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Abstract

According to a recent National Health and NutritExamination Survey,
overweight and obesity have reached epidemic lemdlse United States (Flegal et at.,
2010, NHANES, 2010) There are many treatmentsvyerweight and obesity, the most
popular being behavioral interventions (Berkellet2005). Self-monitoring is one of
the most important factors of successful behaviotalventions (Baker &
Kirschenbaum, 1993). The Bite Counter is a nevelyadoped tool for weight loss that
aids in the self-monitoring process (Dong et @1D). The purpose of the current study
was to determine if bite count feedback and amuetibn on the number of bites to take
could overcome the known environmental cue of pdate where eating from larger
plates causes individuals to eat more (Wansink R(Ddta were collected from 112
participants eating a meal of macaroni and cheeadaboratory setting. In a 2x2
design, the participants were assigned to oneuwfdonditions instruction given and
small plate, instruction given andlarge plate, instruction not given andsmall plate, or
instruction not given andlarge plate. Grams consumed andbites taken were measured
post meal as the main dependent variables. A 2¢@¥A of grams consumed revealed
a main effect oinsTRucTION (F(1,104)= 5.297p=.023,12 = .048) such that those given
an instruction to take 22 bites consumed more neacand cheese, a main effect of
PLATE size (F(1,104)= 5.798p=.018,12 = .053) such that those eating from a large plate
consumed more macaroni and cheese, and an interdeil,104)= 7.695p= .007,n? =
.069) such that the given instruction partially mazane the effect of plate size on grams

consumed. A 2x2 ANOVA dbites taken revealed a main effect ofsTrRucTION



(F(1,104)= 7.47, p=.00%2 = .067 such that those given an instruction to take 2&sbi
took more bitesa main effect oPLATE size (F(1,104)= 14.264, p< .001, n2 = .121)such
that those eating from a large plate took moreshigédd an interactio(F(1,104)=

14.964, p< .001, n? = .126) such that the given instruction partially overcatne effect

of plate size on number of bites takeiihe results suggest that a given instructiorhen t
number of bites to take along with feedback onnineber of bites taken, can partially

overcome a known environmental cue of plate size.
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Introduction
Purpose
The purpose of this study was to determine if baent feedback and an instruction
regarding the use of the feedback could overcokrman environmental cue of plate size on
eating intake. That is, if an individual was instied on the maximum number of bites to take,
and given feedback on the numbers of bites taken)dimhey use this information to overcome

their tendency to eat more food when eating frdarger plate?

Motivation: The obesity epidemic

According to the 2010 National Health and NutritEBxamination Survey (NHANES)
report, one third of the United States populat®overweight and an additional third of the
population is obese (Flegal et al., 2010). Thagigering statistic classifies obesity as an
epidemic that must be met with new and innovatolateons. There are three main types of
interventions for the treatment of overweight abesty. Bariatric surgery is the most extreme
and is used as a last resort due to its expensigrguadtt on quality of life post-surgery (Bult et.
al., 2008, Karlsson et al., 2007). Pharmaceut@asanother option but with only two current
drugs approved by the Food and Drug Administrafi€iDA, 2012) for prescription use and only
one approved for over the counter use, these dralgbe expensive and can have serious side-
effects (Pi-Sunyer et al., 1998). The most commaskd treatments are behavioral

interventions (Berkel et al., 2005).



Self-monitoring

Research has consistently shown self-monitorirgeta vital component of effective
weight control (Baker & Kirschenbaum, 1993), oftenes being referred to as the “cornerstone”
of behavioral interventions for weight loss. Wifigte, Gorin, Raybor, and Fava (2006) showed
that a self-monitoring program based on daily wigiglwas associated with an individual’s
ability to maintain weight loss. Similarly, Burlead colleagues (2007) instructed participants to
use an instrumented paper diary to self-monitar #etting behavior. The frequency of
recordings was significantly related to weight algan Furthermore, Boutelle, Baker,
Kirschenbaum, and Mitchell (1999) conducted a siglyng the winter holiday months, a time
in which respondents reported having the mostatiffy managing their weight. Over the
course of the eight week study, participants whirsenitored eating behaviors (food intake,
counting fat and calories, and exercise) lost magght than those who did not.

Current Methods for Self-Monitoring of Intake

Methods for self-monitoring include food diariésod frequency questionnaires, and 24-
hour dietary recalls. Food diaries require pgraais to write down exactly what they ate and
how much of each item they ate after every medles€ food diaries are then reviewed by an
expert who can calculate intake for that individugbod frequency questionnaires are designed
to assess usual intake over a given period of tmeare subject to large amounts of systematic
and random error that leads to an underestimatas(Bubar et al., 2003). 24-hour dietary
recalls have many of the advantages of food diginethat they can get meal-specific calorie
counts, and they do not burden the participantis fliing out a report after every meal.
However, these require participants to make theesestimations that food diaries require (i.e.,

foods chosen and portion size consumed), whilbeasame time relying on the participant’s



memory. Subsequently, users tend to underrepaguroption using 24-hour recalls as well
(Johansson et al., 2001).

The adherence problem with current self-monitoring methods

Self-monitoring is universally agreed upon as beirgy player in weight-loss and
weight management (Burke et al., 2011). Howewsrgiterm self-monitoring is a challenge for
most people. Most self-monitoring methods platéga burden on the individual, requiring
them to consistently use the self-monitoring metand use it correctly. Further, many
individuals do not like being faced with the truthifess of the feedback they receive from self-
monitoring. We live in a world which is tailored maximize convenience and minimize effort
of food intake (e.g. fast food restaurants). Tipusting effort into monitoring eating behaviors
may be unpleasant to some individuals (Currie.e2809).

Kirschenbaum (1993) identified several “stabiliZifgctors that may identify those
individuals who may be more apt at maintainingl&ms@nitoring regiment. These include:
older age, greater financial security, greater pelaygical stability, and those with a tendency to
lose and maintain weight more effectively. Theuttifulness” or accuracy of self-monitoring
may also play a role in the lack of adherencedelamonitoring regiment. People often hold
high expectations of themselves for adhering taete self-monitoring, and when those
expectations are not met, these individuals haeadency to “escape self-awareness” by
discontinuing self-monitoring (Heatherton & Bauntersl991). One study that examined
participants’ adherence to a self-monitoring regitrexamined the use of an instrumented
binder for use as a diet diary. The study, coretlibly Burke and colleagues (2007), revealed
that adherence to a self-monitoring regiment dedliaver time and individuals reported

recording eating behaviors more so than they reldly To clarify, when participants were



asked how often they recorded their eating behayvtbey over reported the actual frequency of
their recordings.

A new tool for self-monitoring of intake: the Bite Counter

The Bite Counter is a newly developed tool thatsaimaid in an individual's task of
self-monitoring. The Bite Counter achieves thisldny objectively and automatically
monitoring an individual’s ingestive behavior asyreat (Dong, Hoover, Scisco, & Muth, 2011).
The Bite Counter tracks eating behavior by detgcainvrist-roll motion that is characteristic of
taking a bite of food. By counting bites, thisltpoovides an objective measure of eating
behavior that imposes minimal burden on the usddiamting interference with daily activities
with the intent of ensuring consistent and susthune.

Dong et al., (2012) conducted two tests on theracguof the Bite Counter. While
eating a standardized mean under controlled camditithe Bite Counter recorded bites with
94% accuracy. When the Bite Counter was testaghoontrolled meals, bite count accuracy
was reduced to 86%. A recent NIH-funded study ¥ f2ee-eating people in a cafeteria found
the Bite Counter correctly detected 82% of bita®ss a wide range of foods, utensils, and
participants.

In her dissertation, Scisco (2012) studied 83 peaoping the Bite Counter for two weeks
and found an average per-meal correlation of Oéd@éen bites and calories. Collectively, a
total of 4,065 meals were recorded. AutomaticaiBasured bite count was compared against a
computerized food diary program, ASA24 that caltedecalories for each meal. For 76% of
participants, the correlation of bites to kilocasrwas in the range 0.4 to 0.8. While there is

obviously noise in the kilocalorie-bite relationglior a single bite due to the energy density of



the food being eaten and natural variability irelsiize, the relationship shows some stability at
the meal level.

The Bite Counter has the ability to overcome sedwarical problems of self-monitoring.
Aside from the initial start and stop of the biteiot mode, it is automatic. The Bite Counter
also provides feedback on intake in real time.sTrees the user from having to go back after
the meal and record every aspect of the meal. ngakie form of a watch (along with watch
capabilities), it is unobtrusive and can be woralbtimes while minimizing burden on the user.

Another critical aspect of self-monitoring discussarlier is that of adherence to self-
monitoring. Preliminary evidence shows that induals will wear the Bite Counter over the
course of three months, which strengthens the stiijpahe Bite Counter as a tool for weight
loss. Some people will require little or no traigito maximize benefit of the device, while the
majority of users need modest training. As withrdkrventions, for some individuals the Bite
Counter will not work simply because they will i compliant with wearing and using the
device.

The advantages of the Bite Counter are that itrately counts bites in free-eating
humans and can provide the wearer with instantof@edregarding their intake. Furthermore,
the automated property of the Bite Counter cath@duser from the burden of having to record

and remember all foods eaten.

Feedback
Kazdin (1974) demonstrated the role of feedbadk gertains to self-monitoring. In a
2X3 design combining monitoring (self-monitoring'ses no self-monitoring) and valence

(positive, negative, or no valence), participangsewequired to construct sentences using a



given conjugated verb and eight possible pronodesticipants were monitored by
experimenters on the frequency of self-referenatestents created (i.e. the pronouns | or we).
Participants in the positive valence condition wetd that self-reference statements were more
frequent among intelligent people. Participantthmnegative valence condition were told that
self-reference statements were more frequent anessgntelligent people. Participants in the
no-valence condition were given no indication om s$klf-reference statements. Participants
who observed the record (feedback) of their selfiitaoed responses performed the target
response more frequently if they were in the pesitialence condition and less frequently in the
negative and no valence conditions. Applied tingdbehaviors, one could hypothesize that an
individual that receives a positive valence indinrcas well as feedback regarding their eating
behavior then they should demonstrate desirabiegebéhaviors as stated in the instruction
more frequently. For example, if told that thiropke take a certain number of bites of a meal,
individuals should be more likely to model that aelor and take that number of bites in the
meal.

One common form of self-monitoring with feedbacls&df-weighing. Frequent self-
weighing is a vital tool for both weight loss andight management and more frequent feedback
through self-weighing is associated with greateigiveloss (VanWormer et al., 2009, Linde et
al,. 2005). Research has shown that consisteigiwrg is associated with maintaining weight
loss (Butryn et al., 2007). At a one-year follapy of participants who were asked to regularly
weigh themselves as part of a weight managemegtgmg Butryn, Phelan, Hill, and Wing
(2007) reported that weight gain was greater fotigpants whose frequency of regular self-

weighing had decreased or stopped self-weightimgpewed to those individuals who kept a



consistent frequency of self-weighing. Weight gaas even greater when compared to those
participants whose frequency of self-weighing iased (Butryn et al., 2007).

Environmental cues as feedback

Feedback in the form of environmental cues has bgamined as an aid in altering an
individual’'s eating behavior during a single mehd.a 2007 study, Wansink and Payne designed
a paradigm that involved a large group of peoptangahicken wings at a Super Bow! party
held at a sports bar. Half of the participantsat@ables that were bussed (chicken bones
removed) while the others ate at tables that wetdussed (chicken bones left on the table). It
was shown that participants who ate at the nondalisgbles ate significantly less than those at
the bussed tables. The results were explaineainyipg to the accumulation of chicken wing
remnants on the non-bussed tables as a cue tathegants which aided in the decision on
whether or not they should continue eating. Typetof environmental cue as feedback has
shown to be reliable. Individuals drinking at a al consume less if the bottle tops or cans are
allowed to accumulate just as individuals will s candy if the wrappers are not thrown away
(Wansink 2010, Polivy et. al., 1986).

Bite count as feedback

Feedback from the Bite Counter is provided in threnf of either a real-time display of
bites taken during an eating activity, the numiddites taken during the previous eating
activity, or total bites taken for the day. TheeBCounter also comes equipped with an alarm
that can be programmed to sound when a pre-detedmuamber of bites is reached by the
individual. In a study conducted by Wilson (202/djeteen overweight subjects were instructed
to wear Bite Counters for six weeks to record thmber of bites during all eating activities.

Participants were divided into two groups, one tkatived feedback and a second group that



received no feedback. Analysis revealed that vidags for participants receiving Bite Counter
feedback was almost twice that of those not rengifdite Counter feedback. These findings
indicate that feedback from the Bite Counter magfbective when trying to lose weight.
Studies have shown that feedback may increasgéirmance when a performance standard
is provided (Kazdin 1974). By providing a bite colimit as a proxy for performance, it can be
expected that individuals will try to adhere totteandard by ceasing eating as they reach the
bite count limit. However, as discussed previoushwironmental cues play a large role in
consumption amounts (i.e. serving container si¥hat the current study aims to show is that a
given bite count limit and feedback from the Biteu@ter will provide a more powerful cue to
cease eating than any environmental cue to con@atieg. Research has shown that participants
will follow directions pertaining eating behavior & laboratory setting. Andrade, Greene, and
Melanson (2008) gave two instructions to partictpaone instruction was to eat quickly by
using a large soup spoon and without taking breakseen bites, and the other instruction was
to eat slowly and use a small spoon, put the spoam, and chew 20-30 times before the next
bite. In each condition, participants successfidliowed instructions. Another example was
seen in Azrin, Kellen, Brooks, Ehle, & Vinas, 20§18dy in which 10 female participants were
instructed to eat slowly or quickly. Participamtsre able to adhere to the instruction.
Interestingly, participants reported feeling maagated when eating slowly. The authors
concluded this finding was a result of the paraaifs ability to follow the instruction and would
not have emerged had participants failed to foliastruction. This suggests that in a laboratory
setting such as the one used by the current spadliycipant would follow instruction.

Plate, container, and portion size.



Research has shown that there has been a steaelgsacn serving sizes over the last 40
years that has correlated with the increasing m@ftebesity (Young and Nestle 2002a). This
increase in portion size may be attributable irt faan increase in container and package size.
A study by Rolls and colleagues (2004) showeden given bags of potato chips of varying
sizes, participants consumed more potato chipseasverall package size increased. Rolls,
Morris, and Roe (2002) found that on average peocghsumed 30% more macaroni and cheese
when they were given a 1,000-gram serving as coaap@awhen given a 500-gram serving.
Another study conducted by Rolls and colleague®420xamined consumption amounts of
varying lengths of sandwiches. Participants coreisignificantly more when eating the large
sandwich (12-inches) versus a smaller sandwicimg¢Bas).

It is proposed that larger portion sizes lead twaased consumption as a result of a
mechanism called “completion compulsion”. Completcompulsion is the phenomenon
exhibited when an individual continues to eat be&lysatiation, eating not because the biological
need for food (hunger) exists, but because thestlli$ood available to eat (Siegel 1957). This
finding was further supported by a finding of RoBll, and Waugh (2000) that showed
individuals will cease eating and report feelinty fivt only when they are physically full (i.e. a
full stomach), but also when psychologically fule( they believe they have eaten enough). As
a result, it may be that individuals over-eat beesdilne food is available, not necessarily because
they need or like it.

Wansink and Kim (2005) demonstrated this phenomevitnpopcorn consumption
among moviegoers. Results showed that partici@et26.7 grams more popcorn from a large
container than from the smaller container whenpihygcorn was fresh (high palatability).

However, the study’s key focus was on whether dnatasizes influenced consumption when



popcorn was unpalatable. Results from the undakatondition revealed that 73 of the 86
moviegoers who were given stale popcorn describegopcorn with negative remarks. Despite
these reactions to the stale popcorn, moviegoecswdte given the larger container still ate
12.8 grams more than those with the smaller coatainWhen examining all four conditions,
41.6% of the amount of popcorn that each persosword could be attributed to the size of the
container and the popcorns freshness, not to tiualgeerceived taste or quality of the popcorn.

Research by Wansink and Cheney has shown thaididie will serve themselves a
larger quantity of food from a larger package ttaay would from a smaller package. For
example, when comparing the dispense and consumyaties of snack mix placed in 2 large
bowls or 4 small bowls, participants serving frarge bowls took 27.9 grams more and
consumed 27 grams more than those who served frat Bowls (Wansink & Cheney 2005).
Wansink demonstrated from this study that servongainer size affects consumption amounts.
However, the current study is additionally inteeelsin determining whether or not thember of
bowls presented in the different conditions confoundexte findings, and as such, went
unreported by Wansink.

Based on these findings, the current study hypaedghat individuals would serve
themselves larger portions when dispensing on&ogelplate compared to a small plate. As a
result, individuals would consume larger amountgnvbating from a larger plate compared to a

smaller plate as a result of increased portion amkecompletion compulsion.
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Current Study

The current study aimed to determine if bite cdartiback and a given instruction on
the number of bites to take, could overcome thenkneffect exerted by plate size wherein
individuals eat more from a larger plate compaced smaller plate.

Participants ate a meal of macaroni and chees¢hinaserved themselves and ate from
varying plate sizes (large or small). Participamtse Bite Counters while they ate. Half of the
participants were given instructions on the nundfdiites to take; the other half of the
participants were given no instruction on the nundjdites to take. The number of bites
participants were instructed to take was 22. Thisiber was based on Scisco (2012) who found
the average number of bites of macaroni and chie&se in a laboratory setting to be 22. In
both cases, users were allowed to eat as muclewsvidmted; thus participants in timstruction
given condition would not be stopped if they exceededbitelimit nor would they be
encouraged to eat more if they failed to reacHith#. Furthermore, half of the participants in
theinstruction given condition served themselves macaroni and cheeseabaitge plate (26.4
cm) while the other half served themselves ordnall plate (17 cm). The same applied for the
no instruction condition. The main dependent \deavasgrams consumed. See Figure 1
below.

Design

PLATE SIZE

SMALL LARGE

INSTRUCTION | INSTRUCTION GIVEN

INSTRUCTION NOT GIVEN

Figure 1.

11



Hypotheses

There were three hypotheses for the current stiithe first hypothesiéH1) statedthat
there would be an effect ofstrucTiON such that those given the instruction would coreslass
macaroni and cheese than those not given the atistinuand take fewer bites. The second
hypothesigH?2) stated that there would be an effecpofTe sizesuch that those eating from a
larger plate would consume more macaroni and chesséake more bites. This is to be
expected because plate size is a known environimaregghat reliably affects consumption. The
third hypothesisH3) stated that there would be an interaction betwegrrRucTion andpPLATE
size such that thevsTrucTION variable would eliminate the effect efATE sizeon grams

consumed and bites taken.

12



Methods
Participants
Participants were recruited from the student pdmraof Clemson University using the
SONA System, the internal Psychology Departmentdrusubjects recruitment system. Those

with a history of eating disorders were not alloviegbarticipate.

Power analysis.

Using Wansink (2005) and the Power and Sample @zgram (Dupont & Plummer,
2009) a power analysis was completed to determhi@®ptimal sample size for the current
study. The following values were used as inputstfe power analysis. An alpha = .05, power
= .8, mean difference = 19.75, within group staddeviation = 16.8 (pooled), and an
experimental/control ratio = 1. A sample size ofpE2 condition was calculated.

The current study was interested in also detegqtotgntially weaker effects of
INSTRUCTION(given/not given) and the interaction betweenTe sizeandiINSTRUCTION. In order
to increase the chance of finding these weakec®sif¢he current study was overpowered.
Using 12 participants for each of the four conditigdhe author calculated 48 participants as a
conservative estimate. The author decided to aser¢he sample size to 20 participants per

condition to account for the exploratory natureta$ research.

Design

As shown in Figure 1, the current study used adbsign. The first IVPLATE sizg, was a

between-subjects variable and consisted of thdewels ‘small plate’ and “large plate”. The

13



second 1V, instruction, was also a between-subjetigable and consisted of the two levels

“instruction given” and “instruction not given”.

Materials

Food Item. Stouffer’'s brand party size macaroni & cheese vgaslas the meal. This
meal was selected because it is easy to prepé#ne iaboratory, is acceptable for either lunch or
dinner, and is amorphous and thus can be eateffenetit sized bites. This item was also
selected because it provided the necessary ambuordaaroni and cheese in a single package
required for each experimental session.

Plates. Two different size plates were used. Forldrge plate condition a Chinet
Classic White Dinner Plate with a diameter of 26h4gas used. For trsmall plate condition a
Chinet Classic White Appetizer and Dessert plath widiameter of 17cm was used.

Roaster Oven. A Proctor Silex 18quart Roaster Oven was useddpgre the macaroni
and cheese for each experimental session. Theeraasn fit in the lab and allowed for the
frozen macaroni and cheese to be prepared safélg.macaroni and cheese was heated for 80
minutes at a temperature of 23X2before serving.

Bite Instruction. The bite instruction given to participants in thstruction given
condition was to take 22 bites. The participangsentold “please take 22 bites” as the
instruction in thenstruction given group and “You are allowed to eat freely” in thatruction
not given group. The bite instruction was derived from evowus study conducted by Jenna
Scisco (2012), which found the average numberteklparticipants take of macaroni and cheese

in a control laboratory setting to be 22 (SD = 7.7)
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Bite Counter. The Bite Courer (Figure 2) is a watclike device that uses a gyroscc
and computer algorithm to detea wris-roll motion (Figure 3 that is characteristic of taking
bite of food. The Bite Counter monitors intake by counting bit&$ie devic has to be turne
onat the start of eating and off at the end of eatiDgring eating it displays bite count for t
current eating activity (EA) in re-time. Between meals, the device has a user relvigton

which when pressed will display the bite counttfoe last [A and a total bite count for the c.

Figure 2. The Bite Counter

Figure 3. Schematic of wrist roll motion

Instrumented eating station. Participants ate at a foperson table customized for t

purpose of monitoring biteount and food weight (Figure). The table includgfour scales
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hidden in recesses cut out at each place setinogr cameras were mounted above the eating
station, each monitoring one participant. All loé tmeasuring equipment was connected to two

laptops (Dell Latitude E6520) that were locatedrrika eating station (Figure 5).

Figure 4. The eating station with recessed scales covered.

Figure 5. Two Dell Latitude E6520 laptops were used to store raw sensor data

16



Cisco PVC300 cameras. Four Cisco PVC300 cameras were mounted above timgea
station, each positioned to monitor food as it imamight from the plate to the mouth (Cisco
Systems, Inc., San Jose, CA). The video recordirege used to clarify any questions about an
eating session that arose after the session wagletam

Sat