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ABSTRACT

There are several visual dimensions of food thatattect food intake, example
portion size, color, and variety. This dissertatgucidates the effect of number of
pieces of food on preference and amount of foodwered in humans and motivation for
food in animals. Chapter 2 Experiment 1 showedrtta preferred and also ran faster
for multiple pieces (30, 10 mg pellets) than aniegjoric, single piece of food (300 mg)
showing that multiple pieces of food are more relveg than a single piece. Chapter 2
Experiment 2 showed that rats preferred a 30-pfeltet portion clustered together rather
than scattered. Preference and motivation fotetad food pieces may be interpreted
based on the optimal foraging theory that animed$égp foods that can maximize energy
gain and minimize the risk of predation. Chapt&xperiment 1 showed that college
students preferred and ate less of a multiple-pieae a single-piece portion and also ate
less in a test meal following the multiple-piecaritsingle-piece portion. Chapter 3
Experiment 2 replicated the results in Experimeahd used a bagel instead of chicken.
Chapter 4 showed that college students given agiiwee chicken portion scattered on a
plate ate less in a meal and in a subsequent tdtthran those given the same portion
clustered together. This is consistent with thedtlgesis that multiple pieces of food
may appear like more food because they take umarlaurface area than a single-piece
portion. All together, these studies show that benand surface area occupied by food
pieces are important visual cues determining fdamae in animals and both food choice

and intake in humans.
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CHAPTER 1
INTRODUCTION

Energy intake varies widely from day to day. Tvesiance in energy intake is
regulated by the body’s homeostatic system. Ty’ lsdiomeostatic processes trigger
an increase in food intake when food deprived. odding to James Neel (1962), an
American geneticist, this hyperphagic responsedtal depletion, may be an adaptive
response to protect the organism from starvatidghematural environment.

Although internal cues produced by hunger and tyat&n initiate food intake,
evidence suggests that daily energy intake isigbtly controlled by the body’s
homeostatic processes. For example, Levistky (R@@ued that if food intake is
dependent on homeostatic processes only, then luw@unld simply eat when hungry,
and not when full. However, several studies shuat satiated humans and animals will
begin eating if given unlimited access to palatdbiels (Faith et al., 2006; Fisher &
Birch, 2002; Hill et al., 2008). He also pointeat that if daily energy intake is heavily
influenced by physiological processes, then changdaily energy intake should adjust
to compensate for any excess or shortage of calooesumed. But, several studies
showed that subjects fail to compensate for anggraficit from skipped meals or
energy surplus from additional meals (Berkey, Rtick&liman, Field, & Colditz, 2003;
Cho, Dietrich, Brown, Clark, & Block, 2003; NicklaBao, Webber, & Berenson, 1993;
Schlundt, Hill, Sbrocco, Pope-Cordle, & Sharp, 1992f course these studies do not
indicate that physiological processes have no @mibe on food intake, but rather that as

long as food is available in the environment, huragel satiety signals are easily



overridden and intake influenced by both environtalecues and learned eating
patterns.

When food is available, food consumption may ogeuesponse to several
environmental (external) cues. These environmentas$ include those that are directly
related to the food (i.e. the “food environment?)irdirectly related to food, but
associated with eating (i.e. the “eating environtf)giVansink, 2004). Cues in the
eating environment such as lighting, sound, the trihday, and the presence of others
can affect food intake. For example, dull or mihting and soft music were shown to
decreasdood intake (Gal et al., 2007 in Spence, HarraRi&ueras-Fiszman, 2012;
Ross, 1970 in Linne, Barkeling, Rossner, & Roof02 Wansink, 2004) whereas,
social and media distractions and eating latenéenday were shown facreasefood
intake (de Castro, 1990, 1994, 2004; Herman, RbtPolivy, 2003). Cues directly
related to the food such as portion size, palatpband presence of variety of foods can
also affect food intake. People eat more whenmgiaeger than smaller portions (Ello-
Martin, Ledikwe, & B.J. Rolls, 2005; B.J. Rolls,@%), palatable than unpalatable foods
(Bobroff, & Kisileff, 1986; de Castro, Bellisle, Ralix, 2000; Wansink & Park, 2001;
Zandstra, de Graaf, Mela, & Staveren, 2000) angkgtdhan monotonous foods or
flavors (McCrory et al., 1999; see Remnick, Poli&fRliner, 2009 for review).

Identifying the various external factors affectiiogd intake can elucidate
potential targets for the treatment of obesity.e€ity is a medical condition involving
the excess accumulation of body fat caused by@ease in energy intake or a decrease
in energy expenditure. Elevated body fat leveltim, can adversely affect health and

increase the risk for life-threatening conditionsls as diabetes, cardiovascular disease,
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and cancer (Calle, & Kaaks, 2004; Kahn, Hull, & &ttlaneider, 2006; Poirier et al.,
2006). According to the World Health Organizatiahput 1.4 billion people were
overweight and nearly 500 million people were oliasz008. In the United States
alone, about 35% of adults and 17% of children vedrese from 2009 to 2010 (Ogden,
Carroll, Kit, & Flegal, 2012). If the current trés in obesity continue, it is expected that
almost half the American population will become stbey 2030 (Finkelstein et al.,
2012). Since physical activity levels have remdilagely unchanged in the past two
decades (Bleich, Cutler, Murray, & Adams, 2007 keistein, Ruhm, & Kosa, 2005),
increased energy intake has been identified apdtential driver of the obesity
epidemic.

Although several external cues associated with fraodaffect energy intake, the

focus of this dissertation is on cues directlyteddato food. Several sensory cues from a
food can affect food intake such as appearande, texture, smell, and temperature
(Brown, 2011; Imram, 1999). Although many peopte taste as the most important
factor affecting their food intake (Glanz, BasilaMach, Goldberg, & Snyder, 1998) in
many cases the first sensory contact with footnsugh the eyes.

There are several visual cues that can affect iim@atte but one potent visual cue
shown to augment food intake is portion size. Mgrlkace and restaurant portions are
two to five times larger now than in the past (Néexl & Popkin, 2003). Large portions of
food encourage greater food consumption leadiraptmcrease in caloric intake. For
instance, when snack foods, beverages, sandwighégasta portions were increased in
size, energy intake also increased in both childrehadults (Fisher & Kral, 2008;

Levitsky & Youn, 2004; B.J. Rolls, Morris, & RoeQ@2; B.J. Rolls, Roe, Kral, Meengs,
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& Wall, 2004a; B.J. Rolls, Roe, & Meengs, 2006a)@&h, 2012; B.J. Rolls, Roe,
Meengs, & Wall, 2004b).

There are two hypothesized mechanisms by whicle lpogtion sizes of foods
lead to increased energy intake. First, porti@aesif foods can serve as visual cues or
“benchmarks” to determine the amount of food tostone (Wansink & Van Ittersum,
2007). When visual input was absent, diners wasble to monitor how much food
was consumed, resulting in an increase in enetgkenfrom larger than smaller food
portions (Scheibehenne, Todd, & Wansink, 2010).

Second, portion sizes serve as visual referemmcetetermining the size of bites
taken from them (Fisher & Kral, 2008; Fisher, BRdlls, & Birch, 2003). Larger bites
are taken from larger portions of food only whea Wsual cue of the portion is present.
For example, Burger, Fisher, and Johnson (2011edohat blindfolded subjects took
smaller bites from large portions of food than séghsubjects showing that visual cue of
the large food portion can change the microstrectdireating. Taking large bites from
food was shown to increase energy intake by fatiigy gorging. Gorging shortens the
amount of time that the food is present in the maasulting in shorter orosensory
exposure time which in turn results in reducedifggsl of fullness, increased desire to
eat, and increased energy intake (de Wijk, Zij|9ttars, de Graaf, & Prinz, 2008;
Kissileff, Zimmerli, Torres, Devlin, & Walsh, 200&tral, Buckley, Kissileff, and
Schaffner, 2001; Weijzen, Smeets, & de Graaf, 2@(B&tra, de Wijk, Mars, Stafleu, &
de Graaf, 2009). Moreover, taking large biteslitateé overeating by accelerating eating
rates (Scisco, Muth, Dong, & Hoover, 2011; Spiefalplan, Tomassini, & Stellar,

1993). Eating fast does not allow sufficient tifoethe development of satiation signals
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leading to reduced feelings of satiation and ineedeenergy intake (Azrin, Kellen,
Brooks, Ehle, & Vinas, 2008; Burger et al., 201Ebrster, Nurnberger, & Levitt, 1962;
Forde, van Kuijk, Thaler, de Graaf, & Martin, 201 8ussileff et al., 2008; Martin et al.,
2007; Melanson, 2004; Spiegel, 2000; Spiegel & doyd978; Zjilstra, Mars, de Wijk,
Westerterp-Plantenga, & de Graaf, 2008). Theretfarge food portions can change
eating behavior, which can ultimately affect theoaimt of food consumed.

The size of silverware, dinnerware, and commefoiadl packages also influences
food intake (Sobal & Wansink, 2007; Wansink, 1998ubjects served themselves 50%
more ice-cream when given a large serving spoorband and ate more ice-cream than
those given a smaller serving spoon and bowl (Wdmaian Ittersum, & Painter, 2006).
Similarly, subjects ate more from a one-gallon bofdnacks than those given two,
half-gallon bowls of snacks (Wansink & Cheney, 20&3d more popcorn when served
in larger than smaller containers (Wansink, & KBOP5). Also, sizes of eating utensils
indirectly influence feeding behaviors, which cdtinoately affect food intake.
Lawless, Bender, Oman, and Pelletier (2003) shahaidsubjects took larger sips from
liquids served in larger than smaller cups. Takarger mouthfuls from food shortens
orosensory exposure resulting in reduced feelifdsliness and increased energy
intake as mentioned previously (de Wijk et al., Z0Rissileff et al., 2008; Kral et al.,
2001; Weijzen et al., 2009; Zjilstra et al., 20@8lstra et al., 2009).

The sizes of eating utensils also serve as vigfiatences to determine further
food intake. For example, people use the emptyfragbowl or plate as a visual cue to
terminate food intake. Wansink, Painter, and N@005) randomly assigned subjects

to receive a regular bowl or “self-refilling” bowf soup. The self-refilling bowl would
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refill automatically as the soup was ingested s $lubjects never saw an empty bowl.
The results showed that subjects given the salfingfbowl! ate 70% more soup and
indicated no greater satiation than those givendgalar bowl. The authors suggested
that without the visual cue of the empty bowl, g were unable to rely on their own
feelings of fullness to terminate eating beforermach food was consumed.

One reason that subjects overconsume food frore kagng utensils is because
of susceptibility to visual illusions. For exampéetall, narrow glass is perceived to
contain more liquid than a short, wide glass ofadgqwlume because both children and
adults tend to focus on the height of the objech#dke quantitative estimations, while
ignoring the rest, a tendency called centratios (danderson & Cuneo, 1978, Raghubir
& Krishna, 1999). This bias ultimately affects gm@ount of food served and consumed.
For example, Wansink and Van Ittersum (2003a) faadl both adolescents and adults
poured more juice in short, wide glasses thanraliow ones. In addition, Raghubir
and Krishna (1999) found that the overestimatiohqufids served in taller glasses
resulted in lower perceived volume consumptionhérgactual consumption, lower post-
consumption satisfaction, and consequently moreestsg for refills than liquids served
in short, wide glasses. The authors hypothesizadthen a subjects’ expectations (i.e.
the liquid in tall glass was overestimated) domatch actual volume consumed, subjects
consume more to compensate for the perceived lgalame consumed (Raghubir &
Krishna, 1999).

When food is served on plates, people tend to foouke diameter of the plate to
determine food amounts. For example, five- toy&a¥r-old children correctly guessed

which portion of food was larger only when the Ergortion was served on a larger
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plate and when the large food portion was spreatbtible the diameter of the smaller
food portion (Fisher & Kral, 2008). Children algerceived a portion of food spread out
on a larger area on a plate as more food tharatine gortion of food spread out to a
smaller area, even though plate size was held aoh@tisher & Kral, 2008).

One explanation for incorrect estimations of foaddx on thepreadof the food
portion may be explained by the Delbouef illusidgfood served on larger plates or bowls
may be displaced away from the edge of the plagjlting in a significant
underestimation of food (called contrast effects] Bbods served on smaller plates or
bowls displace to the edges, resulting in a sigaift overestimation of food (called
assimilation) (Van Ittersum & Wansink, 2011). Téessimilation and contrast effects
are together coined the Delbouef illusion. Th&uail illusion occurs when the presence
of one circle changes the perceived size of analingle, in this case the spread of the
food portion relative to the plate or bowl in whittte food is served (Nicolas, 1995).
This visual illusion consequently affects quanéstimations and the amount of food
served and consumed. For example, Van IttersunWaansink (2011) found that
subjects poured less soup into a smaller thandé&msl due to overestimation of the
diameter of the smaller bowl. Consequently, tiwerestimation of foods in smaller
bowls, may also explain the underserving of foodrmaller than larger bowls (Van
Ittersum & Wansink, 2011; Wansink et al., 2006b).

Other visual cues related to a portion of food also affect food intake. For

example, rearranging the ingredients of a portibiood can also affect food intake.
Levistky, lyer, and Pacanowski (2012) presentedrigeedients of a vegetable-stir fry

and pasta portion either separately or mixed t@yetihen the ingredients were
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presented separately subjects ate more than whengfredients were mixed together.
The authors suggested that segregating a foodpartio discrete units increases
energy intake by increasing the perceived variéfpads available for consumption.

In addition to changing the appearance of a famtign, cutting up foods into
varied sizes and numbers can also affect quartgitsnations and the amount of food
consumed. Nisbett and Storms (1972), varied theeand number of food pieces and
found that subjects ate more when given four, @uedt sandwiches (16 pieces) than the
same sandwiches cut into 32 bite-sized pieces. alitteors hypothesized that quartered
sandwiches may have resembled “meals” that aredilpieaten in large amounts,
whereas, bite-sized pieces may have resembledKshtmat are typically eaten in
smaller amounts. Similarly, Marchiori and colleag{2011) found that adults ate more
when 10 large candies were served, than the sangigesacut into 20 bite-sized pieces
(Marchiori, Waroquier, & Klein, 2011). In a subseqt study they found that children
ate more when 18 large cookies were served thae ttwt into 36 bite-sized pieces
(Marchiori, Waroquier, & Klein, 2012). In additipMVeijzen, Liem, Zandstra, and de
Graaf (2008) found that subjects ate more whenngsie large candy bars than those cut
into 66 bite-sized pieces.

In the aforementioned studies, however, size afgaevaried along with the
number of food pieces as the total amount of foothé portion was held constant. The
portion with the smaller pieces also containedeatgr number of pieces than the portion
with the larger food pieces, i.e., 16 large santivgieces were cut into 32 bite-sized ones
(Nisbett & Storms, 1972), 10 large candy were otd PO small pieces (Marchiori et al.,

2011), 18 large cookies were cut into 36 smallgsgdarchiori, et al., 2012), and six
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chocolate bars were presented as 66 candy pieacgigz@V et al., 2008). In this
dissertation | was interested in whether the nunobé&vod pieces, independent of size,
may be an important visual cue from food portioffiecing intake which has largely
been overlooked in the literature.

To this date, the effects of number of pieces, petelent of size, have been
studied exclusively in animals. Animals ran fagegrmultiple pieces than an
equicaloric, single piece of food (Amsel, Hug, &fdge, 1968; Campbell, Batsche, &
Batsche, 1972; McCain, 1969; Traupmann, 1971; W&IKaplon, 1941) showing that
animals find several pieces of food to be more rding than an equicaloric, single piece
of food. Multiple pieces of food are also prefermver an equicaloric, single piece of
food (E.J. Capaldi, Miller, & Alptekin 1989) shovgrihat multiple pieces of food are
more rewarding than a single piece in animals.

Unanswered Questions

Some studies showed that animals find multiplegseaf food to be more
rewarding than a single piece, but no study hasstgated the effects of number of food
pieces on both preference and running speed tagethesingle study. Therefore, the
purpose of Chapter 2 is to measure the effectsimioer of food pieces on both
preference and running speed in rats and to progasgéest an interpretation of the
effect.

In humans, varying the size and number of foodgadogether has been shown
to affect food intake. Both children and adults e@ore when given larger than smaller
food pieces (Marchiori et al., 2011; Marchiori &f 2012; Nisbett & Storms, 1972). The

authors hypothesized that decreasing the sizeoof timits decreases the amount of food
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considered appropriate to eat, resulting in lowedfintake. But, in addition to size, the
number of food pieces also varied in the aforenoeetl studies. Reducing the size of
cookies simultaneously resulted in a larger nunolbg@ieces i.e. 16 large sandwiches
were cut into 32 small pieces (Nisbett & Storms/2)9 10 large candies were cut into 20
small pieces (Marchiori et al., 2011), and 18 lacgekies were cut into 36 bite-sized
pieces (Marchiori et al., 2012). Perhaps, themtimaber of food pieces is an important
visual cue affecting food intake. No study hasestigated the effects of number of
pieces of food (independent of size) on preferamzeenergy intake in humans.
Therefore the purpose of Chapter 3 is to measuareffiects of number of food pieces on
preference and amount of food consumed in humans.

Studies on quantity estimations of foods serveglates, bowls, and glasses have
only used amorphous foods i.e., foods that takéheshape of the container such as
macaroni and cheese (Fisher & Kral, 2008), cer@é&s Ittersum & Wansink, 2011)
soup (Van Ittersum & Wansink, 2011), ice-cream (éfiak et al., 2006b), and beverages
(Raghubir & Krishna, 1999; Wansink & Van Ittersud®03a). Only one previous study
has measured the effects of the spread of foodpbata (Fisher & Kral, 2008), and that
used amorphous foods. Therefore, Chapter 4 wiliess$ the effects of surface area
occupied by a non-amorphous food (i.e. a food at discrete number of pieces) on

energy intake in humans.
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CHAPTER 2

EFFECTS OF NUMBER AND SURFACE AREA OCCUPIED BY FOGIIECES ON

PREFERENCE AND RUNNING SPEED IN RATS

Early studies investigating the rate of learningimmals focused on the amount
of reward as an incentive for learning (ReynoldB&vlik, 1960). Grindley (1929) found
that chickens ran faster for multiple (two to siice grains than one rice grain, showing
that the rate of learning in animals is dependerthe amount of reward. However, the
authors hypothesized that the number of units odl fwere also greater in the multiple-
rice grain portion than the single rice grain. fefere, to distinguish between number of
food units and the amount of reward on learning/févand Kaplon (1941) compared the
running speeds of chickens for one large popcad iece of popcorn, or four pieces
of popcorn. They found that chickens ran fastessttfe four-piece popcorn followed by
those who got the single, intact popcorn, andytabtbse that got the 1/4iece, showing
that number of pieces may be a better incentivie #maount of reward as an incentive for
learning.

One study compared the effectiveness of rewardgngam magnitude and
number by comparing the effects of reductions imant and number of units of a food
on runway performance in rats (Daly, 1972). Thinaufound that rats given a large
food pellet in acquisition ran slower when shiftech small pellet than those given a
small pellet reward in acquisition. However, rgitgeen 25 small pellets in acquisition ran
slower when shifted to one small pellet than thagnsen a large pellet in acquisition.
Therefore, reductions in number of units of foaditdd greater depression of response

than reductions in the amount of reward, showirag thultiple food units are more
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rewarding than a single food unit. In additionn@doell et al (1972) found that rats ran
significantly faster for 22, 45 mg pellets thangb@iven a single, 1000 mg pellet and
Traupmann (1971) found that rats ran significafdbter for 11, 45 mg pellets than a
single, 500 mg pellet.

Rats also prefer multiple pieces of food over glsipiece. E.J. Capaldi et al
(1989) trained rats to receive a single, 300 mgepal one arm and four, 75 mg pellets in
the alternative arm on a T-maze. The results stdhet rats preferred the arm
containing four, 75 mg pellets (totaling 300 mgjepanother arm containing an
equicaloric, single food pellet. Although multigdellets of food have been shown to be
more rewarding than a single, large piece of famdh running speed and preference for
a multiple- or single-piece food were not measuoggther in a single study. This is
important so that we can test if running speecedsfas a function of preference for the
reward.

The purpose of Experiment 1, therefore, was tacafd the findings of E.J.
Capaldi et al (1989) and also investigateh preference and running speed of rats trained
to associate one T-maze arm with multiple piecdsad (30, 10 mg pellets totaling 300
mg) and another with an equicaloric, single paifdbod (300 mg). We hypothesized
that if a multiple-pellet food is more rewardin@gtha single pellet, then rats will prefer
and also run faster for the arm containing 30, f0food pellets than one containing a

single, 300 mg food pellet.
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Experiment 1
Method

Subjects. Subjects were 39 experimentally-naive, male, @ueeDawley rats
from Harlan Co., Indianapolis, IN. One rat faikedcomplete the training trials and was
therefore removed from the experiment. Rats wBrda/s old upon arrival and 92 days
old upon start of deprivation. Animals were singtised, given food and water ad
libitum, and were maintained on a 12-h light/daykle. Experimental procedures were
approved by the Arizona State University InstitnabAnimal Care and Use Committee
and adhered to Guidelines for the Care and Usebbtatory Animals.

Materials. 10 mg (many condition) and 300 mg (one conditidayes Precision
Pellets purchased from Test Diet (Richmond, Indiavere used for this study.

Apparatus. A T-Maze purchased from Columbus Instruments wgzsl. The
stem of the maze was 61 cm long from the start(lmwated at the base of the stem) to
the choice area (at the intersection of the T)e Stiart box was approximately 16.5 cm
long and the length of each arm of the T-maze VBag dm. The entire maze was
covered by transparent, plastic lids. Metal irssegparated the stem of the maze from
the start box (guillotine door) and the arms oftieze. See Figure 1 for a diagram of
the T-maze used in the experiment.

The entire maze was set up with six, invisiblerdrdd beams connected to a
computer that recorded the time (in millisecondis} the beams were interrupted when
the rats crossed the area. Each arm of the mataiged two beams which were 25.5
cm apart and the stem of the T-maze contained ®amis which were about 49.5 cm

apart. A beam break was recorded automaticallynihe rat disrupted an infrared beam
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by movement and a beam make was recorded wheattbessed the beam completely.
Therefore, the series of beam breaks and beam nastesused to calculate the time
taken by rats to move from one area of the matiegother.

Food was placed at the end of each arm. The tiyfm®d placed in each arm
depended on whether rats received the multiplengtespellet of food in that arm.
Animals on entering the arm were confined theréolaering the metal insert. They
were removed from the maze once the trial was cetegplby lifting the clear, plastic lid.

Procedure. The procedure was similar to E.J. Capaldi ankaglies (1989).

On arrival at the laboratory, animals were place@adaptation for a week and ad lib
weights taken for three days. Ad lib water waspn throughout the experiment in
clear plastic bottles mounted on the right of tedf hopper in the front of each cage.
Following one week of adaptation, on Day 1, alldaeas removed from the cages. On
Days 2-15, all rats were fed 14 g of food eachata8.00 a.m., restricting their weights to
85% of their free-feeding body weight. On Day &&ch rat got both a 300 mg pellet and
30, 10 mg pellets in their home cage. Once ratyptad the pellets, one 300 mg pellet
and 30, 10 mg pellets were then placed in the afrtitee maze for the rats to explore and
habituate to the maze. Half the rats had 30, 1(petigts in the left arm and the single
300 mg pellet in the right arm, and the other hedkived the reverse.

Training. On Day 1 of training, rats were brought into éx@erimental maze
room in squads of two and received one free (F)asdforced (FO) trial. On a F trial,
both arms were open and rat could enter either ®ma FO trial, rats were forced into
the arm it did not enter in the free trial, by IKog the previously entered arm with a

metal insert. Each rat received Trial 1 beforertbet rat received Trial 2. Once a rat
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was placed in the start box, the trial began bsimgithe guillotine door three seconds
later. On Days 2-7 of training, rats received foials each, two F and two FO trials.
The order of the F and FO trials was counterbaldaceoss days in an ABBA fashion.
Therefore, on A days, half the rats received a, E®; FO order of trials and the other
half received F, FO, F, FO order. On B days, tiafrats received F, FO, F, FO and the
other half received the opposite, with an intemttimterval of 2 min. The rat's arm
choice on each free trial was recorded. Five rftgr ghe last trial of the day, rats
received food in their home cage.

Testing. Rats received three days of Testing. On eatimgeday, they received
four free trials. Arm entry on all free trials waescorded. Five minutes after the last trial
of the day, the rats were fed 14 g of food in tihe@me cage.

Data analyses. Total number of multiple and single-pellet choigesre counted
across all free trials in training. A between-witlrepeated measures ANOVA was then
conducted on all free trials with counterbalandjiedt arm/30 pellets vs. right arm/ 30
pellets) as a between-subjects factor and foodcel@0 vs. one pellet), and days as
within-subject factors. Similarly, a between-withepeated measures ANOVA was
conducted on all three days in testing with foodicé (30 vs. one pellet), and days as
within-subject factors and counterbalancing (lefb&0 pellets vs. right arm/30 pellets)
as a between-subjects factor.

Running speeds (cm/sec) were calculated usingagedime (sec) and distance
(cm) from the start box to the end of the goal &vhere the food was located) and from
the beginning to the end of the goal arm for eacid fchoice in testing. Seven rats had

missing data on one food choice because they ¢endischose the other food in testing.
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Therefore, the missing data for average speed#&fdod portion not chosen in testing
was replaced with their average speed for thatcehon the last three days of training.
We chose the last three days of training for thisulation, because rats were consistent
in their food choices by that time.

Runningspeed was then collapsed across all trials imig$tir each rat from 1)
start box to the goal arm and 2) from the begintmmntipe end of the goal arm. A separate
between-within repeated measures ANOVA was thedwcted with food choice (30 vs.
1) and days as within-subjects factors and couatanicing (left arm/30 pellets vs. right
arm/30 pellets) as a between-subjects factor.

Results

Training.

Preference. There were no significant differences in foodickaluring all free
trials in training as shown in Figure 2. An ANO\sAowed that average food choice did
not significantly differ as a function of numberméllets,F (1, 37) = .23p = .64.

Similarly, preference for the multiple and singlelipt food choice did not vary
over days as shown in Figure 3. An ANOVA foundsmgnificant interaction between
food choice and dayg, < 1.

Testing.

Preference. Rats preferred the multiple pellets over the Isimpgllet of food in
testing as shown in Figure 4. An ANOVA showed amadfect of food choicer (1, 37)

=5.34,p < .05, partiah2 = .13.
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Preference for the multiple and single pellet afdalid not vary over days in
testing as shown in Figure 5. An ANOVA showed tihatre was no significant
interaction between food choice and ddys;, 1.

Running speed.

Start box to end of goal arnRats ran significantly faster for multiple-pédiehan
the single pellet of food as shown in Figure 6. AMOVA showed a significant main
effect of food choicef- (1, 37) = 5.89p < .05, partiah2 =.14.

Beginning to end of goal arnilhere were no significant differences in running
speed between the multiple and single pellet ofl fla® shown in Figure 6. An ANOVA
showed no significant main effect of food choiE€l, 37) = 2.31p = .14.

Discussion

The results replicated those of E.J. Capaldi alidagues (1989) showing that
rats preferred the multiple pellets of food over single, 300 mg food pellet, even
though the total amount of food in both portiongevequal. Moreover, consistent with
other studies (Amsel et al, 1968; Traupmann, 19&ljound that rats ran significantly
faster for the multiple-pellet than single-pellebél portion showing that the multiple
pieces of food are more rewarding than a singtgelaellet of food.

Experiment 2

One visual feature that distinguished a multipkecpiportion of food from a
single, large pellet is the surface area occupyetthé two portions. E. J. Capaldi and
colleagues (1989) suggested that surface area enag lmportant factor that determines
preference for a multiple-pellet over a single gedif food. However, E.J. Capaldi and

colleagues (1989) did not test this interpretati®mmultiple-piece portion of food may
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perceptuallylook like more because the pieces occupy a greatéace area than a
single, large piece of food. If surface area isoal in determining preference and
motivation for a food reward, then a scattered iplgtpellet portion of food may be
preferred and considered more rewarding than tme saimber of food pieces clustered
together.

The purpose of Experiment 2 was to determine tfexesf of surface area
occupied by multiple pieces of food (30, 10 mg gisli on both preference and running
speed in rats. We hypothesized that if surfaca aceupied by a portion of food is
critical in determining the rewarding effects dbad, then rats will prefer and also run
faster for a T-maze arm containing scattered faedgs than one containing the same
number of pieces clustered together.

Method

Subjects. Twenty-four, experimentally-naive, male, Spraguevieg rats from
Harlan Co., Indianapolis, IN were used for the gtud power analysis showed that for a
medium effect size of .18 (Cohen’s d), power ofa®d .05 alpha level to detect
statistical significance, only 18 rats are requird@the effect size used for the power
analysis was determined based on the effect sizenalol in Experiment 1. Two rats
failed to complete most of the training trials amere therefore excluded from data
analyses. Therefore, the remaining 22 rats wezd tog data analyses.

Procedure. The apparatus, procedures, and data analyseddestical to
Experiment 1, except here, half the rats receivechttered portion of 30, 10 mg pellets
in the right arm, and the same food portion clestdogether in the left arm, and the

other half received the reverse.
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Data analyses. Date analyses were identical to Experiment 1. HE2eats had
missing data on one food choice because they ¢entischose the other food in testing.
Therefore, the missing data for average speedé&fdod portion not chosen in testing
was replaced with their average speed for thatcehon the last three days of training.
We chose the last three days of training for thisulation, because rats were more
consistent in their food choices by that time.

Results

Training.

Preference. There were no significant differences in food cledit all free trials
during training as shown in Figure 7. An ANOVA slexd that mean food choice did not
vary as a function of the surface area occupiethéyood pieces in training, (1, 20) =
2.5p=.39.

Preference for the scattered and clustered foaabpsrdid not vary over days in
training as shown in Figure 8. An ANOVA showedamssignificant interaction between
food choice and dayg, < 1. However, only on the last day of trainingsrshowed a
marginally significant preference for the clustef®t= 1.3 £ .17) over the scattered food
portion M = .7 £.17). An ANOVA showed a marginally signditct main effect of food
choice,F (1, 20) = 3.60p = .07.

Testing.

Preference. Although rats preferred the clusterdd £ 7.8+ 1.1 ) over the
scattered food pelletd/(= 4.2 £ 1.1) in all three days of testing, an ANO$Bowed no

significant main effect of food choicg, (1, 20) = 2.89p = .11.
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Preference for the clustered or scattered foodcehalso did not vary over days as
shown in Figure 9. There was a non-significargrattion between food choice and
days,F < 1.

Since preference for the scattered and cluste@di portions can extinguish with
repeated testing, we examined differences in fdmce as a function of the surface area
occupied by the food pellets only on Day 1 of tegti Rats preferred the clustered over
the scattered food portion as shown in Figure AB.ANOVA showed that mean food
choice during Day 1 of testing was significantlffelient as a function of the surface area
occupied by the food pellets,(1, 20) = 4.41p < .05, partiah2 = .18.

Running speed.

Start box to end of goal arnThere were no significant differences in running
speed between the scatterbtl 46.6 + 3.6) and clusteret(= 49.6 * 3.6) food
portions. An ANOVA showed that running speed dod vary as a function of the
surface area occupied by the food pellets,1. We also measured running speed for the
scattered and clustered food choice on Day 1 aghtesnly, since preference for the
clustered over the scattered portion was seenamthe first day of testing. An
ANOVA showed no significant differences in runnisygeed between the scatterbti<
45.8 £ 3.1) and clusteret(= 50.1 *+ 3.5) food portions on Day 1 of testifgs 1.

Beginning to end of goal arnRats ran significantly faster for the clusterbt<
58.3 £ 2.1) than scattere = 51.5 + 2.5) food portions. An ANOVA showed that
running speed varied significantly between thetscadl and clustered food portion in all

three days of testing; (1, 20) = 4.44p < .05, partiah2 = .18. However, on Day 1 of
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testing only, there were no significant differengesunning speed between the scattered
(M =49.5 + 3) and clusteret(= 53.5 * 2.8) portiond; < 1.
Discussion

Contrary to our hypothesis, rats preferred andsignificantly faster for the
clustered than scattered food pieces, i.e., foedgs occupying a smaller surface area
were preferred over a similar number of piecesteaad over a larger area. However,
while preference for clustered over scattered foeltets developed gradually by the last
day of training and first day of testing, prefererar the clustered pellets decreased
rapidly with repeated testing. In addition, prefeze for the scattered and clustered food
pellets on the first day of testing did not trateshk® running speed, showing that the
rewarding effects of surface area occupied by fomedes are small and transitory.

General Discussion
Experiment 1 showed that multiple pieces of foc@lraore rewarding than a
single piece and Experiment 2 showed that mulppees occupying a smaller area
were preferred over one occupying a larger aremether, these studies show that the
rewarding effects of number of food pieces in adénnot mediated by the larger
surface area occupied by the multiple pieces tharsingle piece of food.

Preference and faster running speeds for multipliets than a single pellet of
food are consistent with findings from other animsialdies that showed that rats ran
significantly faster for multiple (4-22) pellets fafod than a single, equicaloric food
pellet (Amsel et al., 1969; Daly, 1972; Traupmal®/2) and that rats preferred multiple
(four, 75 mgq) pellets over a single (300 mg) pdliet]. Capaldi et al., 1989). Although

the pellets in the thirty-pellet condition were simathan the single large pellet in
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Experiment 1, it is unlikely that rats prefer theltiple pieces of food due to their smaller
size because both rats and nonhuman primates leaweshown to prefer large pieces of
food over smaller ones (Menzel, 1961; Menzel & Dwgat, 1962; Yoshioka, 1930).
One interpretation for these findings is that ppehanimals, like humans, may be
vulnerable to conservation effects. Piaget (13&2pved that children are unable to
understand that an object’s physical propertiesarertine same even if their arrangement
or appearance is changed. Therefore, similar toams, animals may be vulnerable to
conservation effects and are unable to conservevéinght of the two food portions when
the food is presented in many pieces than as @ue piThis makes evolutionary sense
because it would be beneficial for animals to optlynforage for the maximal amount of
food in a given area (Honig & Stewart, 1989).

In Experiment 1, we also found that there was gaiBcant preference for the
multiple over the single pellet in training andttpeeference in training did not vary over
days. However, in testing rats significantly predd the multiple pieces of food over the
single piece. This is not surprising given thaference for multiple pellets of food over
the single pellet was not significant until thé"3fial in E.J. Capaldi et al (1989) which is
equivalent to the first day of testing in our expemt. Moreover, similar to E.J. Capaldi
et al (1989) preference for the multiple over timgle pellet of food did not diminish
with repeated testing (23 days), showing that pesfee for multiple pellets of food do
not habituate with continued testing.

In Experiment 1, rats also ran significantly fagte a multiple than single pellet
of food in testing only from the start box to thedeof the goal arm, and not in the goal

arm itself. This is consistent with Campbell e(872) who found that running speed
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for 22, 45 mg pellets was significantly greatentiiae single, 1000 mg pellet only in the
run section and not the goal sections of a runwsrhaps, on the entering the goal arm,
the sight of the food itself (whether multiple angle) is rewarding, resulting in non-
significant differences in running speed betweenrttultiple and single pellet of food in
the goal arm.

Another notion for preference of multiple pelletseothe single pellet may be
that multiple pieces take up a larger surface arebmay therefore be perceived to
contain more food than a single pellet. This vessed in Experiment 2. However,
contrary to our expectations, in Experiment 2, pueferred the clustered over the
scattered food pellets. One interpretation fos¢hindings may be provided by the
optimal foraging theory. The optimal foraging thestates that animals will use
strategies that will maximize food intake (calonms unit of time) and minimize
predation risk (Kamil & Roitblat, 1985). Consistevith this idea, animals will eat faster
in lighted, exposed, and novel environments whieeeaisk of predation is higher than if
eating in dark, covered, and familiar environmedMéhishaw, Dringenberg, & Comery,
1992). Since scattered food pieces may take laimgeat and may consequently increase
predation risk or the loss of food to conspecificgyould be beneficial for the rat to
prefer a food patch where the food pieces are &rekstered together than when
scattered. However, preference for the clusteved pellets did not translate to running
speed and decreased rapidly with repeated testing.

To conclude, rats prefer multiple pellets of foagioan equicaloric, single pellet
of the same food and that this preference is naliaed by the larger surface area

occupied by the pellets. Second, rats prefer {setleistered together than when
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scattered, possibly due to reduction in the tingk effort required in consuming a food
portion where the pellets are clustered togetkerture studies should consider the
interaction of type of food with number, size, auniface area occupied by food pieces

on preference and motivation for a food rewardats.r
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CHAPTER 3
SERVING FOOD IN PIECES REDUCES FOOD INTAKE

Several visual characteristics of a food can atfeetamount of food consumed.
For example, increasing the portion sizes of famatsincrease energy intake in both
children and adults (Dilberti, Bordi, Conklin, R&B.J. Rolls, 2004; Fisher & Kral,
2008; Levitsky & Youn, 2004; B.J. Rolls et al., 20®.J. Rolls et al., 2004). In addition,
varying the size of food pieces affects the amafifbod consumed; people eat more
when given larger pieces (Marchiori et al., 201 Br&hiori et al., 2012). Marchiori and
colleagues (2011) found that adults ate more winendlLO large candies than those cut
into 20 bite-sized pieces. In a subsequent stMadychiori et al (2012) found that
children ate more when given 18 large cookies Btabite-sized ones. In addition,
Weijzen et al (2008) found that subjects ate mdremgiven six large candy bars than
those given the same amount of candy presentel lnit&-sized pieces.

Along with size, however, anotheisible characteristic of food that varied in the
aforementioned studies is theamberof food pieces i.e. 10 large candies were cut 2@o
small pieces (Marchiori et al., 2011) and 18 lazgekies were cut into 36 small pieces
(Marchiori et al., 2012). Therefore, the purpotéhe present studies were to determine
the effects of number of pieces, independent &, $in energy intake from that portion as
well as from a test meal given later.

Studies investigating number of pieces in animakehshown that multiple pieces
of food are preferred and are also more rewardiag the same amount of food
presented in a single piece. Rats ran faster tdtipre pellets of food than an

equicaloric, single pellet of food, showing thatltiple pieces of food are more
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rewarding to animals than a single piece (Campdedl., 1972; Traupmann, 1971). E. J.
Capaldi and colleagues (1989) found that rats @iseterred a T-maze arm containing
multiple (four, 75 mg) pellets to one containingiagle (300 mg) pellet (E.J. Capaldi et
al., 1989). Here, we investigated the effectsurhber of food pieces on preference and
amount of food consumed in college students, viightotal amount of food held
constant. We hypothesized that subjects given fogieces will prefer and also eat less
of that food as well as from a subsequent test theal those choosing the one-piece
chicken serving.
Experiment 1

Method

Subjects. Two hundred and thirty-nine undergraduate sttedgh82 males, 107
females) from an introductory psychology class az@na State University participated
in the study. A total of 23 subjects were elimath{two because they were taking
appetite suppressant medications, 15 becausestingxcolds, respiratory disorders and
other medical conditions, one due to dietary restms, and five others because they did
not skip breakfast prior to the experiment). Satgexcluded from data analyses were
not significantly different from those includedheight, weight, or body mass index
(BMI). Therefore, 215 subjects (121 males, 94 fiesjawvere included for data analyses
and had a mean weight of 152.3 Ib, mean heigh? & #, and mean BMI of 23.3. The
study was approved by the Human Subjects Institati®eview Board.

Foods. A 24 g (50 kcal) portion of Tyson’s fully-cooketlicken breast was

given either whole or segmented into four equatsigieces. The frozen chicken filet
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breasts were heated in the oven at 425°F for 15oefiore serving. Table 1 shows the
weights, calories, and macronutrient content ofcifieken portion served.

Design. A one-factor between-subjects design was useddmine the effects of
number of pieces on 1) preference and 2) energkent Preference was measured by
giving subjects the choice between the four-pidseken portion (multiple-piece
portion) and the same portion of chicken left wh@i@gle-piece portion). Energy intake
was then measured from the chosen four-piece agtespiece chicken serving as well
as from a test meal given 20 min after the chosérken serving. We used a 20 min
delay between the chicken portion and the test ineezduse it takes at least 20 min to
develop satiety following a meal (Spiegel, Shradgegtellar, 1989; Stellar & Shrager,
1985).

Procedure. On arrival, at 11 am, subjects were seated irviddal cubicles and
instructed to report gender, weight, height, afgénay were taking any appetite
suppressant medications, and if they had eaterfoalyor drink in the last 12 hours.
After completion of the questionnaires, subjecteieed both the four-piece (multiple-
piece serving) and single, uncut chicken (singee@iserving) and were asked to choose
one sample of food they wanted to eat and ratefeRance for the multiple-piece and
single-piece chicken serving was then recordedbyekperimenter. Subjects were then
instructed to eat as much as they wanted fromhbsen chicken serving and then rate
the palatability of the chicken using a rating scallapted from Bartoshuk (2000). The
scale ranged from -100 = “Strongest Imaginableikig}” to +100 = “Strongest
Imaginable Liking” for pleasantness and from 0 =ofi¢” to 100 = “Extremely” for

saltiness, sweetness, bitterness, and sournes dDhjects ate the chicken portion, any
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leftover chicken was then weighed and amount ofl fmmnsumed was recorded. Energy
intake was then calculated based on informatioainbtl from the food manufacturer.

Following the chicken serving, subjects were agketbmplete some “filler”
guestionnaires. The first questionnaire they cetepl was the eating inventory
guestionnaire (Stunkard & Messick, 1985) and tlvesé was a food frequency
guestionnaire identical to the one used in E. Opalti, Owens, and Privitera (2006).
These filler questionnaires were used to pass soneebefore presenting the test meal
and to discourage subjects from talking to eackragbout the experiment. After the
filler questionnaires, subjects were told that thayld receive a “complimentary lunch”
(test meal) in appreciation for their participat&milar to the deception used in E.D.
Capaldi et al (2006). Table 1 shows the weighakrees and macronutrient content of
the foods served during the test meal. Each sulas given all six plates of foods and
instructed to eat as much or as little as they a@iom the test meal. Subjects could
also ask for seconds of any food. The amount cordug) from leftover foods in the
test meal was then recorded and energy intake)(keal calculated from information
available from the food manufacturer. Finally, jgebs were given debriefing forms and
then dismissed.

Data analyses. The binomial test was used to determine if thalmer of subjects
showing a preference for the multiple or singlecpiehicken serving was significant.
Separate one-factor between-subjects ANOVAs wezd tsdetermine the effects of the

number of food pieces on energy intake (kcal) fthenchicken portion and test meal.

28



Results

Preference for the four-piece and one piece chigketion did not vary by
gender. In addition, energy intake from the chickertion and test meal did not vary by
gender. Therefore, the data were pooled for ssomeanalyses.

Preference. Out of the 215 subjects, 148 subjects chosedinediece and 67
subjects chose the once-piece chicken portioninfrbial test of this distribution was
significant p < .001).

Energy intake.

Chicken. Since the majority of subjects chose the multipee@ over the single-
piece chicken portion, the homogeneity of variaaegumption was violated. Therefore,
a Welch test was conducted to determine the eftgatsimber of chicken pieces chosen
on energy intake from the chicken serving. Subjat¢ fewer calories from the four-
piece than single-piece chicken portion as showfigare 11 (see inset graph). A Welch
test showed a significant main effect of numbepietes on energy intaké/elch’sF
(1,199.6) = 10.28) < .001, adjusted? = .04

Test meal. Subjects ate fewer calories from the test mdkdviing the four-piece
than one-piece chicken portion as shown in FigareAn ANOVA showed a marginally
significant difference in test meal intake as acfion of number of pieces;, (1, 213) =

3.84,p = .0512 = .02.
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Other ratings.

Pleasantness ratings of the chicken serving. Mean pleasantness ratings of the
four piece M = 52.4 +2.23) and one-piece chicken servivig=54.8 £3.54) did not
differ, F < 1, indicating that overall the chicken portioasasimilar in palatability.
Discussion

The results showed that 69% of the subjects pedehe four-piece portion of
chicken. Additionally, subjects ate less of therfpiece than single-piece chicken
serving, showing that a multiple-piece portion wasre satiating than a single-piece
portion. Presenting the multiple-piece serving akduced further food intake. Subjects
who ate the multiple-piece serving ate less ofraroon test meal than those who ate the
single-piece serving, however, this difference oaly missed significance. Lower
energy intake following the multiple- than singliege chicken portion was not due to
palatability of the meal as indicated by non-siguaift differences in palatability ratings.

Possibly, energy intake from the multiple-piecetioorwas lower because it may
have been eaten more slowly than the single-pied#np, resulting in reduced energy
intake. Weijzen et al (2008) found that 66 biteesl pieces of chocolate were eaten
slower and in smaller amounts than six large clateddars. Eating slowly allows
sufficient time for the release of satiation signaésulting in a decreased desire to eat,
and lower energy intake (Azrin et al., 2008; Kisfiiet al., 2008; Martin et al., 2007). To
evaluate this notion, in Experiment 2 we measurad spent eating and rate of eating a
multiple- and single-piece portion to determingénie spent eating and speed of eating
that food varied based on the number of piecesor®k although test meal intake was

lower after the multiple- than single-piece chiclsemving, the difference in intake was
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not large probably because of the small portioohadken served in Experiment 1. So,
we increased the size of the portion given firsivaf as the amount of available food in
the test meal in Experiment 2 in hopes of obserianger differences in test meal intake
following the multiple- and single-piece portiomhird, about 70% of the sample chose
the four-piece over the single-piece chicken sgrvesulting in unequal ns. Therefore,
we randomly assigned subjects to receive the nkedppece or single-piece conditions to
ensure equal number of subjects in both groupstly,ave used a bagel instead of the
chicken serving, to determine if the effects of twemof pieces of food on energy intake
are also generalizable to carbohydrate foods.

In Experiment 2, we randomly assigned subjectgdteive a single uncut, bagel
(single-piece) or one cut into four pieces (muéipiece) and measured amount (g) and
energy consumed (kcal) from the bagel and subs¢destmmeal. We hypothesized that
subjects given the four-piece bagel will eat lesthe bagel and subsequent test meal
than those given the single, uncut bagel.

Experiment 2
Method

Subjects. Three hundred and thirteen college students (136and56 females)
from an introductory psychology class at Arizonat&tJUniversity participated in the
study. One subject did not provide informationgemder. One was removed due to
dietary restrictions, and five others were remofveth the study because they did not
skip breakfast prior to the experiment. Subjecttuded in data analyses were free of
colds, respiratory disorders, food allergies, madionditions, food restrictions, and

were not following any dietary programs. Subjextsluded from data analyses were not
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significantly different in weight, height, or BMITherefore, a total of 301 subjects (146
males, 154 females) were included for data analysiisa mean height of 67 in, mean
weight of 148 |b, and mean BMI of 22.4. The stwhs approved by the Arizona State
University Human Subjects Institutional Review Bibar

Procedure. All procedures and data analyses were identicBkfmeriment 1,
except that subjects were randomly assigned taveeeequartered bagel (multiple-piece)
or an uncut bagel (single-piece) which was smeartdcream cheese. There were no
significant differences in weight, height, or BMgtlween subjects in the two conditions.
Time spent eating the bagel was recorded usingpavsttch by the experimenters and
eating rate calculated. Eating rate of the bagyskt) was calculated by dividing the total
amount of bagel consumed (g) by the total time spating the bagel (sec). Table 2
shows the weights, calories, and macronutrientesdrdf foods used in this study.
Results

Energy intake.

Bagel. As Figure 12 shows (see inset graph), subjeetteater calories when
given the four-piece than single, uncut bagd]l,299) = 4.30p < .05.

Test meal. As Figure 12 shows, subjects ate fewer calor@® the test meal
following the four-piece than single, uncut bage(l, 299) = 5.97p < .05.

Other ratings.

Eating duration and eating rate. Eating duration and eating rate of the four-
piece and one-piece bagel are shown in Table i0Agh subjects ate fewer calories
when given the four-piece than single-piece bagelrate of eating (g/sec) and the time

spent eating (sec) the four-piece and one-piecel gy not varyFs< 1.
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Pleasantnessratings of the bagel. Mean pleasantness ratings of the four-piece
and single, uncut bagel are shown in Table 3. Salgaess of the four-piece and one-
piece bagel did not vary based on number of pif€esl) indicating that overall, the
bagel was similar in palatability.

Discussion

The results showed that subjects ate less whem ginaemultiple-piece bagel than
those given the single, uncut bagel. The satiafferts of the multiple-piece portion
also extended to a common test meal given latehjeSts given the four-piece bagel ate
fewer calories from the test meal than those gthersingle-piece bagel. Together, these
results show that increasing the number of piec@smeal can decrease energy intake
from that meal and also from a subsequent meal.

Although subjects consumed fewer calories fromntiodtiple-piece than single-
piece bagel in Experiment 2, time spent eatingeatohg rate of the bagel did not differ
as a function of the number of pieces. Therefiomeg spent eating or rate of eating the
bagel was not responsible for variations in en@ntpke as a function of number of
pieces.

General Discussion

Experiments 1 and 2 showed that a multiple-piecégoof food is preferred and
also eaten in smaller amounts than a single-pied&p. In addition, consumption
following a multiple-piece food portion was alsavier than that following a single-piece
food portion. It should be noted that althoughused a small portion of food as the
target food (50 kcal portion in Experiment 1 an@® X@8al portion in Experiment 2), we

were still able to show a significant differenceghe amount of food consumed between
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the multiple-piece and single-piece food portidmoreover, gender did not interact with
number of pieces on energy intake from the targed fportion and test meal in both
experiments.

Possibly, food cut into smaller pieces resembleack” foods, which are
typically not eaten to satiation, resulting in lovemergy intake. Nisbett and Storms
(1972) observed that subjects ate more when gm@nduartered sandwiches (16 pieces)
than 32 bite-sized ones. The authors suggestégenaaps subjects perceived 32 bite-
sized pieces as “snack” foods and the 16 largevsiahds as meals (Nisbett & Storms,
1972). However, if the quartered bagel used insbwdy was indeed considered a snack,
then subjects should have consumed more from sthénteal than those given the single,
uncut bagel because snack foods are less satihtingneals. Consistent with this
notion, E. D. Capaldi et al (2006) showed that whelnjects ate a food categorized as
snhack they ate more from a subsequent meal thae thibo categorized them as meals.
Therefore, it is unlikely that subjects considetteel quartered bagel as “snack” and the
single, uncut bagel as a “meal”.

To test the idea that the multiple-piece portioordased energy intake due to
eating duration, in Experiment 2 we measured tipgseating and eating rate as a
function of number of pieces. There were no ddfees in eating duration or eating rate
as a function of number of bagel pieces. Theimlahip between eating duration and
energy intake is mixed in the literature. Althowggime studies show that eating slowly
results in lower energy intake because it allowBa@ent time for satiation and inhibits
food intake (Azrin et al., 2008; Ferster et al.629Kissileff et al., 2008; Martin et al.,

2007; Melanson, 2004; Spiegel, 2000), others shaweeffect or higher food intake
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(Karl, Young, & Montain, 2011; Yeomans, Gray, Migth & True, 1997). But since
eating duration did not vary, this variable did ptaty a role in Experiment 2’s results.
Another notion is that since the pieces in thefoiece bagel were smaller in
size than the single-piece bagel, differencesta ize may have led to differences in
energy intake. Taking large bites leads to gorgivigch then reduces feelings of
fullness, increases the desire to eat, and ultimatereases food intake (Burger et al.,
2011b; de Wijk et al., 2008; Fisher & Kral, 200&rée, Kuijk, Thaler, de Graaf, &
Martin, 2013a; Kral et al., 2001; Weijzen et aDP2; Zjilstra et al., 2009). Consistent
with this idea, Weijzen et al (2008) found thagkucandy pieces were eaten rapidly and
in greater amounts than small candy pieces. Thpgthesized that eating rate may
have varied due to larger bites taken from theeldogd pieces. However, taking large
bites results in a corresponding decrease in tpeatseating and an increase in eating
rate (Weijzen et al., 2008). Since eating duratind eating rate did not vary based on
the number of pieces used in our study, it is whjikhat differences in bite size are
responsible for variations in energy intake betwienmultiple- and single-piece
portions.
Another reason for decreased energy intake fromiléipte-piece portion may be
a greater expected satiation from that food retatiivthe single-piece portion. Many
studies show that expected satiation, and notadaildy, determines the quantity of food
to be consumed (Brunstrom, Shakeshaft, & Alexarigl(Q; Brunstrom, Shakeshaft, &
Scott-Samuel, 2008). Brunstrom and colleaguesg2P010), suggested that expected
satiation may be a product of our learned expeegmath food. Therefore, a four-piece

portion may be expected to deliver greater satidtiecause subjects have “learned” that
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more pieces of something may mean something greatgrantity. Consistent with this
hypothesis, consumers in a marketing study judgethak packet with an image of 15
pretzels to contain a greater number of pretzels thpackage containing an image of
three pretzels, even though the actual quantifyretizels in the package were the same
(Madzharov & Block, 2010). Perhaps, subjects etquethe four-piece portion in both
experiments to contain more food than the singéegportion, resulting in an increase in
expected satiation and lower energy intake.

Yet another idea is that perhaps a multiple-piearéign looks like more food
because it takes up a larger surface area ondle thlan a single-piece portion. These
errors in perceptual quantity based on the sutdiaea occupied by a food may be
explained by the Delbouef illusion (Van Ittersum/gansink, 2011). The Delbouef
illusion is an optical illusion where the perceiv@de of one circle changes relative to
another circle, in this case, the size of the fpordion relative to the size of the plate in
which it is served (Nicolas, 1995). This illusiolimately affects quantity estimations.
Consistent with this idea, Fisher and Kral (20@8)fd that children perceived a fixed
portion of macaroni and cheese as more food whesadut over a larger than smaller
area on the plate, even though plate size wasdogistant (Fisher & Kral, 2008).
Perhaps, then the quantity of a multiple-pieceipordf food may be overestimated
because it occupies a larger surface area on déte thlan a single-piece portion and this
overestimation may have ultimately decreased intaka that portion of food as well as
decreased the size of the subsequent meal.

Although differences in energy intake between thatigle-piece and single-

piece portions in Experiments 1 and 2 were snfal, difference was comparable to
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Weijzen et al (2008)’s study. Weijzen et al (20@@)nd a 6 g difference in intake
between 66 candy pieces and 6 large candy piecew@found a 4 g difference in intake
between the four-piece and six-piece chicken sgraimd a 10 g difference in intake
between the four-piece and one-piece bagel. Relalh Experiments 1 and 2 extends
findings from previous studies on size and numbershows that the satiating effects of
a multiple-piece portion of food also extends tatar meal, resulting in a decrease in
total caloric intake. Total intake (i.e. intakerin the target food and test meal together)
was markedly lower when given a multiple-piece porthan single-piece portion. In
Experiment 1 subjects who chose the multiple-patdeken serving ate 25 kcal less
overall than those who chose the one-piece chiskering. In Experiment 2, subjects
given the four-piece bagel ate 76 kcal less ovénalh those given the one-piece bagel.
Therefore, these studies show that although diffege in the amount of food consumed
between foods varying in pieces was small, thealvenergy intake is lower when given
a multiple-piece than single-piece portion of food.

To conclude, the results from these studies detraieghat a food portion cut
into discrete number of pieces may perceptuallk lde more food than one uncut and
this perceptual bias may ultimately affect the amiaf food consumed. Therefore,

cutting up a whole food into small pieces may beduss one strategy for portion control.
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CHAPTER 4

SCATTERED FOOD PIECES REDUCE ENERGY INTAKE MORE TNA

CLUSTERED PIECES

Large food pieces can increase energy intake nharesmaller ones. Nisbett and
Storms (1972), found that subjects ate more wheengiour, quartered sandwiches (16
pieces) than the same amount of sandwiches cuBihimte-sized pieces. Marchiori and
colleagues (2011, 2012) also found that adultsretee when served 10 large candy
pieces than those cut into 20 bite-sized piecexhitddren ate more when served 18 large
cookies than those cut into 36 bite-sized pieces.

Large food pieces can influence food intake by fqadntity perceptions. Scisco
and colleagues (2012) found that subjects percevEstpiece Jell-O portion to contain
more food than the same amount of Jell-O presentethe pieces. The authors
hypothesized that perhaps, a food cut into moreegiés perceived to contain more food
because it takes up a larger surface area thaoutneto fewer pieces. When a portion
of food is served on a plate, people tend to fasuthe ratio of the amount of food to the
plate to determine the quantity of food. Fishedt Kinal (2008) found that children
perceived a macaroni and cheese portion spreaoveuta larger area on a plate as more
food than the same amount spread on a smalleoartde plate, even though plate sizes
were identical (Fisher & Kral, 2008).

One explanation for incorrect estimations of foeddx on the spread of the food
portion may be explained by the Delbouef illusiarhe Delbouef illusion is a visual
illusion where the size of one circle is perceit@@hange relative to another circle, in

this case, the size of the food portion relativehwsize of the plate in which it is served
38



(Nicolas, 1995) resulting in perceptual errorsuramtity estimations. As a result of this
illusion, foods served on larger plates or bowly e displaced towards the center of
the plate, resulting in a significant underestimatdf food (called contrast effects) and
foods served on smaller plates or bowls displacydvom the center, resulting in a
significant overestimation of food (called assirida) (Van Ittersum & Wansink, 2011).
These assimilation and contrast effects ultimaa#figct the amount of food served. Van
Ittersum and Wansink (2011) found that subjects@ailess soup and cereals into a
smaller than larger bowl due to overestimatiorhefdiameter of the smaller bowl.

Studies investigating contrast and assimilatioraff however, have mostly
focused on amorphous foods , i.e., foods that takéhe shape of the container such as
macaroni and cheese (Fisher & Kral, 2008), cer@é&s Ittersum & Wansink, 2011)
soup (Van Ittersum & Wansink, 2011), and ice-cr¢sansink et al., 2006Db).

Here, we extend assimilation and contrast effelotained from amorphous foods
to foods with a discrete number and size. We Wepsize and number of pieces of food
constant and manipulated the surface area occogiadood portion by scattering or
clustering five, equal-sized pieces of a chickawiag on a plate. We measured the
amount of food consumed from the chicken servirgyfamm a common test meal given
20 min later. If food pieces occupying a largarfate area are perceived to contain more
food (due to contrast effects), then energy intaitebe lower when given a scattered
than clustered five-piece chicken serving and gnerigike following the scattered

chicken serving will also be lower than that foliag the clustered chicken serving.
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Method

Subjects

A sample of 98 undergraduate students (46 malefgrbales) from an
introductory psychology class at Arizona State @ity participated in the study. A
power analysis showed that for a large effect 64@), power of .80, and alpha level of
.05 to detect statistical significance, a sampl84$ubjects are needed. The effect size
used for the power analysis was established baseesalts obtained from similar
studies on size and number of food pieces on fotzke (Marchiori et al., 2011;
Marchiori et al., 2012; Weijzen et al., 2008). Feubjects were excluded due to dietary
restrictions and one subject was excluded duertecypation in dietary and physical
programs. Subjects included for analyses weredt@eedical conditions, food allergies,
and dietary restrictions, colds, respiratory digosgd and not taking any appetite
suppressant medications. A final sample of 93euibj(41 males, 52 females) with a
mean weight of 149 Ib, mean height of 68.2 in, aven BMI of 22.4 participated in the
study. The study was approved by the Arizona Siaigersity Human Subjects IRB
and experiment procedures were performed in acnoedaith the ethical standards laid
down in the 1964 Declaration of Helsinki.
Foods

A 65 g (85 kcal) portion of Tyson'’s fully-cookedicken breast was segmented
into five equal-sized pieces (3.0 cm X 3.0 cm Xdnf). When scattered, the surface
area occupied by the chicken pieces was 260armd when clustered, the area occupied
was 71 crfi In the scattered portion, the space betweepidtes was not constant,

because the pieces were placed in a random ohddéne clustered portion, the food
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pieces were clustered together in the center oplde. The frozen chicken filet breasts
were heated in the oven at 425 °F for 15 min beserging. Subjects were randomly
assigned to Groups Clustered (n = 48) and Scatf{ared!5). There were no significant
differences in height, weight, or BMI of subjecttiween subjects in the two conditions.
Design

A one-factor between-subjects design was usedamie the effects of surface
area occupied by pieces (Scattered vs. Clusteredhergy intake. Energy intake was
measured from the chicken serving as well as fraesameal given 20 min after the
chicken serving. We used a 20 min delay betweerthiicken portion and the test meal
because it takes at least 20 min to develop sdbéowwving a meal (Spiegel et al., 1989;
Stellar & Shrager, 1985).
Procedure

On arrival, at 11 am, subjects were seated in iddal cubicles and instructed to
report gender, weight, height, age, if they wekengany appetite suppressant
medications, and if they had eaten any food orkdnrthe last 12 hours. After
completion of the questionnaires, subjects receartteer the scattered or the clustered
chicken portion and were instructed to eat as nascthey wanted from the chicken
serving and then rate the palatability of the clickerving using a rating scale adapted
from Bartoshuk (2000). The scale ranged from -208trongest Imaginable Disliking”
to +100 = “Strongest Imaginable Liking” for pleasass and from 0 = “None” to 100 =
“Extremely” for saltiness, sweetness, bitternessl, sourness. Once subjects ate the

chicken portion, any leftover chicken was then \eidjand amount of food consumed
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was recorded. Energy intake was then calculateddan information obtained from the
food manufacturer.

Following the chicken serving, subjects were agketbmplete some “filler”
guestionnaires to ensure a 20 min delay betweeahicken serving and subsequent test
meal. The first questionnaire they completed \asetating inventory questionnaire
(Stunkard & Messick, 1985) and the second was d famuency questionnaire identical
to the one used in E. D. Capaldi et al (2006). sEHdler questionnaires were used to
introduce a delay between the first portion andtés¢ meal and to discourage subjects
from talking to each other about the experimentterithe filler questionnaires, subjects
were told that they would receive a “complimentanych” (test meal) in appreciation for
their participation. The weights, calories, anccroautrient content of the foods served
in this study are provided in Table 4. Each subjexs given all six plates of foods and
instructed to eat as much or as little as they a@iom the test meal. Subjects could
also ask for seconds of any food. The amount cordug) from leftover foods in the
test meal was then recorded and energy intake)(keal calculated from information
available from the food manufacturer. Finally, jgebs were given debriefing forms and
then dismissed.

Data Analyses

Separate one-factor between-subjects ANOVAs wezd tsdetermine the
effects of number of food pieces on mean energkatkcal) from the chicken serving,
energy intake from the test meal, eating durats&c), eating rate (g/sec), and

pleasantness ratings of the chicken serving. ga#te (g/sec) was calculated by
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dividing the total amount of chicken consumed (g}he total time spent eating the
chicken serving (sec).
Results

Gender did not interact with surface area occupiyedhicken serving on energy
intake from the chicken serving and test meal. r@loee, the data were pooled for
successive analyses.

Energy Intake

Chicken serving. Group Scattered ate significantly fewer caloriesrfithe
chicken serving than Group Clustered as showngargil3 (See inset graph). Energy
intake from the chicken serving varied significgridly group,F (1, 91) = 6.22p < .05,
n2 = .06.

Test meal. Group Scattered ate significantly fewer calofresn the test meal
than Group Clustered as shown in Figure 13. Testl @nergy intake varied
significantly by GroupF (1, 91) = 4.62p < .05,n2 = .05.

Other Ratings

Eating duration and eating rate. Table 5 shows eating duration and eating rate,
as a function of surface area occupied by the piegdthough Group Scattered ate the
chicken serving in smaller amounts than Group €hest, the rate of eating (g/sec) and
the time spent eating the chicken serving (sechdtdiffer based on surface area
occupied by the pieceBs < 1.

Pleasantness ratings of the chicken serving. Table 5 shows mean pleasantness
ratings of the chicken serving as a function ofshdace area occupied by the pieces.

Mean pleasantness ratings of the chicken servihgal differ based on the surface area
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occupied by the chicken piec@&s< 1, showing that the chicken serving was simiar
palatability.
Discussion

Consistent with our hypothesis, energy intake wast when given the scattered
than clustered pieces, even though there wereffevatices in time spent eating, eating
rate, or palatability between the two portions.adldition, test meal intake was lower
following the scattered than the clustered foodiporshowing that the surface area
occupied by a portion of food may be important étedmining the quantity of food
consumed from a subsequent meal. Therefore, thealts demonstrate that scattering
food pieces over a larger area may be perceivedrttain more food than one occupying
a smaller area, resulting in lower intake from floaid as well as from a test meal given
later.

Since there were no differences in the microstmectdi eating, perceptual errors
in quantity estimation based on the spread ofalé fportion on the plate may be
responsible for variations in energy intake. Toa&ttered food portion may be
overestimated relative to the clustered food par(aue to contrast effects), resulting in
lower energy intake. Therefore, similar to thaulssobtained with amorphous foods
(Fisher & Kral, 2008; Van Ittersum & Wansink, 201dje found that even a food cut
into distinct number of pieces may influence eriarquantity estimations and ultimately
affect the amount of food consumed.

It important to note that total intake was markddlyer when given a scattered
than clustered portion. Subjects given the saadtportion ate 89 g (98 kcal) less overall

than those given the clustered chicken portionwatg that overall food intake is much
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lower when given a portion of food occupying a &rgurface area on the plate than one
occupying a smaller area. Therefore, future studi®uld focus on surface area

occupied by food as an important dimension of faffdcting food intake.
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CHAPTER 5

A REVIEW OF VISUAL CUES ASSOCIATED WITH FOOD AND THIR EFFECTS

ON FOOD ACCEPTANCE AND CONSUMPTION

We live in a world where we are constantly bombdrdith food and food
images either through media or through the praifen of eating locations that advertise
and sell large portions of palatable, energy-dénsds. So it is not surprising that
efforts to reduce the incidence of obesity havenbargely unfruitful. According to the
World Health Organization, about 1.4 billion peoplere overweight and nearly 500
million people were obese in 2008. In the Unit¢ak&s alone, about 35% of adults and
17% of children were obese from 2009 to 2010 (Og@amroll, Kit, & Flegal, 2012). If
the current trends in obesity continue, it is expéchat almost half the American
population will become obese by 2030 (Finkelsteialg 2012). The simplest cause of
obesity is an increase in energy intake or a deergmaphysical activity. Since physical
activity has not changed much in the past two des#Binkelstein et al., 2005), most of
the research is now focused on energy intake émugiple target for obesity prevention
and treatment. Several internal and external fag$ act independently, additively, or
interactively to affect food intake. The focustlofs review article, however, is on
external cues directly associated with the foodidffects on food intake.

Although many people cite taste as the most inapoifactor affecting their food
intake (Glanz et al., 1998) in many cases the $esisory contact with food is through the
eyes. In fact, the mere sight of food can fad#ithe subjective desire to eat the target
food (Cornell, Rodin, & Weingarten, 1988; Hill, Mean, & Blundell, 1984; Marcelino,

Adam, Couronne, Koster, & Siefferman, 2001) andvate brain areas and neural
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pathways associated with reward (Beaver, Lawrebitehuijen-Davis, Woods, &
Calder, 2006; La Bar et al., 2001; Morris & Dol@001; Stoeckel, Cox, Cook Ill, &
Weller, 2007). In addition, before a food is cams&dl, the appearance of the meal
provides expectations about the taste qualitypflaand palatability of food which may
ultimately affect food acceptance and consumptiturl{ng & Shepherd, 2003).

The purpose of this review then is to identify #agious visual cues associated
with food intake and to address some interpretatfonthese different cues. There have
been previous reviews of neural responses to fadd@d images (van der Laan,
Ridder, Viergever, & Smeets, 2011) and the effe€sght of food on internal,
physiological processes (Mattes, 1997). Howevere is no previous review of the
effects of visual cues on eating behaviors. Heeereview the research involving the
effects of the sight of food on eating behaviors] apecifically, the amount of food
consumed.

Why AreVisual Cues From Food I mportant?

Visual exposure to a novel food before consumpB®shown to be particularly
effective in introducing new foods to children. dyéobia or the “fear of something
new” is an adaptive trait that typically peaks betw two to five years of age and can
decrease the consumption of fruits, vegetablesyagats (Cooke, Carnell, & Wardle,
2006; Cooke, Wardle, & Gibson, 2003; Pliner, 199%isual exposure to a novel food
can reduce neophobia and facilitate acceptanceenWwhildren were exposed to pictures
of novel food pictures or actual foods before tgythem, children showed a greater
willingness to try those foods than those not Viguexposed (Birch, McPhee, Shoba,

Pirok, & Steinberg, 1987; Houston-Price, ButlerS&iba, 2009). Similarly, children
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presented with a visually similar, familiar fruiétore a novel fruit showed a greater
willingness to try the novel fruit than those expad®nly to the novel fruit (Dovey et al.,
2012).

Second, not only can visual exposure increadegiiless to try a novel food, but
enhancing the visual appeal of a novel food cam @t&ourage consumption. Jansen,
Mulkens, and Jansen (2010) enhanced the visuabbppa novel fruit by presenting it in
an attractive fashion (i.e. pieces of fruit wererped with a toothpick and displayed on a
watermelon slice). They found that children ateemaf the visually appealing fruits than
a simple mix of fruits served on a white plate glnet al., 2010). In addition, Zampollo
and colleagues (2012) found that children prefetodaave more food items, empty
space, and variety of foods and colors on thetepléhan adults, showing that a varied,
attractive meal are important determinants of pegfee in children (Zampollo, Kriffin,
Wansink, & Shimizu, 2012).

Third, arranging foods on a plate can affect ogoegtations and ultimately, liking
of the food. For example, strawberry-flavored nsguglaced on a white plate was
judged to be more flavorful, sweeter, and palat#ide the same food presented on a
black plate (Piqueras-Fiszman, Alcaide, Roura, &ge, 2012). The authors
hypothesized that the color-contrast produced thi¢ghfood on the white plate may have
enhanced expectations about the taste of foodeased perceived flavor intensity, and
facilitated acceptance (Piqueras-Fiszman et al.2R0Similarly, arranging the foods on
a plate in an orderly way can enhance intake. Wheal ingredients were presented in a
neat and orderly fashion, subjects liked the takthe meal more than when meal

ingredients were presented in a random, messy #alinér et al., 2011). Even
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“balancing” i.e. perceived heaviness of the ingeath on a plate can affect intensity
ratings and liking of a food. A multi-colored “laaced” food plate was rated higher in
attractiveness than a single-colored, balancee g¥liner, Lankford, Ambrose, &
Locher, 2010).

Fourth, visual exposure to food elicits the phigiaal release of saliva and other
regulatory peptides required for digestion. Faragle, the mere sight of food (and food
pictures) and smell stimulates the physiologickdase of saliva (Christenzen &
Navazesh, 1984; Klajner, Herman, Polivy, & Chha&81; Wooley & Wooley, 1973).
The release of saliva is the first step in the slige process as it contains key enzymes
required for the breakdown of nutrients before clatepdigestion in the stomach
(Pedersen, Bardow, Jensen, & Nauntofte, 2002)odinsulin levels also peak when
exposed to the sight and smell of food in respéosa anticipatory increase in blood
glucose following food consumption (Johnson & Wikalm 1983; Sjostrom, Garrelick,
Krotkiewski, & Luyckx, 1980; Woods, 1991). Wood®01) argued that this
anticipatory increase in insulin levels (called tephalic phase insulin response) may be
an adaptive response to protect the organism frastid changes in glucose levels and
to maintain homeostasis. In addition, the sighHbofl can increase subjective sensations
of hunger and appetite which are partially resgaedor initiating food intake (Bossert-
Zaudig, Laessle, Meiller, Ellgring, & Pirke, 1991).

Fifth, varying the appearance of a portion of feath affect perceptions of variety
in a meal, and ultimately affect energy intakeel®eg a variety of foods may be an
adaptive trait to protect the organism from nuintl deficiencies (E.T. Rolls, 1981).

Levistky et al (2012) for example, varied the preéagon of a vegetable-stir fry and pasta
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meal by presenting the ingredients of these methlsreseparately or mixed together.
The results showed that when the ingredients wexgepted separately, subjects ate
more than when the ingredients were mixed togetfibe authors suggested that
segregating food into discrete units increasesggnatake by increasing the perceived
variety of foods available for consumption (Levigs#t al., 2012).

Lastly, the food portion served on a plate mayeeas a visual benchmark or
guide to determine the appropriate amount of f@oconsume. These visual benchmarks
or guides are referred to as “consumption normat ¢an dictate the amount of food
consumed in a meal (Wansink & Van Ittersum, 2003®)r instance, without the empty
bowl as a visual cue to stop eating, subjects laeitar0% more soup than those who
were able to view the empty bowl, showing that pease the emptying of food from a
bowl or plate, to make decisions about the quanfifpod to consume (Wansink et al.,
2005).

Proximity and Visibility

Increasing visibility of a food can promote foamhsumption. For example,
Johnson (1974) found that more sandwiches wereucosd when wrapped in
transparent than opaque packages. However, thetefif visibility of food on food
consumption may be dependent on the visual appdlaé dood. If a food is visually
appealing, then increasing visibility of that foedl result in greater energy intake than
an unappealing one. Consistent with this idea,glerd Srinivasan (2013) found that
subjects ate more from transparent than opaqueagaskvhen given a visually
attractive, multi-colored food (fruit loops) (DeBgSrinivasan, 2013) ankssfrom

transparent than opaque packages when given véggtahince vegetables are not as
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appealing as Fruit Loops in palatability, the ausisuggested that presenting less
palatable foods (vegetables) in transparent packangg increase salience of the less
palatable food, and ultimately decrease consumgbemg & Srinivasan, 2013).

Although visibility of a palatable food can increasnergy intake, results for
eating in the absence of visual cues or under ligbility conditions are mixed. For
example, some studies showed that blindfolded stgopgecreased their caloric intake by
22-24% compared to sighted subjects independeneight status and portion size
(Barkeling, Linne, Melin,& Rooth, 2003; Burger,at, 2011b; Linne et al., 2002).
Similarly, Ross (1970) found subjects consumedfiesd when eating under dim
lighting conditions than when eating under brighitigonditions (Ross, 1970). Perhaps,
subjects who ate in brightly-lit conditions werdeato visually monitor their food
consumption more effectively than those who atinéndark (Barkeling et al., 2003;
Burger et al., 2011b; Linne et al., 2002; Ross,0)90n the other hand, Schebeheinne
and colleagues (2010) found that restaurant patsnmore food in the dark than under
lighted conditions and Kasof (2002) found that eg# students consumetbrefood
when eating in dim than brightly-lit rooms. Howevia Kasof's (2002) study the effects
of lighting on eating behaviors depended on thmgagtathology of the eater i.e. while
restrained eaters ate more under low lighting damts, the food intake of unrestrained
eaters were unaffected by lighting variations.

The effect of visibility of food on food consumptigs also mediated by personal
preferences for food. Subjects who preferredangtr cup of coffee drank more coffee
under bright than dull rooms, whereas lighting hacffect on those who preferred

lighter coffee (Gal et al., 2007 in Spence et2012). In addition, visibility of food on
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the intention to consume is mediated by the degréamiliarity with the target food.
Wansink and colleagues (2012) manipulated the amtlyigf a food product by
withholding or providing product information ands#bving its effects on food
consumption in lighted or dark conditions. Thewrid that for highly familiar foods
(crackers), acceptance of the product remaineddahee under both lighted and dark
conditions, even when product information was absetowever, when eating the more
ambiguous food (beef enchilada), subjects repdeesllikelihood to consume the food in
the dark when product information was absent tihrasgnt (Wansink et al., 2012).
Visibility of how much food has already been eadtso affects food intake.
Diners ate more chicken wings when seated at a tabére the empty bones were
removed from sight than those seated at a tableenthe bones were allowed to pile up
(Wansink & Payne, 2007). Similarly, when pistachinells were removed from sight,
subjects ate 18% more than when the shells wereenaived (Kennedy-Hagan et al.,
2011), showing that subjects tend to use foodevefton the plate as visual reminders
of the amount of food consumed to terminate furtbed intake.

A food is also more visible when nearer to the comsr than when far away.
Therefore, increasing proximity to a food source akso increase food intake. College
students were more likely to consume dessert whated closer to the dessert station,
than those seated further away (Vanata, Hatch, Radma, 2011). Similarly, more
desserts were consumed when placed at the framiniitae back of a cafeteria (Meyers
& Stunkard, 1980) and more foods and beverages pjexdhased and consumed when

placed within arm’s reach that when placed furtngay (Engell, Kramer, Malafi,

52



Solomon, & Lesher, 1996; Meiselman, Staddon, HddgePierson, & Symonds, 1994;
Musher-Eizenman et al., 2009; Wing & Jeffery, 1979)

Since a more proximate food source is also motibleiswansink, Painter, and
Lee (2006a) manipulated both proximity and vistiibf food and observed their
independent effects on energy intake. Visibiligswaried by serving candy in
transparent, open containers or closed, opaquaicens and proximity was varied by
placing chocolate candy pieces on the desk ordudivay. The authors found that more
chocolate candy was consumed when they were viaitilenearer to the consumer than
when not visible and placed further from arm’s reahowing that proximity and
visibility have an additive effect on energy intakeven healthy foods are consumed in
larger amounts when made more proximate and visBtevitera and Creary (2012)
found that college students ate more fruits wheweed in open containers within arm’s
reach than in closed, opaque containers placesmiffay. Therefore, both proximity and
visibility of a food can additively affect food setion and consumption.
Color

Once a food source is visible, orisual cue from food is its’ color. Before
ingestion, color can influence judgments of acdaiptg of a product by affecting
expectations of palatability of foods which canmdtely dictate food choice and
consumption (Koch & Koch, 2003; Spence, Levitarai@tar, & Zampini, 2010; Walsh,
Toma, Tuveson, & Sondhi, 2001). For example, MpBoochet, and Dubourieu (2001)
found that white wine was described with more regesarelated adjectives when colored

red, than when left uncolored.
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Color can also affect the perceived intensityadrs of solutions when ingested.
Zellner and Kautz (1990) and Zellner and Whitte®0@) found that subjects rated
colored solutions as more intense in odor thardantical, uncolored solution. The
effect of color on the perceived intensity of oddrswever, is also dependent on the
route of administration of the odor. Odors areeditd either directly when volatile
odor compounds from food contact olfactory recepiorthe nose (called orthonasal
olfaction) or indirectly while food is masticatech{led retronasal olfaction) (Comeau,
Epstein, & Migas, 2001). Odors presented orthdha§ae. through the nose via
sniffing) were rated higher in intensity than thesesented retronasally (i.e. through the
mouth via ingestion) when colored than when leftalared, showing that color’s effect
on olfaction may be mediated by the route of adstiation of the odor (Koza, Cilmi,
Dolese, & Zellner, 2005).

The type and intensity of color can also affectpgbeceived taste of a solution.
For example, red-colored solutions were rated ssvekan green or uncolored solutions
(Johnson, Dzendolet, Damon, Sawyer, & Clydesd&82;1Kostyla, 1978; Lavin &
Lawless, 1998; Pangborn, 1960; Strugnell 1997)d=arl red solutions were rated
sweeter than light-red solutions (DuBose et ald0tdohnson & Clydesdale, 1982,
Lavin & Lawless, 1998). In addition, color affedtperceptions of flavor intensity of a
product. Subjects rated brown-colored candy lab&lark chocolate” as more
“chocolatey” than green-colored candy labeled “naitfocolate” showing that both color
and labeling of a food product can additively afffié@vor perceptions (Shankar,

Levitan, Prescott, & Spence, 2009).
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Tastes mixed in solutions are also more easilyedisble when colored than
uncolored. Adding red color to a clear solutiogngicantly increased detectability of
sweetness (Johnson & Clydesdale, 1982) and addas gignificantly increased
detectability of sourness (Maga, 1974). The assioti of red color with sweetness and
green with sourness is perhaps due to our leamled-ftavor associations that redness
indicates ripeness or maturity of a fruit and greelor indicates rawness or immaturity
(Alley & Alley, 1998; Koch & Koch, 2003; Maga, 19Y.4

Adding colors to a solution can also aid in flaigentification especially when
atypical color-taste combinations are presentemt. ekample, DuBose et al (1980) and
Zellner, Bartoli, and Eckard (1991) found that Beed solutions mixed with an atypical
color (i.e. a color that is not naturally assoalaneth that flavor such as a cherry-
flavored beverage that is colored green) were hdacdielentify than those mixed with a
typical color (i.e. cherry-flavored beverage ttgatolored red). Therefore, prior
experiences with flavors have an influence on tteueacy of flavor-color
identifications.

Accuracy of flavor-color identifications, howeveccurs outside of conscious
awareness. Even when told to ignore color to ifleflavor, subjects were more
accurate in flavor identification when colored tharcolored, showing that using color
as a visual cue to identify a flavor may be an @anattic process (Stillman, 1993;
Zampini, Sanabria, Phillips, & Spence, 2007). Tgpand atypical color-taste
combinations influence judgments of palatabilityagfroduct. Typically-colored

solutions can enhance aroma intensity, flavor sitgnand overall acceptability of
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foods and beverages more than atypically coloremlmrless ones (Christensen, 1983;
Du Bose et al., 1980).

In addition to the color of food, the color of thiate or bowl in which food is
served can also alter food palatability ratings iewtake. For example, a pink-colored
food presented on a white plate was judged to be rfitevorful, sweeter, and palatable
than the same food presented on a black plate €RigtFiszman et al., 2012).
Similarly, hot chocolate served in red cups waediknore than hot chocolate served in
white cups (Piqueras-Fiszman, & Spence, 2012) andrages were rated to be more
“thirst-quenching” when served in blue glasses tteah green, or yellow glasses
(Guegen, 2003). Food intake may also be alterezhwglkrved on colored plates.
Genschow, Reutner, and Wanke (2012) found thaestsdogonsumed less when pretzels
were presented on a red plate rather than on & whiblue plate. The authors
hypothesized that red color’s frequent associatith danger, avoidance, and warning
may have translated to food avoidance, and thexeéatuced food intake (Genschow et
al., 2012). All together, these studies show tiaddr can affect perceived flavor, odor,
and taste intensity of foods which can then affect! intake.

Variety

The presence of foods varying in appearance, textaste, and flavor can also
affect intake. Varied flavors and foods both withi meal (within-meal variety) and
across several meals (across-meal variety) wengrstmincrease energy intake more
than monotonous ones in rats (Estori@dbo, & Barber, 1995; Louis-Sylvestre,
Giachetti, & Le Magnen, 1984; E.T. Rolls, 1979) dnunans (Berry, Beatty, & Klesges,

1985; Brondel, et al., 2009; Bucher, Van der Ha&sEiegrist, 2011; Meiselman, de
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Graaf, & Lesher, 2000; Norton, Anderson, & Hethgtam, 2006; B.J. Rolls, Van
Duijvenvoorde, & E.T. Rolls, 1984; Raynor & Epste?®01; Spiegel & Stellar, 1990;
Zandstra, de Graaf, & Van Trijp, 2000). For exampats given access to a cafeteria diet
(i.e. a variety of palatable, energy-dense foodksfavors) ate more and gained more
weight than those given access to plain laboratbow (Esteve, Rafecus, Fernandez-
Lopez, Ramesar, & Alemany, 1994; Louis-Sylvestralet1984Prats, Monfar, Castella,
Iglesias, & Alemany, 1989; B.J. Rolls, Rowe, & Tern1980b; Rothwell, Saville, &
Stock, 1982; Rothwell & Stock, 1982; Shafat, Murr&Rumsey, 2009; Treit, Spetch, &
Deutsch, 1983). Similarly, humans given varieddsaanh fillings, yogurt flavors, and
pasta shapes, ate more than those given a singlevg filling, yogurt flavor, or pasta
shape (B.J. Rolls, Rowe, Kingston, Megson, & Guna®g2; B.J. Rolls, Rowe, & E.T.
Rolls, 1982).

One explanation for the variety effect is the depeatent of sensory-specific
satiety. When a meal is consumed to satiety, plgasss of that meal decreases
relatively more than those uneaten (Guinard & Ba898; Nolan & Hetherington, 2009;
B.J. Rolls, E.T. Rolls, Rowe, & Sweeney, 1980a; 8imé& Westerterp-Plantenga, 2006).
Therefore, when given a variety of foods and flaytine usual decline in pleasantness
after consumption of a single meal is disruptesiiteng in a delay in the development of
sensory-specific satiety and an increase in enatgite. Sensory-specific satiety can
occur rapidly i.e. within two minutes of consumptiand can persist over a 20 minute
period (Guinard & Brun, 1998; Hetherington, B.JlIRa& Burley, 1989; B.J. Rolls et

al., 1980a).
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Sensory-specific satiety however, is not limitedhe taste sense. Several studies
also showed a decline in pleasantness oéfipearancef eaten foods relative to
uneaten foods, called appearance-specific satlRtyls, Rowe, and Rolls (1983) found
that subjects who ate one of four foods (crackeareese, sausage, or water) showed a
greater decline in pleasantness of the eaten fadthose uneaten and this decline in
pleasantness extended to the visual aspects afeae(Rolls et al., 1983). Similarly, the
magnitude of decline in pleasantness was greater ¢olor of food eaten to satiation
than the color of an uneaten food (Rolls et al§2)9 Even when the shape of a food was
varied in successive courses, energy intake inedeaRolls et al (1982) showed that
when subjects were offered three shapes of pastanagnitude of decrease in
pleasantness for the eaten shape was greatehandaten food shape. Appearance-
specific satiety, however, is relatively short-iMeecause it occurs rapidly (2 min) after
consumption, and does not persist after that (Hiettggon et al., 1989).

To observe the effects of variety on food intakeyéver, the foods must be
sufficiently dissimilar in several dimensions. FExample, Rolls et al (1980a) found that
when offered three different flavors of yogurtsyrag in appearance and texture
(hazelnut, blackcurrant, and orange), subjectsnate than when offered only one
flavor. But, this so-called variety effect attetethwhen the color and texture of yogurts
were held constant. In a subsequent experimeitis Boal (1980a) found that when
subjects were offered strawberry, cherry, and ragpilavored yogurt (all pink in
color), yogurt intake was not different from tha@geen only a single flavor of yogurt,
showing that only varying the flavors of a meal {j@tkeeping the color of the food

constant) is not sufficient to increase energykataTherefore, presenting foods varying
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in appearance, texture, odor, and taste of foodskheamportant to observe the effects of
variety on energy intake.

Theperceivedvariety of foods can also affect energy intake hgnging
perceived quantity estimations. When the ingradieha pasta and vegetable stir-fry
meal were presented separately, energy intakeasedemore than when the ingredients
of both foods were mixed together (Levitsky et 2012). The authors suggested that
segregating food into discrete units increasesggnatake by increasing the perceived
variety of foods available for consumption. In didd, Redden and Hoch (2009)
showed that a varied set of abstract colors angeshaf non-food objects are perceived
to be lower in quantity than one that is homogenaotise authors argued that when
people see a homogenous set of items, they areagiteup them into a single, unified
whole making them appear more numerous. This pedeariety effect on quantity
judgments also translates to food serving behaviBedden and Hoch (2009) found that
when subjects were asked to pour enough candwibtiwl to match the quantity in
another bowl, subjects given varied colors of camolyred more candy than those given
same-colored ones. The authors hypothesizedubgdts underestimated the number of
multi-colored candy resulting in more candy beiogiied into the bowl, than when given
only single-colored candy.

Segregating a meal into discrete colored unitsatsm provide subtle visual cues
to interject “mindless” eating. To demonstratestidiea, Geier, Wansink, and Rozin
(2012) gave subjects a tube of either yellow-calarkips (unsegmented) or one with a
red-colored chip inserted at regular intervals ifsexgted). They found that subjects

given the segmented snack ate about 50% lesshbaa given the unsegmented snack
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perhaps because red-colored chips served as Vsapping points” during the meal that
interrupted further food intake. In addition, p@whing a food into discrete lines and
shapes can also change the size of bites takentfrem Sobal and Wansink (2007)
suggested that chocolate bars partitioned withraglires may be used as visual
references to determine the amount of food to Ibswmed in one mouthful.
Portion Size

One visual cue known to affect the appeal of a fisqubrtion size. Portion size is
one of the major contributors of energy intake Body Mass Index (BMI) in both
children and adults (Duffey & Popkin, 2013; McCogpaBmiciklas-Wright, Birch,
Mitchell, & Picciano, 2002; Young & Nestle, 2002participants rated large portions to
be visually more appealing than smaller portiord expressed a greater desire to eat
large than smaller portions (Burger, Cornier, Inggien, & Johnson, 2011a). In
addition, people eat more if large portions of f@wd served rather than smaller portions.
In both laboratory and real-life settings, childesrd adults ate more when snack foods,
beverages, sandwiches, and pasta entrees wereigikagger portions (Diliberti et al.,
2010; Fisher et al., 2003; Fisher & Kral, 2008;h€éis Yiu, Birch, & Rolls, 2007; Flood,
Roe, & B.J. Rolls, 2006; Jeffery et al., 2007; lteky & Youn, 2004; B.J. Rolls et al,
2002; B.J. Rolls et al., 2004a, 2004b; B.J. Rdllsle 2006a, 2006b, 2012; Wansink &
Kim, 2005).

Portion size effects on energy intake, howevernaediated by age. B.J. Rolls et
al (2000) showed that five-year-old children showeaportional increases in energy
intake with incremental increases in macaroni drekse portions, whereas three-year-

old children were unaffected. The authors hypageesthat perhaps young children
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rely heavily on their internal hunger and satiegnals rather than external (visual) cues
such as an empty plate to terminate eating.

Portion sizes of foods may also influence foodkathy changing the
microstructure of eating. People take large biteen served larger portions of food
(Fisher & Kral, 2008). Taking large bites leadytirging. Gorging on food does not
allow sufficient time for the release of regulat@eptides required for the development
of satiety resulting in reduced feelings of fullsemcreased desire to eat, and increased
food intake (Bolhuis et al., 2011; Burger et a0 12b; de Wijk et al., 2008; Fisher et al.,
2003; Fisher, & Kral, 2008; Kissileff et al., 2008al et al., 2001; Weijzen et al., 2009;
Zjilstra et al., 2009). Second, people eat fastezn given large food portions (Fisher &
Kral, 2008). Eating fast does not allow sufficiénte for the development of satiation
leading to decreased satiation and consequenilycagase in food consumption (Azrin
et al., 2008; Burger et al., 2011b; Ferster etl@l62; Kissileff et al., 2008; Martin et al.,
2007; Melanson, 2004; Spiegel, 2000; Spiegel, Wagd&d-oster, 1991).

Height

Typically, children and adults use height as awhen estimating liquid amounts
(Anderson & Cuneo, 1978; Piaget, 1952; Raghubirr&hha, 1999). Piaget (1952)
found that children perceive taller glasses to @onmore liquid than shorter ones, even
when the volume in the two liquids was identicéle attributed this overreliance on
height cues to centration bias, a tendency of cdmldo attend to a single dimension to
make quantity estimations, while ignoring the rest.

Incorrect quantity estimations due to height biasay in turn, affect the amount

of food served and consumed. Wansink and Varsliter(2003a) found that subjects
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poured more liquid into short, wide glasses th#inriarrow ones due to an
overestimation of the height of the glass as arcatdr of liquid amounts. Height biases
in food quantity estimations can affect our expeate of fullness from the food, and
ultimately energy intake. Raghubir and Krishna9@pfound that adults perceived a
taller glass to contain more liquid than a shomeder glass. This overestimation of
liquid when given the taller glass resulted in loywerceived volume consumption, lower
post-consumption satisfaction, higher actual condion, and more requests for refills
than when given the short, wide glass. The authgpsthesized that when a subjects’
expectations do not match actual volume consumedii@uid in tall glass was
overestimated), subjects consume more to compefwdte perceived lower volume
consumed (Raghubir & Krishna, 1999).
Shape and Surface Area

The shape of a food can affect the perceived voloiha@efood (Raghubir &
Krishna, 1999). Krider, Raghubir, and Krishna (2D@sked college students to
determine if a square or circular pizza was lardédare than 70% of the participants
perceived the square pizza to be greater in qyahtin the circular pizza. Similarly, the
shape of food pieces can also affect food quaasitynations. Wada, Tsuzuki,
Kobayashi, Hayakawa, and Kohyama (2007) foundgbhhbjects overestimated the
weights of foods cut into fine strips and accusatdtimated weights of foods cut into
blocks. Shapes of food pieces can also affectdikif foods. For example, children
liked pictures of vegetables served in the shapast than when cut into slices or sticks
(Olsen, Ritz, Kramer, & Moller, 2012) and adulteferred pictures of meats cut into

pieces than slices (Reisfelt, Gabrielsen, Aasl@jerre, & Moller, 2009).
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The area of a plate occupied by food can alsaenfte judgments of consumption
amounts. Food served on larger plates or bowlshealisplaced away from the edge of
the plate, resulting in a significant underestioaf food (called contrast effects) and
foods served on smaller plates displace to thesedigghe plate, resulting in a significant
overestimation of food (called assimilation) (Véeisum & Wansink, 2011). These
assimilation and contrast effects, as mentiondtegawccur due to an optical illusion
called the Delbouef illusion and is based on tleaithat the presence of one circle may
change the perceived size of another circle (N&;dl895). This visual illusion affects
guantity estimations and the amount of food seareticonsumed. For example, Van
Ittersum and Wansink (2011) found that subjectggubless soup into a smaller than larger
bowl due to overestimation of the diameter of tmaker bowl. This overestimation of
foods served in smaller bowls, may also explain titl@yamount of food served in smaller
bowils is less than the amount of food served melabowls, resulting in less energy intake
from smaller than larger bowls (Van Ittersum & Wiaks2011; Wansink et al., 2006b).
Sizeand Number

In addition to shape and surface area, the sif@odfpieces can affect liking of a
food. Both rats and nonhuman primates show aname for larger than smaller food
pieces (Boysen, Bernston, & Mukobi, 2001; Menz81, Menzel & Davenport, 1962;
Menzel & Draper, 1965; Yoshioka, 1930). Yoshiok@30) found that rats preferred
larger over smaller sunflower seeds even thoughatiger seeds contained less food
overall. Moreover, Yoshioka (1930) found that geference diminished when seeds
were eaten in darkness, showing that size is aortiaqt visual cue used to regulate food

intake in rats.
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Varying the size of food pieces have been shovaffext energy intake in
humans. Spiegel et al (1989) developed solid fouts (SFU’s), spirals of bread with
varied fillings to accurately measure the ratengkistion of a single, solid food. In this
type of procedure, both obese and normal subjeets imstructed to place one SFU in
the mouth at a time, so that the amount and raitegeltion can be measured while
keeping bite size constant. The authors foundvinan subjects were given an unlimited
number of solid food units of varying sizes, sulgeate faster and also ate fewer solid
food units as the size of the units increased @&piet al., 1989).

A fixed portion of food varying in number and sizan also affect quantity
estimations. Consumers in a marketing study judgsdack packet with an image of 15
pretzels to contain a greater number of pretzels thpackage containing an image of
three pretzels, even though the actual quantifyretizels in the package were the same
(Madzharov & Block, 2010). In addition, Sciscaaé{2012) found that subjects
perceived a 16-piece Jell-O portion to contain nfooel than a nine-piece Jell-O portion.

Varying the size and number of pieces can alsattfifee amount of food that is
consumed. Nisbett and Storms (1972), varied theeand number of food pieces and
found that subjects ate more when given four, @uedt sandwiches (16 pieces) than the
same sandwiches cut into 32 bite-sized pieces. alitteors hypothesized that quartered
sandwiches may have resembled “meals” that aredipieaten in large amounts,
whereas, bite-sized pieces may have resembledKshtmat are typically eaten in
smaller amounts. Similarly, Marchiori and colleag{2011) found that adults ate more
when served 10 large candies, than the same candie@®o 20 bite-sized pieces

(Marchiori et al., 2011) and that children ate mateen served 18 large cookies than
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those cut into halves (i.e. 36 bite-sized pieck&gr¢hiori et al., 2012). Weijzen et al
(2008) found that subjects ate six large candy bigrsficantly faster and in larger
amounts than the same amount of candy cut intaté&lzed pieces. The authors
hypothesized that increased energy intake fronfattye chocolate candy bars may have
increased the size of bites taken from the foodltieg in shorter exposure to food in the
mouth. Short oro-sensory exposure to food elloitger satiation signals, and
consequently facilitates an increase in energke(8olhuis et al., 2011; Cecil, Francis,
& Read, 1998, 1999; de Wijk et al., 2008; Fordalet2013a; French & Cecil, 2001;
Kissileff et al., 2008; Kral et al., 2001; RaynorEpstein, 2000; Weijzen et al., 2009;
Wijlens et al., 2011; Zijlstra et al., 2009). Takegether, all these studies show that
varying the size and number of pieces can affemd fatake either by changing our
expectations of satisfaction from the food or iadily by changing eating behaviors.

In the aforementioned studies, however, size vaiedg with the number of
food pieces as the total amount of food was hefdtamt. The portion with the smaller
pieces also contained a greater number of pieesttie portion with the larger food
pieces i.e. 16 large sandwich pieces were cut3ftbite-sized ones (Nisbett & Storms,
1972), 10 large candy were cut into 20 small pig¢bésrchiori et al., 2011), and 18 large
cookies were cut into 36 small pieces (Marchiomlet2012). Thereforemumberof food
pieces is also an important visual cue affectiragifmtake.

The effects of number of food pieces, independénize, have been studied
extensively in animals. Wolfe and Kaplon (1941)rid that chickens ran significantly
faster for a popcorn kernel cut into quarters thae left whole, showing multiple pieces

of food were more rewarding than a single piecail&rly, rats ran faster for multiple
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(4-22) pellets of food than an equicaloric, singédlet of food (Amsel et al., 1968;
Campbell et al., 1972; E.J. Capaldi et al., 1986CHkin, 1969; Traupmann, 1971) and
preferred a multiple-piece (four, 75 mg pelletsg¢ioan equicaloric, single piece of food
(300 mg) in a T-maze. Humans also prefer anddinaultiple-piece portion to be more
satiating than a single piece one. In an unpubtisgxperiment in our lab, we found that
subjects preferred and also ate less of a mulpi@ee serving than a single-piece one. In
addition, food intake following the multiple-pieserving was lower than the single-piece
serving.

Since both animals and humans find a multiple-pfeod portion to be more
rewarding than a single-piece one, this preferemag have its’ basis in evolution. Both
rats and humans are mammals, share ancestralgyragid an omnivorous pattern of
feeding (Rozin, 1976). Thus, any similaritiesah and human feeding behaviors may
reflect shared evolutionary traits that may be eoved due to their high adaptive value.
In the natural environment, the physical quantftg stimulus may be strongly correlated
with number. Therefore, numerosity of a stimulusyrbe used to make quantity
estimations in both animals and humans (Pelham a8an®& Myakovsky, 1994). Many
studies show that humans and nonhuman primatee guafantities based on number in
guantitative discrimination tasks (Barth, Kanwish&iSpelke, 2003; Gathercole, 1985;
Hanus & Call, 2007). Therefore, our study compgfour pieces of food to one in
humans and 30 pieces to one in rats, suggestauhdier itself is an important criteria in
food quantity discriminations that can ultimateffeat food selection in both animals and

humans.
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A multiple-piece portion of food may also activammon brain regions and
neurotransmitters associated with reward in animatshumans. There are two known
dopaminergic pathways for reward processing irbtlaén: the mesocorticostriatal and
mesolimbic pathways (Bressan & Crippa, 2005). mesocorticostriatal pathway
extends from the ventral tegmental area (VTA) ®ghefrontal cortex. The mesolimbic
pathway extends from the VTA in the substantiaanigrthe ventral striatum which in
turn, receives projections from the amygdala, hgapapus, and prefrontal cortex
(Berridge & Robinson, 1998; Bressan & Crippa, 20R6bbins & Everitt, 1996). The
ventral striatum contains the nucleus accumberegian known to mediate the reward
value of natural reinforcers like food and drugerigige & Robinson, 1998; McClure,
York, & Montague, 2004; Morton, Cummings, Baskimargh, & Schwartz, 2006;
Robbins & Everitt, 1996). Koch, Schmid, and Schleit (2000) and Salamone and
colleagues (1991) showed that a depletion in dopaneivels in the nucleus accumbens
via the administration of dopamine (D1 and D2) poeantagonists, reduces the reward
value of a preferred food and shifts rat’s eatiafdviors towards less preferred foods
(lab chow). The authors suggested that dopamroésn the nucleus accumbens is
mostly to potentiate the rewarding effects of adfcand not inhibit the general
motivation to eat.

The processing of reward in the nucleus accumtzealkso dependent on afferent
projections from limbic system structures suchhesamygdala and hippocampus that
mediate the incentive and hedonic value of a fewdard and guide eating behaviors
(Tracy, Jarrard, & Davidson, 2001). For instari@Bar et al (2001) found that human

subjects showed greater activation in the amyggalehippocampal gyrus, and
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associated corticolimbic structures when exposdddd than non-food pictures in a
hungry than satiated state. The authors sugg#saédisual information from food may
be influenced by the nutritional state of the oiganpossibly through mediation of the
amygdala. Therefore, multiple pieces of food mayriore rewarding than a single piece
possibly through mediation of visual informatioorir food by the amygdala and other
corticolimbic structures associated with rewardichhultimately facilitates food
selection and consumption in animals and humans.

Since multiple pieces of food are more rewardiraqth single piece in both
animals and humans, we hypothesized that perhapsttiple-piece portion was
perceived to be greater in quantity as they taka lgpger surface area than the single-
piece one. This notion was further tested in asgbent study in our lab in college
students, where we varied the surface area occbyiedive-piece chicken portion by
scattering the food pieces on a plate or clustdheg together. We found that subjects
given the scattered chicken portion ate signifilyai@wer calories from the chicken
portion as well as from a subsequent test mealtth@se given the clustered chicken
portion, showing that the spread of a food portiara plate is an important visual cue
that can affect food quantity estimations and dtiehy food consumption volumes. In
animals, however, a multiple-piece portion takipgaularger surface area was found to
be less rewarding than one taking up a smalleasararea. An unpublished study in our
lab found that rats trained on a T-maze preferrdadGamg portion (30, 10 mg pieces)
clustered together than the same portion scattered.

Differences in the rewarding effects of surfaceaarecupied by food in rats and

humans may be suggestive of the role of varyintpdyeexperiences between the two
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species. Although rats and humans share many coalimes in eating behaviors and an
omnivorous pattern of feeding, human food selecioth consumption is subject to
multiple socio-cultural and higher-order cognitmw®cesses (Rozin & Kalat, 1971). For
example, one important higher-order cognitive pssdbat affects food intake in humans
is memory. Rozin, Dow, Moscovitch, and RajaramB@)%howed that patients suffering
from memory loss will initiate a second and thirdahwithin 10-20 minutes of
consuming the first meal. Perhaps, then the memicpnsuming a perceptually large
meal (scattered portion) may have reduced furthed intake in humans.

Animal food selection, on the other hand, may heswtered in the context of the
problem in which it may have evolved (Rozin & Kald®71). In the natural
environment, a food occupying a larger surface arag not be beneficial for rats as this
would require greater expenditure of time and epef@nce clustered food pellets are
already gathered, less time and effort may be redquo eat them, resulting in greater
preference for clustered over scattered food ell&herefore, preference for a food
portion occupying a smaller area may reflect a bieial trait that is adaptive in nature.
This is not to say however, that evolutionary hgtaf species can provide an
explanation foall behavior. But, it may provide one possible frameuto understand
the ‘whys’ or ‘hows’ of an animal’s behavioral refmre.

Future Directions

Most studies largely overlook the effects of visoa¢s and focus more on taste of
food as an important sensory influence on fookemtaAlthough color has been
extensively researched in the literature, few ssifhave measured other aspects of the

appearance of a meal. All the research describedeashow that visual cues such as
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portion size, visibility, color, proximity, percead and actual variety, size of food pieces,
number of food pieces, shape, and surface aregpecthy food can all affect food

intake either via changes in acceptability of adfaod feeding behaviors, changes in
perceptions of food quantity, or both.

Despite all the information about different visaaks on food intake, however,
there are still some unanswered questions in ti@ture. First, in light of the evidence
that large portions of food increase energy intéke food industry advertised single-
serving packages of food to encourage portion cbnBut, the relationship between
single-serving food portions and energy intakehmlaboratory remains unclear (Hill,
2009). For instance, Stroebele Ogden, and HilD9}&howed inconsistent effects of 100
kcal versus regular-sized snack packages on emaake over a two-week period and
Raynor, Van Walleghen, Niemeier, Butryn, and Wig@Q9) found that consumption
from single-serving packages at breakfast was lalagr from standard packages in
participants recruited for a weight loss prograhine amount of food consumed from
single-serving packages is also dependent on ohaivicharacteristics of the consumer.
For example, Wansink, Payne, and Shimizu (2011Indabat while normal-weight
consumers were unaffected by package size, ovenveigsumers ate about 25% less
when given four 100 kcal packages of food verssisigle, 400 kcal package. In
addition, individuals with greater self-control alogver self-esteem consumed
significantly more food from smaller than largegrsdard packages of foods (Argo &
White, 2012; Coelho do Vale, Pieters, & Zeelenb2a§)8).

One important factor affecting food intake in tlieramentioned studies on

single-serving packages is the visual aspect ofabe itself. A food portion packaged
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into single 100 kcal packages eliminates the visuak used in monitoring food intake
when food is eaten directly from the package. &8gsh100 kcal packages may reduce
intake if served on a plate or bowl so that thaylsa used as visual references for the
amount of food consumed. Second, when a packdgkaked “100 kcal” it creates a
health halo bias that if something is labeled I@alede or healthy, more can be
consumed (Provencher, Polivy, & Herman, 2009). rétoge, more research needs to be
undertaken to examine the role of visual cues eretfect of single-serving packages on
energy intake.

Second, manipulations of visibility of food eithe@a changes in lighting
conditions or by blindfolding subjects have showeansistent results. Although
palatability and familiarity of food have been shote interact with lighting and
visibility, the moderating influence of other facddhave not been investigated. The type
of food i.e. highly palatable or nutritious foodayralso moderate the influence of
visibility on food intake. Deng and Srinivasan 13) found that while intake of
palatable foods increased when packaged in trag@sparapping, the intake of less
palatable foods like vegetables decreased. Therafwre studies need to investigate the
effects of visibility on food intake when the palhatlity of the target food is varied.

Third, it is surprising that very few studies haweestigated the effects of shape
of foods on energy intake. Most studies on porsize have focused on amorphous
foods (Fisher & Kral, 2008; Raghubir & Krishna, B9¥an Ittersum & Wansink, 2011;
Wansink et al., 2006; Wansink & Van Ittersum, 200Bpwever, the shape of food cut
into discrete sizes and shapes and the amounbof taken up by food can also affect

guantity estimations, expectations of palatabityood, and ultimately food intake
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(Krider et al., 2001; Olsen et al., 2012; Reisélal., 2009; B.J. Rolls et al., 1982; Wada
et al., 2007). In addition, the shape of a food @mao change feeding behaviors by
changing the size of bite or perception of intgneitfood in the mouth. In fact, desserts
with added odors were consumed in smaller bites thase presented with no odors due
to the larger quantity of aroma molecules presetdnger bites (de Wijk, Polet, Boek,
Coenraad, & Bult, 2012; Ruijschop et al., 2011¢rHaps, then the shape of food pieces
may also change the intensity of tastes and odgusrenced in the mouth and ultimately
affect food intake.

Fourth, much of the literature on the effects afate area occupied by a portion
of food on food intake is conducted on amorphowsi$oor foods that take the shape of
the plate or bowl in which it is served (Fisher &K 2008; Raghubir & Krishna, 1999;
Van Ittersum & Wansink, 2011; Wansink et al., 2006nsink & Van Ittersum, 2003a).
With the exception of our study, no study has daeieed the effects of the surface area
occupied by a non-amorphous portion of food anéffiescts on eating behaviors and
energy intake.

Lastly, studies investigating the size and numlbgrieces occupied by food
pieces are largely limited. Except for a few séisdon the effects of food item size on
energy intake, we still don’t know if cutting updds into small pieces or presenting food
in smaller pieces decreases intake in both obes@amal-weight subjects and in
restrained and unrestrained eaters.

Practical Applications
Given that varied visual cues can affect food iatathanging the appearance of a

food may be used to both initiate and facilitate tbnsumption of healthy foods in
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children. Zampollo and colleagues (2012) suggettatichildren prefer varied colors of
foods on their plates and Olsen et al (2012) faimadl children prefer fruits and
vegetables cut into different figures to thoseintd slices or sticks. Perhaps this can be
used as one strategy to increase fruit and vegetafalke in children. Most children fail
to meet recommendations for fruit and vegetablekmin the U.S (Lorson, Melgar-
Quinonez, & Taylor, 2009). Consumption of fruitedavegetables is beneficial for the
prevention of chronic diseases such as cancerovastular disease, and obesity (Birt,
Hendrich, & Wang, 2001; Epstein et al., 2001; Ma@ret al., 1999; Ness & Powles,
1997). Therefore, parents and teachers may carnset@ng foods in an attractive
fashion to encourage the intake of healthy foodshitdren.

Varying the number and surface area occupied lytgop of food can decrease
energy intake. Unpublished studies in our lab sfbthhat not only can cutting food in
small pieces decrease energy intake from thatgohut also from a buffet of palatable
foods given 20 min later. Similarly, spreading altiple-piece portion of food on a plate
may reduce food intake more than one that is dledtm the center. Therefore, cutting
up energy-dense foods into smaller pieces or sprgadmultiple-piece portion of food
on a plate may be beneficial for dieters who wshegulate their food intake.

Leaving foods whole may also be used as one syréegcrease food intake.
Anorexics have been shown to cut their food intalten pieces and spread their food
portion on the plate to make it look like more fq&@hrner & Garfinkel, 1979).
Therefore, recovering anorexics may benefit froavieg foods whole to increase their
consumption of these foods. Less than 10% of Acaas meet the daily

recommendations for fruit and vegetable intake (Kions, Gillespie, Seymour, Serdula,
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& Blanck, 2009). Therefore, serving healthy foed®le may also increase intake in
both children and adults. Future studies shoutdshgate the effects of number of

pieces of food on the intake of healthy foods ithbehildren and adults.
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Table 1
Weights, calories, and macronutrient content ofifoserved in Experiment 1

Energy Carbohydrate
Foods Weight(g) (kcal) Fat(g) Protein (g) (9)
Tyson'’s fully-
cooked chicken
breast 23.3 50 2 3.8 4.2
Test meal
Turkey sandwich 29 50 1.0 4.5 5.7
Crackers with
ham and
cheddar cheese 30 50 4.3 4.7 4.5
Roasted potatoes 79 65 15 1 12
Peanut butter and
jelly sandwich 21 50 0.6 3.2 8
Carrots and celen
with fat-free
ranch
dressing 80 50 1 0.6 10
Mozzarella chees
15 50 3 2.1 3.8

sticks
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Table 2

Weights, calories, and macronutrient content ofifoserved in Experiment 2

Carbohydrate
Foods Weight (g) Energy(kcalfat (g) Protein (g) (9)
Bagel with cream
cheese 82.1 200 55 7.3 30.7
Test meal
Turkey
sandwich 84 200 5 17 22
Crackers,
ham and
cheese 157 200 10.2 8 19
Potato salad 135 200 10 3 24.6
Chocolate
cupcake 57 200 10 1 26
Pasta 117 200 12 8 15
Mozzarella
cheese sticks 57 200 12 7 16
Carrots and
celery with
ranch
dressing 130 150 17.8 0 10
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Table 3
Means and standard errors for pleasantness ratitigge spent eating, and eating rate of

the bagel as a function of number of bagel pieeegesl in Experiment 2

Attributes Four-piece bagel Single, uncut bagel
M SEM M SEM
Pleasantness ratings 51.5 +2.16 49.4 +2.08

Eating duration (sec) 254.69 +6.09 255.42 +5.93

Eating rate (g/sec) 71 +.02 g7 +.02

Note There were no significant differences in ple&asass ratings, eating, duration, and
eating rate between the four-piece and single, turagel.
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Table 4

Weights, calories, and macronutrient content ofifoserved

Carbohydrate

Foods Weight (g) Energy(kcal)Fat (g) Protein (g) (9)
Chicken 65 85.1 1.9 15.5 15
Test meal

Chicken nuggets 81 180 9.8 13 10

Crackers with

turkey

and cheddar cheese 24 65 2.3 4 7

Peanut butter and

jelly sandwich 54 175 6 5.3 25.2

Chocolate cupcake 45 160 6 1 25.5

Small pepperoni

pizza 41 100 4.3 4.8 10.5

Mozzarella cheese

sticks 28 90 5.1 4 7
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Table 5

Means and standard errors for pleasantness ratitigee spent eating, and eating rate of
the chicken serving as a function of the surfa@aarccupied by pieces

Attributes Scattered chicken portion  Clustered loficportion
M SEM M SEM
Pleasantness ratings 47.15 +3.12 3.12 +3.92
Eating duration (sec) 157.51 +8.08 155.08 1+6.10
Eating rate (g/sec) 1.11 +.05 1.15 +.05

Note There were no significant differences in pleasass ratings, eating duration, and
eating rate between the scattered and clustereleshportions.
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Figure 1.A diagram of the T-maze used in Experiments 1 and 2
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standard error.
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Figure 12.Mean consumption (kcal) of the bagel and test mgaubjects given the
four-piece and single, uncut bagel in ExperimenMgan intake of the four-piece bagel
was significantly lower than the single, uncut dagdean test meal intake following the
four-piece bagel was significantly lower than tfiowing the single, uncut bagel. *
indicates a significant difference in energy intakea function of number of bagel pieces
served. Vertical lines represent standard error.
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Figure 13. Mean consumption (kcal) of the chicken serving sastl meal by subjects given the
scattered and clustered pieces. Mean intake cfdaiered chicken portion was significantly
lower than the clustered chicken portion. Meahr@sal intake following the scattered chicken
portion was significantly lower than the clustecddcken portion. * indicates significant
differences in energy intake as a function of tindase area occupied by the food pieces.
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