given
no odors (Hirsch & Gomez, 1995). Although the precise mechanism is not known, one
possibility is that sensory stimulation facilitates weight loss by accelerating the rate of
habituation to food cues.
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Number of Button Presses
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Mean + SEM number of responses for potato chips (habituation; trials 1-10) and M&M’s
(recovery; trials 11-13) for individuals A. who consumed the food throughout the duration of
the experiment (black circles) and those who had to delay consumption until the end (white
circles) and B. participants assigned to small (75 kcal; black circles) and large (225 kcal; white
circles) portions of food. The habituation phase is shown to the left of the dashed line and the
recovery phase is to the right of the dashed line in both figures.
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Table 1
Table showing study design and experimental groups.
Consumption Condition Portion Size Trials 1-10 Trials 11 -13
“Habituation” “Recovery”
Consumed Food During Experiment (n = 19) 75 kecal (n=9) Potato chips M&Ms
225 kceal (n = 10)

Consumed Food at the End of the Experiment (n=19) 75 kcal (n=9)

225 kcal (n =10)
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