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ABSTRACT (ACADEMIC)

Sensoryand consumer sciences aim to understhathfluences of product
acceptability angburchasealecisions. Tie food industry measurgsoductacceptability
through hedonic testingut often does not assess implicit or qualitative response
Incorporation of qualitative research and automated facial expression analysis (AFEA)
may supplement hedonic acceptability testing to provide product insights. The purpose of
this research was tssess the application of AFEA and qualitative analysis to understand
consumer experience and response. In two studies, AFEAap@ied to elucidate
consumesbe mot i onal response to dairy (n=42) and
unflavored milk (x=6.6+1.8) andvanilla syrup flavored milk (x=5.9+2.2) (p>0.05)were
acceptably rated €islike extremely9=like extremelywh i I e sal ty fl avored
(x=2.3t1.3)was least acceptablp<0.093. Vanilla syrup flavored milk generated
emotions with surprisehtermittently present over time (10 sec) (p<0.025) compared to
unflavored milk. &lty flavored milk created an intense disgust response among other
emotions compared to unflavored milk (p<0.025). Using a bitter solutions model in
water, & inverse relatinship existed with acceptability as bitter intensity increased (r
0.90 p<0.000). Facial expressions characterized as disgust and happy emotion increased
in durationas bitterintensityincreasedvhile neutral remained similar across bitter
intensitiescompared to the control (p<0.02%) a mixed methods analyds enumerate

microbial populationsassess water quality, and qualitatively gain consumer insights



regarding water fountairendwaterfilling stations, results inferred that water quality
differences did not exist between water fountains and water filling stations (metals, pH,
chlorine, and microbial) (p>0.05). However, the exterior of water fountains were
microbially 8.8 CFU/cni) and visually cleaner than filling statiorkd(4x1& CFU/cnf)
(p<0.05). Qualitative analysis contradicted quantitative findings as participants preferred
water filling stations because they felt they were cleaner and delivered higher quality
water. Lastly, The Theory of Planned Behavior was able to assist in undargta
undergraduatesd reusabl e water bottl;e behavi
subjective norms n=2;goceived behavioral control n=2; intentions h=lollectively,

the use of AFEA and qualitative analysis provided additional insigtdrtsuznesproduct
interaction and acceptability; however, additional research should include improving the

sensitivity of AFEA to consumer product evaluation.
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ABSTRACT (PUBLIC)

Sensoryand consumer sciences aim to understhathfluences of consumer
product acceptability anpurchasealecisions. Tie food industry measurgsoduct
acceptability througltestingbut it often does not include emotions or verbal response
analysis Incorporation of qualitative research and automated facial expression analysis
(AFEA) may supplement acceptability testimgarovide product insights. The purpose of
this research was to assess the application of AFEA and qualitative analysis to understand
consumer experience and response. In two studies, AFEAp@ied to determine
consumesdemotional responsetodairyé=2) and water (n=46) bever
unflavored milk (x=6.6x1.8) andvanilla syrup flavored milk (x=5.9£2.2) (p>0.05)were
positively rated (£dislike extremely9=like extremelywhi I e sal ty fl avored
(x=2.3t1.3)was negatively rateg€0.05. Vanilla syrup flavored milk generated
emotions with surprised intermittently present over time (10 sec) (p<0.025) compared to
unflavored milk. &lty flavored milk created an intense disgust response among other
emotions compared to unflavored milk (p<ZB). Using a bitter solutions model in
water, & inverse relationship existed with acceptability as bitter intensity increased (r
0.90 p<0.000). Facial expressions characterized as disgust and happy emotion increased
in durationas bitterintensityincreasedvhile neutral remained similar across bitter
intensities compared to the control (p<0.026)an analysiso countmicrobial

populations determine water quality, and gain consumer insights regarding water



fountainsandwaterfilling stations, reslts found that water quality differences did not

exist between water fountains and water filling stations (metals, pH, chlorine, and
microbial) (p>0.05). However, the exterior of water fountains were more sargt8ry (
CFU/cnf) and visually cleaner thaiiling stations (0.4x1G CFU/cnf) (p<0.05). From

focus groups analyses, participants preferred water filling stations because they felt they
were cleaner and delivered higher quality water. Lastly, The Theory of Planned Behavior
was abletoassistinumdes t andi ng undergraduatesd reusabl e
revealed 11 categories (attitudes ns@bjective norms n=2;goceived behavioral control

n=2; intentions n=) Collectively, the use of AFEA and qualitative analysis provided
additional insighto consumeproduct interaction and acceptability; however, additional
research should include improving the sensitivity of AFEA to consumer product

evaluation.
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CHAPTER |

Introduction

The world is shaped by sensory interactions and perceptions of surroundings.
Individual experiences, emotions and perception influence food acceptability and
purchase decisions. Sensory and consumer ssianeéargely basedn understanding
and enticing the senses to influence consumer decisions to purchase food or beverages. In
large, the food industry measures consumer acceptability through hedonic testing. While
the hedonic scale is valuable to the industry, it doestdtienderstand the subconscious
reasoning for the attachment or perception associated with products. Limitations
associated witlstandard sensory testiagd consumer preferengevolve the inability to
measurenitial reactiors and interaction with foogroducts De Wijk, Kooijman,

Verhoeven, Holthuyse& De Graaf2012). Eating is primarily a positive and intimate
experience, as pleasant emotions are reported from most eating experiences (Desmet &
Schifferstein, 2008). Insights to consumer thought psesesan be explored using
gualitative methods or faciahalysis techniqueShesemethods are relatively different;
however, both allow insight to a phenomenon researchers cannot measure through
standard hedonic testing.

Emotions have been cited to be ienportantsubconsciousfluence on the
consumer decision making process (Hill, 2008). Wthikre is no consensus for a
definition of emotionsit is recognized thamotions can influence consumers to form
strong product associations (Lindstrom, 20083dia directed at consumers use

emotional tactics to gain ground with product acceptablifgozzi, Gopinath, andyer



(1999) stated that emotions atdizedi n mar ket i ng, as Athey influ
processing, mediate responses to persuasivaBppeeasure the effects of marketing
stimuli, initiate goal setting, enact gedifected behaviors, and serve as ends and
measures for consumer wel fare. o
The consumer market is saturated with products and competition is high among
brands. Additionallynewproduct development failure is high in the food industry as the
failure rate isestimated to b80-90% within the first yeaof product releas@Moskowitz,
Beckley,& Resurreccion2011). Food product characteristics set brands apart from their
competitors. Unsurprisinglgc onsumer 6s first interaction wi:
products is largely based on appearance, including the package (Cardello, 1994). Product
color and impact ofood acceptability has been largely investigated. Moreover, the
influence of packaging contributes to product acceptability. iRitscare becoming more
thansimply food they can ba statement about consumer livelihood and morals. There
are social, ethidaand environmental issues associated now with products. Direct
messaging, or underlyifigiplied messaging, influences consumer decision making.
Tapping into consumer acceptability using facial analysis and qualitative analysis has the
potential to providensights to consumer approval in addition to standard hedonic testing.
Facial analysis software measures consumer emotion to a product, video, or other
stimulant based on theniversalemotionsof neutral, happy, scared, sad, angry, disgusted
andsurprise. Qual i tative application provides ins
based on explicit responses of feelings or opinions such agpetts conversations,
focus groups, and questionnairésgether these research tools can offer a glimpse to
consume perception and opinions to understand behavior and attitudes.
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As seen in the food industry, consumers acedasingly aware and curious about
the source of thefiood and beverages atite path takerfrom the original source to their
handsWater is delared a fundamental human right (United States Environmental
Protection Agency, 2009) and access to drinking water is relatively easy in America.
Water iswidely available and encouraged to drimkhealth professionglget some do
not drink enoughwvateron a daily basisConsumer perception and consumptionvater
can be influenced bgurrounding, preferencegregulation, consrvation, and qualityOn
college campuses there are several options available for obtainingRadgdrie vater,
even in its nest basic delivery infrastructure, should be inviting and encouréging
consumptionHowever, perceptionsf exterior water delivery source could negatively
influence and deter students from drinking water, as seen in elementary school students
(Patel, Bbgart, Schuster, Uyeda & Rabin, 201W0/ater consumption benefisve been
linked to improving healthEbbeling, Feldman, Osganian, Chomitz, Ellenboden,
Ludwig, 2006; Tate, TurneiMcGrievy, Lyons, Stevens, Erickson, Polzien, Diamond,
Wang, & Popkin2012). To increasewater consumption for health using tap water, we
must provide a suitable infrastructure with perceived health, safietguality.

With the altering change of environmental issues, bannindisp@sable water
bottle is becoming popular in large institutions and cibeduce the plastic waste
burden(Cohen, 2012; Fishman, 2012 he water bottle beverage industry is large and
preliminary indications estimadehat the bottled water market was seeik@eedlO
billion gallons in 2013 (Beverage Market Corporation, 2013). Water recently became the
top beverage consumed, surpassing ss\yaetened beveragasd carbonated
counterparts. Consumers are looking for other beverage sources to satiate their thirst
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need. The market shiftreates a uniquatuationon college campusesd cities due to
the demand for water and banning the disposable water.bottle

The concept of bottled water gained momen
bottled water has increassunificantly over time. However, bottled water is not without
controversy. Safefyconservationand environmentaloncerns plague the bottled water
industry. The pocessg and recycling of bottledvater is deemed environmentally costly
as resources calibe used to fuel other industrial segments. Water filling stations and
fountains provide the public with a convenient, safe, and affordable source of water not to
mention sustainable, environmentally friendly and local. Unfortunately, many of these
sourca could be perceived as less safe and of lower quality.

Water is declared a fundamental human right and water disinfection is considered
one of the top public health advances of th® @ntury (United States Environmental
Protection Agency, 2009)Vater,in all its forms, has been in the news recently regarding
desalination, flooding, droughts, ban on bottles, water bottles in landfills, plastic islands
in the ocean, water consutign, prevention of water bottlinglants, sugar sweetened
beverage ban in XC, and obesity rates. Water is linked to the livelihood and health of a
nation. The health and wealth of a nation largely depends on its aa@cesgtabilityand
prevalence of water. Many view water as a disposable resource that will continue to flow
from the tap without limitationRegardless, consumers are largely unawaegeor
disconnected from the watemnd its origins, that they acceseery day.

Many water related interventions focus on providing reusable water bottles or
new water systems to peipants and studying how they utilize or underutilize them.
Emphasis and research is not placedinderstandingiater consumptiochoices and
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behaviorawith those who already use reusable water bottles, especially amagmecoll
students. Patel et al.q22) stressed that further studies should evaluate student
perceptions and appeal of different water delivery systdragery age. Patel et al.
(2010 studied the influencef water fountain appeal and flavor to water consumption in
an elementary schootting. Many of the children reported they were deterred by the
6stated of the water fountain, involving
means to which water is provided directly influences perception on the quality and appeal
of water. Delvery systems that have a stigma or appearance of being unclean will not be
appealing to drink from, thus limiting the amount of water consumed by a person. Many
students on a college campus use reusable water bottles. While this is not a new concept
to cary water for consumption, the use was primarily meant for longer joura#yer
than afew hoursélay on campus. With a steady supply of safe water on campus, this
practice of carrying water is perplexing since the water suppéaiily accessible,
unlimited and freeWhile severaleasons for this behaviaray be conjecturedhe
attitudes, perceived behavior control, intentions and social norms that influence this
behavior have not been researched in detail. Many can argue that there are social and
environmental reasons for the increased use of reusable water bottles. Social activism,
including environmentalism and the ban on the bottle, are ¢lyr@scurring in regards
to oneuse disposablevater bottls. On the other hand, reusable water botikge not
been thoroughly explored. In recent news the safety of the plastic material as well as
microbiological factors are of concern.

Information can be gained from those currently using these products in an effort
to improve interventions as it redstto increasing water consumption, improving health
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and drinking water perceptions. Focus groups with current undergraduate students who
utilize or avoid water delivery sources and use reusable water bottles can elucidate a
potential pathway for improvinthe perception of water by the means it is delivered.
College campuses are notorious for temptations of excess calories in regards to food and
beverages. Improvement of the appeal and delivery of tap water on college campus could
reduce the influence amqtevalence of sugar sweetened beverage consumption.

Using water as produgbart ofthis dissertatioexplored the relationship and
perception of watedelivery sources (water fountains, water filling stations, and tap water
faucets) Additionally, studerd often carry reusablgater bottlesand have an adverse
disposition regarding disposable water bottles. Targeting undergraduates on campus,
focus grops and emotional ballotgere usedo understanavater behavior and the
emotional profile of water delivg sources.

Information gained from opinions on water delivery could shed light on potential
ways tochange consumer viewpoints of wateor the food industry, this could mean
potential opportunities to deliver, manage water and create new water priaducts
institutions. A focus on water consumption and availability could reduce the prevalence
of obesity and sugar sweetened beverage intake. New opportunities for water delivery in
institutions could lessen the burden on landfill waste, increase aesthetossling
water, improve brand image, create a bettedpct to consumer experienegd promote
healthand sustainabilityThis research applietie principles of the Theory of Planned
Behavior to assess and determine factors that influence water qisuon campus

among college students.



Water is of great importance to the food and beverage industry and bottle water
provides great reveny#2.3 billion dollars in 2013) (Rodwan, 201 Installment of
water filling kiosks on college campuses could Ipotential market as students carry
reusable water bottles. Research studying the perception and consumption on college
campuses could elucidate barriers to water consumption. By identifying barriers,
infrastructure upgrades and health promotion technigae®ncourage increased water
consumption. This researghovides insight to the public water infrastructure to improve
water consumption and positive perception of water delivery sources. Additionally,
studying current perceptions, behavior and opinmmgd allude to future barriers, as
well as, concerns about the future of the water supply.

The oveall objective of this research waselucidate the consumer decision
making process and perceptions when selecting foods and beverages. The aim is to
undestand the underlying perceptions and/or emotional response related to food and
beverages when determining acceptable sources for consunfptiured methods
approach, using qualitative and quantitative methods, helped explore the external
influences andthe underlying emotionghis research will aid in improving food science
methodology for determining consumer acceptability. Additionally, this research will aid
in understanding water consumption, preferences, perceptions and opinions on college

campuses

This researchfocused on the following research objectives:
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A: Develop standardized data capture methodology for automated facial expression
analysis (AFEA) and appropriate statistical method for analyzing AFEA output.
B: Evaluateand validateherelationship of hedonic consumer acceptability as it relates
to facial emotional measurementsing two studies: (1) dairy flavorings and (2)
water (bitter solutions) model
C: Determine the attitudes, subjective norms, perceived behavioral control embimt
to explain behavior associated with water consumptiorreushble water bottles
on campus using a focus group script rooted in The Theory of Planned Behavior.
D: Determine emotional connections of water using photos of different water delivery
souces.
E: Elucidate or eliminate the existence of water variability between water fountains and
water filling stations on the Virginia Tech campus though water sampling.
F: Explore refilling preferences and usage on campus as it relates to water consumption

and selection.
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CHAPTER Il

Literature Review

New Product Development and Product Acceptability Testing

The application of hedonisting is standard proceduresensory angdonsumer
science to determine acceptability and preferehbe frequent use oféhhedonic scale
can be attributed to its ease for consumers to understand (Meiselman & Shutz, 2003)
while allowing researchers to gain product acceptability insigie hedonic scale was
developed by the United States Army in 1949 (Peryam & Girardot,) E&Rimproved
while collaborating with the University of Chicago (Jones, Peryam, & Thurstone, 1955).
While useful to determine consumer insight, hedonic testing often has poor success
correlation in the marketplace as product failure rates are Tygically, new food
products do not survive a year in the marketplace which is significantly costly to profits
and resources (Fuller, 201 Products that are well liked at the pilot stage often do not
reach the same marked consumer success in the marketdidgctor Lord (2000), 72%
of true new products @b5% of line extensions fail. An additional estimation states that
new product failure rate is 880% within the first year (Moskowitz, Beckley, &
Resurreccion, 2011). Furthermore, Morris (1993) attribdtesost of product failure
across the industry to be $20 billion dollars which includes missed sales, revenues,
resources and profits (Moskowitz, 2011). The costes¥ productdevelopment in the
functional foods division is estimated to be 1 to 2 millidmhlars (Sir6, Kapolna, Kapolna
& Lugasi,2008). Companies are actively seeking ways to improve their connection and

relationship with consumers in a saturated competitive environment.
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In recent years there has been a desire to develop more relevasisaioaly
supplement hedonic testingeveral explicit and implicit methodologies have been
developed to incorporate attitudes, mood, emotional and physiological cues in measuring
affective behaviors to products and environment (Koster & Mojet, 2&kp)icit
methodologies rely on conscious actions for consumer evaluation related data for
emotional and/or mood evaluation using check all that apply (CATA) and footaaal
lexicons (King & Meiselman201Q Koster & Mojet, 2015 Implicit measures, inalding
the science of emotions, have the potential to reshape the methodology of consumer
insight Emotional analysis to food products is becomingrarovative application
although the body of literature of its application to foods is very limitatdngis
primarily a positive and intimate experienes pleasant emotioase reported from most
eating experiences (DesmetSthifferstein, 2008)Consumeibehaviors are driven by
unconscious decisions unbeknownst to the consumer and are often driven by
environmental cues and stimuli; however, unconscious stimuli are hard to measure and
predict in relation to consumer choice (DijksterhuiS#&ith, 2005)Consumer bias can
interfere in andard sensory and consumer testing toconsciousstate ofprocessig
and evaluation (De WijkKooijman, Verhoeven, Holthuysen, & De Gra2®12).
Moreover,several limitations are associated wsthndard sensory testiagd consumer
preferencéecausénitial reactiors and interaction with food producsse not evaluated
(De Wijk et al., 2012)This observation was originally seen in work by Cardello (1994),
who explored the role of expectations on product liking and found that products are

evaluated based on a directionality of expectation (Meiselman & Schutz, ¥0&3Jin
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AllesenHolm, and Bredie (2011) stated that in addition to typical sensory analysis, facial

expressions and response could provide additional cues to a stimulus.

Emotion Methodology

Several methodologies have been developed to incorporate emotional and
physiological respons® products and environment. Mood analysis and emotional
analysis have different definitisrand methodologies. King aiMkiselman(2010)
distinguisheca f f ect i ve behaviors as: A(l1l) attitudes
component, (2gmotions, which are brief, intense and focused on a referent, and (3)
moods, which are more enduring, build up gradually, are more diffuse, and not focused
on a referent. o Methodol ogies relating to mo
(POMS) whichuses65 mood terms rated on gobint scale on six dimensions (tension
anxiety, depressiedejection, angehostility, vigoractivity, fatigueinertia, and
confusionrbewilderment) (King &eiselman, 2010). Additionally, the Multiple Affe
Adjective Check Lis{MAACL) -revised has five categories with a total of 65 adjectives.
The MACCL revised has two positive scales (sensation seeking and positive affect) and
three negative scales (anxiety, depression, and hostiityg and Meiselman, 200
Emotional lexions havéoeen developed in strict regard to food. King and Mieiae
(2010) created the EsSer@file that measures 39 emotions, mostlgifiee. The
EsSens®rofile measures short and intense respomspsotiucts (King, Meiselman, &
Carr, 2010). Furthenore, physiological measures bBuas facial electromyographg,
Player, Mcchesney, Dalistan, Tyner, & Scozzafava, 1,.989n conductance responses
(De Wijk et al., 2012), heart rate (De Wijk et al., 2012), and finger temperature (De Wijk

et al., 2012kan be applied to determine panelists response to proQibes. non
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cognitive measures, like functional magnetic resonance imaging (fMRI) have used
similar approaches to understanding responses to hunger, (Be@dh, Parkinson,

Owen, Roberts, Downing Parkinson2009) and electroencephalogram (EEG) in foods
(StockburgerRenner, Weike, Hamm, & Schupp009).

Emotional analysis can be evaluated using manual facial coding. Most notably,
the facial action coding system (FACS) discriminates facial movenohkaracterized by
action unties (AU) on a-point intensity scale (Ekman Eriesen, 1978)). The FACS
approach requires trained reviewers, is a time intensive approach, and provides limited
data analysis options. Automated facial expression analysEAAWas developed to
reduce the challenges of FACS and provide more rapid evalu@here are several
commercially available software systems that can generate AFEA inciNdidgs
FaceReadgfhttp://www.noldus.com), Emotiomoics (http://www.sensorylogicom),
Affdex (http://www.affectiva.com), NVisio (http://nviso.ch) and PrEmo
(http://www.tustwliolab.nl/desmet.premo). FaceReafiéoldus Information Technology,
Wageningen, Netherlands) is based on the Violaes algorithnfViola & Jones, 2001)
to detetthe face with eye detection used to determine the plane rotationfatéhe
(Sung &Poggio, 1998Noldus Information Technology014. A 3D modeling
application is used based on the Active AppearanabdddegAAM) that detects about
500 keypoints on tle face associated with emotional movem@udtes &Taylor, 2000
Noldus Information Technologp0149 . The face reading software
neuran et wor ko ( Bi s h offom thauga®ds gf phdtes aralidey paced
reading experts whh detects the universal emotions happy, sad, disgustedsedrpr
angry, scared and neutral on a scale from 0 (not expressed) to 1 (fully expfseay
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Information Technology2014. The AFEA software useid thisstudy eached a AFACS
index of agrement of 0.67 on average on both the Warsaw Set of Emotional Facial

Expression Pictures (WSEFEP) and Amsterdam Dynamic Facial Expression Set

(ADFES), which is close to a standard agreement of 0.70 for manual codifigL e wi ns ki ,
den Uyl, & Butler, 2014)Happy is categorized as the only positive emotion with sad,

angry, scared and disgusted being negative. Surprised could be considered either negative
orpositve.Usi ng the fAvalence hypot heamwtiossdO t o cl ass
include happy and sprise, while negative include fear, disgust, anger, and sadness

(Davidson, 1995; Alves, Fukusima, & Azr@asanova, 2008). In addition, the

Amoti vati owmiatthamppwalachypot hesi so classifies
asfhappr oacho amtonuli), whiessadhess) feas, and disgust as

Awi t hdrawal 06 emotions (away from aversive st
& Harrison, 2005; Alves et al., 2008; Davidson, Ekman, Saron, Senulis, & Friesen,

1990).

Application of Automated Facial Expression Analysis to Foods and Beverages

Automated facial expression analysis (AFEA) using FaceReader has limited
researchn food consumption analysis applicatiofbis research area is in its infancy,
providing an opportunity for establishing best methtm beverage and food
applications and for data interpretation. de Wiggoijman, Verhoeven, Holthuysen,
andDe Graaf(2012) used AFEA (FaceReader, Noldus Information Technology,
Wageningen, Netherland&) determine the emotional response to liked disliked food
items based on first sight of the foasl well as during detailed visual smell or taste

assessment of the foodss.a subsequent studyeDWVijk, He, Mensink, Verhoeven, and
18



De Graaf (2014) investigated facial expression among commeregifast drinks.
Additionally, Danner, Sidorkina, Joekland Duerrschmid (20)4used the same software

to determine faciagéxpressionso different kinds of oranggice, reporting that

automated analysis wa sufficienimethod to differentiate amorsgmpes. Also,

Danner, Haindl, Joechl, and Duerrschmid (20b¥{gstigated the emotional response of
different kinds ofuices.Arnade (2013found high variability among individual

emotional response to chocolate milk and white milk. However, even with extrem
variability, panelists elicited lmngerhappy response from samples while sad and

disgusted had shorter response tiffgsade, 2013 In a separate study using high and

low concentations of basic tastes, Arna(®913) found, in both high and low

concentration sessions, that the mean for sad emotion was higher than that of the angry,
scared, disgusted, and happy emotions. The differences among basic tastes were not as
significant as expected, thus questioning the accuracy of current methods for eimotiona
capture or statistical analysis (Arnade, 20R)weverL ei t ¢ h, Duncan, OO0Kee
andGallagher(2015 found temporal trends using time series analysis of emotions.

Leitch et al. (2015pbserved differences between sweeteners and the water baseline
using time series analysis (5 sec), and also found that the utilization of time series graphs
provided for better interpretation of data and results. Moreover, emotional changes can be
observe over time and emotional response treatment differences may be determined at
different time points or intené& For example, Leitch et al. (201&)served that the

approach emotions (angry, happy and surprised) were observed between the artificial
sweet@erwater comparisons but were observed at different times over the 5 sec
observatiorwindow. However, Leitch et al. (2018)d not establish directionality of
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expression, making it difficult to understand the emotional difference between the control
(wate) and the treatment (unsweetened tea) using their graphical interpretation and
presentation.

Limitations of automated facial coding can include facial occlusion, which
unavoidably occurs during beverage or food testimgportant time frames are lost &gt
initial frames post consumption are inhibited by the sample vector (cup, spoon, straw,
etc.). It has been stressed that these first few microseconds are valuable in determining
the participant ds uncon Reducngwdeoradysiponse t o t a
failures is essential for attaining valid data and effectively using time and personnel
resources. Critical steps and troubleshooting steps in the protocol include optimizing the
participant sensory environment (lighting, video camera angle, akginththorough
participant guidance instructions, eté\)so, participants should be screened and
excluded if they fall into a software incompatibility category (i.e. thick framed glasses,
heavily bearded faces and skin toiilag action of chewing or sWawing could affect
the ability to accurately analyze the face continuoudanner et al(2014 warned
Amotor artifacts, caused by eating and drink
FaceReader software as emotion and can compromise the measureiacat of
expressi ons tThesafactors gilhinflaeecg AFEA fit modeling,
emotional ategorization, and data output. Lastly, there is no consensus about an
approach to statistical analyand interpret video outpliaceReader was not devetop
to be directly applied to food. The use and application to food is new and has not been

reported in many publications as it relates to food emotional response post consumption
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Flavorings

The basic taste bitter was selected as it has a unique readtiomans.
Typically, bitter is not a preferred basic taste and is associated with a distinct facial
response. While this response is typically stronger in infants, adults still respond. Food
products that are associated with a bitter note induigi@ne (tonic water), caffeine
(coffee), tannins (wine and tea) and medicine. Bitter, as well as other basic tastes,
generally have a facial response association. For example, Wendin et al. (2011)
summari zed |l iterature findi nhpgenigtlipst i ng f aci a
raised, mouth angles down, browlowen g, f r owni n g .lmabdsictastss e wr i nk
study, Arnade (2013) found consumers preferred the low bitter solution to the high bitter
solution.Wendin et al. (2011) using caffeine also found gaaticipants were able to
discern intensity differences with different concentrations (low, mediunmighcbitter
(caffeine solutionk Bitterness is typically unpleasant unless one has adapted to
appreciate bitterness (Chaudhari & Roper, 2@kizkson &Schulkin, 2003 Water is
not a highly emotional beverage due to its neutral reaction (Steiner, 1979; Steiner, Glaser,
Hawilo, & Berridge, 2001) and has served as a control baseline (le¢iedh2015;
GarciaBurgos & Zamora, 2015)

Fluid milk consumptn has declined (Stewart, Dong, & Carlson, 2013; Popkin,
2010) duen partto beverage competition, especially similar, 1tiairy based beverages
(i.e. soy, almond, rice, cocontiazelnut, hemp) (Package Facts, 2015; Anonymous,
2015) and there is concettmat the decline will continue with subsequent generations
(Stewart et al., 2013). Some consumers do not enjoy the flavor of milk even with the
known benefits of dairy consumption. Low calorie flavorings of milk could add a-value

21



added appeal to purchasimglk. School children prefer flavored milk to plain milk, and

when only plain milk is offered, consumption decreases in schools (Patterson & Saidel,

2009). Flavor and other sensory attributes are more important to children and consumers

than health whenhoosing foods and beverages for consumption (Pelsmaeker,

Schouteten, & Gellynck, 2013Yanilla, as an odor, has been associated with the terms

firelaxed, fisereng, freassured fhappinesy, fiwell-being, fipleasantly surprised
(Porcherot,Delplanque, Rawr-Derrien, Le Cale 6 |, Chr e a, Cayeax2@il@) e a u , &
andfipleasandt ( War r e n.Aunadg (2013 detednined that chocolate milk was

more acceptably liked than plain milk. Additionally, using a ckaltkhatapply (CATA)

ballot, emotionaltermsasoci at ed t o chocol ate mil k were p
happy, warm, nostalgic, and joyful, calm, go
good, disgusted) were not as positive (Arnade, 2013). Milk is susceptible to oxidation

which can produceff-flavors influence consumer acceptability. In a study evaluating the

influence of light oxidatiorof milk, consumer acceptability decreased over time and the

selection ofi d i s gsing GAdDAincreasedWalsh, Duncan, Potts & Gallagher, 2015).

Intensesalty has been assated with disgust and surprised (Bredie, Tan, & Wendin,

2014; Wendin, Allesen, & Bredie, 201However, some studies have stated that salty

flavor does not elicit facialesponse (Arnade, 2013; Rosensti@ster 1988;

Rosenstei& Oster, 1997; Rozin & Fallon1987).

Theory of Planned Behavior

Qualitative research is used to explore a social phenomenon to gain insight and
understand lived experiences, including sensory experiences. Qualitative research tends

to focus on social scientkeories that contributes to or supports a theory (Rossman &
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Rallis, 2012a). Qualitative research is very different from controlled experiments, as there
is no designated control. Qualitative research focuses on observational inquiries. Formal
hypothesesre not developed since qualitative research aims to describe and interpret;
however, researchers have an understanding of the foundations, frameworks and concepts
to which they are investigating (Rossman & Rallis, 2012a). Rossman & Rallis (2012a)
s t ahealltinfate goal of qualitative research is learning, that is, the transformation of
data into information that can be used. o0 Thr
literature: ethnographies, phenomenological studies, and sociocommunicatios studie
(Rossman & Rallis, 2012b). Ethnography focuses on culture in regard to how certain
beliefs and values guide actions (Rossman & Rallis, 2012b). Data gathering tools are
diverse and incorporate many methods including observations, formal and informal
intevi ews as wel | as the researcherso6 own pers
& Rallis, 2012b).

The Theory of Planned Behavior (TPB) has been used to explain a variety of
social phenomena. Research has incorporated the theory into several areksto exp
social behavior and decision making processes. In relation to beverage and food
consumption, investigations have used the theory to explain motivations, attitudes and
behavior related to avoidance or increased consumption of commaodities. Using the
theory, many studies have evaluated the connection between behavior and consumption
especially involving alcohol (Todd & Mullan, 201Huchting, Lac, & aBrie, 2008),
safe food handling (Mullan)Vong, & Kothe 2013), vitamins@onner, Kirk, Cade., &
Barrett 2001), diets/food imtke (Sainsbury & Mullan, 2011;é2Bruijn, 2010Bogers,
Brug, van Assema, & Dagnelig004), eating disorders (Picke®tinsburg, Mendez,
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Lim, Blankenship, Foster, Lewis, Ramon, Saltis, & Sheffi2012) and sugar
sweetened beveayas (SSB)Krzeski 2011;Zoellner, Estabrooks, Davy, Chu& You,
2012) Zoellner, Krzeski, Harden, Cook, Allen, K., & Estabrooks, 201#tle work has
been done involving water consumption alone, attitudes on college campuses and
motivations to select water for consumption. College campuses are ever evolving with
the balance of drink choices including water options. College campuymssesallyyhave
many sources for water including fountains, tap, refilling stations, and bottles from
vending. Water is in a saturated market on college campuses, as students have endless
supplies and opportunities to drink other beverages from coffee, eirangy, SSB, and
alcohol. Of notice is the increase in carrying water for personal use throughout the day.
Studies in the Southwest Virginia area and the Virginia Tech campus have mainly
focused on alcohol consumption and beverage consumption speciic&igB.

The TPB is deemed an extension of the theory of reasoned action (Ajzen, 1991).
The main focus of the TPB is an individual 6s
(1991) defines the TPB as having three main independent components: specifiesttitu
subjective norms, and perceived behavioral conFigiufe 21). Each of these variables
influences the other and ultimately consumer behavior, motivations and intention.
Attitude refers to the unfavorable or favorable position of behavior beingigates
(Ajzen, 1991). Subjective norm is reference to perceived social pressure to act or not act
the behavior in question (Ajzen, 1991). Lastly, perceived behavioral control is defined by
the perceived ease or difficulty to perform the behavior (Ajz881) Perceived
behavioral control incorporates both past and future experiences into behavior (Ajzen,
1991). Ajzen (1991) defines intentions as fi
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try, of how much an effort they are planning to exert,inorder per f or m t he beha
APerceived behavioral contr ol refers to peop

performed the behavi olypicaly individualpercemgionof ( Aj zen,

contr ol i nfl uences an dandauotpras ¢Ajzen, 1091)dAjzen dual 0 s
(1991) summarized that Apredictors, intentio
to behavioral performance. 0

: Attitude
Bcehci_vuf)ral Toward the
SOl Behavior Copyright © 2006 Icek Ajzen

Normative Subjective

Beliefs orm Intention

Perceived
Control : -
Beliefs Behavioral | e

Actual
~ Behavioral
Contro

Theory of Planned Behaviass described if\

Figure 2.1 ?Ajzen, I. (1991). The theory of planned behavidrganizational
Behavior Human Decision ProcessBg, 179211.

Scholderer and Trondsen (2008) applied the TPB to fish consumetitrefr
research questions determinedthat s h consumpt i onhreeafthédsel be r el ¢
barriers (quality, tastend smell) as outcome beliefs, one as a normative belief (family
preferences), three as control beliefs (price, variety and availability), and two as
expressions of sedfficacy (mealprepaat i on skill s and convenienc

(2012) found thatte TPB has the ability to explain and predict behavios®eigsted with
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diet and health as it relates to eating disorders. Additionally in a study with fruits and
vegetables, participantsdé attitude and perce
predicting the intentions and behavior related to consumpBaRkér, Blanchard,

Courneya, Kupperman, Nehl, Rhodes, & Sparlz@09). The TPB has the potential to be

extended to other areas of research in food and beverages to understand the meaning

behind actios and decision making processes.

Water Regulation
Bottled Water Standard of Identity

Domestic bottled water across interstate shipping is regulated by the Food and
Drug Administration in addition to imported water. The Code of Federal Regulations
describs bottl ed water as fiwater that is intend:
sealed in bottles or other containers with no added ingredients except that is may
optionally contain safe and suitable anti mic
severakources and processes for water which include: artesian water, ground water,
mineral water, purified water, deionized water, distilled water, reverse osmosis water,
sparkling bottled water, spring wat@l CFR 2 165.110(a)). Most bottled water contains
dissolved substances with respective allowable levels of substances (Skipton & Albrecht,
2010). Bottled water sold within state may be regulated by a state agency or may be

exempt.

Tap, Municipal, Or Public Drinking Water Regulation

The aim of every water distribution agency is to provide consumers with safe and

acceptable water. A public water supply is a system that supplies water for human
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consumption to at least 15 service connections or supplies 25 individuals (Skipton &
Albrecht 2010). In contrast, a private water supply services less than the definition of a
public supply and is not regulated by a state or federal agency. Public water is monitored
and regulated by the Environmental Protection Agency with allowable contaminants
(about 100 contaminants) limits established by the Safe Drinking Water Act. Parameters
of the Safe Drinking Water Act deem water must be sampled and tested routinely.
Federal water regulations may be found in the Code of Federal Regulations 40 CFR 141
143.Chlorine and chloramine are most commonly used as a disinfectant to treat
municipal drinking water. Oftentimes, residual chlorine is added to treated water as a
disinfectant needed in water pipeline distribution. Chlorine is an effective disinfectant;
however, it can often leave a residual chlorinateeflaffor. Krasner and Barrett (1984)
determined free residual chlorine taste threshold in water to be 0.24mg/l. Customers who
reside closer to the treatment plant typically can taste the residual chiotimegriwater.
Contaminants caanter water as wat#ravels through plumbing or through the corrosion

of pipes, fixtures, faucets, fixtures and soldéBEPALead and copper rule, 200%).

2013, The United States Environmental Protection Agency (EPAuaiced that it

would need $384 billion for infrastructure improvements through 2030 to continue to
provide safe drinking water to 297 million Americans (Williams, 2013; United States
Environmental Protection Agency, 2013). These results are based on Rrittkiig

Water Infrastructure Needs Survey that assesses the needs of public water systems across
the country. Tap water costs vary by city, region and state. Typically, tap water costs
around $2 per 1,000 gallons (United States Environmental Proteajemci (EPA),

2009). While safe drinking water is monitored through intensive parameters, aesthetic
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parameters such as color, flavor and aroma are difficult to monitor and standardize.
Aesthetics can influence consumer safety perception of their tap waidirg in habit
change towards other sources of water. However, by choosing tap water citizens are
supporting these improvements and aiding the continuance public drinking water (Hu,

Morton,andMabhler, 2011).

American Beverage Industry
Bottled Water Consumption Statistics

According to Beverage Marketing Corporation (BMC), overall bottled water
consumption increased by 6.2% to 9.67 billion gallons in 2012. Bottled water sales
increased 6.7% to $11.8 billion (Latif, 2013; Beverage Market Corporation).2013
Preliminary indications estimate that the bottled water market will exceed 10 billion
gallons in 2013 (Beverage Market Corporation, 2013). Domestksparkling water
represents 96% of total volume in 2012 at 9.3 billion gallons (Beverage Market
Corpomtion, 2013). Reports indicate that consumers drink 21 gallons of bottled water
each year compared to 37 gallons of other water (tap, sparkling, flavored and enhanced
water) (Associated Press, 2013). The retail premium segment, water in single serve
polyethylene terephthalate (PET) bottles, leads the development of bottled water
(Beverage Market Corporation, 2013). In 2012, single serve bottled water represented
65% of the overall market (Beverage Market Corporation, 2013). In 2012, the shares of
volume bybottle segment was as follows: 65.1% Single Serve PET; Imports 1.1%;
Domestic Sparkling 2.7%; Vending 8.3%; Retail15 Gallon 10.3%; Direct
Delivery/Bulk 12.4%. (Beverage Market Corporation, 2013). Portland State University in

Oregon (over 25,000 studshreported that in fiscal year 2011 the university sold
28



approximately 54,540 bottles of water through retail, vending, dining and vending
(Portland State University, 2012). Hu et al. (2011) found that younger people and females
tend to purchase bottle vea. Bottled water is typically much more expensive than tap

water and can cost up to 1,900 times more than tap water (Scheer & Moss, 2011).

Tap Water Consumption

Tap water is provided through a variety of sources including fountains, faucets,
and bottle efilling stations. Institutions or individuals can additionally filter water by a
carbon filter or reverse osmosis treatment to make the water more palatable. Many
consumers take extra steps to treat or filter their water in their home that has been
assocated with increasing their water consumption (Rodbegs, Majowicz, McEwan,
& Pintar, 2012). Roche et al. (2012) found that Canadians consumed 1.2 $9(0.08
of tap water each day. Bottled water users consumed less water thiaotth®rvater
users Roche et al., 2012).ee Levy, Hightower, Imhoff& Emerging Infections
ProgramrFoodNet Working Groui2002) reported that 30% of households uselaoime
watertreatment methods in the United Stai&hile tap water is abundantly available,
nontcaloric, and relatively low cost compared to bottled water and other beverages that
are commonly selected and consumed. The pattern of behavior to consume and select

SSB over norftaloric is receiving a lot of discussion related to obesity risk.

Controversy Surrounding Beverages
Sugarsweetened Beverages (SSB)

In the recent years, the beverage industry has been entangled in a public relations

mess involving public outcry, governmental bans and blame for the obesity epidemic.
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There have been several campaigns toaedie intake of SSB and curb obesity

including taxation and cup size restriction. In 2012, New York City Board of Health
supported a law banning the sale of large sodas and other sugary drinks at restaurants,
street carts and movie theaters (Grynbaum200he legislation states that drinks larger
than 16 ounces will be restricted. Drinks exempt are fruit juices,-dasgd drinks,

alcoholic beverages and noaloric sweeteners (Grynbaum, 2012).

Colleges and universities have not instituted a baestriction on SSB. Students
have several opportunities to purchase SSB or other beverages across campus and the
surrounding city. WesBursac, Qiumby, Prewitt, Spatz, Nash, Ma§&<-ddings(2006)
reported that among two hundred and sixrg undergraduats, 65% reported a daily
intake of a sugar sweetened beverage with soda being the most common beverage.
Colleges and universities are supported by contracts with beverage companies such as
Pepsi and Coe&ola. These contracts are a large source of revemi@dvertising. The
presence of SSB on college campuses, as well asli i§ intricately political. While it
is encouraged to drink other nutritive beverages, little evidence has been linked to
increased consumption, weight gain and sugar sweetenerhigeg presence in children

at school (Cunningham & Zavodny, 2011).

Obesity Crisisand Beverage Contribution

United States Senator Tom Harkin (2007) acknowledged that Americans are
burdened by the obesity crisis and the strain it is causing on the sutialealical wel
being of our society. Moreover, the Surgeon General stated that the overweight and
obesity epidemic will thwart the health gains achieved in tffec@atury in relation to

heart disease, diabetes, several forms of cancer, and other ¢lealticproblems
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(United States Health and Human Services (USHHS), 2001). In 2005, the nation spent
$190.2B on adult obesity related illnesses (Cawley & Meyerhoefer, 2013). Between 2009
and 2010, about 35% of both adult men and women were consideredflbgaé

Carroll, Kit, & Ogden 2012) while 16.9% of children were considered obese (Ogden,
Carroll, Kit, & Flegal 2012). In a study comparing SSB intake from the 1970s to the
1990s, Nielson and Popkin (2004) found that Americans are consuming morescalori

from beverages than their counterparts in the 1970s. Every day half of the American
population consumes at least one sugary drink (Od€ierCarroll, & Park 2011). Age

and gender have an influence on daily intake of calories from beverages. Using the
NHANES, it was determined that 597 and 350 calories were derived from SSB intake
from men and women in their 20s, respectively (LaCoBahastian, Enng, Goldman

2011). Most Americans are oblivious to the caloric content of food and beverages (Bleich
etal., 2009).

In a study with college students, health and calorie content did not deter the
preferred beverage choices for most of the participants and they frequently cited age for
their disregard for potential health implications of SSB consumptocK, Gillman,

Linakis, & Goldman 2013). The disregard for health and nutritional information can be
linked to a lack of knowledge about nutritional information and daily intake
recommendations. Block et al. (2013) found that students did not know theddaibya
calorie allowance and could not assess the calorie amount in beverages. Utitike K
schools, college campuses are known to have widely available access to high calorie
foods and beverages allowing for ease of excessive caloric intake. The mosirdgmm
consumed beverages among college students are water (72%), juice (72%), and sugar
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sweetened soda (68%) (Block et al., 2013). While water is widely consumed by college
students, most do not get the recommended daily intake nor wish to increase er chang
their consumption patterns. The Institute of Medicine recommended daily intake (RDI)
for water is about 3 liters a day (2.7 for women and 3.7 for men) (Institute of Medicine,
2004). Of college students (n=265) surveyed about sweetened beverage comsumptio
29% said they had no intention of reducing their sisgagetened beverage intake (West

et al., 2006). In a study using beverage consumption data from the National Health and
Nutrition Examination Survey (NHANES), Han & Powell (2013) found that heavy
corsumption O500 kcal/day) of sugassweetened beverages occurred among adolescents
and young adults and soda was the most prevalent.

Many benefits are associated with increased water consumption and or SSB
substitution. Suggested alternatives for SSBs are water or other nutritive alternatives such
as milk (Van Horn, 2010). Studies in children and adults have found that SSB
substitutionwith water can lead to better weight control among the overweight (Ebbeling,
Feldman, Osganian, Chomi&llenbogen, & Ludwig2006; TateTurnerMcGrievy,

Lyons, Stevens, Erickson, Polzidiamond, Wang, & Popkin2012). Moreover,
Dennis,Dengo, Combeiflack, SavlaandDavy. (2010) found that water (~2 cups) with

a hypocaloric diet aided in weight loss, supporting the theory that increased water
consumption in beneficial. Dennislack,andDavy (2009) in a study with obese or
overweight adults, founthat water consumption at a breakfast meal reduces energy
intake by approximately 13%. Drinking water was suggested to help promote weight loss
in dieting women as increases in drinking water consumption was associated with weight
and fat loss (Stookegonstant, Popking& Gardney 2008).
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In a study surveying student beverage intake, students reported drinking more
than one sugasweetened beverage a day although a majority (70%) reported that they
had begun to reduce their consumption (Huffrf@awest, 200). This indicates a
potential avenue for educational opportunities for a healthier lifeStylenty one
million adults in the United States are enrolled in coll&yefer & Dillow, 2012.

Alarmingly, 35% are already overweight or obese based on heidiweight (Lowry

Galuska, Fulton, Wechsler, Kann, & Colljr00).In a longitudinal study, Holm

Denoma et al. (2008) found that college men (n=266) and women (n=341) gained weight

(3.5 and 4.0 pounds, respectively) during the first year of colldgecollege

environment is an attractive location to change habits and educate students about healthy

|l ifestyle especially since the greatest rise

adults (MokadSerdula, Dietz, Bowman, Mark&, Koplan 1999).

Interventionsand Education

College students are at a transitional and developmental time in which they are
establishing health behaviors for lifegranowski, Cullen, BaselBnquist, Wetter,
Cummings, MartinealRrokhorov, Chorely, Beech, & Hergenroede997).Despite
conflicting evidence, education and health promotion is considered to be an intervention
element in relation to reducing obesity (U.S. Preiverervices Task Force, 200%).
college food service settings, powftpurchase messages have beenvsho influence
food purchases if healthy food options are priced comparably to less healthful foods
(Buscher& Martin, 2001).The potential to intervene in college environments to reduce
exposure t&SBcould aid in promoting healthier optigreich as war or dairy based

beveragesas successes have beenseen chi | drends educati onal i n
33



(JamesThomas, Cavar& Kerr, 2004. In focus groups, students (mean age = 19) stated
that to capture their attention, powerful and shocking headgsages could influence
their purchase decisions and beverage choices (i.e. fat in the glass (NY) and image of
sugar content per soda) (Block et al., 2013). Students emphasized that graphical
educational images were more noticeable than textual (Blodk 2043). As an
example, Block et al. (2013) suggested presenting caloric content equivalency of food
versus beverages (e.g. a@lince sugasweetened soda and enelf of a Big Mac®).
Additionally, for vending machines, pricing lower than other SSBoogtmay motivate
students to choose water (Block et al., 2013). In their concluding remarks, Bergen and
Yeh (2006) suggest that motivational graphics or information with energy content labels
and motivational posters placed on beverage vending machindsenaayeffective to
influence SSB drink sales. In an extreme comparigamery, Szczypka, Powelland
Chaloupka2007) suggests the development of public-abgsity and arH5SB
advertisements similarly to the intensity of the nationatatacco adveisements.
Education appears to be a central theme in altering consumer behaviors. In
addition to an#SSB advertisements, promotions of water filling stations are gaining
momentum. These displays advertise the location, use and benefits of using tlwese sta
and tap water instead of bottled water. Awareness campaigns can include graphics,
displays, flyers, and phone aps. A nationally recognized campaign, Take Back the Tap,
which is founded by Food and Water Watch, offers guidance and support for this

initiative.
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Bottled Water and Controversy

The U.S. has one of the safest tap water systems in the world, yet the U.S. is the
largest market for bottled water at 9.7B gallons in2@everage Market Corporation,
2013 Fishman, 201R China and Mexico are send and third in terms of bottled water
consumed, where tap water access is unavailable, limited or unsafe to drink (Fishman,
2012). In circumstances where the tap water is safe, water may not be appealing due to
concerns based on appearance, taste eamperratureRatel, Bogart, Schuster, Uyeda, &
Rabin 2010. Due to safety concermd tap water and the appeal of bottlgdter, more
than half of Americans drink bottled water (Ols&Natural Resources Defense
Council, 1999)However, in a survey by GE, 31% of Americans do not know the origin
of their tap water (GE Water & Process Technologies and Xylem Inc., 2013). Even
t hough bottled water consumption continues
have picked up speed recent years. For example, The United States National Park
Service issued a statement to its position on the water bottle ban and its commitment to
sustainability. The National Park Service
Pl an o ithey addhess@ kariety of sustainability concerns to reduce their carbon
footprint, including the disposable water bottle (United States Department of the Interior,
2011). In the statement, the National Park Service Director encouraged a recycling and
reduction policy, with an option to eliminate water bottle sales due to the added labor and
waste costs. While individual parks must outline a justification for water bottle
elimination, they must also provide education materials as to why the park isrrgcycli
reducing, or eliminating water bottles. Many parks have sought the elimination of water
bottle sales within park boundaries. Most notably, The Grand Canyon has installed water
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refill stations with water educational displays for visitors. Additionallgn National

Park installed water refill stations and provided reusable water bottles for purchase for its
2.7 million visitors each year. Zion National Park estimates that it has eliminated the sale
of 60,000 bottles of water which is about 5,000 powfgsastic (National Park Service,

n.d.). The National Park Service is not the only entity to commit to water bottle use
reduction. Some notable examples are beaches in California and local/state governments
banning water bottle purchase. Larger citiee New York City and Paris are waging

war against manufacturers who bottle water that claim public water is subpar to bottled
water.New York City proudly promotes the quality of their water afférs portable

fountains at events around the cffyssociatel Press2013).

Many college campuses are reducing or banning the water bottle. Loyola
University in Chicago is encouraging students to drink tap water by giving all freshmen
reusable bottles and installing more water refill stations around campus (Q6mh2h,
Additionally, in 2013 Loyola stopped selling bottled water in cafeterias awdimpus
stores and removed bottled water from vending machines in 2013 (Fishman, 2012). Many
other universities are following (University of Vermont, Washington UnitigrBiePauw
University, Harvard School of Public Health and Pennsylvania State University). Penn
State annually recycles over 200 tons of plastic water bottles (approximately 7.6 million
water bottles) (Penn State Sustainability, n.d.). Entities are takidgs to reduce plastic
waste on campus due to the environmental concern, waste costs awd tbeycling

rate of plastics.
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Water Bottle Impacand Responsibility

The manufacture of disposable water bottles consumes important petroleum and
water resorces (Penn State Sustainability, n.d.). Plastics are made from petroleum
resources which will eventually become scarce (Nampooiair, & John 2010).
Additionally, it takes thousands of years for plastic to biodegrade (Nampoothiri et al.,
2010). Specuttively, it takes 3 liters of water to produce 1 liter of bottled water during
the water bottle filling process (Pacific Institute, n.d.). However in a study of the water
footprint, differences in Italian bottled water and tap water, results indicateabtiiat
water and tap water have similar water footprints while having different life cycles
(Niccolucci,Botto, Rugani, Nicolardi, Bastianod, Gaggi 2011). While the water
footprint may be similar, the petroleum usage and waste stream is not. IPARE&;an
production of water bottles required the equivalent of more than 17 million barrels of oil,
not including the energy for transportation (Pacific Institute, n.d.). The largest category of
plastics are found in containers and packaging (e.g. 8ok bottles, lids, shampoo
bottles) with plastics in general making up almost 13% of the municipal solid waste
stream, an increase from 1960 when it was less than 1% (United States Environmental
Protection Agency, 2013b). In addition, 80% of the traghénocean is plastic
(Wassener, 2011).

The industry has made strides to reduce their environmental contribution.
Between 2000 and 2011, the average weight of adih@e (haHliter) PET plastic
bottled water container has declined 47.8%, resultingsavangs of 3.3 billion pounds of
PET resin since 2000 (International Bottled Water Association, 2013). Additionally, the
National Association for PET Container Resources and The Association of Postconsumer
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Plastic Recyclers (2012) reported a gross recgctite of 29.3% for U.S. beverage
bottles in 2011. Moreover, the recycling rate for bottled water reached 38.6% in 2012

(International Bottled Water Association, 2013).

Perception

Consumer 6s acceptability of tap water 1is
Consumers associate dgfavors or offodors with negative quality properties of tap
water, such as contamination or health risks. This type of behavior or perception
association is not uncommon to beverages and food. It is deeply rooted in oursgenetic
base food and beverage safety on aesthetic propéttesver, this is not always an
accurate or safe assumptiom é&valuation. The correlation betwesmmpounds and
microorganism®f concern wittmegative sensory characteristics in water is nohgtr
but should not be disregarded (Jardi@#dson,& Hrudey, 1999).
Consumers often switch from tap water to bottled water for health risk concerns
(higher safety, quality, or increased security), perception or organoleptic properties
(better taste) (Ferrier, 2001; EPA, 2005). Consumer history and attitude towards public
water is complicated. The perception of risk associated with drinking water is dependent
on social, cultural, psychological factors and objective information (Turdadriguez,
Thériault,& Levallois, 2004). By definition, risk perception associated wlitinking
water is Aan individual 6s subfjaesthéetic ve |j udgmen
gualitieso (Anadu & Harding, 2000). As such,
with water flavor and source knowledge are both determining factors in censum

behavior Levallois Grondin,& Gingras 1999.
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Current American college students are no stranger to water fountains, as drinking
fountains are the primary source of tap water in schools in the United States (Patel &
Hampton, 2011). Most college freshmieave had experience with a water fountain.
However, unlike previous generations, these students cannot recall a day where bottled
water was not an option. In that regard it is difficult for water fountains to compete with
the sleekness and positive pgrtten attributed to a water bottle. Moreover, when tap
water is safe, the water still may not appeal to consumers due to water quality concerns
(e.g. taste, appearance, temperature) (Patel 20a0,. Many studies have elucidated
that a barrier to wateronsumption in schools is in fact related to the water fountain. For
example, a California study reported that students will avoid water fountains when they
are in disrepair, dirty and produce unpalatable water (Northcoast Nutrition and Fitness
Collaboraive, n.d.). In study surveying various stakeholders in California Schools, most
stakeholders expressed concerns about the appeal, taste, appearance, and safety of
fountain water as well as the environmental impact of bottled water (Patel et al., 2010).
Poa maintenance of drinking water fountains discourages students from using school
fountains (Northcoast Nutrition and Fitness Collabwe, n.d.; Patel et al., 201L0n
order to increase water intake and appeal of tap water, the delivery systems wil have
compete and exceed bottled water not only in appeal, but flavor, temperature and odor.

In an assessment of drinking water habits in elementary, middle and high schools
across CalifornigPatel et al. (20)Zuggested that more appealing waivery
systems may be necessary to increase water consumption at mealtime. Schools are not the
only entity wishing to improve water quality aesthetics. Water utilities are investing
resources to produce high quality tap water, but the market is diminishing a$ thar
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population refuses to drink tap water (Turgeon et al., 2004). In concluding remarks
Turgeon et al. (2004) mentioned that parameters better associated with taste and odor
woul d i mprove studies aimed at (oguléyrost andi ng

their drinking water.

Water Acceptability
Water Consumption, Preference and Risk Perception

In a study with college students about beverage choices, 93% of participants
stated that taste was an important factor in determining beverage ¢oltovesd by
price (58%) and caloric content (30%) (Block et al., 20C8nsumers are attracted to
products that contribute to their overall wieling and health (Ferrier, 2001).
Additionally when inquiring about water, participants claimed that waainsarily
consumed for hydration (Block et al., 2013). Water that was filtered was preferred even if
tap water was provided free as students raised concern about the taste and appearance of
tap water (Block et al., 2013). In a study of consumer perceptidrinking water
quality and risk, tap water risk perception can be explained by flavor, familiarity, context,
and negative information from friends (DorRidgeon& Hunter, 2009). Moreover, if
given the choice of water or a beverage that was flavaredt students would prefer a
beverage with flavor when all external variables are held constant (Block et al., 2013).
Water is deemed Atastelesso and fAodorl|l esso;
composition of water can alter the flavor to a moreeptatble and palatable state. For
sensory descriptive purposes, water is virtually hard to evaluate as it is considered
itastelesso. However different mineral conte

various flavors as well as consumer preference acejpdability and sensory descriptors.
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In a study using different bottled waters with varying mineral content and tap water,
results suggested that the taste of water and total mineralization is associated with three
major tastes/descriptors: bitter and atiét for low mineral content; neutral and fresh for
medium mineral content, and more salty for high mineral content (T&#hatich,
Urbano, Cordelle& Guicharq 2 010) . Furthermore, sensory 0c
linked to mean water preferen€eeillet et al., 2010). Unlike tap water, bottled water
provides a variety of flavor options as well as perceived benefits. In their concluding
remarks, Doria et al. (2009) stated that water quality perception results from a complex
interaction of variougactors.Mackey, Baribeau, Crozes, SuffeindPiriou (2004)
reported that the switch from tap to bottled water is based largely on the safety, health
and aesthetic quality of water.

Water flavor and risk perception moderately explains tap water consumagt
well as bottled water consumption (Doria et al., 2009). Chlorine is most widely used to
treat water and is associated with safety. Unfortunately, the limit of detection or threshold
can be low for chlorine, thus negatively influencing treated vesteeptability. Humans
can be much more sensitive than laboratory equipment in regard taatasdi@dor
generating compoundsVhelton, Dietrich, Gallagher, & Robersd200b). Alternatively
in a study with mineral content in water, water with low mineral content was liked least,
whether the chlorine had been removed or not, while higher mineral content was
preferred (Falahee & MacRae, 1995). Moreover, filtration appeared te Iittéek
difference in consumer acceptability of water (Falahee & MacRae, 1995). Chlorine is
vital to the safety of water; however it negatively influences the acceptability of tap water
(Puget,Beno, ChabaneGuichard,& ThomasDanguin 2010). Water supiers are
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continually looking for ways to determine consumer satisfaction with the taste and odor

of water that supplies their homes. Providing tap water for consumption is subtle balance
between sensitivity, actual chlorine content of tap water, andd#gr representation

with the last two parameters under the control of the water authorities (Puget et al., 2010).
Regardless, water authorities should continue as a public serviceliats good

quality drinking wate(Ferrier, 2001).

Memory, emotios andexperience can also determinater preference and
acceptability. Consumers draw from past experiences and history when interacting with
food and beverage products, new treatment or new delivery. Additionally, consumer
product interaction can be atdeent or an attraction. Food and beverage interactions are
a sum of many emotions, sensory qualities, perceptions, and past history. Gibson (2006)
investigated the sensory, psychological (mood), and physiological mechanisms that drive
emotional determir@s of food selection and determined that eaters have learned
consciously or subconsciously how to feed their mood. Water is essentiallyvbeesy
andregion and culture often determine water preferences. Bhumiratana (2010) stated that
Acul t ur addictatesperceptual judgments, detection, recognition and
i denti fi cat i onSubtladiffdrenaes io eatet carbeixhibit & change in
acceptability. Most tap water consumers are acclimated to their regional water and
observe differences upwalocation.These subconscious memories of water can elicit a

strong recall even witthe subtle flavor of water (Westcpf013).

Water Flavor

Humans perceive flavor through a variety of senses and evaluation. Meilgaard

Civille & Carr (2007) describes #hprocess of food evaluation in the following order:
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appearance, odor/aroma/fragrance, consistency and texture, and flavor (aromatics,
chemical feelings, taste). Water is undoubtedly jadgea similarorder.Through

sensory assessment consumers can kyuedsess their perceptions about water safety

and quality. Consistency is important for public water acceptability and trust. Water
utilities across the United States produce different water based on their location and water
source Azoulay, Garzon& Eisenberg(2001) reported majorariation intap water

variation among US cities in regards to mineral content. Water quality and flavor can

vary by location, mineral content, treatment, and source (EPA, 20@&¢r is pulled

most commonly from surface wat@akes and rivers) or ground water. Ground water

guality and water safety are highly associated with bottled water use but not surface water
quality (Hu et al., 2011). Azoulay et £001) found that levels of G4, Mg** and N&

were higher in groundwet sources than surface water sources.

Environmental changes can also alter the flavor of water and flavor can be
influenced by season. Water utilities should value consistency and investigate potential
water quality differences. Total dissolved solids §)and temperature have a large
influence on water flavor. Minerals are the largest determinant of water flavor. Common
cations in TDS are calcium, magnesium, potassium, and sodium in addition to anions
such as carbonate, bicarbonate, chloride, nitraiatspand silicates (Gallagher &

Dietrich, 2010). Notably,alcium (C&"), magnesium (Mg), and sodium (N3 are
abundant in drinking water and thiegive inportant physiological function@zoulay et
al., 2001).The US Environmental Protection Agency seseeondary maximum
contaminant level§SMCL) for TDS concentration at 580g/L (EPA, 2013c; Gallagher
& Dietrich, 2010). TDS levels are considered high when betweerb@80ng/L and low
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if less than 100 mg/L.d avoid a mineral taste, it is recommended that tap water has TDS
less than 250 mg/L (Gallagher & Dietrich, 2010). Unfortunately, water from different
regions exhibits different TDS levels. Consumers often acquire a preference for the water
to which they ge accustomed. The most common example of this preference is water
choice differences among Europeans and Americans. American water sources typically
contain less mineral content than European sources, making it more likely for Americans
to drinkmineraldeficient bottled water sina@ineralrich water can be associated with
an unfavorableéaste(Azoulay et al., 2001)Within the United States, Hu et al. (2011)
found that consumers of the Midwest and west mountain regions were less likely to be
bottled wate users while residents of the southeast, southern pacific and south were more
likely to be bottled water consumers.

The flavor of water is largely dependent on the state and mineral content of water.
Tap water is generally served between 4°C and 30°@imeticans generally prefer it
cold (Gallagher and Dietrich, 2010). Chilled water appears to lower the threshold for
mineral taste detection. For example, consumers who drank high TDS watdi0(®%0
mg/L) when chilled detected the mineral taste less (Gladlaand Dietrich, 2010).d¢ad
tastingand acceptabl@p water has a balance of minerals, chilled watepésature, and
nearneutral pH(Burlingame et al., 20Q70n a cellular level, anions and cations
previously mentioned are responsible for the tastesations on the taste buds and are
influenced by concentration, pH and temperafBialingame et al., 2007)In the right
proportion and balanceptassium, magnesium, calcium and sodium with bicarbonates
would provide good tasting wateBifrlingame etl., 2007. The role of minerals is water
flavor is summarized in Table 2.1.
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Table 2.1 Factors that influence water quality and flavor characteristics.

Constituent Influence | Taste Threshold Taste Impact Source
on Taste | Concentration or
Recommendations
Chloride @ Neutral or | -200-300 mg/L -Acceptance Whelton, Dietrich,
Negative | threshold decreases when Na| Burlingame, Schechs,
and K present. & Duncan, 2007b
-Calcium and WHO, 2004;Westcott,
magnesium as well.| 2013
-Odor and acidic
taste.
Sulfate SQ? Negative | -Threshold 250 mg/L | -Minimal impact Whelton et al., 2003,
for sodium sulfate and -Avoid usage; C&# | Renfrew 1990
1,000 mg/L for and Md? preferred
calcium sulfate. over sodium forms.
-Most tap water <100
mg/L
Bicarbonate HC@ | Positive or| - at neutral pH (6.3 -Bicarbonate taste | Whelton et al., 2003,
Carbonate C¢f Neutral 8.3) bicarbonate is preferred to Burlingame et al.,
Carbonic Acid more important carbonateand 2007;Renfrew, 1990
H,COs (associated with carbonic acid. Gallagher and
cations sodium, - Bicarbonate is lesg Dietrich, 2010.
calcium, magnesium, | flavorful than
and potassium) carbonate.
- < 150 mg/L of
bicarbonate
- Carbonate > 8.3 pH
Calcium C&° Positive or| 100-300 mg/L -Acceptance Whelton et al., 2003,
Neutral (dependent on dependent on Cl WHO, 2004;
associated anion) -High amounts of Burlingame et al.,
calcium chloride = | 2007; Smith and
bitter. Margolskee, 2001
Sodium N& Positive or| - <50 mg/L for most | -Acceptance Whelton et al., 2003,
Neutral drinking water decreases when Cl | Renfrew, 1990WHO,
- <200 mg/L present. 2004; USEPA, 2003;
recommended - Salty (High TDS | Burlingame et al.,
- threshold vaes (30 | or 2007
to 460 mg/L) seawater/brackish)
Potassium K Positive - <5 mg/L in most tap | Acceptance Whelton et al., 2043,
water decreass when Cl | Renfrew, 1990
present.
Magnesium M§ Neutral or | -Detected at 10800 | -Acceptance Whelton et al., 2003,
(associated with Negative | mg/L decrease at high Burlingame et al.,
anions carbonate, -Acceptable 1,000 levels. High levels =| 2007; Lockhart et al.,
bicarbonate, mg/L astringent or bitter | 1955;Renfrew, 1990
sulfate, chloride) -up to 120 mg/L in tap| taste. Westcott, 2013Smith
water but mostly -Magnesium and Margolskee, 2001
below20 mg/L Chloride = bitter.
Copper @* Negative -Use low levels; Whelton et al., 2003,
Iron Fe? -Copper: Do not Burlingame et al.,

exceed 1.0 mg/L.
-lron: Do not exceeg

0.3 mg/L.

2007; Burlingame et
al., 2007; Cuppett et
al., 2006
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-Metallic Taste
-Astringency
-Copper = bitter

Manganese M Negative Use low levels; Do | Whelton et al., 2003,
Zinc Zn* not exceed 0-1.0 Burlingame et al.,
mg/L. 2007
-Zinc: Do not
exceed 5 mgl/L.
-Metallic Taste
-Astringency
-Manganese:
threshold detection
0.05 mg/L
pH Neutral or -Near neutral pH Whelton et al., 2003,
Hydrogen atoms | Negative preferred; High/Low| Burlingame et al.,
pH could promote | 2007
carbonate and
carbonic acid.
- Sour is not
common in water
lexicon.
TDS (measure of | Variable | Low <100 High levels can Whelton et al., 2007,
the total ion Moderate 104250 approach mineral | Burlingame et al.,
concentrations High 251500 water. Note: 2007; Bruvold and
includingcations -Water close to 0 has { Different Daniek, 1990.
calcium, flat taste populations have
magnesium, -Tap Water <500 different preferenceg
potassium, sodium, mg/L for mineral content.
aluminum, iron, -Taste:
manganese; 80 mg/L excellent
anions 81-450mg/L good
bicarbonate, 541-800 mg/L fair
carbonate, chloride 801-1,000 mg/L poor
sulfate, and nitrate. >1000 mg/L
unacceptable
Hard Water Neutral or | -Soft (Calcium -Hard Water gives | Westcott, 2013
Soft Water Negative | Carbonate) @60 mg/L | chalky mouthfeel. | Burlingame et al.,
-Moderately Hard 61 | -Soft water has less| 2007;Renfrew, 1990
120 mg/L 6t asted. Whelton et al., 2007
-Hard 121180 mg/L -Ground water is
-10-100 mg/L (Good | usually hard.
Tasting Water) -Surface water is
typically soft with
fewer minerals and
more acidic.
- Acceptance
decreased for hard
waters/high pH.
Ecology: Damp or Earth Westcott, 2013
Cyanobacteria Smell
(Blue/Green Algae)
or actinomycetes
Organic Bitter Burlingame et al.,
Compounds 2007
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(Caffeine)

Lead Salts Sweet Burlingame et al.,
2007
Temperature 20-40°C Burlingame et al.,
2007
Silica Unknown | -Associated with Unknown Burlingame et al.,
calcium and 2007;Renfrew, 1990
magnesium.
-Most tap water <30
mg/L silicon dioxide.
Water Value

College students have varying opinions on the access to water and other

beverages. In one study some students valued access to free beverages (water) and were
at times a motivated to drink water. Additionally, these students did not purchase water
becausgou can get it for free (Block et al., 2013). With the exception of the perspective

stated above, agribusiness has a focus on-aalded products. Bottled water can be seen

as a valueadded commodity due to its packaging, additional filtration and other

advertised potential health benefits. The value added food, and in this case beverages,

concept is consumer targeted. Targeted consumers perceive thesadekdderoducts

as havi

objective

ng

consumer s é

characteristics, and only when consumers can then infer desired qualities from the way

mor e
and

onl vy

qgual ity

when

subjective

producers can

(Grunert,

mensi oné

2005) .

Gr un

subjecti

transl at e

theproduct has been buil t, I qgual ity a
(Grunert, 2005).

I n a different perspective, tap water can
while bottled water has an apperatan of i manu
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perceive quality variation in these different sources. Branding often suggests a guarantee
of flavor and quality. Most often both bottled and municipal sources of water provide
consistent quality and sensory characteristics. However, in some gstapovater can

have quality variation that occurs due to environmental changes. As such, the analogy to
brands and valdadded products can be supported by this theory of quality

differentiation. However, even in regard to flavor differences, tap wastilli suitable

for drinking purposes. Unfortunately, there is a disconnection with consumer purchasing
behavior at a store and water coming from the tap. This lack of knowledge about the
source history could spur consumers to purchase water for thévpdrgeality and
consistency. In other words, a lack of brand history and historical perception of brand
quality results, in many cases, in consumers taking a retail brand as a cue indicating low

rather than high quality (Grunert, 2005).

War over the Water Fountain

Water drinking fountains are the most common methods of tap delfeery in
schools (Patel &ampton, 2011). Although their presence is associated with schools,
Patel et al. (2010) indicated that there is an inadequate number in schoolinfard
located in an inconvenient location, or maintenance is poor (Patel et al., 2010; Northcoast
Nutrition and Fitness Collaborative, n.d.). Interviews revealed that 70% of students
t hought water fountains | ookaedtfed siggu sotsismg 0
(Northcoast Nutrition and Fitness Collaborative, n.d.). As such, students have concern
about the appeal and safety of school drinking waten fplumbing (Patel et al., 2010
Even in the event that tap water is adequately safe for consunibgoappearance of

water delivery units can deter students from consuming water. Further complicating
48



water intake, these water outlets might dispense poor water based on aesthetic qualities
like temperature and flavor. Additional barrier to water consion in schools are the
perceptions of purity, students not carrying reusable bottles and inconvenient locations of

water refill stations (Portland State University, 2012).

Water Characteristics from Water Fountains and Water Filling Stations

Water founains and water filling stations are often found near one another as well
as near restrooms. Typically, water fountains dispense chilled water. Oftentimes, water
filling stations are not chilled unless temperature exceeds 65°F (Penn State, 2012). Water
fountains are chilled as consumption is immediate. Consumers who use filling stations
often carry around a reusable bottle over a period of time in which the water reaches
room temperature. Oftentimes, filling stations can save energy by not chilling water for
reusable containers. Filters are frequently used at water refill stations and do contribute to
a university waste stream. In a study at Penn State, 40% of students could not tell a
difference between filtered and unfiltered water (Penn State, 2012).

Desgn optimization of water delivery using devices like water filling stations can
have a positive impact on use and appeal. Appearance is vital to the success of any new
invention or the success of a new product. Water refilling stations should be built and
installed where they will be seen and attract consumers. An attractive and clean

appearance will encourage use and improve consumption.

Water Packaging and Reusable Water Bottles and Interventions
Oneuse water bottles are typically containeghatyethylkene terephthalaf@®ET)

and can be sold individually or in mufiacks. Reusable water containers can be made
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from a variety of materials including plas{lugh-densitypolyethyleng HDPE), low

density polyethylene (LDPE), copolyester, or polypropyl@t)) glass and metal
(stainless steel or aluminum). As environmental concerns have increased, consumers
have begun to use mulise water containers to reduce their footprint. Additionally,
multi-use containers are used in water intervention studidsldren. Research emphasis
is not placed on those who currently use containers. Potential knowledge value can be
gained from those who utilize reusable water bottles.

Within the reusable water bottle niche, consumers have selected water containers
for a variety of reasons. There is power in the packaging and a lifestyle associated and
exhibited by those who carry reusable containers. Moreover, consumers can individualize
their containers providing an extension of their personality. Consider this a reverse
packaging for food science. Packaging is often vital for marketing and attracting
consumers. Individual reusable water bottles are, in effect, an individual expression
through packaging without repurchase. Typically food and beverage packaging is used
for content containment, communication, protection, and convenience (Robertson, 2006).
Refilling reusable water bottles could be considered a multisensory experience. Users
interact with the station (fountain or filling station), observe the water, touahbibitie,
notice the temperature and then consume the water.

In their discussion, Fenk&chiffersteinandHekkert (2010) states when
consumers have a relationship with their products over time, emotional experiences in
relation to the product grow siditiant. Over an extended time users, become more
familiar with products and can even personalize products to their own liking to a certain
degree. The concept of personalized products is not new to companies. For example,
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Nike and Dell have successfullyciorporated personalized options into their product
design, thus deepening the link of consumer to manufacturer. Companies often see
improved response to this option as consumers are interested in personalizing products
that define them. Reusable water lasttcould be placed in a similar category. However,
many consumers personalize water bottles themselves with stickers or other symbols.
Conversely, other users may not be able to commit to suchxg®ission and simply

leave the product in its originalade (MuggeSchifferstein, & Schoorman2004).
Regardless, selxpression can be channeled through our selection of products, even

something as small as a reusable water container.

Water and Sustainability Practices at Virginia Tech

Over the summer of®3, Virginia Tech hosted the International Union of Pure
and Applied Chemistryds (Il UPAC) Work Pol ymer
participants (Outreach and International Affairs at Virginia Tech, 2013). The conference
planning committee estimatdidat for the conference 15,000 units of bottled water would
be required over the conference (Outreach and International Affairs at Virginia Tech,
2013). Instead of purchasing water units, the Virginia Tech Outreach and International
Affairs, with the aidof corporate sponsors, installed two new water refill stations on
campus (Outreach and International Affairs at Virginia Tech, 2013). Not only will these
water refill station additions help bol ster
will shedlight on the importance and impact water refill stations have on the community.
Virginia Tech is not the only organization eliminating the use of single serve bottled
water at events. Many local governments have decided to eliminate the use of bottled

water at meetings due to the cost associated with bottled water, especially when that
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funding may be useful elsewhere. Virginia Tech currently has refill station in several
buildings on campus with high traffic (Burruss Hall (2); East Ambler Johnston (3);
Graduate Life Center at Donaldson Brown (1); Library (2); Squires Student Center (9);
HABB1 (1); McComas; and War Memorial.

Water fountains and fillings stations can benefit campuses through waste
reduction and green image. Virginia Tech is proud of its cihmemt to green practices.
In 2013, The Princeton Review ranked Virginia Tech among the most environmentally
responsible universities in the United States and Canada. (Norman, 2013). The
importance and value of green practices is paramount to curremtcamding students as
found by the Princeton Review, which suggested that that nearthtwis of all
incoming freshmen include sustainability as a factor when making a decision to attend a

specific institution (Norman, 2013).
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CHAPTER Il
Protocol for Data Collection and Analysis Applied to Automated Facial Expression

Analysis Technologgnd Temporal Analysis for Sensory Evaluation

*This manuscript has been accepted for publication in the Journal of Zisdal
Experiments,Nlarch 1, 2018. The focus of this methodology paper is in helping the
reader follow the steps in setting up for & in video capturing facial expressions, the
subsequent automated facial expression analyses and evaluating population differences

and temporal effects that food stimuli may have on implicit emotions.

Abstract

We demonstrate a method for capturing emmaioesponse to beverages and
liquefied foodsn a sensory evaluation laboratarsing automated facial expression
analysis (AFEA) software. Additionally, we demonstrate a method for extracting relevant
emotional data output and plotting the emotional@aspof a populatiorover a
specifiedtimeframeBy t i me pai r i nigeatmentedponpedoratcontcol pant 6 s
stimulus(baseline)the overall emotional response over time and across multiple
participants can be quantifiellFEA is a prospective ahdical tool for assessing
unbiasedesponse to food and beverages. At present, most research has mainly focused
on beveragedMethodologies and analyskeave not yet been standardized for the
application of AFEA to beverages and fopdewever, a consigté standard
methodology is needed. Optimizing video cappn@cedures and resulting video quality
aids in asuccessful collection of emotional responstotmls Furthermore, the
methodology of data analysis is novel for extracting the pertinent datamete the
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emotional response. The combinations of video capture optimization and data analysis
will aid in standardizinghe protocol for automated facial expression analysis and

interpretation of emotional response data
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1. Introduction

Automated facial expression analy§#§-EA) is a prospective analytical tofar
characterizing emotional responses to beverages and teadgional analysis can add
an extra dirension to existing sensory science methodoloépes! evaluation practices,
and hedonic scale ratings typically usexh in research and industry settingmotional
analysis could providensadditionalmetricthat reveal& more accurateesponse to foad
and beverage Hedonic scoring may inclugmrticipantbias due to failuréo record
reactiongDe Wijk, Kooijman,VerhoevenHolthuysen & B Graaf2012).

AFEA research has been used in many research applications including computer
gaming, user behavior, education/pedagogy, and psychology studies on empathy and
deceit. Most fod-associated research has focused on characterizing emotional response
to food quality and human behavior with food. With the recent trend in gaining insights
into food behaviorsa growing body of literature reports use of AFEA for characterizing
the huma emotional response associated with foods, beverages, and odorants (De Wijk
et al., 2012De Wijk, He, Menshnk, Verhoeven, & B Graaf 2014;He, Boesveldt, De
Graaf, & De Wijk, 2012; He, Boesveldt, De Graaf, &DWijk, 2014; Danner, Sidorkina,
Joechl, &Duerrschmid, 2014Danrer, Haindl, Joechl, &uerrschmid2014; Arnade
2013;Leitch, Dunca, 00 K e e f allagh®, 2@l8; ,CrisgArnade, Leitch,
Duncan, OO6Keef e, D u n;GarcaBergos &ZarGasal, 2068, h e r ,
GarciaBurgos &Zamora, 2015t ewinski, Fransen& Tan 2014).

AFEA is derived frontheFacial Action Coding System (FACS)he facial
action coding system (FACS) discriminates facial movements characterized by action
units (AUs) on a 5point intensityscale(Ekmané& Friesen, 1978)The FACS approach
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requires trained review experts, manual coding, significant evaluationaimdegrovides
limited data analysis optionBFEA was developeds a rapid evaluation method to
determine emotion®AFEA software relies on facial nsaular movement, facial

databases, and algorithmsctraracterizéhe emotional respong¥iola & Jones2001;

Sung, &Poggiq 1998; Noldus Information Technolog?014ab Cootes& Taylor, 2000;
Bishop 1995).The AFEA software usei this studyeached@& FACS i ndex of
agreement of 0.67 on average on both the Warsaw Set of Emotional Facial Expression
Pictures (WSEFEP) and Amsterdam Dynamic Facial Expression Set (ADFES), which is
close to a standard agreement of 0.70 for manual cd¢liegvinski, den Uyl& Butler,

2014). Universal emotions included in the analysis drappy (positive), sad (negative),
disgusted (negative), surprised (positive or negative), angry (negative), scared (negative)
and neutral each onsaparatescaleof 0 to 1(0=not expressed;=fully expressed)

(Noldus Information Technology, 2048). In addition, psychologiiteratureincludes

happy, surprised, and angry as fAapproacho

di sgusted as dAwithdrawal 0 e(Aheg, Fukusima, & away
AznarCasanova2008)

One limitationof thecurrent AFEA softwaréor characterizing emotions
associated with foods interference from facial movements associated with cheandg
swallowingas well aother gross motor motions, $uas extreme head movemernitke
software targetsmaller facial muscular motionselating position and degree of
movement, based on over 500 muscle points on the face (Noldus Information
Technology, 2014db; Cootes& Taylor, 2000). Chewing motions interiewith
classification of expressions. This limitation may be addressed using liquefied foods.
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However, other methodology challenges can also decrease video sensitivity and AFEA
analysisincluding data collection environment, technology, researcher itisina¢c
participant behavior, and participant attributes

A standard methodology has not beleveloped angerified for optimal video
capture and data analysis usiigEA for emotional responde foods and beveragesa
sensory evaluation laboratory theg). Many aspects can affect the video capture
environment including lighting, shadowing due to lighting, participant directions,
participant behavior, participant height, as well as, camera height, camera angling, and
equipment settings. Meover, dataraalysis methodologiegre inconsistent and laek
standard methodology for assessing emotional response wéenall demonstrate our
standardperatingorocedure for capturing emotional data and processing data into
meaningful results usingeveragesfavored milk, unflavored milk ananflavored
watel) for evaluation. To our knowledge only opeer reviewed publication, from our
lab grouphas utilized time series for data interpretation for emotions anglystsh et
al., 2015) however, the method kdeen updated for opresenteanethod. Our aim is to
develop an improved and consistar@thodology to help witheproducibility in a
sensory evaluation laboratory settii@r demonstration, the objective of the study model
is to evaluate if AFEA couldupplementraditional hedoni@cceptabilityassessmeraf
flavored milk, unflavored milk andnflavoredwater. The intention of this video protocol
is to help establiSAFEA methodology, standardize video captariéeria in a sensory
evaluationaboratory (sensory booth settinghd illustrate a method for temporal

emotional data analysis of a population
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2. Protocol

Ethics Statement: Thiguxly was preapproved by Virginia Tech Institutional Review

Board (IRB) (IRB 14229) prior tostarting tle project

Caution: Human subject research requires informed consent prior to participation. In
addition to IRB approval, consent for use of still or video images is also required prior to
releasing any images for print, video, or graphic imaging. Additlg, food allergens are
disclosed prior to testing. Participants are asked prior to panel start if they have any

intolerance, allergies or other concerns.

Note: Exclusion Criteria: Automated facial expression analysis is sensitive to thick

framed glasss, heavily bearded faces and skin tone. Participants who have these criteria

are incompatible with softwaamnalysis due to an increased risk of failed videos. This is

attributed to the softwareds inability to fi

1. Sample Preparation and Paticipant Recruitment

1.1) Prepare beverage or soft food samples.

1.1.1) Prepareintensified dairy solutions using 2% makdsuggested flavors from

Costello and Clark2009 as well asother flavorsPrepare the following solutiongl)

unflavored milk 2% reduced fat nfk); (2) unflavored watedrinking water); (3) vanilla
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extract flavor in milk(0.02g/ml) (imitation clear vanillddvor); and (4) salty flavor in

milk (0.004g/mliodized silt).

Note: These solutions are used for demonstration purposes only

1.1.2) Pour half ounce aliquots (~15g) of each solution into 2 oz. transparent plastic

sample cups and cap with color coded lids.

Not e: I't is recommended to use transparent

discretion.

1.2) Recruit participats fromthecampus or the local community to participate in the

study.

Note: Participant sample size needed for a study is up to the discretion of the researcher.

We recommend a range of 1050 participants

1.3) Obtain human subject consent prioptrticipation in the study.

2. Preparation of Panel Room for Video Capture

Note: This protocol is for data capture in a sensory evaluation laboratory. This protocol is

to make AFEA data capture useful for a sensory booth setting.
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2.1) Use ndividual boothswith atouchscreen monitor in front of theiffiace level)to

keep their focus forward and to prevent looking down.

2.2) Use aljustable height chairs with back support

Note: Thesare essential for allowing participants tousgtically adjusted and placed in
a suitable range for video captulse sationary chairs (no rolling feature) with

adjustable back height support so the

2.3) Set woerhead lightinga t A100 % fod apyinhal fgchalt enotional vieb

capture (llluminant 6504K; R=206; G=242; B=255).

Note: To avoid intense shadowing, diffuse frontal lighting is ideal while the light
intensity or color is not as relevaiMoldus Information Technology, 2044).
Ultimately, it is up to the discretiorf the researcher, individual protocol/methodology,

and environment to control lighting for capture.

2.4) Affix an adjustable camem@bove the touchscreen monitor for recording.
2.4.1) Wse a camera with a resolution of at least 640 x 480 pixels (or highedus
Information Technology2014ab). Discuss the required camera capabilities with the
software provider before purchase and installadoidus Information Technology,
2014ab). Note: The aspect ratio is not importgiMoldus Information Technology
2014ab).
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2.4.2 Set @mera capture spedd 30 frames per second (or other standard speed) for

consistency.

2.4.3) Connect and ensure media recording software is set up to the camera to record

and save participant videos.

3. Participant Adjustment and Verbal Directions

3.1) Have only one participant at a time evaluate the samples in the sensory booth.

Note: Testing more than one participant at the same time may interfere with the testing

environment and disrupt the concentration of the participant or create bias.

3.2) Upon arrival give participants verbahstructionsabout the process and standard

operating procedures.

3.2.1) Have the participants sit straight up and against the back of the chair.
3.2.2) Adjust chair height, position of the chair (distance from the camera), and camera
angl e so t ha facetisltapturpdarrthe center pfdahe videsrecording, with

no shadows on chin or around eyes.

Not e: In the sensory boot h, tiBdeinchesawayi ci pant 0
from the camera and the monitor with the face centered in the caiteoafeed.
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3.2.3) Instruct participants to remain seated as positioned and focused facing towards the
monitor display. Additionally, instruct participants to refrain from any sudden

movements postample consumption during the 30 second evaluation pesioshmple.

3.2.4) Instruct the participartb consume the entitgeverage or liquefied fooshmple

and swallow.

3.2.5) Instruct the participartb quickly move the sample cigelow the chin andown
to the tableammediately after the sample is in theutto This isto eliminate facial

occlusion.Remind them to keep looking toward timenitor.

Note: The sample carrier to deliver the sample is up to the discretion of the researcher. A
straw or cup may be used. Regardless, initial facial occlusion i®idade because the

face will be occluded or distorted due to consumption.

3.3) Instruct the participant to follow the instructions as they appear on the
touchscreen monitor. Note: Instructions are automatically sequenced as programmed into

the automated sensory software.

4. Individual Participant Process for Video Capture

41) Confirm video camer a I s optimally capt

participant is seated comfortably in the booth (before sample presentation) by viewing the
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compuer monitor on which the video capture is displayed. Begin recording by clicking

the record button on the computer monitor.

4.2) Instruct participants to sip water to cleanse their palate.

4.3) Provide treatments one at a time, starting with a baseline or corgabment
(unflavored water). Identify each sample by a unique colored index card placed on top of
each sample relating to the sample color code for sample treatment identification within

the video.

Note: Programmed guidance on the touchscreen mongtucts participants. The

instructions direct the participant through a series of standardized steps for each treatment

sample.

4.4) Viathe touchscreen monitor, direct the participant to:

4.4.1) Hold up the associated color index card-poasumption fosample identification

in the video.

Note: The color card is a way researchers can identify treatments in the video and mark

the appropriate time frame (time zero) for sample evaluation.

4.4.2) After holding the card briefly, place the card back on tag. t
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4.4.3) Fully consume the sample and wait approximately 30 seconds, enforced through

the programmed guidance on the monitor, while facing towards the camera.

Note: The 30 second controlled sampling period encompasises span adequate for
the entie sampling evaluation period (i.e. showing the index agédning a sample

(removing the lid), cosumption, and emotional capture).

4.4.4) Enter their hedonic acceptability score on the touchscreen monitor (1=dislike

extremely, 2=dislike very much, 3=glike moderately, 4=dislike slightly, 5=neither like

nor dislike, 6=like slightly, 7=like moderately, 8=like very much, 9=like extremely).

4.4.5) Rinse mouth with drinking water before the next sample process.

5. Evaluating Automated Facial Expression Aalysis Options

Note Many facial expression analysis software programs exist. Software commands and

functions may vary. It is important to fol

reference manual (Noldus Information Technology, 2@L4

5.1) Save recordings in a media format and transfer to the automated facial expression

analysis software.

5.2) Analyze participant videos using automated facial analysis software.
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5.2.1) Double click on the software icon on the computer desktop.

5.22) Oncet he program is open, click AFileo, sel

5.2.3) In the pop up window, name the project and save the project.

524)Add participants to the project by <clicki

with a (+) sign). Morgarticipants can be added by repeating this step.

525)Add participantodos video to the respective

5.2.5.1) On the left side of the screen click the icon of the film reel with a plus (+) sign to

add a video to analyze.

525.2) Click the Amagnifying glasso under th

to add.

5.3) Analyze videos framdy-frame under continuous calibration analysis settings in

the software.

5.3.1) Click the pencil icon to adjustettings at theditom of the vindow, under the

Asettingso tab for each participant video.
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N

Face Model 0 to General. Set f

=]

5.3.1.1) Set

ASample Rateo to Every frame.

=]

5.3.1.2) Set | mage rotati onYed.o Net H Belte ditC

cali brationd to None.

5.3.2) Save project settings.

5.3.3) Press the batch analysis icon (the same red and blacKit@@ymbol) near the

bottom of the screen to analyze the project videos.

5.3.4) Save the results once analysisampleted.

Note: Other video settings exist in the softwaresi$earchepreference warrants another

analysis method.

5.3.5) Consider videos failures if serious facial occlusions or the inability to map the

face persists during the specified poshsimption window (Figuré.1). Additionally, if

the model fails data will say AFIT_FAILEDO o
files (Figure3.2). This represents lost data since the software cannot classify or analyze

the participantds emotions.
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Note AFEA translates facial muscle motion to neutral, happy, disgusted, sad, angry,

surprised and scared on a scale from 0 (not expressed) to 1 (fully expressed) for each

emotion.

5.4) Export the AFEA data output as log files (.txt) for further analysis.

5.4.1) Once analyses are complete, export the whole project.

5411Cl ick AFil eo, AExporto, AExport Project |

5.4.1.2) When avindow opens, choose the location of where the exgbdsldbe saved

andsave the log files (.txt) to a folder.

5.4.1.3) Convert each participant log life to a data spreadsheet (.csv or .xIsx) to extract

relevant data.

5.4.1.3.1) Open data spreadsheet software an

5.4.1.3.2)0n thefiDatad tab, in thefiGet External Datagroup, clickfiFrom Texto.

5.4.1.3.3)n thefAddress bay , | doubdetliek theparticipant text file¢o import and

follow the on screen wizard instructions
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5.4.1.3.4) Continue the export process for all relevant participant files.

6. Timestamp Participant Videos forData Analysis

6.1) Using the AFEA softwar e, manually review
postconsumption time zero for each sample. Record the timestamp in a data spreadsheet.
Postconsumption is defined when the sample cup is below the partcip 6 s chi n and

longer occludes the face.

Note: The placement of the timestamp is critical for evalualibe.point where the cup
no longer occludes the face is the optimal recommendatidriimestamps need to be

consistent for all participants.

6.2) Save the timestamp data spreadsheet (.csv) as a reference for extracting relevant

data from videos.

Note: Participant videos may also be coded internally in the softwaxe i Ev e n t

Mar ki ngo.

7. Time Series Emotional Analysis

Note: Consider thébaselin®to be the controlife. unflavored watem this example

The researcher has the abrkeatwmend steamubuaod
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Abaseline time without deperdenuohhiistéresttafthe pai r ed
investigaon. The met hod proposed accounts for a #fc
statistical testln other words, the procedure uses statistical blocking (i.e. a paired test) to

adjust for the default appearance of each participant and thereforestducarability

across participants.

7.1) Extract relevant data from the exported files (.csv or .xIsx).

7.1.1) Identify a time frame relevant to the stuelyaluation (seconds).

7.1.2) Manually extract respective data (time frame) from the exported partidijesn

consulting the participatitmestamp(time zero)

713 Compi |l e each participantodos treatment dat a
video time, and emotion response) per emotion (happy, neutral, sad, angry, surprised,
scared, and disgustefbr the select time frame (seconds) in a new data spreadsheet for

future analysigFigure3.3).

7.14) Continue this process for all participants.

7.2) Identify the corresponding time zero from the timestamp file for each participant
treatmentpamnd adj ust video time to a tB4e time 0
Figure3.5).
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Note:Parfcipant dataiscollectedn a conti nuous video therefor
zeroo is different (i.e. unf | aavoredendk wat er vi
video time zero is 03:15.4) Figure34. Due to the different treat
video times need to be readjusted and realig

time in order for direct time comparison of treatment éomatl response data.

7.3)  For each participant, emotion, and adjusted time point, extract the paired
treatment (e.g. unflavored milk) and control treatment (e.g. unflavored water) quantitative
emotional score. | n ot hremtandontrdlsime sexiesioign a p a

responses for each emotion (FigGrg).

74 Compile all participantés information (pa

treatment (e.g. unflavored water and unflavored milk) at each time point (Bigjre

Note: Thesteps belowdemonstrate the steps for a paired Wilcox test by hand. Most data
analysis software programs will do this automatically. It is recommended to discuss the

statistical analysis process with a statistician.

7.5) Once the samples are reset alighad with new adjusted video times, directly
compare between the emotional results of a respective sample and the control (unflavored
water) using sequential paired nonparametric Wilcoxon tests across the participants

(Figure3.7).
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Note: The new timelgnment of the samples will allow for direct comparison within the
5 seconds postonsumption time frame. # paired observation is not present in a

treatmentdropthe participant from that time point comparison.

7.5.1) Calculate the difference betweka control and the respective sample for each

paired comparison using data spreadsheet management software

Note: The comparison will be dependent on the frame rate selected for emotional analysis
in the software. The protocol demonstrates 30 indilidamparisons per second for 5

seconds (selected time frame).

Note: Use Figure3.7 as a reference for columns and steps

7.5.1.1) Subtract the value of milk (e.g. unflavored milk) from the value of the control
(e.g. unflavored water) to determine th#eatence. In the data spreadsheet management
softwareinanewcolumini t | ed ATr eat memiCHIDR f Wwhere enc e o
AC2 ds the control emotional valuesdfi D Asithe selected treatment emotional values.

Continue this process for all time ptin

7.5.1.2) Calculate the absolute value of the treatment differenttee data spreadsheet

management software in a new column, enter

Difference. Continue this process for all time points.
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7.5.1.3) Determine thrank order of the treatment differentethe data spreadsheet

management software in a new column, enter
AG20 is the Absolute Difference and Al1l0 i s
time points.

7.5.1.4) Detanine the signed rank of the rank orderthespreadsheeChange the sign

to negative if the treatment difference was negative (Column I).

7.5.1.5) Calculate the positive sygBUMIF(12:125, ">0", 12:125)and negative sum

=SUMIF(12:125,"<0",12:125) of the rank values

7.5.1.6) Determine the test statistic. The test statistic is the absolutéovadusum.

7.5.1.7) Consult statistical tables for Wilcoxon Signed Ranked Test Statistic using the
number of observations included at the specific time and a selected alpha value to

determine the critical value.

7.5.1.8) If the test statistic is less than theaaltvalue reject the null hypothesis. If it is

greater, accept the null hypothesis.

7.6) Graph the results on the associated treatment graph (i.e. unflavored milk
compared to unflavored water) for the times when the null hypothesis is rejected. Use the
sign of the difference to determine which treatment has the greater ertfégare3.8).
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7.6.1) In the data spreadsheet management soffwegate a graph using the values of

presence or absence of significance.

7.6.1.1) Click Alnserto tab.

76.1.2Sel ect ALiIineo

7.6.1.3) Right click on the graph box.

7.6.1.4) Click fiselect datao and follow the

data(Figure3.8).

Note: The graphs will portray emotional results where the sample or control is higher and
significant. Graph dependent, the emotion is higher at that specific time allowing the
ability to discern how participantds emoti on

between two samples.

Note: Statistical support with a statistician is highly recomradrid extract relevant

data. Development of statistical coding is required to analyze emotional results.

3. Representative Results

The method proposes a standard protocol for AFEA data collection. If suggested
protocol steps are followed, unusable emotiolada output (Figur8.1) resulting from

poor data collection (Figurg2: A; Left Picture) may be limitediime series analysis
88



cannot be wutilized if |l og files (.txt) predo
AFlI ND_FAI LEDO as t B.l).surtheanork,dhd mathadireludesFai gur e
protocol for direct statistical comparison between two treatments atf@mal data
output over a time frame to establish an emotional profile. Time series analysis can
provide emotional trends over time and can providalae-added dimension to hedonic
acceptability results. Additionally, time series analysis can show changes in emotional
levels over time, which is valuable during the eating experience.
Unflavored milk, unflavored water and vanilla extract flavor inkmmiere not
di fferent (p>0.05) in mean acceptability sco
3.9). Hedonic results infer that there were not any acceptability differences between
unflavored milk, unflavored water and vanilla extract flavor in ntkwever, AFEA
time series analysis indicated unflavored milk generated less disgusted (p<0.025; 0 sec),
surprised (p<0.025;-0.0 sec), less sad (p<0.025;-2.6 sec) and less neutral (p<0.025;
~3.0-3.5 sec) responses than did unflavored water (Figa®. Additionally, vanilla
extract flavor in milk introduced more happy expressions just before 5.0 seconds
(p<0.025) and less sad (p<0.025;-3.0 and 5.0 sec) than unflavored water (Figure
3.11). Vanilla, as an odor, has been associated with the feetaxed, fiserené,
freassured fhappiness, fiwell-beingd, fpleasantly surpriséd PdrcherotDelplanque,
RaviorDer r i en, Le Calved, Chrapdpleas8dm udr eau, & Ca
(Warrenburg2005) Salty flavor in milk had lower (105) mean hedonic acceptability
scores (disliked moderately) (Figu3®) and salty flavor in milk generated more disgust
(p<0.025) later (3.0 sec) than unflavored water (Fig@&2). Intense salty has been
associated with disgust and surpiiBeedie, Tan, &Wendin,2014;Wendin, Allesen

89



Holm, & Bredie,2011) However, some studies have stated that salty flavor does not
elicit facialrespons€Arnade 2013; Rosenstein, @ster,1988;Rosenstein& Oster,

1997; Rozin, &Fallon,1987)

Figure Legends

Figure 3.1: Example of suboptimal data capture due to participant incompatibility

with AFEA software resulting in loss of raw emotional data response points in the
exported output files [FIT_FAILED; FIND_FAILED]. Video failures occur when

serious facial occlusions or the inability to map the face persists during the specified post

consumption window

Figure 3.2: Example of suboptimal data capture due to participant software

modeling. The figure presentsub-optimal data capture due tanicipant software

modeling incompatibility and failure of face mapping to determine emotional response

(A) . Example of successful fit modeling and

responseg).

Figure 3.3: Example of extracted participant data compiled in a new data
spreadsheetParticipant data (participant number, treatment, original video time, and
emotion response) is identified per emotion (happy, neutral, sad, angry, surprised, scared,
and disgusted) for the select time frame (secorids3. spreadsheet is utilized for

subsequent analyses.
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Figure 3.4: Example of extracted participant datacompiled for subsequent analysis
The extracted participant datdl( and Bl) is compiled A2 and B2), graphed A3 and

B3) and alignedA4 and B4) as avisual for direct comparison. The respective time zero
for control @A4: Surprised Unflavored Water) and treatment84: Surprised

Unflavored Milk ) are displayed for comparing the surprised emotional results. This
example represents and identifies tbereponding time zero from thiemestamp file for

each participantreatment pair

Figure 3.5: Example of extracted participant data with adjusted time frame The

extracted participant data is presented with
(Al and B1). The time adjustment allows for direct comparison between a coAtrol (

Surprised Unflavored Water) and a treatmer{B2: Surprised Unflavored Milk) (A2

and B2). This example represents and identifiesdtkespondindgruefiime zer@

(adjustedfrom thetimestamp file for each participatreatment pair

Figure36:Ex ampl e of the process fdaa Theompi |l ing al
participant, adjusted time, and paired treatment (e.g. unflavored water and unflavored

milk) at each time poins compikdto prepare for statistical analysis.
Figure 3.7: Data spreadsheet example comparing a control (Unflavored Water) and
a treatment (Unflavored Milk) using Wilcoxon tests across participants at a specific

time point. The figure representsrdct compaison between the emotional results of a
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respective sample and the control (unflavored water) using sequential paired

nonparametric Wilcoxon tests across the participants.

Figure 3.8: Example of the data spreadsheet to graph the results if (p<0.025) on the
associated treatment graph (i.e. unflavored milk compared to unflavored water).
Results of squential paired nonparametric Wilcoxon tests across the particgrants

graphed for the times where the null hypothesis is rejected.

Figure 3.9: Mean acceptabiity (hedonic) scores oluinflavored water, unflavored

milk, vanilla extract flavor in milk and salty flavor in milk beverage solutions.
Acceptabilitywas based on aff@ointhedonicscale (1=dislike extremely, 5=neither like

nor dislike, 9=like extremelyy'S I y-{ % ). Treatment means wittlifferent

superscripts significantly differ in liking (p<0.03)nflavored milk, unflavored water and
vanilla extract flavor in milk were not different (p>0.05) in mean acceptability scores and
wer e r at e d ha. Satyflavokinemdlk hadhlower (p<0.05) mean

acceptability scores (disliked moderately)

Figure 3.10: Time seriesgraphs of classified emotions on automated facial
expression analysis data over 5.0 seconds comparing unflavored milk and
unflavored water. Based onaquential paired nonparametric Wilcoxosttebetween
unflavored milk and unflavored wat@yaseline), results are plotted on the respective
treatment graph if the treatment median is higher and of greater significafo@f)<

for each emotionPresence of a line indicates a significant difference (p<0.025) at the
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specific time point where the median is higher, while absence of a line indicates no
difference at a specific time point (p>0.028hsence of lines imnflavored mik (A)

reveals no emotional categorization compared to unflavored water (p<0.025) over 5.0
secondslIn theunflavoredwater(B), emotional results compared to unflavored milk
reveal disgusted (crimson line) at O sec, surprised (orange line) occurs betiwkeé&n 0
sec, sad (green line) occurs around 2.5 secnaunttal(red line) occurs aroundi33.5

sec (p<0.025)

Figure 3.11: Time seriesgraphs of classified emotions based on automated facial
expression analysis data over 5.0 seconds comparing vanilkract flavor in milk

and unflavored water (baseline) Based onaquential paired nonparametric Wilcoxon
tests betweenanilla extractlavor in milk and unflavored water, resuéise plotted on

the respective treatment graph if treatment median is hagiteof greater significance
(p<0.025) for each emotiorPresence of a line indicates a significant difference
(p<0.025) at the specific time point where the median is higher, while absence of a line
indicates no difference at a specific time point (p>0)0Z&nilla extractflavor in milk

(A) shows happy just before 5 sec (blue line) whitlavoredwater(B) displays more

sadaround 2 2.5 and 5 sefgreen line)p<0.025).

Figure 3.12 Time series graphs of classified emotions based on automated facial
expression analysis data over 5.0 seconds comparing salty flavor in milk and
unflavored water. Based onaquential paired nonparametric Wilcoxosttebetween
saltyflavor in milk and unflavored water (baseline), resalis plotted on the respective
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treatment graph if treatment median is higher and of greater significan@eD2pxfor
each emotionPresence of a line indicates a significant difference (p<0.025) at the
specific time point where the median is higher, while absence of a line indicates no
difference at a specific time point (p>0.025). S##yor in milk (A) has sigificant
disgust from 3 5 seconds (crimson line) while unflavored wd&®)y hasdisgust at the

beginning (crimson fie) and more neutral fromi25 seconds (red line) (p<0.025).

4. Discussion

AFEA application initerature related to fooaind beverage is very limite®¢
Wijk et al., 2012De Wijk et al., 2014; He et al., 2012; He et al., 2(Ddnner et al.,
2014; Danner et al., 2014; Arnade 200L8itch et al., 2015; Crist et al2014; Garcia
Burgos & Zamora 2013; GarcBurgos & Zamora 2015)he application to food is new,
creatng an gportunity for establishing methodolognddata interpretation. Arnade
(2013) found highndividual variability among individual emotionat¢sponse to
chocolate milk and white milksing area under the curve analysis and analysis of
variance. However, even wigiarticipantvariability, participans generated a happy
responséonger while sad and disgusted rsdmbrter time respongérnade 203). In a
separate study using high and low concentrations of basic tastes, Arnadef(201B),
that the differences in emotional response ambasjc tasteas well as between two
levels of basic taste intensities (high and low intensitgye not as gnificant as
expectedtherebyquestioing the accuracy of curreAfFEA methodology and data
analysis Sensoryevaluation of foods and beverages ®aplex and dynamic response
procesgDelarue, & Blumenthalk015) Temporal changes can occur througharat

processing and swallowing thpstentiallyinfluencingthe acceptability of thetimuli
94



over time(Delarue & Blumenthal015) For this reason, it may beneficial to measure

evaluatoresponse throughout the entire eating experience. Specific orakpnog times

have been suggested (initial contact with tongue, mastication, swallowin(f; adce),

Pineau, Loret& Marin, 2012) but none are standardized and times are largely dependent

on the project and (Oelaree &Bleiseathl, 20 er 6 s di scr et
The proposed emotional time series analysis was able to detect emotional changes

and statistical differences between the control (unflavored water) and respective

treatments. Moreover, emotional profiles associated with acceptability may aid in

anticipating behavior related to fomand beverage Resultsshowthat distinguishable

time series trends exist with AFEA related to flavors in r(fligure3.10,3.11, and

3.12). The time series analys#ssiss in differentiatingfood acceptability across a

population by integrating characterized emotions (Fi@uke,3.11, and3.12) as well as

supportinghedonicacceptability trendgFigure3.9). Leitch et al(2015)observed

differences between sweeteners and the water basslimgtime series analysis (5 sec),

andalso found that the utilization of time series graphs provided for better interpretation

of data and resultd/oreover, emotional changes can be observed over time and

emotional response treatment differences magebermined at different time points or

intervals. For examplé,eitch et al(2015) observed thah¢ approach emotions (angry,

happy and surprised) were observed between the artifictsdtenwenvater comparisons

but were observed different timesoverthe 5 sec observation windottowever, Leitch

et al.(2015)did not establish directionality of expressiamaking it difficult to

understand the emotional difference between the control (water) and the treatment

(unsweetened tea) using their graphictripretation and presentatiorhe modified and
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improved time series analysis methodology presented in our study allows for statistical
difference directionality. The directionality and results plotting allows researchers to
visualize where statisticallylevant emotional changes occur over the selected time
frame.

Reducing video analysis failures is essential for attaining valid data and
effectively using time and personmekourcesCritical steps and troubleshooting steps in
the protocol include optiiming the participant sensory environmemglting, video
camera angle, chair height, thorough participant guidance instructions, etc.) Also,
participants should be screened and excluded if they fall into a software incompatibility
category (i.ethick framed glasses, habvbearded faces and skin tone) (FigureT2)ese
factors will influenceAFEA fit modeling emotionalcategorization, andata outputlf a
significant portion of a participantds dat a
AF1 ND_F AI th $h@ufi pbe rebaaluated for inclusion in the time series analysis
(Figure3.1). Time series analysis cannot be utilizedata outputog files predominantly
contain AFI T_FAILEDO and AFI ND31AFAI LEDO as t
Shadowing on the faaue to lighting settings may severely inhibit video capiguality,
resulting in poor video collectioff.o avoid intense shadowing, diffuse frontal lighting is
ideal while the light intensity or color is not as relev@ldus Information Technology,
2014ab). Intense overhead lighting should be reduced as it can promote shadows on the
face(Noldus Infamation Technology, 2014abA dark background behind the
participant is recommendéiNoldus Information Technology, 20a8). It is suggested
from the AFEA sftware manufacturer to place the setup in front of a window to have
diffuse daylight lightingNoldusInformation Technology, 2014abAlso, if using a
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computer monitor, two |ights may be placed
illumination and shade reduction(Noldus Information Technology, 2014ab
Additionally, professional photo lights may be used to counteract undesirable
environment lightingdNoldus Information Technology, 2014akJltimately, it is up to
the discretion of the researcher, indival protocol/methodology, and environment to
control lighting for capture. It is recommended to discuss the data capture environment
and the tools with the software provider before purchase and instalfagidhermore,
chair height and camera angle anportant to adjust individually for each participant.
The participant should be comfortable but at a height where the camera is straight on the
face. An attempt to reduce the camera angle on the face is encouraged for optimizing the
AFEA video capture. &stly, it is imperative to give verbal instructions to the participants
prior to sampling. Participant behavior during video capture may limit data collection due
to facial occlusion, movements, and camera avoidance.

For participant sample size needed #ostudy the authorsecommend a range of
10 to50 participants. Although a small number will provide almost no statistical power,
at least 2 participants are needed in general for time series analysis. Participant variability
is high, and in the early gjas of this research there is no guidance to offer with sample
size. Sample size will vary depending on flavors, flavor intensity, and expected treatment
acceptability. Samples with smaller flavor differences will require more participdrgs.
30 secondaontrolledsampling period encompasses a time span adequdktefentire
sampling evaluation period (i.e. showing the index capening a sample (removing the
lid), comsumption, and emotional captur&he entire 30 seconds is not used in data
analysis.The benefit of this designat@® secondapture time is that thesearcher can
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decidethe pertinent evaluatn time to be used in data analysis. The 30 setoml

window can assist in selecting a time frame of interest during a video sample while
coding or timestamping videos. Ultimately, the time window is up to the discretion of the
researcher. In our example, we used the Saeplingwindow postconsumpion.
Furthermore, the present methodology defines time zero when the sample cup no longer
occludes the face (cup at the chin). It is critically important to lessen the time between
consumption and sample cup facial occlusion due to brief and changing resridtie to
sample cup facial occlusion the initial time where the sample makes contact with the
tongue is unreliable data (see Fig8r®). Therefore, the point where the cup no longer
occludes the face is the optimal recommendation. Timestamps needaasistent for

all participantsThe color card is aonvenienway for researchers tolentify treatments

in the video and mark the appropriate time frame (time zero) for sample evaluation. The
color cards are especially helpful if treatments are in r@anolaerandserve as an extra
validation of sample identification in the continuous video.

Limitationsof this techniquexist as participants may not follow directions or
unavoidabls hadowi ng on the participantds face may
(Figure3.2). However, the suggested critical steps offer ways to mitigate and reduce
these interferences. Additionally, time series analysis will not read exported log files with
files predominantly containing AF).T_FAI LEDO
These file cannot be salvaged and will not be able to be included in time series analysis.
Also, the consumption of food and beverages still may alter the facial structure in such a
way to distort the emotional categorization. Hard or chewy foods requersexe jaw
motion. Use of a drinking straw and associated sucking, also causes facial occlusion
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(straw) and distorts the face (sucking). This observation is based on preliminary data

from our laboratory research. The software facial model cannot diswedifferences

between chewing (or sucking) and motor expressions associated with emotional
categorization. With food and beverage samples, the opportunity for facial occlusion is
higher than that of viewing videos and pictures. Participants must brisgri@e to the

face and remove the container from the face thus interrupting the software model and
potentially reducing valuable emotional information (See Figure As mentioned

previously, emotions happen quickly and for a short duration. It is tenmidio reduce the

facial occlusion in an effort to capture emotions. The proposed methodology makes
treatment comparisons ate thirtieth of a secornd find changes in emotional patterns

and changes in emotional duration across time. With the propatéddnlogy, patterns

of emotional longevity are important. Unfortunately, emotional categorization problems
can occur. Moshotably there is a problem categorizing happy and disgust (Danner et al.,
2014; Crist et al., 2014Veiland, Ellgring, & Macht, 20L,Ekman 1972Griemel,

Macht, Krumhuber, & Ellgring, 20Q060Oftentimes, this is due to participants masking

their distaste or surprised feeling by smiling (Danner et al., 2014; Weiland et al., 2010;
Ekman 1972; Griemel et al., 2006) that could be dueitsao c i al di spl ay rul eo
et al.,2010). Furthermore, the AFEA software is limited to seven emotional categories
(neutral, happy, sad, scared, surprised, angry and disgusted). Emotional response to foods
and beverages may be more complex than themuAFEA classification of universal
emotions and categorization may be different in response to a food or beverage stimuli.
Manual coding using FACS has been applied to gustofacial and olfactofacial responses of
basic tastes and an assortment of ododsagpeared to be sensitive enough to detect
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treatment differences in regards to AUs (Weiland et al., 2010). FACS is tedious and very
time consuming, however, the temporal application of absence or presence of AUs may
be useful to assist with complex respes that AFEA might not classify correctly or if
emotional results are unexpected. While time series data allows for facial classifications
to occur simultaneously and with significant expression, caution should be used with
translating results into a silegemotion due to emotional complexity.

The proposed methodology and data analysis technique may be applied to other
beverages and soft foodSFEA software was able to identifgmotions to flavored and
unflavored samples. Thgroposednethodologyand tempral analysisnay aid with
characterizingmplicit responses therelproviding new advances in emotional responses
and behaviors of a population relating to fobdture applications of this technique may
expand into other beverage categories or soft fad@shave demonstrated methodology
to attain video capture for emotional response and data analysis methodology. We aim to
create a standard approach for batiotional AFEAcapture an@motional time series
analysis. The method approach has shown suatess research. We hope to expand
and apply this approach for evaluating emotional respon®ds and beverages and the

relationship to choice and behaviors
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Time Neutral Happy Sad Angry Surprised Scared Disgusted
00:00:11.233 FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED
00:00:11.266 FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED
00:00:11.299 FIT_FAILED FIT_FAILED FIT_FAILED FIT_FAILED FIT_FAILED FIT_FAILED FIT_FAILED
00:00:11.333 FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED
00:00:11. 366 FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED
00:00:11.399 FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED
00:00:11.433 FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED
00:00:11.466 FIT_FAILED FIT_FAILED FIT_FAILED FIT_FAILED FIT_FAILED FIT_FAILED FIT_FAILED
00:00:11.499 FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED
00:00:11.533 FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED
00:00:11.566 FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED
00:00:11.599 FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED
00:00:11.633 FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED FIND_FAILED
00:00:11.666 FIT_FAILED FIT_FAILED FIT_FAILED FIT_FAILED FIT_FAILED FIT_FAILED FIT_FAILED
00:00:11.699 0.019989670 0.000000261 0.000018869 0.971558200 0.015850060 0.000000001 0.020208770
00:00:11.733 0.067666590 0.000029299 0.000017076 0.939168100 0.014357830 0.000000001 0.018288260
00:00:11.766 0.113189400 0.000048001 0.000015453 0.905617900 0.012993350 0.000000001 0.016550260
00:00:11.799 0.156469300 0.000046585 0.000013985 0.866824900 0.011758540 0.000000001 0.014977420
00:00:11.833 0.178296000 0.000042158 0.000012656 0.848837600 0.010641080 0.000000000 0.013554060
00:00:11.866 0.239755100 0.000057209 0.000011453 0.781088800 0.009629825 0.000000000 0.012265970
00:00:11.899 0.255177400 0.000052833 0.000010365 0.768778600 0.008714665 0.000000000 0.011100290
00:00:11.933 0.248482100 0.000047812 0.000009380 0.774015600 0.007886480 0.000000000 0.010045390
00:00:11.966 0.280155900 0.000043268 0.000008488 0.743750700 0.007136996 0.000000000 0.009090736
00:00:11.999 0.290342300 0.000039156 0.000007682 0.726963000 0.006458740 0.000000000 0.008226809
00:00:12.033 0.294339200 0.000035435 0.000006952 0.715162900 0.005844944 0.000000000 0.007444987
00:00:12.066 0.356106300 0.000034275 0.000006291 0.647198100 0.005289475 0.000000446 0.006737460
00:00:12.099 0.410728100 0.000031534 0.000005693 0.585692600 0.004786798 0.000000403 0.006097176
00:00:12.133 0.461726600 0.000028;38 0.000005152 0.530032000 0.004331891 0.000000365 0.00551773
H 0. 1 0. 0. 0 0 0. 0. 6

Figure 3.1 Example of sulbptimal data capture due to participant incompatibility

with AFEA software resulting in loss of raw emotional data response points

in the exported output files [FIT_FAILED; FIND_FAILED].

lVideo failuresoccur wherserious facial occlusions or the inability to map the face
persists during the specified pastnsumption window
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Figure 3.2 Example of sulpptimal data capture due to participant software modeling.

AThe figure presents suiptimal data capture due participant software modeling
incompatibility and failure of face mapping to determine emotional response (A).

BExample of successful fit modeling and abil
response (B).
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Participant Treatment Original Video Time Neutral Happy ~Sad  Angry [Surprised|Scared  Disgusted | participant Treatment Original Video Time Neutral Happy Sad  Angry [Surprised [Scared  Disgusted
2 Unflavored Water 02:13.5 0.361041 0.035674 0.243613 0.019348| 0.090685| 1.34E-05 0.01288 2 Unflavored Milk 03:15.4 0.574752 0.197987 0.068439 0.048811] 1.30E-06| 9.426-05 0.0003678
2 Unflavored Water 02:13.5 0.394417 0.032811 0.220791 0.017509| 0.082067| 1.21E-05 0.011656 2 Unflavored Milk 03:15.4 0.568977 0.179171 0.061935 0.044173| 1.17E-06| 0.000936 0.0003328
2 Unflavored Water 02:13.6 0422513 0.030378 0.200058 0.0158450.074268| 1.1E-05 0.010548 2 Unflavored Milk 03:15.5 0568194 0.162144 0.056049 0.039975| 1.06€-06) 0.002583 0.0003012
2 Unflavored Water 02:13.6 0443792 0.027704 0.181086 0.01434) 0.06721) 9.93€-06 0.009546 2 Unflavored Milk 03:15.5 0.567381 0.146735 0.050722 0.036176| 9.626-07| 0.004147 0.0002726
2 Unflavored Water 02:13.6 0.459392 0.025071 0.163879 0.012977| 0.060823| 8.98-06 0.008639 2 Unflavored Milk 03:15.5 0.570668 0.13279 0045902 0.032738| 8.70E-07| 0.00471 0.0002467
2 Unflavored Water 02:13.7 0.482617 0.022688 0.148305 0.011744 0.055042| 8.13E-06 0.007818 2 Unflavored Milk 03:15.6 0.575155 0.12017 0.04154 0.029627| 7.886-07| 0.006888 0.0002232
2 Unflavored Water 02:13.7 0.499244 0.020532 0.134211 0.010628) 0.049812( 7.36E-06 0.007075 2 Unflavored Milk 03:15.6 0.583802 0.10875 0.037592 0.026811| 7.13€-07) 0.007961  0.000202
2 Unflavored Water 02:13.7 0515359 0.018581 0.121457 0.009618) 0.045078| 6.66E-06 0.006402 2 Unflavored Milk 03:15.6 0.603103 0098415 0.03402 0.024263| 6.45E-07| 0.00876 0.0001828
2 Unflavored Water 02:13.8 0.534302 0.016815 0.109914 0.008704) 0.040794( 6.02E-06 0.005794 2 Unflavored Milk 03:15.7 0.628143 0.089062 0.030787 0.021957| 5.84€-07| 0.008734 0.0001654
2 Unflavored Water 02:13.8 0.546744 0.015217 0.099468 0.007876 0.036917| 5.45€-06 0.005243 2 Unflavored Milk 03:15.7 0.655774 0.080599 0.027861 0.019871] 5.28E-07| 0.008307 0.0001497
2 Unflavored Water 02:13.8 0.569642 0.013771 0.090016 0.007128| 0.033409| 4.93E-06 0.004745 2 Unflavored Milk 03:15.7 0.682572 0.072939 0.025213 0.017982| 4.78E-07| 0.007666 0.0001355
2 Unflavored Water 02:13.9 0597125 0.012462 0.081461 0.006451( 0.030234) 4.47€-06 0.004294 2 Unflavored Milk 03:15.8 0.708353 0.066007 0.022817 0.016273| 4.336-07| 0.006381 0.0001226
2 Unflavored Water 02:13.9 0.623425 0.011278 0.07372 0.005838 0,027361) 4.04E-06 0.003886 2 Unflavored Milk 03:15.8 0.733301 0.059734 0.020649 0.014727| 3.92E-07| 0.006317  0.000111
2 Unflavored Water 02:13.9 0.646088 0.010206 0.066714 0.005283| 0.02476| 3.66E-06 0.003517 2 Unflavored Milk 03:15.8 0.756479 0.054058 0.018686 0.013327| 3.54E-07| 0.005789 0.0001004
2 Unflavored Water 02:14.0 0.670266 0.009236 0.060374 0.0047810.022407| 3.31€-06 0.003183 2 Unflavored Milk 03:15.9 0778379 0.04892 0,01691 0.012061] 3.21E-07| 0.005265  9.09€-05
2 Unflavored Water 02:14.0 0.691836 0.008358 0.054636 0.004326 0.020278| 2.99E-06 0.00288 2 Unflavored Milk 03:15.9 079818 0.044271 0.015303 0.010915| 2.90E-07| 0.004866  8.22€-05
2 Unflavored Water 02:14.0 0.712259 0.007564 0.049444 0.003915| 0.018351| 2.71€-06 0.002606 2 Unflavored Milk 03:15.9 0.816281 0.040064 0.013849 0.009877| 2.63E-07| 0.004403  7.44E-05
2 Unflavored Water 02:14.1 0.727949 0.006845 0.044745 0.003543 0.016607| 2.45€-06 0.002359 2 Unflavored Milk 03:16.0 0.832235 0.036257 0.012533 0.008939| 2.38£-07| 0.00404  6.74E-05
2 Unflavored Water 02:14.1 0.74641 0.006195 0.040493 0.003206 0.015029| 2.22€-06 0.002135 2 Unflavored Milk 03:16.0 0.847113 0.032811 0.011342 0.008089| 2.15€-07| 0.003656  6.10€-05
2 Unflavored Water 02:14.1 0.761989 0.005606 0.036645 0002902 0.0136] 2.01E-06 0.001932 2 Unflavored Milk 03:16,0 0.860391 0.029693 0.010264 0.00732| 1.95€-07| 0.003328  5.52E-05
2 Unflavored Water 02:14.2 0.773504 0.005073 0.033162 0.002626 0.012308| 1.82€-06 0.001748 2 Unflavored Milk 03:16.1 0.872246 0.026871 0.009289 0.006625| 1.76€-07) 0.003012  4.99E-05
2 Unflavored Water 02:14.2 0.786532 0.004591 0.030011 0.002376| 0.011138| 1.65€-06 0.001582 2 Unflavored Milk 03:16.1 0.882393 0.024317 0.008406 0.005995| 1.59E-07| 0.002726  4.52€-05
2 Unflavored Water 02:14.2 0.799178 0.004155 0.027159 0.002151| 0.01008| 1.49E-06 0.001432 2 Unflavored Milk 03:16.1 0.891362 0.022006 0.007607 0.005425| 1.44E-07| 0.002467  4.09E-05
2 Unflavored Water 02:14.3 0.812703 0.00376 0.024578 0.001946| 0.009122| 1.35€-06 0.001296 2 Unflavored Milk 03:16.2 0.898153 0.019915 0.006884 0.00491] 1.31E-07| 0.002232  3.70€-05
2 Unflavored Water 02:14.3 0.824622 0.003403 0.022242 0.001761 0.008255| 1.22€-06 0.001172 2 Unflavored Milk 03:16.2 0.905501 0.018022 0.00623 0.004443| 1.18E-07) 0.00202  3.35€-05
2 Unflavored Water 02:14.3 0.836282 0.003079 0.020128 0.001594| 0.00747| 1.1E-06 0.001061 2 Unflavored Milk 03:16.2 0911791 0.01631 0.005638 0.004021| 1.07€-07| 0.001828  3.03E-05
2 Unflavored Water 02:14.4 0.847788 0.002787 0.018215 0.001442| 0.00676| 9.98£-07 0.00096 2 Unflavored Milk 03:163 091761 0.01476 0.005102 0.003639| 9.70E-08| 0.001654  2.74E-05
2 Unflavored Water 02:14.4 0.859263 0.002522 0.016484 0.001305| 0.006118) 9.03E-07 0.000869 2 Unflavored Milk 03:16.3 0922838 0.013357 0.004617 0.003293| 8.80€-08 0.001497  2.48E-05
2 Unflavored Water 02:14.4 0.869168 0.002282 0.014918 0.001181| 0.005537| 8.18€-07 0.000786 2 Unflavored Milk 03:16.3 0.928016 0.012088 0.004178 0.00298| 7.90E-08| 0.001355  2.25E-05

Figure 3.3 Example of extracted participant datampiled in a new data spreadsheet.

Participant data (participant number, treatment, original video time, and emotion
response) is identified per emotion (happy, neutral, sad, angry, surprised, scared, and
disgusted) for the select time frame (seconds).

“This spreadsheet is utilized for subsequent analyses.
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Surprised Unflavored Water

Surprised Unflavored Water A4

02137

Surprised Unflavored Milk B4. Surprised Unflavored Milk

Figure 3.4 Example of extracted participant data compiled for subsequent analysis.
The extracted participant data (A1 and B1) is compiled (A2 and B2),
graphed (A3 and B3) and aligned (A4 and B4) as a Vvisudirect
comparison.

1The respective time zero for contrdl4: Surprised Unflavored Wateand treatment
(B4: Surprised Unflavored Milkare displayed for comparing the surprised emotional
results.

“This example represents and identifies the corredipg time zero from the timestamp
file for each participantreatment pair.
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Partcpant Treatment Orginal Video Teme AdjustedTone Nectral Mappy  Seé  Angry Dugutnd| AP .
AL totmime s G i e 2o e Surprised Unflavored Water
" 2 Unflevored Water X135 00833333 0.9%4417 0.052811 0.22071 121608 0.011656
2 Unflavored Water 2136 00666666 0.422513 0.050378 0.200088 L1605 0010848
2 Unflavored Water. O136  0.0099999 0443792 0027704 0.153086 0.01434| Q06721 9.936-06 0.009546 0.1
2 Unflavored Water. O136  OAINIINY 0459392 0.025071 0.163879 898206 0.008639
2 Unflavored Water G157 GUGG666S OASNIT 0.022688 0148305 213606 0.007818 0.09
2 Unflavored Water X137 OI9999NE 0499244 0.000832 O.1M1 736606 0.000075
2 Unflavored Water 2137 Q23 0SISIN QOUSH QLS 686606 0006202 0.08 -
2 Unfievered Water G153 Q2666 OS2 QOIGKS 0109 602606 00057 007 -
2 Unflovored Water G133 0299997 Qs Q0ISHY QOIS $.45606 0008243 .
2 Unflavored Water s 0333333 0569642 0.013771 0.080016 493606 0.004745 0.% -+ i
2 Unflavored Water 2139 09666663 0597125 0.012062 0.081461 A47E06 0.0082%¢
2 Unflavored Water 2159 09999996 0.623428 0011278 007N 408806 0.005836 005 T
2 Unflvored Water 2139 GASIN G088 0.010208 Q08674 C.00S28S] BRI 366606 00T 004 -
2 Unflavored Water CXILD  OAGGE6E2 0670266 0.00923%6 0.06037¢ 331606 0.003183 N
2 Unflavored Water 2140 04999995 0.691836 0.008358 0.054636 299606 00288 0.03 +
2 Unflavored Water 2140 0533328 0712259 0.007364 0.043448 2171606 0.002606
2 Usflovered Water G141 GISGHEEI 279 Q.O06MS QOIS 245606 0002358 0.02 +
2 Unflavored Water. e 05999998 074641 0.006195 0.080493 20606 0002135
2 Unflavored Water Ly 06333327 0761989 0.005606 0.036645 0.002902| Q.0136| 201606 0.0009%2 001 T
2 Unflavored Water a2 0666666 0.773504 0.005073 0.033162 182606 0.001748 0
2 Usflavored Water €142 0999 QSN2 0.00MSA Q0NN 163606 0001582
2 Unfavored Water 02142 QI 02988 0.0041S 0.027159 aoeass) eesnoe| 1eseo6 cooses Ad]usted’ﬁmeo b= . - A a 8 ~ ,Q ; SNSS3 3 * X 8 N
2 Unflavored Water G143 OJE6ESSH SIS 0006 0.04STS 135606 0.0012% S m$am$gm gm§am$$~ $N3
2 Unflavored Water GRIL3 G99 0I62 00003 0L 12e0s s || Zero for direct L] o o0 o0 o0 o M| O
2 Unfavored Water 2144 Qsseesss o 0oomw couns asewsd] aooe| sssear asooss || COMParison quqqmqag,‘;ghqqql\. | e B
2 S84 09333 0969168 0002282 0.014918 0.001181) $.1836-07 0.000786
Paicipast  Treatmant Orgial Video Teme  Adjusted Time Newtnl Mappy  Sed  Angry Dagurted.
2 Unflovored Mk 03154 © 0SN752 0197587 0.068439 0.088811| L3006 9.42605 0.000368 H H
B1. 2urtnendun IS4 GOISS OS68S77 QLI 00619 GouIn LUENK] oooosss axxosss| B2 SurprlSEd Unflavored Mllk
2 Unflvored Mk OMISS  GOMASE 056115 Q162144 005600 0099975| 1L0SEQS 0.002583 Q000
2 Unflavored Mk 3155 QWM Q56T QLIS 000722 0436176 424D 000417 G000
2 Unflavored Ml 03185 GUS33352 OS70668 013279 C.045902 0.032738 BI0EDN| 0.00471 0.000247 0-w0m14
2 Unflavored Milk. 03156 666665 OS731S5 0.12017 00414 0.029627] 7.58E-07) 0.006888 0.000223
2 Unfavores Wl 03158 1999998 0583802 0.10875 0.037592 0.026811) 2.13607) 0.007961 0.000202 0<mom12 "
2 Unfivored Mk 3156 G281 0.60N08 oosears 0340 0coesf aSE9)]| 00087 Gououss
2 Unfivored Mik OMIS) D666 Q.14 C08NR2 00T 0421957] SI4E4D] Q.07 G00018S
2 Unflavored Mik 157 o2 csssme comsm oz o) sl esmny osems| 0.000001
2 Unflvored Mik 3157 OIS QRS2 00799 02513 001N A7) 000066 G000
2 Unftavored Mik K153 Q3666663 0008353 Qossony ocxsyy oot assedml acossr excors | 0,0000008 -+
2 Unflavored Ml 03158 03999996 0.733301 0.059734 .020649 0.004727] 392607 0.006317 G.000111
2 Unflvored Mk 3153 GAISNDN Q%9 005058 0018686 001N ason
2 Unflvored Mk oiss e ams s oouen asuse| anew]oousxs sasess| 0-0000006
2 Unflavored Mk 3159 GAMSS 09018 00K 001533 0.010915| 290647 00066 822645
2 Unflavored Mik 03155 ASIMS o cowose oonsss oaosen| 26360 aoouns 25| 0.0000004
2 Unflavored M. 03160 5666661 0532235 0.036257 0.012933 0.008939] 230607| 0.00808 6748405
2 Unflavored Milk. 03160 05999994 0347113 0.032811 0.011342 0.008089] 2.15E-07) 0.003656 6.10605 omowoz 1
2 Unflavored Mk 03160 Q337 0.060991 0029693 0.000264 000712 1950 oosms ss2ees |
2 Unflvored Mk OMIE1  OMASE T4 002671 0009219 000e2s| LI6ED 0012 499645
2 Untavored ik T asiees 0
2 Unflavored Mk 161 GIINN Q9136 002006 00007 0.005025| LAKEDD] Q00267 409645 ) . - 2] - - ) o~ o
2 Unfievored Mik OM62  GIN6SH 0190153 G019 0006t 000ts1] LIIEM] 000282 370605 AdJUS'ednmeog3$§m8§§Qm§§§3w§Z$§8m
2 Unfiovored Mik G2 T 005 mI 000623 Ooouts| LEMT| 000 33585 | | 70 £ diract oeqA8gaENA Ko A23LRABRIS R
2 Unflavored Wik 03162 QSIS Q5171 G013 0005638 0.004021f LOTEDN] 000128 30305 mommwmmwmgwmmwmm«ommtgm
2 Unflvored Mk o6y assass asen coun eamsior ooowns| aessfooouse 274635 | | comparison VLIV ABETNRR AP0 8
2 Unfavored Wik 3163 0899991 Q922138 0013357 000K 0003293 R0E08 01T 243605 O‘Qdo"-iu-iu-ix-iﬁ;NN.&«;nfiN;«i«;év'vv'
2 Unflavored Mik 03163 G C520016 GOLNN OIS 000K 790608 001358 225645

Figure 3.5 Example of extracted participant data with adjusted time frame

The extracted participant data is presented
z e r AlandBl).

The time adjustment allows for direct comparison between a coAtr8iufprised

Unflavored Waterand a treatmer{B2: Surprised Unflavored Milk(A2 and B3. *This

example represents and identifies the corres
timestamp file for each participammeatment pair.
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Unflavored Water

Participant Adjusted Time Surprised

2

W N B W N B LWUN B LWUN B WUN B LUN & LUN BN &Ly W

Figure 3.6 Example of the process for compilingadip t i ci pant s 6

The participant, adjusted time, and paired treatment (e.g. unflavored water and
unflavored milk) at each time point is compiled to preparestatistical analysis.

0

0

0
0.0333333
0.0333333
0.0333333
0.0666666
0.0666666
0.0666666
0.0999999
0.0999999
0.0999999
0.1333332
0.1333332
0.1333332
0.1666665
0.1666665
0.1666665
0.1999998
0.1999998
0.1999998
0.2333331
0.2333331
0.2333331
0.2666664
0.2666664
0.2666664
0.2999997
0.2999997
0.2999997

0.09068511
0.2875673

0.08206697
0.3551583

0.07426786
0.4162674

0.06720988
0.4714458

0.06082268
0.5209881

0.05504249
0.5653802

0.04981158
0.6061038

0.0450778
0.6417572

0.0407939
0.6727543

0.03691709
0.7251481

Unflavored Milk
Surprised

1.30E-06

0.3276564

1.17€-06
0.3913865

1.06E-06
0.4485871

9.62E-07
0.5001709

8.70€-07
0.4526377

7.88E-07
0.4096218

7.13€-07
0.370694

6.45E-07
0.3354655

5.84E-07
0.3035849

5.28E-07
0.2486251
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H

16
12
15
13
2
17
11
18
5
9
4
24
14
8
10
7
3
19
22
1
21
20
23

16
-12
15
13

A B G D E F G
1 Participant Adjusted Time Zero Unflavored Water Surprised Unflavored Milk Surprised Treatment Difference Positive |Absolute Difference| Rank Order Signed Rank
2 2 0.033 0.08206697 1.17€-06 8.21E-02 1 0.082065796
3 3 0.033 0.3551583 0.3913865 -3.62E-02 -1 0.0362282
4 4 0.032 0.1449358 0.08848681 5.64E-02 1 0.05644899
5 5 0.033 0.0528666 0.005964171 4,69E-02 1 0.046902429
6 6 0.033 0.000151759 5.94E-05 9.23E-05 1 0.000092328
7 7 0.033 0.007203472 0.1021246 -9.49E-02 -1 0.094921128
8 8 0.033 0.3267848 0.2935021 3.33E-02 1 0.0332827
9 9 0.033 0.1294796 1,00E-09 1.29€-01 1 0.129479599
10 11 0.033 0 0.006180286 -6.18E-03 -1 0.006180286
i1 12 0.033 0.03632706 0.02186139 1.45E-02 1 0.01446567
12 13 0.033 0.005947598 0.001962779 3.98E-03 1 0.003984819
13 14 0.033 0.001328195 0.3016384 -3.00E-01 -1 0.300310205
14 15 0.033 0.08142006 0.03242102 4.90E-02 1 0.04899904
15 16 0.033 0.01452998 0.000325548 1.42E-02 1 0.014204432
16 17 0.033 0.02329214 0.001191986 2,21E-02 1 0.022100154
17 18 0.033 0.00210097 0.01477786 -1.27E-02 -1 0.01267689
18 19 0.033 0.002057716 0.000432547 1.63E-03 1 0.001625169
19 21 0.033 0.1611539 0.02061119 1.41E-01 1 0.14054271
20 23 0.033 0.2621396 0.000657592 2.61E-01 1 0.261482008
21 24 0.033 4.90E-05 3.26E-06 4,58E-05 1 0.000045791
22 25 0.033 0.4312112 0.2154223 2.16E-01 1 0.2157889
23 26 0.033 0.1601236 1.70E-08 1.60E-01 1 0.160123583
24 27 0.033 0.3181995 0.02441438 2.94E-01 1 0.29378512
25 28 0.033 0.1289932 0.1387634 -9.77€-03 -1 0.0097702

6

Positive Sum
Negative Sum
Test Statistic

Critical Value
Test Statistic

The test statistic is less than the

81 critical value and we reject the

71 null hypothesis. There is
sufficient evidence to suggest
that there is a difference
between Unflavored Water and
Unflavored Milk in the Surprised
emotion at adjusted time zero
0.033 seconds.

Figure 3.7 Data spreadsheet example comparing a control (Unflavored Water) and a treatment (Unflavored Milk) using Wilcoxon
tests across participants at a specific time point.

! The figure representsrdct compaisonbetween the emotional results of a respective sample and the control (unflavored water)
using sequential paired nonparametric Wilcoxon tests across the participants.
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Surprised Unflavored Water
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Emotion Adjusted Time Zero

Figure 3.8 Example of the data spreadsheet to graph the results if (p<010%% o

associated treatment graph (i.e. unflavored milk compared to unflavored
112

water).
! Results of squential paired nonparametric Wilcoxon tests across the particgsants

graphed for the times where the null hypothesis is rejected.
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Figure 3.9 Mean acceptabiy (hedonic) scores of unflavored water, unflavored milk,
vanilla extract flavor in milk and salty flavor in milk beverage solutions.

AB Treatment means wittiifferent superscripts significantly differ in liking (p<0.05).
Participants (n=25) rateatceptabilityon a 9point hedonic scale (1=dislike extremely,
5=neither like nor dislike, 9=like extremelyre a\is D.

2 Solutions in Milk: unflavored milk (2% Milk); unflavored water (commercial drinking
water);vanilla extract (0.02g/mj$alty (0.004gsalt/ml)

113



A. Unflavored Milk

Disgusted,

Scared,

Neutral |

Unflavored Milk > Unflavored Water

1
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1
1
Neutral ,
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Disgusted

Unflavored Water > Unflavored Milk
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| | | | |
2 3 B 5
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B. Unflavored Water

Figure 3.10 Time series graphs of classified emotions on automated facial expression
analysis data over 5.0 seconds comparing unflavored milk and unflavored
water.

o —
o

'Based on sequential paired nonparametric Wilcoxon tests between unflavored milk and
unflavored water (baseline), results are plotted on the respective treatment graph if the
treatment median is higher and of greater significance (p<0.025) for each emotion.
Presence of a line indicates a significant difference (p<0.025) at the speciffmwiimhe
where the median is higher, while absence of a line indicates no difference aifia spe
time point (p>0.025)Absence of lines in unflavored milk (A) reveals no emotional
categorization compared to unflavored water (p<0.025) over 5.0 seconds.

® participants (n=25) evaluatedistions in Milk: unflavored milk (2% Milk); unflavored
water (commercial dnking water)
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A. Vanilla Extract Flavor in Milk
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|
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B. Unflavored Water

Figure 3.11 Time series graphs of classified emotions based on automated facial
expression analysis data over 5.0 seconds comparing \extiléect flavor
in milk and unflavored water (baseline).

'Based on sequential paired nonparametric Wilcoxon tests between vanilla extract flavor
in milk and unflavored water, results are plotted on the respective treatment graph if
treatment median is high and of greater significance (p<0.025) for each emotion.
Presence of a line indicates a significant difference (p<0.025) at the specific time point
where the median is higher, while absence of a line indicates no difference at a specific
time point (p>0025).

% Participants (n=25) evaluatedistions in Mlk: unflavored water (commercial drinking
water); vanilla extradiavored milk(0.02g/ml)

115



Salty > Unflavored Water

Unflavored Water > Salty

-——— - 4

A. Salty Flavor in Milk

Disgusted:

Scared

Angry,

1
Happy!

Neutral,
1

1
Neutral:
1

Happyi

Angry,

Scared

Disgusted,

i
0

| I I I
2 3 - 5

Time (Seconds)

B. Unflavored Water

Figure 3.12 Time series graphs of classified emotions based on automated facial
expression analysis data over 5.0 sglsocomparing salty flavor in milk

and unflavored water.

'Based on sequential paired nonparametric Wilcoxon tests between salty flavor in milk
and unflavored water (baseline), results are plotted on the respective treatment graph if
treatment median is ¢iner and of greater significance (p<0.025) for each emotion.
Presence of a line indicates a significant difference (p<0.025) at the specific time point
where the median is higher, while absence of a line indicates no difference at a specific

time point (0.025).

? Participants (n=25) evaluatedistions in MIk: unflavored water (commercial drinking
water); saltyflavor in milk (0.004g salt/ml)
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CHAPTER IV

Characterizing Implicit Emotions to Flavored Milk Beverages using Automated Facial

ExpressiorAnalysis

Abstract

The purpose of our study was to characterize implicit emotions associated with
flavored and unflavored milk beveragefsflavor acceptability. We explored the use of
time series analysis of facial expressions for temporal emotions. Emotional differences,
based on extreme differences in acceptability of flavors, were evaluated.

Participants (n=4Revaluated intensifieflavors in milk beverages/anilla syrup,
coconut syrup, vanilla extract, green teauir, malty, and salty) and an unflavoradk
(positivecontrol2% milk) and drinking water (negative contréby product
acceptability. Sessions were videsrorded and angted using AFEA software that
translates facial muscle motion to neutral, happy, disgusted, sad, angry, surprised and
scared (scale: 0=not expressed; 1=fully expressed) for each emotion. For AFEA time
series analysis, sequential paired nonparametric Wilttasts were performed between
unflavoredmilk and treatments for 10 secondsposb ns umpt i on (U=0.05) .
participants rated acceptability on -g8int scale (9=like extremely; 1=dislike
extremely)

Based on product acceptability analysisflavored milk,and milk flavored with
vanilla syrup, coconut syrupy vanilla extract weraot different(p>0.05)and were rated

as acceptable (mean scores of 5.5 or higher; 5=neither like nor dislike; 9=like extremely).

Automated facial expression analysfsvanilla syrup flavored milk flavored armmbconut
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syrupflavored milk identified an initial sad expression (p<0.025), then surprised or
happyresponses, respectively, after 5 sec, compared to unflavored/farkla extract
flavored milkelicited moresurprised and less neuteald sad expressighan unflavored
milk (p<0.025).In contrast, alty and green tea flavored milks had enmeanhedonic
scoreqless than 3.5<0.05)than other flavored milk beverag&zreen tedlavor
elicitedmore sadsurgrised, andangryexpressiongp<0.025) Saltyflavor in milk
created an intense disgust response and other emotions (p<0.025). Unflavored milk had
higher neutral response (p<0.025) than green tea and salty flavors in milk.
Expressed emotions for acceptatvigk beveragesvere not as emotionally
dynamic as observed for disliked flavored milk beverages, wiadimore prevalent
negative emotional trends for longer periods of time. Time series trends may assist in
differentiating acceptability due to predonmmaa of emotions over 10 second duration.

The methodology may aid with implicit consumer acceptability responses.
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1. Introduction

Fluid milk consumptiorhas declinedh the United States since the 1970s
(Stewart, Dong, & Carlson, 2013; Popkin, 2010) olupartto beverage competition,
especially similar, nowlairy based beverages (i.e. soy, almond, rice, coconut, hazelnut,
hemp) (Package Facts, 2015; Anonymous, 2015) and sugar sweetened beverages (SSB)
(Bowman, Gortmaker, Ebbeling, Pereria, & Ludwig, 20Bisher, Mitchell, Smickiklas
Wright, & Birch, 2001; Blum, Jacobsen, & Donelly, 2005; Lasater, Piernas, & Popkin,
2011; Popkin, 2010; Vartanian, Schwartz, & Brownell, 200Rg Detary Guidelines for
Americansrecommend$ cupequivalents for those ovére age of 8; however, today
consumption is around 0.61 ceguivalents per day (Stewart et al., 20035.

Department of Agriculture and U.S. Department of Health and Humaic8g2010).
Furthermore, there is concern that the decline will continue with subsequent generations
(Stewart et al., 2013). While dairy cheol programspromoteconsumption (Kaiser &

Dong, 2006; Kaise010), the dairy industng targeting new products dmew flavors

for reinvening the appeal of milk and regairg their consumer audience.

Although there is wide recognition that milk is nutrient dense and provides many
health benefits, some consumers expressernsabout drinking milk. Issues such as
saturatedat and cholesteratontens, antibiotics and growthormones, animabelfare
and other issues popularized in the mediacreate concerns and negativeifluence
consumption (Stewart, Dong, & Carlson, 2012). Beyond these concerns, some censumer
do not enjoy the flavor of milk even with the known benefits of dairy consumption.
Flavored milk, such as chocolate milk, are sweetened and have higher caloric content,
creating controversy about the placement of flavored milk in school lunch prodrams.
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calorie flavorings of milk could add a vakaglded appeal to purchasing milk. School
children prefer flavored milk to plain milk, and when only plain milk is offered,
consumption decreases in schools (Patterson & Saidel, 2009). In studies with children
and adolescents, consumption of flavored midls associated with increabealcium
contentintake,compared to their nemilk consumption counterparts (Johnson, Frary, &
Wang, 2002), as well ascreased intake afthervaluablenutrients and minerals

(Murphy, Douglas, Johnson, & Spen@908). Flavor andthersensory attributes are

more importanto children and consumers thia@althwhen choosing foods and
beverages for consumpti¢Relsmaeker, Schouteten, & Gellynck, 2013).

Using surveys and che@d-thatapply (CATA) emotional ballots, researchers
found childrerprefer flavored milkover plainmilk andmilk alternatives and select the
Ahappyo emot i on adtualfftaeredmilk brand (Relgraaekerst at, o
2013) However, the dairy idustry has been cautious about marketing innovative
flavored milk beverages, perhaps to limit the risk of failed produciih ¥3-80% new
grocery sector product failuresewmethodology is needddr providing better
understanding of consumer respon&santon, 2018 Traditional assessment of
preference and acceptability of foods and beverages has relied on explicit (conscious)
responses yet thesesponses do not provide reliable consumer insight to products
(Koster, 2003)Hedonic testing (consciousauation response) may bias acceptability
scoring and fail to capture initial reactions and interactions with products (De Wijk,
Kooijman, Verhoeven, Holthuysen, & De Graaf, 2012). Consumer choices and behaviors
can be unpredictable antfluencedby implicit (unconscious) responses to external
stimuli (Dijksterhuis & Smith, 2005kuch as media messages about issues and opinions
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of friends, family or peer group€onsumer emotional response to products may occur
quickly (microseconds) and last for a shaetiod (seconds to mikes) (Robbins &
Judge, 2013)Characterizing emotions to a stimulus is challenging as the implicit
response may be manifested in multiple wayslicit responsenethodology research
and application is increasing with food drelverage product acceptability (Arnade,
2013; Crist, Arnade, Leitch, Duncan, OO0Keef e
Sidorkina, Joechl, & Duerrschmid, 2013; Danner, Haindl, Joechl, & Duerrschmid, 2014,
De Wik et al., 2012; De Wijk, He, Mensink, Verven, & De Graaf, 2014; Gareia
Burgos & Zamora, 2013; GareBurgos & Zamora, 2013 ei t ch, Duncan, OO0Ke
Rudd, & Gallagher, 2015Automated facial expression analysis (AFEAgy assist in
differentiating products.
Emotional analysis may provigedeeper understandingf consumeresponse to
product andthe interpretationof@t r ue 6 ac c e p AFEAIS d protnigingr e sponse.
tool for charactering emotional response to beverages (Arnade, 2013; Crist et al., 2014;
Danner et al., 2013; Danner et 2014; De Wijk et al., 2014, Leitch et al., 2015; Walsh,
Potts & Duncan, 2015AFEA softwarecandetect the emotions happy, sad, scared,
disgusted, angry, surprised (Ekmdtrjesen, O'Sullivan, Chan,DiacoyanniTarlatzis,
Heider, Krause, LeCompte, Pitcairn, Ricci-Bitti, Scherer,Tomita, & Tzavaras,1987)
and neutral, each on a scafed (not expressedo 1 (fully expressed) (Noldus
Information Technology, 20Bb).Usi ng t he fAvalence hypothesisc
positive emotions includeappy and surprise, while negative include fear, disgust, anger,
and sadness (Davidson, 1995; Alves, Fukusima, & A@@manova, 2008). In addition,
the Amoti vaiwi amalr aavapr gyt hesi so cl assi fies:c
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angerasi a p p r o atiorts (fowardrstimuli), while sadness, fear, and disgust as
Awithdrawal 6 emotions (away from aversive st
& Harrison, 2005; Alves et al., 2008; Davidson, Ekman, Saron, Senulis, & Friesen,
1990).The eating experiencs typically positive (Desmet & Schifferstein, 2008; Gibson,
2006; King & Meiselman, 2010however, unexpected flavors, such as might occur from
poor quality or spoilage, or unfamiliar or undesirable flavors can create a negative
emotional experience.afiationin facial expression, whicimay occur due to participant
preferences or sensitivitiesan causeconsistencies interpreting facial expression
( K7 st e rWendih,(AlleS8efHolm, and Bredie (2011) found facial reactions
increased abasic tastesolution intensity increaseduggesting a more intense emotional
responseMoreover, facial occlusions, chewing, swallowing, and/or other gross motor
functions may disrupt data capture and yield poor results. Furthermore, participants may
not follow instuctions, unavoidablshadowing may occur on the fatastly, the
development of statical analysis methodology to AFEA data is important to assess the
emotional response to a food or beverage stimuli. Arnade (2013) concluded that
continued research regarding population size and statistical methodology is critical.
Participant emotionaksponse variability can be high and can influence the mean
comparison testsven within a small number of observatigAsnade, 2013; Walsh,
Duncan, Potts & Gallagher, 2019here is a need to develop methodoltmyy
characterize implicit emotions usidd-EA with additionalemphasis on the analysis and
interpretation of population.

In our study, we were interested in characterizing emotions to unflavored and
flavored milk beverages based on facial expression, as a measure of the rapid and
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uncontrolled mplicit response, and as additional information to flavor acceptability. Our
project objectives were to (1dentify flavorings in milk that created positive emotions

and were acceptable to an adult population; (2) evaluate the use of AFEA for
differentiatng emotions associated with acceptable and unacceptable flavorings in milk;
and (3) explore the use of time series analysis of facial expressions for temporal
emotions.

Using a combination of implicit (AFEA) and explicit (hedonic rating) we aimed
to elidt responses using intensified flavorings in milke hypothesized we woukloke
more negativedisgusj reactionsand lower acceptabilitwith intensified saltions such
assalty,as well as generate positive emotions (happy) and higher acceptabhity wit
generally accepteftvors, such as vanilléor emotional analysis validatiolVe
hypothesized that intensified flavorings would stimulateefacial expressions in
participantsWe also anticipated thaatored milk treatments will each give a ditet
predominant emotion or a deviation from a neutral or natural statgpared to
unflavored milkwith the temporal profile providing additional insight into emotional
characterizationThe resulting emotional profile may be useful for identifying susfoés

flavorings for milk for future research and development.

2. Materials and methods
2.1 Sample preparation

Intensified dairy solutions were prepared using unflavored foll&wing dairy
judging flavor descriptiongCostello & Clark, 2009) and otheaflorsat intensities
detectable by a proportion of the populatiBlavors were created and evaluated by

researchers to reach an agreed level of intensity without being flavor offébsiveols
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werewater (negative contro(Drinking Water; Kroger Brandzincinnati, OH)and
unflavored milk (positive control) (2% Reduced Fat Milk, Kroger Brand, Cincinnati, OH
or DZA Brands, LLC, Salisbury, NC)Flavored milk treatments were prepared in the
same milk as used for the positive control, and included sewanifigs:sour

(buttermilk) (0.02g/ml) (Cultured Low Fat Buttermilk, Kroger Brand, Cincinnati, OH);
coconut syrup (0.02g/ml) (Coconut Premium Gourmet Syrup, Monin, Inc., Clearwater,
FL); vanilla syrup (0.02g/ml) (Vanilla Premium Gourmet Syrup, Monin, IGearwater,
FL); vanilla extract (0.02g/mhlcohol by volume 15%Imitation Clear Vanilla Flavor,
Kroger Brand, Cincinnati, OH); maltyolution 1 0.15g grape nuts /ml mill§olution 2
0.05g Solution1 /ml milk) (Kroger Brand, Cincinnati, OH); sd2y004g/ml) (lodized

Salt, Kroger Brand, Cincinnati, OH); and green t®alijtion 1 Prepared as
manufacturer s i ns t(~40.000ggreenrtesymipotutiod2 st i | | ed
0.11g/ml) (100% Natural Green Tea, Kroger Brand, Cincinnati, OH). Half aliggeots
(~159) of each solution were poured into 2 oz. plastic sample cups (Monogram

Company, Columbia, MD) and capped with cetoded lids.

2.2 Consumer sensory analysis
2.2.1 Participant recruitment

This gudy was preapproved by Virginia Techktitutional Review BoardlIRB
14-229) prior to project start. Study recruitment was accomplished through email listservs
to Virginia Tech faculty, staff, students and visitors. Recruited participants completed a
pre-screening survey for personal attributesrydpreferences, demographics and interest
in the study. Exclusion criteria included report of facial hair, required use of glasses for

vision, allergies, and age less thanygars Selected participants (n=49; mean age = 25.2
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years; age range = -BD yeas; male=16; female=33) were Virginia Tech faculty, staff,
students or visitors. Before sample evaluation, participants reviewed and consented to the
study parameters, including video recording, before receiving additional instructions or
samples. Seven £7) participant videos were not used duentmmpatibility with

software (n=3pand/or failure to follow directions during sampli(rg=4); therefore, 42
participants were included in data analysis (h=42; mean age = 25.0; age ran§@;= 19

male = 13; fema = 29).

2.2.2 Consumer sefeported acceptability responses

Only one panelist at a time evaluated the samples to standardize the sensory booth
conditions for video capture. Participants were guided by instructions on the touch screen
monitor by the autoated sensory software (Sensory Information Management System
(SIMS) 2000, Version 6, Sensory Computer Systems, Berkeley Heights, NJ). Prior to
sample evaluation, specific protocols were described to the panelist by a researcher and
provided visually on thenonitor.

Panelists evaluated a total of nine solution samples (representing each treatment),
presented one by one, at refrigeration temperd84°& or 1.7C). Each samplavas
identified by a unique color index cagaced on top of each sample relgtin the
sample color codé&Vater was presented first, followed by unflavored milk; then flavored
treatments were presented individually in a sequential, randomized lBodeach
sample, participantiirst held up the associated color card for samplewidentification,
thenfully consumed the sample and waited 30 seconds (enfonteld)facing towards
the camera without additional action. Participants then entered hedonic response

(1=dislike extremely, 9=like extremelgnh the monitarParticipants we instructed to
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rinse their palate with room temperature drinking water (Kroger Brand, Cincinnati, OH)
before the first sample and in between each samleninutes between sampleBata
capture was managed using the sensory software system (SIMS/2@€IOn 6, Sensory
Computer Systems, Berkeley Heights, NJ). Upon compleladawastransferred to

Excel (Microsoft Corporation, Inc., Redmond, WA) and JMP for statistical analysis

(Statistical Analysis Software, Cary, NC).

2.2.3 Video capture

The camea (Axis M1054(30 Hz frame rate; 640480 resolution)Axis
Communications, Lund, Sweden) was positioned abovitiahscreemonitor and
video capture focused on the participantés
daylight, llluminant 6504K; R=20685=242; B=255, Rhapsody, Acuity Brands Lighting,
Inc., Conyers, GA) illuminated the booth and face for videmording with minimal
additional lighting from the monitor and overhead florescent lighting behind the booths.
Video capture commenced once theglast was comfortable at the booth and video
capture wasisoptimalas possiblébefore sample presentation). Video was set to record
at 30 frames per second (fps) on a desktmpputerElo Touch Solutions, Milpitas, CA)
with recording software (Media Rerder 2.5; Noldus Information Technology,
Wageningen, The Netherlands) through the entire sensory session. Recordings were

saved as video (MPE® files.
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2.2.4 Automated facial expression analysis, data processing and statistical analysis

Participantvik os wer e analyzed using AFEA softwa
Information Technology, Wageningen, The Netherlafoisgmotional responsé
should be noted that AFEA software characterizes emotions (happy, sad, scared,
disgusted, neutral, angry, and surpris&tileos were analyzed frant®y-frame using
continuous calibration analysis settings in the software. The AFEA data output was
expoted as log files (.txt). ThAFEA data from the 0 t& secondntervalfor ANOVA
and 010 second for time serigsterval postconsumption was used for analysis. Post
consumption was defined as when the sample cup no longer occluded the face at the
paneli$ 6 s chin. Participant videos were time st
version 3.1.1, R Core Team, 2014) isolated specified data within the software exported
log files (.txt).

As mentioneckarlier, 2ven videos were failures amerenot included in
statistical analysis. Data from n=42 participants were used for data analysis. Analysis of
variancANOVA)wi t h Tukeyo6s multiple comparison of
Analysis Software (SAS) Version 9.2, SAS Institute, Cary, NC) was used to detgermin
differences imcceptabilityhedonic scoreg) U= 0 . 0 5 )-genefdted means data
from 0-5 sec posconsumptiod er i ved from AFEA output, Tukey
comparisons of means was used for emotional data analysis (R, version 3.1.1, R Core

Team, 2014jor each emotion for each treatment

2.2.5 Automated facial expression analysis and time series analysis

For time series analysis, sequential paired nonparametric Wilcoxofte8185)

were performed between control (milk) and treatments based on the 30 Hz AFEA
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sampling frame rate. Results were translated into time series graphs for 10 secends post

consumptionEmotions with significant differences at p<0.025 were graphed.

2.2.5.1. Automated facial expression analysis, hedonic classification, and time series
analysis of selected treatments for emotional profile development

Selected solutions treatmen@nillasyrup(i | i ked o n= 27; dAadislike
coconut syrup ( Ad ink=eld20) ,n =v2a8n;i Iflda se xitkreadc t ( Al
n=13), malty (Alikedo n=12; dAdislikedo n=25)
were selected for analysis. The acceptability scores were divided by panelist hedonic
rating as dli peddbi (cogsemereabece?7, 8, 9) and
acceptability scores = 4, 3, 2, 1). Associated panelist AFEA output files were evaluated

using time series analysis under the same settings described above.

3. Results
3.1 Consumer acceptability response

Numerically, unflavored milk was rated the highestg.6+1.8; 6.0 = liked
slightly) but did not differ (p>0.05) in acceptability from milk flavored with vanilla syrup
(x6=5.9+2.2), coconut syrupa5.9+2.1), and vanilla extractt5.5+1.6; 5.0 = neitér
liked, nor disliked)water was rated within the same region of the scad8.8+1.6)
(Figure4.1). Unflavored milk, milk with vanilla syrup or coconut syrup, and water were
rated higher in acceptability (p<0.05) than milk with maky4.3+2.1), sour
(x=4.3+2.0), green teas£3.3+1.8) and saltyxgE2.3+1.3) flavors. Salty was liked the least

(disliked moderately) but did not differ from green tea (p>0.05).
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3.2 Automated facial expression analysis

Mean emotion intensities, as obtained from AFEA wsialof video and
subsequent data output, were not different across treatments within emotio05)(p>0.
(Table4l) based on ANOVA with Tukekodbal mul ti pl e
treatments, neutral was the highest emotion expressed<@ngry andsad were
moreexpresed (p<005) than happy, disgusted, surprised and scaretlks flavored
with malty, sour, and coconut syrup. Sdlgvored milk generatethore sad and angry
expressionghan happy, surprised, and scared (pS0but did not differ fom disgusted
(p>005). Unflavored milkincreasedexpresson of angrymorethan happy, disgusted,
surprised and scared (p€8). Additionally, unflavored millgeneratednore sad
expressiorthan surprised and scared (p3%). For coconut syrup, malty, ands-
flavored milks the emotions happy, surprised, disgusted and scared were not different
(p>005). Unflavored vater elicited more angmxpressiorthan happy, surprised,
disgusted, and scared (p88). In unflavoredwater, sadxpressiorwas moreelicited
than scared (p<05). Green tedlavored milk increasedxpreseon of angrycompared to
disgusted, surprised, happy, and scared (5x0Green tedlavored milk also
contributed tanore sacexpressionthan surprised, happy and scared (pSP.Fao vanilla
syrup and vanilla extradtavored milks angry and sad @emore expressed than
disgusted, surprised and scared (p80.Milk with vanilla extracflavoring elicitedmore
angryexpressiomwhile vanilla syrupflavored milkyieldedmore sad thahappy

expressiongp<0.05).
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3.3 Time series analysis
3.3.1 Time series analysis using milk as control

As each flavored milk was compared to the unflavored milk, the significant
emotions identified in unflavored milk altered; these differences resulteddseeach
data set comparison was unique. Each emotion that is illustrated was significant
(p<0.025) based on the emotional response to samples within the comparison.
Sad wasexpressed (p<0.025) more intensely within the first couple secomadls
flavoredmilks that were acceptable (vanilla syrup, coconut syrup, and vanilla extract), in
contrasto the unflavored milk control (Figu#e?2). Recalling from ANOVA with
Tukeyds multiple comparison of means anal ysi
predominant emains (Table4.1). All three flavorings (vanilla syrup, coconut syrup, and
vanilla extract) in milk generated- positive,
consumption in comparison to the unflavored milk control.
Vanilla syrupflavored milk illustratel more surprise and happy expressions late
in the time sequence, with less neutral and disgust, which occurred at higher levels early
in the postconsumption period of the unflavored milk control, suggesting a positive,
Aapproacho e mot ipedtathe flavaresd mitk os0e025) (Eigudl 1)o
For coconut syryyflavored milk, happy was a predominant emotional trend (approach),
also late in the time sequence (Figdr2 1) whereas the unflavored milk response was
happy, angry and surprised iretharly timeframe (p<0.025). Unflavored water had
relatively few emotions expressed at a significant level when compared to the unflavored
milk control (Figured.2 Ill). Neutral expression and sad were significantly higher

(p<0.025) for unflavored water #in the postconsumption timeframe. Compared to
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unflavored water, withdrawal emotions (scared and disgust) and angry (approach) were
significantly higher in unflavored milk (p<0.025). Vanilla extrfletvored milk had more
approach emotional responseiprised) than unflavored milk (p<0.025) (Figdt2 V).
Moreover, vanilla extraeflavored milk also had a much less prevalent withdrawal state
(angry and sad) than unflavored milk (p<0.025).

As observed for the more acceptable milk treatments, sadsstpns were
observed at about the2second mark for the flavored milks receiving low lower
hedonic scores (malty, green tea, salty) in contrast to the unflavored milk control (Figure
4.3). The souiflavored milk was an exception and did not illustr&iie tesponse (Figure
4.3 I1). Most of the significant and unique emotional response to the unacceptable
flavored milks occurred about 3 seconds or longer; the exception is théiaadted
milk that had a high degree of significant emotional expressiwmoaghout the
timeframe (Figurel.3 1V). There were more emotions expressed at higher significance in
the unflavored milk control compared to the unacceptable flavored milks, when
considering the responses in the acceptable milk comparisons.

The comparign of maltyflavored milk to unflavored milk illustrated that both
had significant surprised responses but at different time points (F@ube Malty-
flavored milk had less neutral compared to control milk (p<0.025) indicating a deviation
from neutralearly postconsumption. Generally, setlavored milk had more withdrawal
emotions (sad, disgust, and scared) than unflavored milk (p<0.025) and less approach
emotions (surprised and happy) than unflavored milk (p<0.025) (FgBilé.
Additionally, sourflavored milk had less neutral thanflavored milk (p<0.025)
indicating a deviation from neutral.
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Green tedlavored milk elicited withdrawal emotions (sad, disgust and angry)
more than unflavored milk (p<0.025) (Figut& IIl). Interestingly, the appach
emotions happy and surprised were generated more in gretevaad milk than
unflavored milk after 5 seconds (p<0.025). Also, greefflga@red milk produced less
neutral than unflavored milk (p<0.025) indicating a deviation from neutral assvidks
and a very brief happy expression before 2 seconds (p<0.025). Lasthf|esaited milk
generated more intense withdrawal emotions (sad, disgust, scared) than did unflavored
milk (p<0.025) (Figuret.3 1V). Surprisingly, saltyflavored milk also ppduced more
intense approach emotions (surprised and happy) than unflavored milk after 5 seconds
(p<0.025). Moreover, sakffavored milk generated less neutral than unflavored milk
(p<0.025) indicating a deviation from neutral. Disgust was a predonenaotion

throughout the postonsumption period of salyavored milk.

3.3.2 Selected time series analysis based on hedonic score separation

Separation of hedonic acceptability responses within each treatment (high
scores=6, 7, 8, 9; low scores=4, 3, 2alljwed us to evaluateendsfor their association
to emotions (Figurd .4 (Vanilla Syrup)4.5 (Coconut Syrup®.6 (Vanilla Extracty.7
(Malty), 4.8 (Sour)). The emotional profiles with those of higher consumer acceptability
ratings revealed that sad continued to be genenateein milks flavored with vanilla
syrup, coconut syrup, vanilla extract and sour than in unflavored milk (p<qFEigbyes
4411,4511,4.6 1l and4.8 Il). In addition, happyvas present in vanilla syrup and
coconut syrup flavored milksorethan inunflavored milk (p<0.025) (Figuret4 1l and

45 II). Surprised was expressed in vanilla syrup and vanilla extaacred milksmore
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than in unflavored milk (p<0.025) (Figude4 1l and4.5 11). Also, sour milk had more
scared expression than in unflavored milk (p<0.025) (Fig@d).

Participants that disliked the flavored milk samples expressed more angria(vanil
syrup, vanilla extract and malty), sad (coconut syrup and malty), scared (coconut syrup
and sour), happy (vanilla extract), neutral (vanilla extract), disgust (malty and sour) than
in unflavored milk (p<0.025) (Figures4 IIl, 45 11, 4.6 11, 4.7 Il and4.8 1l1).

Moreover, they expreged less neutral (vanilla syrup amdlty), surprised (vanal extract
andmalty), angry (vanillaextract), sad (vanilla extract asdur), scared (vanilla extract),

andhappy (sour) than unflavored milk (p<0.025)

4. Discussion
4.1 Consumer acceptability response

The consumer acceptabilitgsults were surprising as unflavored milk was
numerically the highest whiththeflavorddsugain pl eas ant
syrupmilks the next numerically highegdur resits contradiciprevious evidence of
school «c¢hi | dfor8amoded milgaoraparedo enflawoeed milk (Patterson &
Saidel, 2009)however, our demographic was older. Additionally, most consumers are
unfamiliar with flavored milk other than choctgamilk. In a study between plain milk
and chocolate milk, chocolate milk was rated higher than pladx{.5 anc.7+2.4
respectivelyin collegeaged participants (Arnade, 2013). Overally hypothesis is
supported by these findings as it was expetitatithe pleasant flavors would be rated
higher than the unpleasant flavors. Vanilla syrup, coconut syrup, and vanilla extract
flavored milk beveragewere liked more than salty and greenftagored milk

beverages.
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4.2 Automated facial expression analsis

Trends were harder to isolate and identify amondlaveredtreatments
indicating that ANOVA is not sensitive in separating mean emotional chahgedack
of sensitivity could be due to the number of data points anabizeach frame over 5
sec.The individual points get muddied using ANOVEKeitch et al. (2015), using similar
data analysis, did not find differenc&ghin emotionsacross teavith different natural
and artificial sweetenetseatmentaising ANOVA In all treatments, neutral waseth
highest emotion expressed (p&®). Neutral was also elicitdtighest amon@ study
usingtea treatments (Leitch et al., 2018)hile time frame could be a contributing factor
to lack of trendsiEkman and Friesen (2003) suggest that it is atypical fotierns to last
longer than 5 to 10 seconds with a stimulus. Arnade (2013) foung8Glssticonds was
too long for postonsumption analysis and tHabr 10seconds was sufficient for

emotional analysibetweerunflavored and (chocolate) flavored ldat (1%) milk.

4.3Time series analysis

Time series analysis proved to be more sensitive to distinguishing differences and
trends.Interestingly, both vanilla syrup and coconut syilagored milk beverages
generated happy. Vanilla syrup and vanilla extfastored milkelicited more surprised.
The vanilla flavors and odors are considered pleasant (Warrenburg, 2005; Mojet,
Durrschmid, Dannerochl, Heinid, Holthuysen, & Koster, 2015) unless there is an
adverse distaste. In a study with odors, vanillawascas i at ed wiitWel- AiHappi ne
beingi Pl easantl y Sur pi Ansugetheni Mowudt MwWatsd rail gg @
(PorcherotDelphanque, RavieDerrien, Le Calve, Chrea, Gaudreau, & Cayddd 0.

Additionally, sugar (syrup) or sweet tastes have been shown éopasitive affect (De
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Graaf & Zandstra, 1999; Steiner, Glaser, Hawilo, & Berridge, 2001; Greimel, Macht,
Krumhuber, & Ellgring, 2006)Also, vanilla syrup and vanilla extratavored milk
expressed less neutral, potentially indicating a deviation froeutxal state. Erickson
and Schulkin (2003) indicated fia change
approach behavior and facial display suggesting enjoyment or disgust, depending on the
valence of the situat i on flavore@ mitkgroducdd lessy r u p
sad, but adifferent time points. In other research, products with positive or neutral
responses generate less emotional facial expression responses (De Wijk et al., 2012;
Danner et al., 2013; Danner et al., 2014; Wendin e2@l]; Zeinstra, Koelen, Colindre,
Kok, & De Graaf, 2009). Danner et al. (2013) found that the incidences of happy and
disgusted in orange juice samples related to hedonic liking and diskKigr is
considered neutral and is not highly emotional (Steib@79; Steiner et al., 2001) and
can be utilized as a control or baseline in emotional research (Leitch et al., 2015; Garcia
Burgos & Zamora, 2015however, in this study unflavored milk was used as a baseline
(positive control)

For time series analysis, lower hedonic solutions ratings generated more sad than
unflavored milk (p<0.025). Also, sour, green tea, and $kapred milk beverages

expressed more disgust than unflavored milk (p<0.025). Danner et al. (2014) found that

n r

and

dsl i ked juice samples elicited more disgust,

than the liked samples. Malty, green tea, and $altpred milk beverageslicited

surprised than unflavored milk (p<0.025). Surprised could be attributed to tHeynove

and lack of awareness of the flavor addition. These flavors were used to promote disgust
and panelists may have been surprised by the atypical flavor. Malty, green tea, and salty
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milk beveragegxpressed more angry than unflavored milk (p<0.025). fidmalt

prevalence of angry over 10 sec was more consistent in green tea and salty. Additionally,
scared was evoked in sour and sfiiyored milkthan in unflavored milk (p<0.025).

Both sour and salty are considered to beflaffors infreshmilk (Alvarez,2009). When

asked qualitatively about samples, participants often described the salty sample as sour.
Moreover, green tea and sallgvored milkgenerateanorehappy than unflavored milk
(p<0.025). With the lowest hedonic values, it is unexpected faaimples to generate

happy. However in other research, investigators have also encountered the same
phenanenon. The presence of happy expressouid be attributed to overcompensation

to mask participantods true f.e2814)iuUsiggs ( Gr ei me |
caffeine bitter solutions, happy was expressed in the high and mediunsitteons

compared to the unflavoredater control Crist et al., 2014)in a study with different

juices, the disliked sample flavors generated happy (Danner et al., 2014). When prompted
for a qualitative explanation, the participants mentioned they were surprised by the
disgusting unfamiliar flavor and tried to overcompeadat smiling (Danner et al.,

2014). Also,Greimel et al. (2006) mentioned smiling can often be response to mask
distasteWeiland, Ellgring, and Macht (2010) stated that smiling in response to a dislike
sti mul i is due to | earimdd db eNguitimally, Deuilre dadul t s
Wijk et al. (2012) found differences only in disliked foods indicating that AFEA is more
sensitive to disliked samples over liked sampResitive or natral products generate

less pronounced facial expressamrespamseto stimuli(De Wijk et al., 2012; Danner et

al., 2013; Danner et al., 2014; Wendin et al., 2011; Zeinstra et al., 2009).
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Lastly, ime series analysis based on hedonic score sepanadipibe useful to
evaluate population emotional contributions of thtat liked and disliked treatment
samples. The population perspective may identify emotional trends with treatments and

aid in identifying emotional relationships to consumer acceptability.

5. Conclusions

Consumer acceptability revealed that unflavorelit mind milks flavored with
vanilla syrupandcoconut syrupvereall positively rated. AFEA of vanilla syrup and
coconut syruglavored milkgenerated happy, although happy was not a prevalent
emotion and il not significantly trend ovelO seonds The laver rated samples (salty
and green tea) generated didqassthe prevalent emotiam the data. Additionally, lower
acceptability treatments generated less neutral than those with positive consumer
acceptability, alluding to a deviation from neutral. Thesilts suggest and support that
AFEA is a better indicator of disliked samples than liked. Time series trends exist with
AFEA related to disliked flavors in milk and may assist in differentiating acceptability
due to predominance of disgust emotions dwesecond duration. Time series analysis
has shown to bermoresensitivemethod to evaluate AFEA data and generated emotions.
Time series analysis can identify trends and emotional changes over time and is more
sensitive than ANOVA. The methodology mag aith implicit consumer acceptability
responses. Future research should continue to investigate and improve time series
methodology. Moreover, emotion categorization should be refined and explored for its
application to food and beverages. Food expeegmce generally positive, and more
emotions should be included in the analysis software to tefégng experiences beyond

Ahappy o.hadbaen tuggested thdt facial expressions can be classified beyond the
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six universal emotions and may evepapar as fAcompound emotionsao
of two emotions in one (Du, Tao, & Martinez, 2014). The inclusion of more emotions
and exploration of facial expression analysis to foods and beverages should be further

developed.
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Table 4.1 Mean emotional response scofgsec)or unflavored and #vored milk using automated facial expression analirsis

the continuous analysis software setting.

Emotiornt
Treatmertt Neutral Angry Sad Happy Disgusted Surprised Scared
Unflavored Milk 0.456 0.200: 0.11¢ 0.03k 0.02°A 0.022 0.003
0.2334 0.2338 0.1665¢ 0.064°P 0.074°P 0.03¢° 0.01F°
Vanilla Syrup 0412 0.153 0.174 0.05% 0.028&: 0.044 0.003
0.2164 0.18G:%¢ 0.213% 0.117°P 0.073° 0.106° 0.008°
Coconut Syrup 0.445% 0.17% 0.152 0.030x 0.022 0.02% 0.004
0.2364 0.2128 0.166° 0.045° 0.054° 0.08G° 0.012°
Water 0.46A 0.19k 0.12& 0.032 0.01% 0.02% 0.002
0.2824 0.23G® 0.1915¢ 0.074°P 0.05G°P 0.052°P  0.008°
Vanilla Extract 0.448& 0.168: 0.13(x 0.053 0.02% 0.022 0.003
0.2264 0.182% 0.1855¢ 0.12G°P 0.076° 0.035° 0.013°
Malty 0.430¢ 0.162 0.18& 0.04& 0.028&: 0.024 0.003
0.2484 0.186° 0.212% 0.117¢ 0.078° 0.057° 0.01F€
Sour 0.43& 0.168: 0.11% 0.01% 0.03% 0.020x 0.00%
0.2124 0.168% 0.142% 0.025° 0.076° 0.06G° 0.045°
Green Tea 0.400Q 0.212 0.13% 0.02% 0.04% 0.02% 0.00%
0.225A 0.2238 0.180°%¢ 0.04g6° 0.113°P 0.05G° 0.017°
Salty 0.39% 0.142 0.162 0.03% 0.07k 0.03k 0.00%
0.225A 0.1635 0.208% 0.06G° 0.1295¢ 0.056 0.02G¢

2 PMeans within each column witliifferent superscripts significantly differ (p<%).
A B.C.DMeans within each row with different superscripts significantly differ @S)0.

LAFEA translates facial muscle motion to neutral, happy, disgusted, sad, angry, surprised and scsrale émom O (not expressed)
to 1 (fully expressed) for each eriwt. FaceReade®, Noldus Information Technology, Wageningen, The Netherlands.

*Water (Drinking Water); unflavored milk (2% reduced fat milk); sour (0.02g buttermilk/mdjrad syrup (0.02g/ml); vanilla syrup
(0.02g/ml); vanilla extract (0.02g/ml); malty (Solution 1: 0.15g grape nuts /ml milk; Solution 2: 0.05g Solution1 /méahijk);

(S odistillédiwater(0.A09/ml)PSolatipra2r G=1dg/nd) s

(0.004g

sal t/ ml) ;

and

green tea
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Figure 4.1 Consumer acceptability @inflavored and flavored milk treatments.

A B.C.D\leans with different superscripts significantly differ (p<0.05).

Water (Drinking Water); unflavored milk (2% reduced fat itour (0.02g

buttermilk/ml); coconut syrup (0.02g/ml); vanilla syrup (0.02g/ml); vanilla extract

(0.02g/ml); malty (Solution 1: 0.15g grape nuts /ml milk; Solution 2: 0.05g Solution1 /ml

milk); salty (0.004g salt/ml); and green tea (Solution 1: Prepared manuf act ur er 6 s
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Figure 4.2 Emotional time series data over 10 sec comparing unflavored milk and high
hedonicflavored milk treatments
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'Sequential paired nonparametric Wilcoxon tests (p<0.05) were performed between
unflavored milk and each treatment based on the 30 Hz AFEA sampling rate. Results are
plotted on the respective treatment graph if the treatment misdgher and of greater
significance (p<0.025) for each emotion.

% Presence of a line indicates a significant difference (p<0.025) at the specific time point
where the median is higher, while absence of a line indicates no difference at a specific
time point (p>0.025).
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Figure 4.3 Emotional time series data over 10 sec comparing unflavored milk and low
hedonic flavored milk treatments.
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'Sequential paired nonparametric Wilcoxon tests (p<0.05) were performed between
unflavoredmilk and each treatment based on the 30 Hz AFEA samplindRedealts are
plotted on the respective treatment graph if the treatment median is higher and of greater
significance (p<0.025) for each emotion

% Presence of a line indicates a significant diffeesfe<0.025) at the specific time point
where the median is higher, while absence of a line indicates no differemspegific

time point (p>0.025)
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Figure 4.4 Emotional time series data over 10 sec comparing unflavored milk to high

hedonic vanilla syrugll) and unflavored milk to low hedonic vanilla syrup
milk (1) .
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'Sequential paired nonparametric Wilcoxon tests (p<0.05) were performed between
unflavoredmilk and each treatment based on the 30 Hz AFEA samplingRedealts are
plotted on the respective tte@ent graph if the treatment median is higher and of greater
significance (p<0.025) for each emotion

% Presence of a line indicates a significant difference (p<0.025) at the specific time point
where the median is higher, while absence of a line indicateliference aa specific

time point (p>0.025)

The treatment acceptability scores were di Vi
(consumer acceptability score=6, 7, 8, 9) an
4,3,2,1).

Nanillasyrupfipopul ati dind kred@p n@EIdR:EI| i(edd n= 12
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A. Coconut Syrup Flavor in Milk
Disgusted :
Scared E

Angry |
Happy | -—- — — —

Meutral |

..............................................................................

UnSayored Mtk > Cooorut Syrup Coconut Syrup > Unflawored Milk

Angry E - - - -
Scared E
Disgusted |
I I L) L] I L)
0 2 4 6 8 10
I- Time (Seconds)
B. Unflavored Milk

A. Coconut Syrup Flavor in Milk (High Hedonic)

Disgusted :

..............................................................................
Neutral i
Happy + e o=
H

Angry | - - —

Scared i

Unflavared Milk > Cocanut Coconut > Unflavored Milk

Disgusted E
I I I I
0 2 B 6 8 10
I l . Time (Seconds)

B. Unflavored Milk
A. Coconut Syrup Flavor in Milk (Low Hedonic)

Disgusted .

Scared ! — -

Angry

Happy

Neutral

Noutral
Happy

Angry |

Scared !
Disgusted :
T T T T T T

e 0 2 4 6 8 10
I l I . Time (Seconds)

B. Unflavored Milk

Unfiavored Mtk > vandlla Syrup  Vanllla Syrup > Unfavored Milk

Figure 4.5 Emotional time series data over 10 sec comparing unflavored milk to high
hedonic coconut syrufl) and unflavored milk to low hedonic coconut
syrup milk (111).
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'Sequential paired nonparametric Wilcoxon tests (p<0.05) were performed between
unflavoredmilk and each treatment based on the 30 Hz AFEA samplingRedealts are
plotted on the respective treatment graph if the treatment median is higher and of greater
significance (p<0.025) for each emotion

% Presence of a line indicates a significant difference (p<0.025) at the specific time point
where the median is higher, while absence of a line indicates no differemspetific

time point (p>0.025)

Thet r eat ment acceptability scores were div
(consumer acceptability score=6, 7, 8, 9)
4,3,2,1).

‘Coconut syrup: fApopulationo mnz@e (1); @l
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A, Vanilla Extract Flavor in Milk

Disgustad |

Hapay |

...............................................................................
'
Meutral | -

Hagpy H
'
Angry | -

Scared :
Disgusted i
I T T T T T

1] 2 4 ] & 10
I. Tiena [Seconds)

B. Unflavored Milk
A. Vanilla Extract Flavor in Milk (High Hedonic)

Disgusted i

Linflavored Milk = Vanilla Extract Varilla Esfract = Uinflovored Ml
5

i
‘
Scared |
'
P
Angry :
'
1 —
'
Hagppy |
'

feutral ! —

'
1
NHawtral | ==
'
Happy !
'
Angry :
'
'

'
Scared |
'

Uritlasored Bk > ¥anilla Extract VanlllaExtract » Unflavored Milk

Disgusted -
'

I I . 0 2 kS o (e G 8 10

B. Unflavored Milk
A. Vanilla Extract Flavor in Milk [Low Hedonic)

Disgusted -

Milk

Scarad .

ARERY —

Cir it = Lk

Happy | — —
Meutral ¢ -
5 fleutral o

Hapay

angry o —

Scaired I -

Unfiariof ed Milk >

Disgusted '
T T T T T T
] 2 4 & -] 10
I I I N T |Suconds]

B. Unflavored Milk

Figure 4.6 Emotional time series data over 10 sec comparing unflavored milk to high
hedonic vanilla extradil) and unflavored milk to low hedonic vanilla
extractmilk (111) .
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'Sequential paired nonparametric Wilcoxon tests (p<0.05) were performedehetwe
unflavoredmilk and each treatment based on the 30 Hz AFEA samplingRedealts are
plotted on the respective treatment graph if the treatment median is higher and of greater
significance (p<0.025) for each emotion

% Presence of a line indicates grsficant difference (p<0.025) at the specific time point
where the median is higher, while absence of a line indicates no differemspetific

time point (p>0.025)

The treatment acceptability scores were di Vi
(consumer acceptability score=6, 7, 8, 9) an
4,3,2,1).

“anillaextract fipopul atfiloinbed&E4®=22)C¢11.); Adisliked
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A. Malty Flavor in Milk
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Figure 4.7 Emotional time series data over 10 sec comparing unflavoredartiligh
hedonic malty1l) and unflavored milk tdow hedonic malty milk (111)
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'Sequential paired nonparametric Wilcoxon tests (p<0.05) were performed between
unflavoredmilk and each treatment based on the 30 Hz AFEA samplingRedealts are
plotted a the respective treatment graph if the treatment median is higher and of greater
significance (p<0.025) for each emotion

? Presence of a line indicates a significant differenc®.Q®5) at the specific time point
where the median is higher, while absence of a line indicates no differemspetific

time point (p>0.025)

The treatment acceptability scores were di Vi
(consumer acceptabiliyc or e = 6, 7, 8, 9) and Adislikedo (
4,3,2,1).

‘Malty : Apopul ationd n=42 (1); Alikedo n=12 (I I
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A. Sour Flavor in Milk
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Figure 4.8 Emotional time series data over 10 sec comparing unflavored milk to high

hedonic souflavored mik (II) and unflavored milk to low hedonic sour
milk (111} .
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'Sequential paired nonparametric Wilcoxon tests (p<0.05) were performed between
unflavoredmilk and each treatment based on the 30 Hz AFEA samplingRedealts are
plotted on the respective treant graph if the treatment median is higher and of greater
significance (p<0.025) for each emotion

% Presence of a line indicates a significant difference (p<0.025) at the specific time point
where the median is higher, while absence of a line indicateliference aa specific

time point (p>0.025)

The treatment acceptability scores were di Vi
(consumer acceptability score=6, 7, 8, 9) an
4 2)

ripopul ationo n=42 (1); Alikedo n=12 (I11);
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CHAPTER V

Application of Automated Facial Expression Analysis Technology to Acceptability Using

an Aqueous Bitter Model

Abstract

Automatedfacial expression analysis (AFEA) is a presfive analytical
dimension for consumer acceptability in the food industry. The purpose of these
investigations was threefold: (1) to determine if AFEA could supplement consumer
acceptability using bitter solutions ; (2) to determine optimal AFEA methggaising
an aqueous bittesolution; (3) determine an appropriate statistical analysis of AFEA
output. We hypothesize(l) bitter solutions would elicit a strong disgust reaction-post
consumption as measured by AFER) productacceptability would deelase as
bitterness increased.

Participants (n=46) evaluated a control (distilled water) and three bitter (caffeine)
solutions: low (0.05% w/v); medium (0.08% wi/v); and high (0.15% w/v). Sessions were
videorecorded and analyzed per participant per safoplé seconds postonsumption
(a =0.20) in the default and continuous analysis setting. Participants rated acceptability
and taste intensity on agint scale.

An inverse relationship existed betwesteptabilityandbitter intensity(r<= -

0.90 p<00001). In continuous settings, a higher disgust responsesiiedin the
medium bitter treatment than for control and low bitter (p<0.20);thate werano
differences between treatments in default disgust (p>0.20). Surprised was elicited more in

thecontrol than in the high bitter (p<0.20) in both the default and continuous analysis
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The same frequency of significant differences (n=42; p<0.05) was observed in both
continuous and default setting using ANOVA (n=42); however, continuous analysis had
lower variability potentially justifying its methodological use. In time series analysis,
disgust was a predominant emotion in the medium and high bitter solutions in both the
continuous and default setting (p<0.025). Using time series analysis, contindous an
default results were of similar patterns over 5 sec, but contirdatawas more
intermittent.Time series analysis is a promising tool for interpreting emotional output

and is more sensitive to emotional changes than ANOVA.
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1. Introduction

Consumetbrand @mpanies are actively seeking ways to improve their
connection and relationship with consumers in aratdd competitive environment.
Consumechoices andhehaviors a difficult to predict and may be driven by implicit
(unconscious) resporst environmental cues and stimuli (DijksterhuisS&nith, 2005).
In recent yearghere has been a desire to develop more rel@ralysis to supplement
hedonictesting which is a common method for assessing product acceptability
(Meilgaard, Civille, & Carr2007) Consumer bigsuch as anticipation and expectation,
caninfluence hedonic testindue to the conscious state of evaluation and failure to
evaluate initial reactions and interaction with food products (De Wijk, Kooijman,
Verhoeven, Holthuysen, & D8raaf 2012).Products areftenevaluated based on a
directionality of expectationJardello, P94, Meiselman& Schutz, 2003). Wendin,
AllesentHolm, andBredie (2011) stated that in addition to typical sensory analysis, facial
expressionprovided additonal informatiornto acceptability ofa stimulususing a basic
taste model

Automated facial expression analysis (AFEA) for the assessment of implicit
response ian innovative applicatigralthough thditeratureon food applicationss very
limited. Seveal explicit and implicitmethodologies have beeevkloped to incorporate
attitudes, mood, emotional, and physiological cues in measuring affective belbaviors
products and environme(oster & Mojet, 2015)Explicit methodologies rely on
conscious actios for consumer evaluation related data for emotional and/or mood
evaluation using check all that apply (CATA) and foaab&onal lexicons (King &
Meiselman201Q Koster & Mojet, 2015 Measures of implicit responses applied to
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emotion includghysiologi@al measures such as facial electromyography Rtayer,
Mcchesney, Dalistaimyner, & Scozzafaval999), skin conductae responseseart
rate and finger temperatur®g Wijk et al, 2012) Additionally, implicit evaluation
using enotional analysis cabe conductedising manual facial codirend AFEA Most
notably, the facial action coding system (FACS) discriminates facial moiemen
characterized by action usifAU) on a 5point intensity scale (Ekman Briesen, 1978).

The FACS approach requires tralneviewers, is a time intensive approach, and

provides limited data analysis options. Automated facial expression analysis (AFEA) was

developed to reduce the challenges of FACS and provide more rapid evaluation. There
are several commercially availabldtaare systems that can generate AFEA. In our
study, FaceReadgr6 (Noldus Information Technology, Wageningen, The Netherlands)
was used; expression anadys this software i9ased on the Viotdones algorithm

(Viola & Jones, 2001) to detect the facehnatye detection used to determine the @lan
rotation of the face (Sung Boggio, 1998; Noldus Information Technolo@p14a. A

3D modeling application is used basedthe Active Appearance Mod@AM) that

detects about 500 key points on the face aswsatigith emotional movement (Coot&s
Taylor, 2000; Noldus Information Technolggd301443. The face reading software
contains fAan artificial neur al net wor ko
photos analyzed by face reading expevtsich detects the universal emotions happy,

sad, disgusted, surprised, angry, scared and neatrhlon a scal®=not expressed;

1=fully expressed) (Noldus Information Technolo@@l4al. Happy is categorized as

the only positive emotion with sad, aggscared and disgusted being negatwigereas
surprised could be considered either negative or pogiNe&us Information
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Technology, 2014bFr om a psychol ogi cal perspective, A
stimuli) include happy, surprised, and angryjwhe A wi t hdr awal 0 emoti on:
aversive stimuli) are sad, scared, and disgusted (Alves, Fukusima, &Basanova,

2008).

F a ¢ e R e aafferg ttee analysis settings: default (no calibration), continuous
calibration, and individual calibratiofrorthe ndividual calibratioi n Face Raader E
parti ci p aexptessiens usedortcalitardtion (Noldusnformation Technology,
2014b). Continuous calibration consists of software actively eliminating participant
expression bias (i.e. some peololek sad by nature; data capture setting is not optimal)
while running analysis without individual calibration images or video (Noldus
Information Technology, 2014b). Aresent there is not a standard methodology or
consistency of calibration use as evitlby other research methodoloddafiner,

Sidorkima, Joechl, and Duerrschm)13 De Wijk et al., 2012); however, it was
suggested by a Noldus representative to use continuous with food product evéhiation
Macbeth(Noldus Representativepersonal comunication, February 15, 2015).

We chose to evaluate the AFEA responsitter stimulus becausiitter is not a
preferred taste and it haslstinct facial respons@Vendin et al.2011) Wendin et al.

(2011) summarizethatfacial reactiongo bitterin c | ude @A mout h opening, |
mouth angles down, brow lowarig, fr owni ng and nose wrinkl eo.
and medicines have a bitter note that may affect consumer acceptability of the product.

Bitterness may be attributed to many differemihpounds including caffeine (coffee),

quinine (tonic water) and tannins (wine and tea).
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Literature describing the use of AFE&lated to food consumption is very
limited. This research area is in its infancy, providing an opportunity for establishing best
methods for beverage and food applications and for data interpretation. De Wijk et al.
(2012) used AFEA (FaceReader, Noldus Information Technology, Wageningen, The
Netherlandsjo determine the emotional response to liked and disliked food items based
onfirst sight of the foodis well as during detailed visual smell or taste assessment of the
foods.In a subsequent study, De WiHe, Mensink, Verhoeven, ance@raaf (2014)
investigated facial expression among commercial breakfast dAdkigionally, Danner
et al.(2013)used the same softwaiedetermine faciaéxpressionso different kinds of
orangguice, reporting that automated analysissvaasufficienimethod to differentiate
amongsamplesAlso, Danner, Haindl, Joechl, and Duerrschmid (20b4gstigated the
emotional response of different kindsjoices.Arnade (2013 found high variability
among individual emotional response to chocolate milk and white milk. Howeaxesr,
with this variability, panelists elicited happy response from samplengerthansad and
disgustedArnade, 2013 In a separate study using high and low conegiotrs of
compounds eliciting basic tastes, Arnga@13) found, in both high and low
concentration sessions, that the mean for sad emotion was higher tharthibangry,
scared, disgusted, ahdppy emotions. The differences among basic tastes were not as
significant as expected, thus questioning the accuracy of current methods for emotional
capture or statistical analysis (Arnade, 20ER)wever,Leitch, Dut an, OO0 Keef e, Ru(¢
& Gallagher,(2015 found temporal trends using time series analysis of emotions.

Limitations of AFEAcan include facial occlusion, which unavoidably occurs
during beverage or food testing. The action of chewing or swallowing coutd #fée
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ability to accuratly analyze the face. Lastly, there is aygproactconsensuso
statisticaly analyze and interpret output. Development of AFEA methods for implicit
emotional response to foods and beverages might contribute to improved undegstandi
of consumer affective response. Such a tool may providera unique and deeper
relationship with brands and its consumers. This deeper connection has the potential to
improve overall consumer experience and emotional invest@engoal was to use a
simple stimulus with a known facial expression response (caffeine; bitter) to compare the
analytical software setting options for improved assesstmetite assessment of
bitterness solutions using AFE#isstudyevaluate

A. Consumer acceptability:

1. Consumer acceptability of aqueous bitterness solutions (caffeine)
using hedonic ratings

2. Consumer acceptability as it relates to implicit emotions as measured
by AFEA

Our hypothesis was that with increasing bitterness
concentrations, the hedonic responseild decrease and disgust facial
expression would increase

B. AFEA calibrations and analysis settings for optimal assessment:

1. Analysis of AFEA videos using default and continuous calibration
settings to determine a recommendation for application to beverage
analysis

2. Evaluation of the sensitivity of the calibration settings appropriate for
beverage analysis
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Our hypothesis was that continuous calibration setting would
provide higher sensitivity to subtle changes in facial expression in the
context of this study

C. To explore the use of time series analysis for characterizing AFEA differences

Our hypothesis was that time series analysis of emotion states

would provide detailed emotional analysis and results that differentiate

products over time

2. Materials and Methods
2.1 Sample Preparation

Aqueous bitter treatment solutions were prepared as descrited®yp e c t r u mE
Descriptive Analysidiethod (Meilgaard et al.2007) using caffeine (Sigma Aldrich, St.
Louis, MO) in distilled water (The Kroger Co., CincinnafiH) atfour levels control
(distilled water); lon( S p e ¢ t2r OHE(0.5mg caffeine/mL distilled water) solution
in water); medium$ p e c t 5,0.08% (0.8mg caffeine/mL distilled water); and high
(Sp e ct A00mME%bsolution in water (1.5mg caffeimal distilled water) The
SpectrumE Descriptive Anal ysi15sprodeahod | ntens
standard reference for product evaluation using scaled intensities (Meilgaar@@@4l.,
Solutions were poured into 1 oz. plastic sample cups (Manog€ompany, Columbia,

MD) and cappedavith color coded lids for ease of visual identification
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2.2 Consumer Sensory Analysis
2.2.1Participant Recruitment

Study was prapproved by Virginia Tech IRB (IRB 1337) prior to project
initiation. Study recruitrant was accomplished through email listservs to Virginia Tech
faculty, staff, students andsitors. Recruited participants completed a screening survey
for personal attributes and demographics. Exclusion criteria included report of facial hair,
required se of glasses for vision, allergies, and age less than 18. Selected participants
(n=65; 18 male; 47 female) were Virginia Tech faculty, staff, students or visitors. Before
sample evaluation, participants reviewed or consented to the study parametatsgnclu

video recording, before receiving additional instructions or samples.

2.2.2ConsumesSelfreportedAcceptability and Intensity Responses

Only one panelist at a time evaluated the santplst&andarize the sensorlgooth
conditions for video captur@articipants followdinstructions on the touch screen
monitorelectronically provided by the automated sensory soft{@easory Information
Management Syste$IMS) 2000, Version 6Sensory Computer Systenierkeley
Heights, NJ. Prior to sample evaltian, specific protocolsveredescribed to the panelist
by a researcher and provided visually on the manitor

Panelists evaluated a total of four solution samfgkgsresenting each treatment),
presented simultaneousBt, room temperaturé@anelists receed treatments in
increasing order of bitterness, arranged from left to right, with aexblodex card
relating to the sample color codaaced on top of each samplRarticipants held up the
associated color card poensumption for sample video idéitation, fully consumed

thesample and waited 30 secor{daforced)acing towards the camera without
168



additional actionPaticipantsthen entered hedon{&=dislike extremely, 9=like
extremely) and intensity responses (1= extremely weakittesness9=extremely
bitter). Participants were instructed to rinse their palate with room tempedhstitied
water (Kroger Brand, Cincinnati, OH) before the first sample and in between each
sampleData capture was managed using the sensory software syshg Z800,
Version 6,Sensory Computer Systepigerkeley Heights, NJandupon completiorall

datawere transferred to Excel (Microsoft Corporatiémc., Redmond, WA) foanalysis.

2.2.3 Video Capture

The camerd2.0 megapixel LifeCam N>6000, 64 480, Microsoft
Corporation, Inc., Redmond, WA) was positioned on the lower portion of the monitor
and video captureenteedon t he partici pantés face. Video
panelist was comfortable at the booth and video capture was ofttiefiale sample
presentation)Video wa set to record &0 frames per second (fpactual recording rate
range: 16.23.8 fps;x= 19.5 fps)on a laptop (Latitude Essio, Dell, Inc., Round Rock,
TX) with recording software (My Movie: Windows Live Movie Mer, Microsoft
Windows, Microsoft Corporation, Inc., Redmond, WAjough the entire sensory
sessionRecordings were saved as Wimgs media video (.wmv) files. Whitéubrescent
ceiling panelights illuminated the booth and face for videzordingwith minimal

additional lighting from the monitor.

2.2.4Automated Facial Expressidinalysis Data Processing and Statistical Analysis

Paticipantvideos were analyzed usidg-EA software(FaceReadé& 6, Noldus

Information Technology, Wageningen, The Nethaat). Videos were analyzed frame
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by-frame under both the defawdhd continuousalibration analysisettingsin the
software using batch analysighe AFEA dataoutputwas exporteas log files (.txtfor
further analysisThe AFEA meanslata from the Oa 5 second interval pesbnsumption
was ugd for analysisArnade (2013) evaluated facial expression rbékeragest 5, 10
and20 seconds postonsumptionand suggested that® 10seconds postonsumpbn
as sufficienbecause 20 seconds appeareddag. Postconsumption wadefined as
when the sample cup no longer occluded tcedat t h e p aPPadidiparg\vidéos c hi n.
were time stamped by sample and statistical ¢(Bd&ersion 3.1.1, R Core Team, 2014

isolated specified data within the seére exported log files (.txt) for statistical analysis.

Twelve \ideosfailures were not included in statistical analysis because the
participantdéds face was not readable by the
follow protocol.Additionally, panelists who were naufficiently sensitive to
discriminate théitternessntensity inceaseor each sample were not includeddiata
analysis (n=7). Data from a total of46-(13 male; 33 femalg)anelists were used for
data analysisTukeyd multiple ammparison of means (JMBfatstical Analysis Software
(SAS) Version 9.2, SAS Institute, Cary, NC) was used to determine statistical differences
amongacceptabilityand intensity responsés=0.05) Spearman's rank correlation
coefficient(rs was used tadetermine a relationship betweigrensity and acceptability
responsefR, version 3.1.1, R Core Team, 2014sing Rgenerated means data derived
from AFEA output, pairedtests (JMP SAS, Cary, NC) were used to compare AFEA
settings (default versus comtious) and Tikeyd multiple comparison of means was used
for emotional datanalysis(R, version 3.1.1, R Core Team, 201B)e alpha value was

established a=0.20to identify statisticatlifferences among emotions as the bitter

170



concentration increasethis research area is new and exploratory; we determined that
identifying differences at this alpha value had importance to this and future research

decisions.

2.2.5 Automated Facial Expression Analysis and Time Series Analysis

For AFEA time series anais, sequentlgaired nonparametric Wilcoxdests
(U=0.05)were performed between control (water) and treatments basedddebe
frame rate mode baseline 20 Hz AFEA sampling framé he frequency was selected to
optimize comparison and reduce tina@m comparison overlafResults were translated
into time series graphs for 5 seconds fmmstsumptionEmotions with significant
differences at p<0.025 were graphed between the control treatment and the respective
treatmentvheretreatment median is high and of greater significance (p<0.025) for
each emotion. Presence of a line indicates a significant difference (p<0.025) at the
specific time point where the median is higher, while absence of a line indicates no

difference at a specific time point (p8@5).

3. Results
3.1 Acceptability and Intensity Response

As bitterintensity increasedhe mean acceptability scores decreasgd-(r79
p<0.0001 Figure5.1). The inverse relationshgupported the hypothesis that bitter
increaseseduced product acceptabilitifferences existed among treatment
acceptability (p<0.05). Control igtilled wate) had the highest degree of liking=5.4;
neither liked nor disliked) while the high bitter sample was associated with a low rating

(x=1.8; dislike moderately to dislike extrenygl As bitterintensity increasedhe mean
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perceived intensity scores increaseddr77, p<0.0001, Figurg.l) as expected, wittihe
contr ol receiving a | ow bitter itmtensity

hedonic and intensity responses had an inverse relationship.@0, p<0.000)L

3.2 Automated Facial Emotional Analysis
3.2.1 Default and Continuous Analysis Settisgig ANOVA
3.2.1.1 Default Analysis

AFEA revealed that across increasing bittéensity treatments, no differe@es
existed (p>0.20for neutral, scared, disgusted, angry, sad, and happy emotions (Table
5.1; Table5.2). Surprised was of higher expression for control than for high bitter
(p=0.139).

Comparing across emotions within bditter treatment (Table.1; Table5.2),
surprised was most highly expressed (p<0.20). Additionally, neutral was more
pronounced than the other emotions (disgusted, angry, sad, and ha@p39)p<or all
treatments, happy was less expressed than scared (pJ@BIR)5.2 illustrates pvalues

among emotions within each treatment.

3.2.1.2 Continuous Analysis

There were no differences in emotion intensity across bitter intensity treatments
(p>0.20) for neutralsad, happyscaredand angryTable5.1). Disgusted was more
expressed in medium bitter than control (p=0.188) low bitter (p=0.154)Surprised
was more expressed in control than high bitter (p=0.114). Surprised and neutral were the
most expressed (p<0.20) in the continuous setting within each bitter treatment than other

emotions (scared, disgusted, angry, sad, and h@giy2Q; an exception occurred for
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control treatment where surprised was more expressed than neutral (p<0.29% ([I;ab
Table5.3). Additionally, scared was of a more pronounced higher expression than happy
for all treatments (p<0.20) except for high bitter (p>0.20). Furthermore, in the water
control, scared was more expressed than disgustelabgpy (p<0.20). Tabl5.3

illustrates pvalues among emotions within each treatment.

3.2.1.3 Default and Continuous Analysis Comparison

AFEA expression intensity fahe continuous analysis setting largely followed
the patterndor the default analysi€lable5.1). Surprisedvas more expressed in control
than high bitter (p=0.114), same as in the default analysis setting. Similar to the default
setting, surprised and neutral were the most expressed (p<0.20) in the continuous setting
within each bitter treatment (scared, diggdsangry, sad, and happy); an exception
occurred for control treatment where surprised was more expressed than neutral (p<0.20).

Overall, there were not any statisticalijferent benefitdetween continuous and
default analysis settisgTable5.2, Teble 5.3). Generally, the same amount statistically
significant differencesn=42;p<0.05) across emotions were observed in default analysis
and in the continuous setting (Tabl@, Table5.3). However, continuous analysis had
lower variability(standard dviation) for each treatment and respective emotional
responseThe lower variability may have a stronger benefit in emotional analysis.

Based on pairedtests of mean emotion intensity between default and continuous
settings, eutral was the only stateore expressed in the continuous analysis than the
default for all teatments (p<0.0001) (Talded). The remainder of emotions (happy, sad,
angry, surprised scared, and disgusted) were higher in the default analysis than the

continuous analysis (p<0.05)dble5.4).
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3.2.2Default and Continuous Analysis SettugngTime Series Emotional Analysis
3.2.2.1Default Analysis

Compared to the distilled water controlw bitter stimuli generated facial
expressions identified as more neutral @5 sec), morangry (~4 sec), and more
disgusted (~3.75 sec; ~4.25 sec) and less sad (~0 sec), less surprised (~0.25 sec; ~3.5 sec
T 4.5 sec), and less scared (1L.3.5 sec) (p<0.025) (Figu&2, I). Medium bitter stimuli
elicited strong disgust expressions over & (€051 5 sec), angry (1.5 sec; 1.v2.5
sec), happy (4.264.5 sec; ~5 sec) and neutral (~4 sec) and less surprised 05
sec, 3.5 4.5 sec) and less scared (~2 sec) (p<0.025) (FigRyrel). High bitter stimuli
responses were characterizesdstrong disgust (0.055 sec), angry (~0.5 sec), happy (1
T 5 sec), and neutral (~1 sec; 2.8.25 sec) and less surprised (0.75 sec, 2.5 sdéc5
sec) and less scared (~2 sec) (p<0.025) (Figardll). For the water control, surprised
increaseds intensity increased, while scared was less present as intensity increased.

In general, for emotions that were strong with the bitter samples compared to
water, the disgust and happy durations in@dass bitter levels increasekhgry moved
to earliertimes as intensity increasedeutralstayed approximately the sanker
emotions that were less in the bitter samples compared to water, the timing of scared

became moretermittentand surprised lasted for almost the entire test period

3.22.2 Continuous Analysis

Low bitter stimuli produced more neutral{8sec) and less scared (1.3.25 sec)
and less surprised (~3.7%1.25 sec)p<0.025) (Figuré.2, 1V). Medium bitterstimuli
trended disgust (1 s&c5 sec) and neutral (3154 sec) and less scared (1i78.25 sec)

and less surprised (~3.7%1.25 sec)p<0.025) (Figuré.2, V). High bitterstimuli
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evoked disgust (~R 3.75 sec, 4 4.75 sec), happy (L5 sec), and neutral &1 4 sec)
and less surprised (0.75 seg, 8 sec) and less scared (~2 94g2)0.025) (Figureés.2,
VI). Duration patterns were similar to the default setting, with slightly fewer differences

compared to the control.

3.22.3 Default and Continuous AnalgsComparison

Continuous time series analysis largely followed a similar pattern of the default
analysis (Figur®.2). Time series analysis revealed surprised was a consistent emotion
moreevoked by the control treatment solutidhan the bitter solution<0.025) in both
the default and continuous analysis (Figb®. Additionally, scared was most
predominant in the control when compared to the low kstieruli around 1.5 2.25 sec
in both the continuous and default setting (p<0.025) (Figizd and 1V). Scared
appears in the control when compared to the medium and high bitter around the same
time in both the continuous and default setting (p<0.025) (Figardl, 1, V, and VI).
Expressions characterized agppy was strongly generated in thigh bitter solution
(p<0.025) (Figuré.2, 1l and VI) while only a slight display of hapmgcurredn the
medium bitter in both the default and continuanaysis (p<0.025) (Figurés.2, 1l and
V). Neutral tended to appear around thieBsecond timeange for all treatment
solutions: ~3 4 sec for low (Figur®.2, | and 1V); ~ 4 sec for medium (Figuse2, Il
and IV); ~2.51 4 sec for high in both the default and continuous setting (p<0.025)
(Figure5.2, 1l and VI). In the default and continuous s&it disgust was most
predominant in medium (Figu&e2, Il and V) and high bitter solutions (p<0.025) (Figure
5.2, lll and VI). In the default setting, low bitteolutionsexpressed disgust around 4 sec

(p<0.025) (Figuré.2, 1) but did not appear in tlentinuous setting (p>0.025) (Figure
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5.2, IV). For medium bitter, angry appears around 2(Beure5.2, 1l and V) but

presence is more consistemthe default (p<0.025) (Figuge2, 11). Also, angry was
generated in high bitter (betweeii @ sec) in the default setting. Overall, the continuous
analysis results were more intermittent wilver hits than the default, potentially due to

the calibration effects and reduction of variability.

4. Discussion
4.1 Acceptability and Intensity Response

Bitter is not a preferred basic taste amongst consumers and is associated with a
distinct negative facial response (Wendin et al. 2011). In a basic taste study, Arnade
(2013) found consumers preferred the low bitter solution to the high bitter sofDtion.
study illustrated this relationship as well, with increasing hed®artiegs for increasing
bitter concentration§p<0.05);high variability was expected for this consumer
acceptability studywWendin et al. (2011) using caffeine also found that paerntpwere
able to discern intensity differences with different concentrations (low, medium and high
bitter (caffeine solution$) The results were as expected, because bitterness is typically
unpleasant unless one has adapted to appreciate bitternessh@hé&LRoper, 2010;

Erickson & Schulkin, 2003

4.2 Automated Facial Emotional Analysis and Emotional Response

Water is notonsidered highly emotional beverage due to its neutral reaction
(Steiner, 1979; Steiner, Glaser, Hawilo, & Berridge, 2001)resdserved as a control
baseline (Leitclet al, 2015; GarciéBurgos & Zamora, 2015)hus allowing the

interpretation of thistudyto focus on the consumer response to bitterness. Bitter taste is
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not popular in most food and individual bitter sensitivitgty influence reduced intake of
bitter containing products (Mattes, 1994). Due to this culinary phenomenon, we
hypothesized that this would provide a good stimulus condition to evaheAEEA
protocol.

In both the default and continuous setting, dhlysurprisecemotion was
affected by the increasing bitternegisenusing ANOVA as the statistical approachhe
AFEA identified surprised (approach) at a higher intensity in the control than the high
bitter treatment in both the continuous and defaulinge(p<0.20). Thereater
expression o$urprised emotion wast expecte@s research associates bitter
compounds with negative consumer responses (Drewnowski & GGarereros, 2000)
however surprised emotion may be characterized as either positiegaiive (Noldus
Information Technology, 2014b; Desmet & Schifferstein, 2008; Ekman, 2003). However,
control was the first sample served which might have influenced the decrease in surprised
as bitter increased because of participant anticipalioa timeseries analysis appears to
support this trend in the control compared to the high bitter (p<0.025) (Fg@uié and
VI). Most importantly, the time series analysis elucidates more emotignamic results
over timethan that of ANOVA, suggesting th@tne series analysis using paired
nonparametric Wilcoxon tests allow researchers to identify trends.

Our anticipated outcome was to evoke disgust using the bitter solutions. Disgust
was presenn both continuous and default time series analysAREA responses to
medium and high bittesolutions(p<0.025) (Figuré.2, 11, 11, V, and VI). Additionally,
in the continuous setting bitter was more pronounced in the medium bitter than the
control (p<0.20) using ANOVAThe presentation and consumption of gliked food
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elicits a more pronounced facial expression response (reportedly higher scores in
disgusted, sad and angde Wijk et al., 2012). Positive or neutral products elicit a less
pronounced facial expression resporide Wijk et al., 2012; Dannat al., 2013; Danner
et al., 2014; Wendin et al., 2011; Zeinstfaelen, Colindrews, Kok, & D&raaf 2009).
Wendin et al. (2011) found thhitter solutions elicited strorfgcial reactiongusing
manual FACSas concentration increased

The human tastend response process is complex. Disgust appeared as a
predominant emotion in the time series analysis in both continuous and default for
medium and high bitter (p<0.025) (Figw, 11, 1ll, V, and VI). More unusually, high
bitter generated happy whenngpared to control in both the continuous and default
setting (p<0.025) (Figurg.2 , 1l and VI ). Di s,gudidgusal one has
face components are used depending on the stimulus (Rozin, Lowery, & Ebert, 1994).
Danner et al. (2014) saw thasliked juice samples had a more intense happy response
postconsumption. After explicit measurements and participant inquiry, Danner et al.
(2014) attributed the happy response to consumers stating they were surprised by the
unexpected juice taste and patally masked their disgust by smiling in response to
disliked samples. Additionally, Greimel, Macht, Krumhuber and Ellgring (2006)
discussedhatsmiling was oftentimes a response to bitter to mask distaste. Danner et al.
(2014) was usi mrgheiFfacial aiRlgsis thetlrodolody. Ffaur
preliminary data using FaceReadagirBhis5 using t
study, happy was more expressed in high bitter than control (p=0.012) and medium bitter
(p=0.14); angry was more expressedhigh bitter than control (p=0.18) (Crist, Arnade,
Leitch, Duncan, OO6Keefe, Dunsmore, & Gall agh
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AFEA software products are upgraded in each new release to increase sensitivity
and improve accuracy of expression analysis. Noldus Informaticmdéogyhas
updated and improved their analysis progfanF a ¢ e R e @abrapargd to
F ac e Re ald &walifldion study, Lewinski, den Uyl and Butler (20ag@dtwo
different databases, Warsaw Set of Emotional Facial Expression Pictures (WSEFEP) and
Amsterdam Dynamic Facial Expression Set (ADFEShssesstheac e Reader E
identification of emotion. They reportédh at FaceReader E6 reached a
agreement of O0.67 on average on both data se
t h at Rénffeaimsgood at recognizing emotions as humans because a human coder
must reach an agreement of 0.70 with the master coder to receive a FACS certification
(Lewinskiet al ., 2014). This research assisted i1
manual cothg; however, the stimuli was not foods or beverages. In our study,
FaceReader E6 categorizes happy in response t
the happy fAresponseo to di sresedicheds (Oamnerétuct s ha
al., 2014, Criset al., 2014; Weiland, Ellgring, & Macht, 2010; Ekman 1972; Greimel et
al., 2006). Facial actioocoding (FACS) relies on action units (AUs) and groups of AUs
can represent an emotion (Tong, Liao, & Ji, 2007). kaypressiomay involve AU 6
(cheek raier), AU 12 (lip corner puller) and AU 25lips part) surprise may involve AU
1 (inner brow raiser)AU 2 (outer brow raiser)AU 5 (upper lid raiser)AU 25(lips part)
and AU 27(mouth stretch)and sadness may involve AUifiner brow raiser)AU 4
(brow lower), AU 15 (lip cornerdepressgrand AU 17(chin raiserTonget al.,2007).
Greimelet al.(2006) found that bitter samples (quinine and biigeet soft drink)
elicited AU 4(brow lower) AU 10 (upper lip raiser)AU 12 (lip corner puller)and AU
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26 (jaw drop) In another study with basic tastes, AU(ig corner puller)was present
among all tastes; and in bit&n-propylthiouracil(PROP), salty (NaCl), and sour
(citric acid) taste AU 1 (inner brow raiserand AU 2(outer brow raisg were prevalent
which reveals a surprised expression (Weilandl.,2010). Furthermore, participants can
be surprised and suppress a grimace by smiling (Ekman, 1972) or as a coping strategy to
distractthemselvesrom the taste (Weilanet al.,2010).Smiling in response to disliked
or offensive products could be due to a fAsoc
2010). We hypothesize that the overlap of AUs in emotional determination may influence
the FaceReader E6 e modentially misclassityiagrematiangim i z at i on,
response to foods and beverages.
In response to quinine (bitter), humans and animfatratefacial disliking by
gaping (Berridge & Robinson, 2003; Roahal, 1994). Due to the surprised emotion
being most actie in the control, we hypothesize it is derived from consumer
unfamiliarity to the sensorgvaluationprocessas well as being the first sample
consumedUsing manual coding and facial action units, Greietell.(2006) found that
reactions to a bitter &dion (quinine) were more complex than sweet or bitgeet
samples preonsumption but did not differ pesbnsumptioni The t i me t o maxi ml
bitterness can be as | ong as 13 shwidiondsé and
waterat 0.5 mmol/L(@9 4 mg/ L) 0 ( Dr whichis iwlketween thenfeium)
and high solutions used in this stu@reimelet al.(2006) found participants reacted the
guickest upon consumptianf bitter solution (quinine) and took more time to react to

sweet and bittesweet solutions.
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Interpreting responses also requires examination of the broader literature. There is
evidence that there are different bittesponsive taste cells that can aid in discrimination
of bitter compounds (ChaudhariRoper, 2010Caicedo& Raoper,2007). GarciaBurgos
and Zamora (2013) explored the influence of bitter foods and their association to low and
high body mass index (BMI) participants; high BMI participants exhibited higher disgust
expression bf a ¢ e R e aaftee gorisdming a bitter sample.

The bitter stimulus used in our study (caffeine) is associated with maniikeelll
beverages in the US digocaCola contains 46mg/12 fl ®.12mg/mL) which is lower
in concentration than the lowest bitter treatmes@duin this study(Spiller, 1997).
Through adaption, caffeine may have a pleasant response among this consumer group
(Smith & Tola, 1997), though generally at low doses (Warburton, 18@52. (1999)
found that a 5mg/kg caffeine capsule dose has theyatoilalter mood arousal without
influencing pleasantness. Also, the addition of caffeine (2 mg/kg) to newly developed
products was found to hava anitial decrease in liking but over time an increase in liking
over four sample trials (Temple, Ziegler,a&Ge z y k Bendlin, O6Leary, &
2012). Additionally,n an investigation where participants were given caffeine after a
period of abstinence, Heatherley, Hayward, Seers, and Rogers (2005) found that caffeine
increased fAhedoni c atldn emoaonddd iamipreoav eadn 8o vhe a b
Furthermore, Quinlan, Lane, and Aspinall (1997) determined that caffeine improved
mood and hedonic tone when consumed in beverages; however this may be due to
counteracting the effects of withdrawal. Caffeine has anddiatephysiological
response and effect afteonsumption (skin conductance; autonomic nervous system)
(Quinlan et al., 1997).
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Research on basic tastes suggests that humans adapt to tastes over time. Infants
are more responsive and express more inteasgonses than adults to erttHowever,
Steiner (1979%eterminedhat responses to basic tastes were innate and usually do not
change throughout age. Additionally, over time and repeated trials, consumers may
condition themselves to like products thatepreviously not accepted (Ekman, 2007).
Stein, Nagai, Nakagawa, and Beauchamp (2003) found thatipantsincreased their
hedonic liking of a bitter éverage with repeated exposure wisalggests human
conditioning may increase bitterness liking. Gtudy dd notincludec af f ei ne or fAbi t
product use among panelists, but this may be a contributor to panelist response variation
noise in AFEA. Tinley, Durlach, and Yeomans (2004) investigated the effect of varying
levels of caffeinated tea with halaicaffeine consumers and nda low caffeine
consumers and found those who consumed caffeine, theafi@mnated tea was ranked
less pleasant than thendg caffeine dose teahich supports the idea thedffeine
consumers have the ability to discrima&etween doses of caffeine solutiansithat
thisinfluences their response
Within treatments across emotions, surprised was the most intensely expressed
state inthedefaultsetting £<0.20) (Tableb.1). With the exceptionfaontrol, surprised
and reutral did not differ §>0.20) in the continuous setting (Tahl&¢). Reactions to pure
water are typically neutraSgeiner et al.2001). A high neutral state may be indicative of
a higher approach (positive) condition when low withdrawal emotion ityeBsi
expressed. Surprised i s ,eventheuglditertagbd an HAappr o
classified as either a positive or a negative emotwickson and Schulkin (2003) stated
Afa change in regulatory state raldggays in a c

182



suggesting enjoyment or disgustDanmrepabndi ng

(2013) found that happy and disgusted correlated with hedonic liking and disliking of
different orange juice samples. As previously mentioPedWijk et al.(2012) found

differences only in disliked foods with the first visual and tasting experience.

4.3 Comparison of Default and Continuous Analysis

The AFEA software manual states that individual calibration will give a better
result than contins calibratiory et conti nuous i s opti-mal
speci fic or s dNoldys InermationTeEhnotogyb201atsAs mentioned
previously, default does not have any calibration included in the analysis. In regards to
food mnsumption, it was recommended to use continuous analysis (A. Mébloddius
Representative personal communication, February 15, 2015). Regardie=me is no
standardized approach for collecting individual calibration expressions at the intensities
associated with food intake; this approach may not be efficient when using a large
consumer population. It is not known which setting is appropriate for food and beverage
analysis and published literature does not always explicitly state the analysisormnditi
Danner et al. (2013) utilized the individual calibratibe Wijk et al. (2012)

Aaut omat i c aHeit data@unraskaych idodsinot identify as to whether
default or continuouss the optimal analysis settinfpr foods and beverage&rnade
(2013)compareds, 10 and 2Beconds postonsumption under default analysis.

Additionally, there isno agreedupon optimal time frame standard for analysis.
GarciaBurgos and Zamora (2015) and GasBiargos and Zamora (2013) standardized
by subtractindlO seconds preonsumption froni0 seconds postonsumption to

determine average emotional intensity. Arnade (2013) evaluated facial expression to
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flavored and unflavored milk at 5, 10, ands#&onds postonsumption. Sheeported
only minor differences aoss time and suggested thair5L0seconds postonsumption
was sufficient (Arnade, 20).3This may not bérue for products that have an unexpected
flavor or texture event at a later pa@stnsumption moment.

Time series analysis provided increased sensitivity to emotional changes over
time and should continue to evolve as the applications of AFEA to foods and beverages
continue. As evident in our time series analysis, time series provided insight and
elucidatel trends that single time point analysis (ANOVA) did not provide. Time series
analysis using paired nonparametric Wilcoxon tests was useful to assess emotional trends
in beverage analysis. With a few minor differences, the default and continuous analysis
settings appear to follow the same emotional significances suggesting that the
FaceReader E6 analysis setting is not critica
however, variability (standard deviation) was lower in the continuous setting using

analysisof variance.

5. Conclusions

The use of increasing concentrations of bitter (caffeine) stimuli to evoke a
decrease in acceptability with increased expression of disgust was successful. While
analysis of variance (ANOVA) did not reveal many emotional diffiees for the bitter
stimuli, a time series analysis provided insight to useful emotional trends over time.
While disgust was expressed for medium and high bitter solutions@astimption,
surprisingly for the high bitter solutions in both the continuang default settings,
happy was also expressed. The happy expression elicited in high bitter solution post

consumption could indicate that further algorithm development needs to occur to improve
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participant sensitivity, especially when consuming beverddesoemotions and Faal

Action Coding System (FACS) could be supplemented to determine the sensitivity of
AFEA to beverages and foo8ome expressions may not specifically match explicit
language or affective (hedonic) scores; however, tser@eedd understand the

complexity of expressed emotions and intensity to fully comprehend the relationship to
affective consumer responses. Research should continue to evaluate the accuracy and
efficiency of AFEA for applications with food and in relation to ketpproduct

acceptability hedonic responses. The continuous analysis setting in the software program
reduces participant variation (standard deviation) and we suggest the use of continuous
analysis due to the variation reduction. Additional researcldeglore use of

individual calibration as a baseline and/or a way to reduce individual bias, and possibly
variability among panelists. The optimal time frame gmstsumption has been explored

and a 5 second time frame seems appropriate, but may difiendiag on the stimulus.

Lastly, time series analysis provided a more holistic picture of the emotional changes and

presence over time, and can provide a view of the profile elicited by products.
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Table 5.1 Mean emotional response scores for bitter stimuli (increasing concentrations of (caffeine) in water using automated facial
expression analysién the default and the continuous analysis software gettin

Default Analysis Setting

Treatment® | Surprised Neutral Scared Disgusted Angry Sad Happy
Control (0) | 0.563:0.312* | 0.15%0.126° | 0.169:0.234° | 0.040:0.078° | 0.0610.116“ | 0.066:0.116° | 0.014:0.035°
Low 0.51G- 0.304™ | 0.1810.135"° | 0.1470.216°° | 0.0410.062° | 0.094:0.16G°° | 0.043:0.096° | 0.023-0.073°
Medium 0.505 0.310™ | 0.1720.113°% | 0.144:0.22F°¢ | 0.083:0.145°° | 0.068:0.123°" | 0.059-0.11G°° | 0.020:0.047°
High 0.425 0.281" | 0.202t0.120° | 0.1370.199°° | 0.065-0.120“° | 0.065:0.093°° | 0.06G:0.094°" | 0.0370.084°
Continuous Analysis Setting

Treatment® | Surprised Neutral Scared Disgusted Angry Sad Happy
Control (0) | 0.344:0.258" | 0.2470.113% | 0.114r0.195° | 0.026-:0.055° | 0.047% .098% | 0.0490.09F% | 0.01G-0.030°
Low 0.300:0.247” | 0.2720.122" | 0.0880.15F | 0.027%0.043°° | 0.07G:0.129°“ | 0.0320.076°° | 0.020:0.07C°
Medium 0.299-0.247>" | 0.263:0.107" | 0.093-0.184° | 0.0670.127°C | 0.048:0.105°° | 0.045-0.089°C | 0.016-0.04G°
High 0.229:0.217" | 0.2870.115" | 0.0850.16G° | 0.052 0.117" | 0.045:0.076° | 0.0470.073"° | 0.0310.078"

2 Bvieans within each column with different superipts significantly differ (0.20).
A B.C D Bvieans within each row with different superipts significantly differ (§0.20).
'FaceReadet ,@Noldus Information Technology, Wageningen, The Netherlands

C=Control (distilled vater);L o w :
10=0.15% solutior(Meilgaard et al., 2007)

3 Mean+ SD
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Table 5.2 P-value table of automated facial expression analysis idefeult analysis

settingwithin each treatment using ANOVA.

Control (0)*

Neutral | Happy | Sad | Angry | Surprised | Scared | Disgusted
Neutral ** * 0 ol *
H appy *% Fkk *kk
Sad * *kk 0
Angry 0 el
Surprlsed *kk *k% *k%
Scared Frx 0
Disgusted *

Low?

Neutral | Happy | Sad | Angry | Surprised | Scared | Disgusted
Neutral *x 0 ol *x
H appy *kok *kok *k
Sad ** *kk 0
Angry 0 il
Surprised *kk *k% *k%
Scared *x 0
Disgusted **

Medium?

Neutral | Happy | Sad | Angry | Surprised | Scared | Disgusted
Neutral * 0 Frx 0
H appy *kk *kk *
Sad * *kk
Angry 0 FrE
Surprised *kk *k% *k%
Scared *
Disgusted 0

High*

Neutral | Happy | Sad

Angry | Surprised

Scared

Disgusted

Neutral o

*kk *kk

*kk

*k%k

*

*k%k

*kk

*k%k

*k%k

Happy
Sad *k%k
Angry *kk
Surprised *kk **k*k **k*k
Scared *
Disgusted | ***
IC=Control (distilled water); Low:
10=0.15% solution (Meilgaard et al., 2007).
Empty p>0.20
0 p=0.050.20
* p<0.05
*k p<0.01
ok p<0.0dl
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Table 5.3 P-value table of automated facial expression analysis indhenuous

analysis settingvithin each treatment using ANOVA

Control (0)*

Neutral
Happy

Neutral

*kk

Happy | Sad Angry

Surprised
*

Scared

Disgusted

*k% *k%

*k%k

*k%k

Sad

*k%k

*%k%

Angry

*k*k

Surprised

*k% *k%k

*k*k

**k%k

Scared

*kk

Disgusted

*kk

Low?

Neutral
Happy

Neutral

*kk

Happy | Sad Angry

Surprised

Scared

Disgusted

*kk *kk

*kk

*kk

Sad

*k%k

*kk

()

Angry

*k%k

Surprised

*kk *k%

*k%k

*k%k

Scared

*kk

Disgusted

*k%k

Medium?

Neutral
Happy

Neutral

*k%k

Happy | Sad Angry

Surprised

Scared

Disgusted

*kk *kk

*kk

*kk

Sad

*k%k

*k%k

0

Angry

*k%k

Surprised

*kk *kk

*k%k

*k%k

Scared

*kk

Disgusted

*k*k

High*

Neutral
Happy

Neutral

*k%k

Happy | Sad Angry

Surprised

Scared

Disgusted

*kk *kk

*kk

*kk

Sad

*k%k

*k%k

Angry

*kk

Surprised

*kk *kk

*k%k

*kk

Scared

*k%k

*k%k

Disgusted

*k*k

*k%k

IC=Control

(distilled water),;

10=0.15% solution (Meilgaard et al., 2007).
p>0.20

p=0.050.20

p<0.05

p<0.01

p<0.0dl

Empty
0

*

*%k

*kk
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Table 5.4 Comparison of mean intensitior emotions based on automated facial
expression analysis through default and continuous analysis software

settings and yvalue based on pairedasts.

Treatment® Control (0) | Low Medium High

Emotion

Neutral (Default) 0.157 0.181 0.171 0.202
Neutral (Continuous) 0.247 0.272 0.263 0.287
p-value <0.0001 <0.0001 <0.0001 <0.0001
Happy (Default) 0.014 0.023 0.020 0.037
Happy (Continuous) 0.010 0.020 0.016 0.031
p-value 0.0343 0.0257 0.0057 0.0098
Sad Default) 0.066 0.043 0.059 0.060

Sad (Continuous) 0.049 0.031 0.045 0.047
p-value 0.0019 0.0014 0.0005 0.0017
Angry (Default) 0.061 0.094 0.068 0.065
Angry (Continuous) 0.047 0.070 0.048 0.045
p-value 0.0004 0.0007 0.0008 0.0005
Surprised (Default) 0.563 0.510 0.505 0.425
Surprised (Continuous) | 0.344 0.300 0.299 0.229
p-value <0.0001 <0.0001 <0.0001 <0.0001
Scared Default) 0.169 0.147 0.144 0.137
Scared (Continuous) 0.114 0.088 0.093 0.085
p-value <0.0001 <0.0001 <0.0001 <0.0001
Disgusted Default) 0.040 0.041 0.083 0.065
Disgusted (Continuous) | 0.026 0.027 0.067 0.052
p-value 0.0027 0.0003 0.0003 <0.0001

YIntensity: 0=not expressed:; flily expressed
’Matched pairs-test, 2sided pvalue <0.20)

Bold=higher mean valudtalics=p<0.20
water) ;

3c=Control (disti | e d
5=0.8 % s o |

uti on;
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SD=1.07

Acceptability? Intensity3

Figure 5.1 Mean acceptability and intensity scores of increasing concentrations of
caffeine (bitter) in water.

ab.cdvieans within acceptability with different superscripts significantly differ in

acceptability (p<0.05).

A B.C Dvieans within intensity with different superscripts significantly differ in intensity

(p<0.05).

'C=Control (distilled=Wad®W)solLowi oSpekediumib:
5=0.08% soluti on; Hi gh: SpectrumE 10=0.15% s
“Hedonic acceptability scale was based orpaifit scale (1=dislike extremely, 5=neither

like nor dislike, 9=like extremely).

%Intensity sca was based on afint scale (1=extremely weak bitter taste/no bitter

taste, 5=neither strong nor weak, 9=extremely strong bitter taste).

* rs= Spearman's rank correlation coefficient
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Figure 5.2 Time series graphs of classified emotions on automated faciedssipn
analysis data over 5 seconds under the default (I, I, Ill) and continuous
(IV, V, VI) setting comparing the (b) control (0) (water) to (a) low, (a)
medium, and (a) high bitter solutions.

'Emotional results of sequential paired nonparametric Wilndests between control (0) (water) and
respective bitter solution are plotted on the respective treatment graph if the treatment median is higher and
of greater significance (p<0.025) for each emotion.
Presence of a line indicates a significant diffiers (p<0.025) at the specific time point where the median
is higher, while absence of a line indicates no difference at a specific time point (p>0.025).
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CHAPTER VI
Application of the Theory of Planned Behavior to Elucidate Student Reusable Water

Bottle Useon a College @mpus

Abstract

Installment of water filling stations on college campuséscreasing as students
carry reusable water bottles and campuses promote reusable water bottle use. Consumer
acceptability of tap water is based largely on adistiggalities. Consumers associate off
flavors or offodors with negative quality propertiaad safety concerrd tap water,
such as contamination or health risks. The purpose of this study was to explore reusable
water bottle usage on campus and to wstded the phenomenon surrounding this
behavior as it relates to water consumption soatceselection.This investigation will
aid in understanding water consumption, preferences, perceptions and opinions on
college campuses.

The targeted population wasdergraduate students who use a reusable water
bottle. After an initial survey, five focus groups with 23 undergraduate students were
conducted using a script rooted in the Theory of Planned Behavior.(TR&}cripted
rooted in TPB assistdd identifyattitudes, subjective norms, intentions and perceived
behavioral control related to reusable water bottlebesavior All focus groups were
audiotaped andonversationranscribed verbatim. Two researchers coded the scripts
individually and discussed cesd until consensus was met. After consensus, the

researchers categorized the codes by the major themes as well as identifrexhsg
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Themes emerged within attitudes, subjective norms, intentions, and perceived
behavioral contro{11 categories (attitdes n$ categories; subjective norms n=2;
perceived behavioral control n=2; intentions n=Themes within attitude associated
with reusable water bottles included: convenience and ability to assist with staying
hydrated due to routine/schedule; heatttd physiological benefits; and cost (financial
and environmental). Normative beligiiscluding the influence of peers, coaches, and
parents contribute to reusable water bottle use. Themes for perceived behavior control
included: reusable water bottle qualities (égendly, carrying ability, cost) and
assistance to drink water each day (help Wwehlthy behavior, reduce thirst, and
convenience). Lastly, many participants carried reusable water bottles with the intention
of consuming water to meet a daily need to assist with health and hydration goals.

In conclusion, participants find reusable rabottles to be convenient and an
easy way to increase water consumption for health each day while reducing the
environmental burden. Water consumption is essential for health and hydration. The
themeghatemergedegarding reusable water bottle habas assist and provide insight
for marketing and educational materials regarding water consumption habits through
reusable water bottles to improve hydration status. Through the research findings to
understan@nd identify components of consunmmeusable weer bottle behavior,
effective educational materials can be developed to encourage water consasptaih

as assist toeduce barriers preventing water consumption.
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1. Introduction

The U.S. has one of the safest tap water systems in the world, {e6this the
largest market for bottled water at 9.7B gallons in 2012 (Beverage Market Corporation,
2013; Fishman, 2012). The concept of bottled water gained momentum in the 1990s and
consumption of bottled water has increased significantly over time.tBeagh bottled
water consumption continues to increase, fNBa
speed in recent years. The National Park Se(2i@21) implemented a sustainability
plan (AGreen Parks Planodo) i notpihtiincliding hey ai m
the disposable water bottle (United States Department of the Interior, 2011). The process
and recycling of bottling water is deemed environmentally costly as resources could be
used to fuel other industrial segments. Colleges and Uitiesrare also banning the
bottle due to cost and sustainability. Portland State University in Oregon (over 25,000
students) reported that in fiscal year 2011 the university sold approximately 54,540
bottles of water through retail, vending, dining anddmeg (Portland State University,
2012). Loyola University in Chicago is encouraging students to drink tap water by giving
all freshmen reusable bottles and installing more water refill stations around campus in
addition to stopping the sale of bottled wate campus (Cohen, 2012; Fishman, 2012).
Many other universities are following (University of Vermont, Washington University,
DePauw University, Harvard School of Public Health and Pennsylvania State
University). Penn State annually recycles over 200 ebqdastic water bottles
(approximately 7.6 million water bottles) (Penn State Sustainakiliy, Entities are
taking strides to reduce plastic waste on campus due to the environmental concern, waste
costs and the low recycling rate of plastics.
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Themost commonly consumed beverages among college students are water
(72%)), juice (72%), and sugaweetened soda (68%8l0ck, Gillman, Linakis, &
Goldman,2013). The Institute of Medicine recommended daily intake (RDI) for water is
about 3 liters a day (2féer women and 3.7 for men) (Institute of Medicifethe
National Academie2004). Many benefits are associated with increased water
consumption and or SSB substitution. Studies in children and adults have found that SSB
substitution with water can lead better weight control among the overweidbblgeling,
Feldman, Osganian, Chomitz, Ellenbogen, & Lud\@)6; Tate TurnerMcGrievy,

Lyons, Stevens, Erickson, Polzien, Diamond, Wagd?opkin, 2012). In a study

surveying student beverage intake, studeeported drinking more than one sugar
sweetened beverage a dalfhough a majority (70%) reported that they had begun to
reduce their consumption (Huffman & West, 2007). This beverage shift indicates a
potential avenue for educational opportunitiesadealthier lifestyle in collegenbugh

water consumption. Twengyne million adults in the United States are enrolled in

college Gnyder & Dillow, 2011). Alarmingly, 35% are already overweight or obese

based on height and weighiofvry, Galuska, FultonWechsler, Kann& Collins, 2000).
College is the first opportunity many young adults explore independent decision making
and experiences that influence their lifetime choice and behavior patterns (Arnett, 2000).
It is during this experimental decision kirag stagehat he college environment is an
attractive location to change habits and educate students about healthy lifestyle especially
since the greatest rise in obesity over in the 1990s was in young atitisd, Serdula,

Dietz, Bowman,Marks, & Koplan 1999).
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The Theory of Planned Behavior (TPB) has been used to explain a variety of
social phenomena and to explain social behavior and decision making processes in
regards to food and beverage consumption. Usisditory, many studies have
evaluded the connection between behavior and consumption especially involving alcohol
(Todd& Mullan, 2011;Huchting, Lac, & LaBrie 2008), safe food handling/ullan,

Wong, & Kothe, 2013), vitamins Conner, Kirk, Cade., & Barrett2001), diets/food
intake(Sainsbury& Mullan, 2011; & Bruijn, 2010;Bogers, Brug, van Assema, &
Dagnelie, 2004), eating disorder®ickett, Ginsburg, Mendez, LinBlankenship,

Foster, Lewis, Ramon, Saltis, & Sheffield012) and sugar sweetened beverages (SSB)
(Zoellner, Estarooks, Davy, Chun& You, 2012;Zoellner, Krzeski, Harden, Cook,

Allen, & Estabrooks 2012b; Krzeski, 2011). Little workas been don@&volving water
consumption and reusable water bottle, astudes on college campuses and

motivations tause reudale water bottlesCollege campuses typically have many sources
for water including fountains, tap, refilligjations, and bottles from vending. TPB is
deemed an extension of the theory of reasoned action (Ajzen, 1991). ThHecnaiof

the TPBisanindvi dual 6s intention to perform a beha
having three main independent components: specific attitudes, subjective norms, and
perceivedbehavioral control (Figur2.1). Attitude refers tahe unfavorable or favorable
position of kehavior being investigated (Ajzen, 1991). Subjective norm is reference to
perceived social pressure to act or not act the behavior in question (Ajzen, 1991). Lastly,
perceived behavioral control is defined by the perceived ease or difficulty to perform the

behavior (Ajzen, 1991).
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TPB has the potential to be extended to other areas of research in food and
beverages to understand the meaning behind actions and decision making processes.
Within the reusable water bottle niche, consumers have selected wasenexfor a
variety of reasons. As environmentaincerns have increased, consumers have begun to
use multiuse water containers to reduce their footprint. Typically food and beverage
packaging is used for content containment, communication, proteatidrconvenience
(Robertson, 2006). The importance and value of green practices is paramount to current
and incoming students as found by the Princeton Review, which suggested that that
nearly twethirds of all incoming freshmen include sustainability dasctor when making
a decision to attend a specific institution (Norman, 20R8searctemphasis is not
placed on those who currently use containefsrmation can be gained from theos
currently using a reusable water bottle and appiexh effort to improve interventions
as it relates to increasing water consumption, improving health and drinking water
perceptionsFocus groups witkeurrent students whase reusable water bottles can
elucidate a potential pathway for improving thedth and hydration status of students
Additionally, a study of reusable water bottle use af@tas on water consumption and
availability couldelucidate methods to promote water consumption and restgee
sweetened beverage intakeyoung adultsNewopportunities for water delivery in
institutions could lessen the burden on landfill waste, increase aesthetics surrounding
water, improve brand image, create a better product to consumer experience, and promote
health and sustainability. This researchatodetermine the attitudes, subjective norms,

perceived behavioral control and intention to explain behavior associatectustible
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water bottle use angdater consumptioamong undergraduatesing a focus group script

rooted in The Theory of PlannecBavior.

2. Materials and Methods
2.1 Qualitative Application of the Theory of Planned Behavior andEmotional Ballot
2.1.1 Participant Recruitment and Screen Survey

Study was prapproved by Virginia Tech IRB (IRB #1@31) prior to project
initiation. Study recruitment was accomplished through email listservs to Virginia Tech
faculty, staff, and students; however, the target demographic population was
undergraduateshm use reusable water bottles. Prospective participants completed a pre
screening survey for reusable water bottle usage, water bottle attributes, and
demographics. Exclusion criteria included status other than an undergraduate and lack of

reusable waterditle usage, and age less than 18.

2.1.2. Focus Groups

Five focus groups were conducted and lasted about an hour (n=23 participants;
Range 3 6 participants per focus grou@elected participants from the ggereening
survey (n=23Male=4 (Male Mean ag=20);Female49 (Female Mean age=20;2)lean
age=20.2Age Range=1&2; Commuter=12; Resident=11; Freshman=4; Sophomore=3;
Junior=11; Seniors5Majors: Human Foods, Nutrition, and Exercise=6; Food Science
and Technology=10; Agricultural Science=1; BiolkagiSciences=1; Interior Design=2;
Biochemistry=1; Architecture=1; Mechanical Engineeringwére Virginia Tech
undergraduates who use reusable water bo&lesoderator and conoderator were

present to provide structure, questions and modéBatere facus grougnitiation, the

203



consent forms were verbally read to participants by the researcheyaréingbantshad

the opportunity to reviewtudy parameterand consent forms. The focus group did not

begin until consent forms were signed and participeoitectively approved of audio
recording, before receiving additional instructioigcus group sessions were audio
recorded (Olympus W&10 Digital Voice Recorder, Olympus America, Inc., Center

Valley, PA), for an accurate and complete documentationrttipant responses. The
recorded portions of the session started with an introduction, instructions completing the
demographic page, and instructions for completing the emotional ballot (Modified
EsSense Profile). After participant completion of the eomati ballot (Modified EsSense
Profile), questions related to the emotional ballot photographs and The Theory of Planned

Behavior focus group questions were asked.

2.12.1 EmotionalBallot CheckAll-That Apply (CATAjModified EsSense Profile) and
Analysis

The EsSense Profil&ing, Meiselman& Carr, 2010 King & Meiselman, 201p
is a check all that apply (CATA) ballot. The ballot was modified to incorporate more
holistic emotional and acceptability terms for assegsgser experiences prompted by the
photographs. The modified terms originated from the list from whichEB$®nse
Profile was developed (King & Meiselman, 2010). Eight terms from E&®ense Profile
(wild, understanding, whole, warm, merry, loving, joymhdtame were replaced with 8
terms from the original list (gry, annoyed, discouraged, irritated, nervous, sad, scared,
andsurprisedl. The modified emotional CATA ballot used in this study consisted of 39

terms and included the following guided distions (King & Meiselman, 2010) but
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modi fied for t he ogilivedferons (@200(dctive, duverstuross, u d vy : np
affectionate, calmenergetic, enthusiastic, free, friendly, glad, gapmhdnatured,
happy, interestedhostalgic, peaceful, pleasapleased, satisfied, secure, and tender);
A egative®d t €n=L@)fangry, annoyed, borediscourged, disgusted, irritated, sad,
scarednervousandworriedy amdeaith assi fi cat iaggressivet er ms (n=9
daring, eagemuilty, mild, polite,quiet, steady andsurprised)
The emotional ballot (modifieEsSense Profi)evas used to assess the emotional
attributes and acceptability of water source grapfffdéng station, water fountain,
reusable water bottle, disposable water bottle, apavith tapwvaten (Appendix C.§).
The pictures were used as a prompt and participants were instructed to evaluate the
pictures based on their overall experience and perception of the sources, not necessarily
the pictures themselves. The color photos wanelomized for each participant and
presented in a notebookhe studentsompletel anemotional ballo{modified EsSense
Profile) (King, Meiselman& Carr, 2010 King & Meiselman, 201)) as modifiedto
determine an emotional profile associated with relesaaterbottles (Appendix C.5)
Countfrequencies for each emotion ter89(otal) were calculated for ghhotographs
(filling station, water fountain, reusable water bottle, disposable water bottle, and tap with
tap water). €rms that were selectedttvat leas20% frequencycount frequency =5
(5/23 =21.7%); maximum possible count = 23 per emotional tennat least one
situational photograph wefef r equent | y s e l;éeitch,@l Fofther nade, 2
purpose of this study, only informatioagarding reusable water bottles and disposable

water bottles were used in analysis.

205



2.12.2.Focus GroupProcedure, Script and Analysis

Focus groups were conducted according to the guidelines and procedures of
Krueger & Casey (2000). A serscripted operended question focus group rooted in
The Theory of Planned Behavior (Ajzen, 1991) was modified from Zoellner et al.
(2012a), Zoeller et al. (2012b), and Krzeqd011) to determine the attitudes, subjective
norms, perceived behavioral control, and inmmtio explain behavior associated with
water consumption, reusable water bottle use, and water delivery sources on campus
(Appendix C.7) Focus group guestions were relatetheemotional ballot (modified
EsSens®rofile), water availability on campusyutines, water consumption barriers,
health, hydration and purpose of reusable water bottle usage.

Data saturation was met after five focus groups apdn completion, focus
group sessions were transcribed verbatim. The transcriptions were qualitatively analyzed
using the comparative method with joint coding and analysis (Denzin & Lincoln, 2005;
Rossman & Rallis, 2012; Schroed2016 Krueger & Casey?2000). Transcripts were
evaluated by two coders individually. Coders agreed on codes before categorizing.
Transcriptsverecategorized to determine themes under the constructs of The Theory of
Planned Behavior (attitudes, subjective norms, perceived lmehbwontrol, and

intentions). Themes are considered similar phrases, words or feelings amongst the focus

group.

3. Results
3.1 Emotional BallotCheck-All -That Apply (CATA) (Modified EsSense Profilg

The profile (n= 16 frequently selected emotional terasspciated with the

reusable water bottle included the positive termsiye (82.6%), adventurous (60.9%),
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good (56.5%)satisfied (56.5%)happy (52.2%)energetic (47.8%pleasant (47.8%),
friendly (43.5%), gooehatured (43.5%), peaceful3.5%),secue (34.8%) enthusiastic
(30.4%),pleased (30.4%y¥alm (21.7%)and free (21.7%)Eager (21.7%Wwi t h Ano cl earl
classificationo wds also selected (Figure
The profile (n= 7emotional terms) of the disposable water botttduded
positive terms actier (43.5%), calm (21.7%); and negative tegusty (43.5%),
discouraged (30.4%), annoyed (26.1%), irritated (26.1%), and worried (26.1%) (Figure

6.1).

3.2 Focus Groups

The focus group analysis of studentds opi
reusable wier bottles and disposable water bottles were organized Irdategories
(attitudes n8 categories; subjective norms n=2; perceived behavioral control n=2 ;

intentions n=1). Theasults are summarized in Table.6.1

3.2.1 Attitudes
(1) Associatedjualities of RWB that fit preference and lifestyle

Participants felt that RWB fit their active lifestyles and provide a convenient
source of water that they prefer to use. RWB are financially cheaper and easier to use
than DWB. RWB provide aneasyway@®c ry wat e rand ddey oie cROWB ar
sustainable and offer a waste reduction benefit quality, which makes RWB appealing to
students. On a side note, RWB serve as entertainment and distraction during periods of
boredom. Certain RWB qualities make RWBn@ appealing for everyday usgraw

options (bacteria)yansportease anteak prevention and reductionepportunities for
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accessories (sticker, flag, sorority); hot anttldiquid capabilities; amount of water
volume; ecefriendly quality; warranty price, filtering capabilities; cleanliness and ease

of maintenance) and &éshakabilitydé for dry powder be

(2) RWB usage depends on daily schedule and circumstances

Frequency of RWB use depends on daily routine and schedule, which influences a
refilling routine andvaterconsumption routine. RWB are useful due to thehmgo
feature and nature of user schedule. RWB can be carried mostly everywhere. Most
participants use RWB throughout the day and week; however, RWB use is dependent on
the beveage. Students will switch to different containers or glasses for other beverages.
Typically, RWB are used solely for water. Additionally, participants will switch to
glasses for water depending on the location and circumstances (eating at a dining room

tade, eating in general, or different activity).

(3) Physiological/Psychological influences of RWB use

Participants stated that RWB make it easier to accomplish drinking water each
day. RWB allow for hydration opportunities as well as reduce thirst antl ¢hensngs.
RWB are used to mitigate several perceived physiological and psychological occurrences
each day. Generally, RWB are used to quench thirst, stay hydrated, and reduce the burden
of finding water when thirsty. Water helps participants stay focasddlert in class.
Also, the action of drinking water from RWB helps reduce stress and nerves in certain
situations (i.e. presentations, tests). RWB assist in staying hydrated for sports or exercise

performance. RWB themselves serve as a reminder todater and perhaps drive
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thirst due to constant presence with users. Participants mentioned that without a RWB

they notice and/or feel they are thirstier during the day.

(4) Experiences with RWB that contribute to sentimental value

The emotionatonnection of user and RWB varied across participants. If an
emotional connection was present it is because of experiences with the RWB.
Participants stated that certain RWB have a nostalgic remembrance of the past including
trips or athletic events. Addtnally, if the RWB was given to the participant as a gift
(parents, friends, sorority, etc.) it holds more sentimental value than a purchased generic
RWB. If a RWB is personalized with stickers is lost or broken, there is a potential greater
sense of losand sadness. With some participants there is a deeper connection with RWB
due to experiences with the RWB. The RWB can be a source of companionship,

dependability, sentimentality and being a part ofthéepac i pant 6s hi st ory or

(5) RWB does nalicit deep emotional response: inconvenient if lost but replaceable

Some participants were only tied to their RWB superficially. If they lost their
RWB, the emotional loss would be minimal. The emotional loss would be tied to anger,
annoyance and frustran of losing the RWB. Replacing the RWB is an inconvenience of
going to the store as well as a financial inconvenience of having to purchase another
RWB. RWB characteristics (color, design) might influence the reaction to the loss;
however, participantwith this perception said they could easily move on. Some students
buy cheap and easily replaceable bottles due to their ability to lose RWB easily.
Generally, it is easy for students to move on to a replacement RWB. RWB are treated

more as a neemotionalinvestment than an emotional companionship.
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(6) Cost (financial and environmental) and quality lead to opinions about DWB but use
can be situationally dependent

Participants expressed that DWB are wasteful, and expensive; however, they do
serve a purposa certain circumstances or when water is unacceptable to drink due to
aesthetics or safety concerns. Some participants used to like DWB because they felt the
water is safer. DWB are not considered-&tendly and DWB usage is not
environmentally consciau Participants stated that DWB are financially wasteful and
they felt that people could spend money on other items. The lack of recycling options,
seeing DWB in garbage, and seeing plastic bottles everywhere influenced thseawiti
DWB and the use of WB. Participants did not wish to purchase DWB but will use them
if handed out for free.

Aesthetically, DWB can have an dtavor and participants feel that they are
drinking sweet melted plastic and some br and
affeds the flavor of DWB negatively. DWB are burdensome to carry if wanting to stay
hydrated due to the volume needed and amount of bottles to carry to meet hydration
needs. DWB are not sustainable because participants drink a large amount of water per
day. The amount of DWB to sustain hydration needs is wasteful financially and
environmentally. Participated stated an annoyance with others who used excessive
amounts of DWB when they own RWB, as participants felt that this behavior is wasteful.
While participang voiced their disdain for DWB, ultimately hydration is the most
important and they are pleased to see people drinking water regardless of the source. On

campus, they expressed that there are reasonably enough locations to recycle used DWB.
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3.2.2 Subjectie Norms
(1) Bottles saved and filter status influence filling stationarse RWB filling

Filling stati onottpssved tiiredi caitcdr aasnd hteh é bw
status light indicator influence RWB location filling. Participants mentionatthie
water filter status lighindicator makethem feel that the water is safer and of higher
gual ity for consumption. Al so, the fAbottl es
being ecefriendly because they are reducing the impact of disposaliée aitles by

using RWB and filling at the station.

(2) External Motivators that contribute to choices of hydration soR\WA

Reusable water bottle use and hydratiahitswere influenced by a variety of
sources. Participants stated that RWB use staideearly as middle school, mainly in
high school, and some began using RWB in college due to trends. In high school, staying
hydrated for athletic performance drove part
Additionally, high school athletic coacheescommended that participants stay hydrated
by using a RWB thus contributing to habitual use of RWB. The high school trends and
coach influences of RWB use has carried over into college. Similarly to athletic coaches,
in college the Air Force tells cadetsliuy and use RWB because they are more likely to
drink and stay hydratedhd di t i onal |l 'y, participantds person
consume water, however, weekly, schedule (i.e. work) may impact water consumption
and RWB use.

Secondly, parenisn f | uence participantdés RWB becau:
conscious and promoted the use of RWB. Addit

purchase disposable water bottles due to the desire to reduce waste, be more
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environmentally friendly, and beare cost efficient. Also, parents encourage participants
to be accountable for RWB due to the financi
influence their discouraging opinion on DWB and encouraging RWB use (i.e. water
engineer and environmentalteach) t hat has i nfluenced partic
Participants expressed that peers can influence and encourage RWB use.
Participants stated that there is peer pressure to use a RWB on campus because
6everyonebd uses one and théuwsaged RVWBURiendsnvi r o n me
roommates, and significant others can influence RWB use especially through giving
RWB as gifts or handouts. Some participants experienced significant others and friends
nagging them to use RWB instead of DWB. Lastly, the ingttititteave during class for
water encourages RWB use to stay hydrated.
Participants stated that RWB companies or RWB giveaways may influence RWB
use. Students voiced that they have gotten RWB for free via campus giveaways or
promotions. Additionally, RWEBompanies may ask users to sample a bottle which
would influence brand promotion and continued usage. RWB companies may have a
valueadded product with a filter, which appeals to continued usage due to the ability to
filter water anywhere. In media, phoapps may also influence general water
consumption habits through tracking and notification encouragement. Students have been
exposed to statements or advertisements saying it is important to drihba@ttles of
water if exercising and it is importantdoink more water to give blood.
For disposabl e water bottles, some partic
participants were accustomed to their use and felt indifferent about the source.
Participants will deviate from RWB in certain circumstanoetuding when DWB are
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handed out for free at events/meetings, during travel, or if someone else purchases the
DWB for use. However, there is social pressure not to use DWB due to the
environmental effect and burden. Participants voiced concern abouthaheezard

regarding disposable water bottles due to the plastic and the potential danger from
reusing a DWB. Many use RWB due to the plastic concern of DWB. Furthermore,
recycling availability influences RWB or DWB use. If recycling is not available, RWB

use is important to reduce the environmental impact of DWB.

3.2.3 Perceived Behavioral Control
(1) Perceived Behavioral Justification for RWB Use

Participants revealed that carrying a RWB is habitual and provides a sense of
comfort. Additionally, the RWBserves as reminder for them to drink water and it is a
readily available source for water. Participants carry their RWB frequently, if not
everywhere. Participant justification for using a RWB includes hydration benefits,
improving alertness, calming nesjegeducing dehydration due to exercise and
performance related superstition. Students feel that if they carry their RWB it will help
with mitigating these effects or experiences. Water access and time uncertainty drives
participants to use RWB on campus.

In addition, participants expressed that RWB eliminates waste and is cheaper. By
using RWB, they are not contributing to waste and they are reducing the burden on the
environment. They stressed that RWB are typically atone cost (or free) and water is
free to refill. Some students expressed that they will not go out of their way to use DWB

due to environmental and financial cost.
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Participants stated that some RWB have extra vadlaeed qualities they prefer. A
RWB with a Brita filter is great becausewcan filter anywhere and have more
consistent flavored and safe water. The ability to close the spout is important to reduce

germ contamination and having a straw is beneficial due to clumsiness.

(2) Accessibility and Convenience Provide Preferentialr&oFactors for Students

Participants placed an importance on convenience (schedule), ease of use
(automation, sensor) and aesthetic qualities (temperature, ice, cleanliness) in choosing
where to refill. Many students stated that they choose sourcestvliieeey donét f eel
cheated when they refil!l (tilting bottle, ab
the water stream).

Students typically carry RWB everywhere on campus and use it throughout the
day. Participants feel that water is avaitahhd accessible. They stated they can typically
fill their RWB multiple times per day because filling stations and water fountains are on
campus. Many carry RWB around because drinking from water fountain to water
fountain is unrealistic, even though waitereadily available on campus.

While most participants have a location preference for water, water fountains are
unavoidable because it is hard to find filling stations to refill RWB. Most participants try
to use filling stations or dining hall bevegfpuntain stations (dining halls) to refill from
because it is easier to refill RWB. While many look for filling stations or use the dining
hall, filling stations are often hard to find and most students will refill their RWB out of
convenience using whater is nearby depending on their schedule. A majority of
participants had a strong resistance to using a bathroom sink due to perception of

bathroom circumstances/unknown behavior.
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3.2.4 Intentions
(1) Intentions of Reusable Water Bottle Use

Studentarry a RWB to allow for more water consumption throughout the day
and to attain hydration goals. RWB can be used as a measure for consumption when there
is a water consumption goal (i.e. gallon challenge, measuring number of refills, intention
of finishing the RWB by the end of the day, or to track the amount of ounces consumed,
etc.). Participants intentionallyary their RWB due to routine especially when
exercising or during the school week. Participants use a RWB to assist in attaining a
healthier liestyle and increase physical or physiological performance. Many carry to
reduce thirst, improve hydration status, and to have better physical performance during a
workout. Additionally, many students drink water for health and improved skin health.
Particpants carry a RWB to reduce the inconvenience of being thirsty and having to find
a source of water and/or disrupting class. Also, students bring RWB to tests to because
drinking water calms nerves and can serve as a lucky charm. Lastly, participants
expressed that they carry a RWB to be environmentally friendly and financially

conscious.

4. Discussion

The Theory of Planned Behavior has been used to understand consumers and
explain behavior. Scholderer and Trondsen (20@8papplied the TPB to fish
consunption for their research questigmetermined that fish consumption could be
related to fAthree of these barriers (quality
normative belief (family preferences), three as control beliefs (price, variety and

availability), and two as expressions of sefficacy (meal preparation skills and
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convenience). 0 Pickett et al. (2012) found t

predict behaviors associated with diet and health as it relates to eating disorders.
Addi tionally in a study with fruits and
behavioral control were valuable in predicting the intentions and behavior related to
consumptionBlanchard, Kupperman, Sparling, Nehl, Rhodes, Courneya, & Baker,

2009.

Participants selected only positive emotional terms for the reusable water bottle.

While true trends cannot be established due to the limited participant size, the major
reusable water botti&RWB) terms were active (82.6%), adventurous (60.9%), good
(56.5%), happy (52.2%), and satisfied (56.5%). Surprisingly, not many students had a
deep emotional connection with their RWB in both the emotional ballot and focus
groups. FenkoSchiffersteinandHekkert,(2009) foundwhen consumers have a
relationship wih their products overme emotional experiences in relation to the product
becomesignificant. Conversely, other users may not be able to commit to such self
expression and simply leave the product in its original skdtgyge, Schifferstein, &

Schoormas, 2009).

The lifestyle of participants supports RWB use as many students are on the go and

RWB serve as a source of water without purchasidig@osable water bottl®{VB).

RWB provide a consistent, portable, financially conscious, sustainable affideaciy
source of water for hydration. Students carry a RWB to allow for more water
consumption throughout the day to attain hydration goals and to reduce the
inconvenience of thirst. In a study of college beverage selection, students claimed that
water isprimarily consumed for hydration (Block et al., 2013). The RWB serves as a
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reminder to drink watein a study with increasing fruit consumption through lunchroom
services, researchers implemented the CAN (convenient, attractive, and normative)
approach ath placed fruit in an accessible and attractive serving dish and student intake
of fruit increased (Wansink, 2013). This finding could explain the use of RWB due to
their convenience antbntinualpresence.

RWB provide water to assist in attaining a haalt lifestyle and increase physical
or physiological performance. Contradicting evidence exists regarding increasing water
consumption through reusable water bottle intervention studies in elementary and middle
schools. In a German elementary schoolsgttieusable water bottles were effective in
increasing student water consumptifu¢kelbauer, Libuda, Clausen, Toschke, Reinehr,
& Kersting, 2009); however, in an American and United States study, the intervention
was not as effective in increasing watensumption through reusable water bottles
(Loughridge & Barratt, 2009Patel, Bogart, ElliottLamb, Uyeda, HaweBawson,
Klein, & Schuster2011). In a qualitative study with college students, students wanted
and expected to drink water out of their individual reusable water bottles and not vending
disposable water bottles (Kaplan, 2011).

Participants felt that water, and by association RW& them stay alert,
focused, and assist in reducing stress whilthout a RWB, students will notice a
difference in their day. Water consumption benefits have been linked to improving health
(Ebbeling et al., 2006; Tate et al., 2012), weight loss (fPagtkal., 2005; Dennis et al.,
2010; Akers et al., 2012) and cognitidgrafilda, Rapinett, Grathwohl, Parisi, Fanari ,Calo,
& Schmitt 2012; Benton & Burgess, 200Bar-David, Urkin,andKozminsky,2005).
Dehydration or poor hydration has been linked toidished attention, memory and
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arithmetic ability (Gopinathan, Pichan, & Sharma, 198&)r, Hall, Pattersor&
Niinisto, 2004).

Certain influences or experiences can enhance and promote RWB use. Water
filling stations are amdcamputsl eanndsanheddffieéa
on the filling stations can make RWB refilling more inviting and reinforcing. Of
importance, RWB use started before college and was often influenced by athletic
coaches, parents, peers and college trends. Reinforicaditdecan contribute to
continued sustainable reusable water bottle use (Redman, 2013). Moreover, many,
including the Air Force, have told participants that if you are carrying a RWB you are
more inclined to consume more water. Parents influence partisipAVB use by
emphasizing the financial and environmental burden. Media and advertisements can also
influence use and even campus flyers or the installment of filling stations can encourage
RWB use. In a study with barriers to healthy eating and phyaatiaity in students,
students, parents and community stakeholders were dissatisfied with water fountains
(dirty) and thought DWB were expensiv@dh, Bogart, Sippldsher, Uyeda, Hawes
Dawson, OlariteDhungana, Ryan& Schustey 2009). Water filling sténs and RWB
are a solution to these barriers and can perhaps explain their usage and promote water
consumption.

The disposable water bottled generated more negative emotional terms than
positive terms but none were in the majority. Students articulag¢dWWB are
expensive and wasteful; but do serve as a convenient substitute in certain circumstances
(travel, trips, events of unsafe wateFhecircumstantiaDWB behavioris supported by
researchers in Family and Consumer Sciebeeause clean and assible water is
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important for health if tap water is not suitafizier& Ferry, 2015). Health concerns

are a primary reason for purchasing bottle water instead of usimgtapsources

(Office of Groundwater and Drinking Watéihe United States Enwinmental

Protections Agency2003). Students in secondary school cafeterias stated that oftentimes
schoolwater provisions are unappealing yet the alternative source for palatable water is
DWB, which is financially burdensome (LoughridgeBarratt, 2005)In a study

assessing college studadbeverage habits, students did not purchase bottled water
becauseheycan get it for free; however, taste and appearance of tap water might
influence purchase of DWB or another beverage instead of using tap watds ¢BHd.,

2013). Most importantly, many would not purchase DWB, but if they were provided for
freei they would be more willing to use DWB. There is a movement to ban DWB on
college campuessand in arecentcollege studymost participants would suppdhe ban

if adequate tap water sources were provided (filtered water and filling stati@ms)e,

Brar, Ho, & Yeh 2010). However, banning the water bottle has shown increases in sugar
sweetened beverages instead of reusable water bottle usage (Berotarsén] 2015).

Also, participants mentioned that occasionally they are bothered by others, who use
DWB extensively, but wultimately it ies about
drinkingwater. Regardless, using DWB as the only source of watesteful and

unfeasible due to the amount needed to stay hydrebedcost of water on campus is

around $1.00/20 fluid ounces (fl 0z). Zoellner et al. (2012) and Krzeski (2012) stated that
health professionals recommend 5 cups (40 fi &yxups (64 fl @) of water per day. To

rely solely on DWB to meet this recommendation, students would spend-$2.00
$3.20/dayThe bottled water industry is taking strides to reduce the use of plastic with
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new designs due to the green movement in hopes to reduce cogsulir@&oble, Paul

McMinimee, Mallett, & Singh 2009). Also aesthetically DWB can be displeasing due to
off-flavors.DWB off-flavors can be attributed tcetaldehydenigration from the

poly(ethylene terephthalate) (PETE) packagimghe water (van Adt, 2000;Poretta&

Minuti, 1995).In a study with bottled water, participants were able to detect differences

bet ween bottl ed wat er WhelamdierichgdBudingane, a fApl ast
Schechs & Duncan, 20D Parents, media, and peers can also discourage DWB use due

to recycling capabilities and environmental burden.

5. Conclusions

The Theory of Planned Behavior was useful in identifying the construct
contributions to the reusable water bottle behavior anf@énameces. There is an
interesting battle playing between RWB and DWB for convenience and health to suit
hydration needs, especially on college campuses. With college students, it appears the
environmental and financial importance weigh more heavily ingsihga hydration
vessel for water needs. Students appear conscious of their environmental impact and
prefer to use RWB. Moreover, RWB assists in both physiological and psychological
benefits for the user.

In conclusion, participants find reusable watettlbs to be convenient and an
easy way to increase water consumption for health each day while reducing the
environmental burden. The thenthatemergedegarding reusable water bottle habits
canassist and provide insigfdar marketing and educational tedaals regarding water
consumption habits through reusable water bottle use to improve hydration status.

Through the research findings to understand identify components of consumer
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reusable watdbottle behavior, effective educational materials cadéweloped to
encourage water consumptias well as assist teduce barrierpreventing water
consumption. The information gained through this study can contribute to health
promotion techniques and strategies to improve health and hydration statas with

environmentally friendly reusable water bottle behavior.
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Table 6.1 Sunmary of focus group discussions on opinions, perspectives, and
perceptions of reusable water bottles and disposable water bottles.

Category | Quotes
Attitudes
(1) Associated Al b oug h off cBAmazBWechuse of the fact that you can put i
your[IDCardland your keys. l'tds reall
qualitesof RWB |[way | dondét have to bring my wa

that fit preference

and lifestyle

take it to classes. | take it with me when Itgdhe library, when | go to
bed actually. | keep it next to me in case | need to drink wdten | get
thirsty or something

Al think | looked fot he word convenient Iqust

think itdéds convenient. To | ook
| chose a Contigo water bottle. Because | think-$20 for a water bottle
is kindof expensive.. | donodot really care ¢

care how much itasts. | just kind of have a water bottle because | trieg
once and it was kind of cool, so | got myself ane.

Al think ités kind of[RWB]and pedpk think
theydre really expensive, baftomh
buying those big huge cases of bottles at the store.

(2) RWB usage
depends on daily
schedule and

circumstances

Al kind of always just usfRWB] because usually, especially the past tw
weeks |1 6ve been studying a | ot
the Empo or the library. Then for coffee | have a reusable coffge to
thing. So I just kind of use those and not really glasses. Andatsuse |
dondét haveoto clean them.

Al think itdés [ysiogsRWB]b elc ofmeela waibi
have my water bottle with me. I
because i f | want water and ore d
than if | have my water obottl e

fiBut | use water bottles all the time. | typically use them for, well | carr
them around campus, but | use them for working out mainly and | cleg
every day because | normally put pre-workout or postworkout in it... |
prefer reusable water bottles over bottled waters because of the wasts
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factor and | donot think bottl e
fountaino

(3) Physiological/
Psychological
influences of

RWB use

fAnytime | know | have a long class or a test in a class or an assess
people like to tap pencils, | like to drink water when | get nervous. |
literally just drink my water bottle. So anytime | have a big test or
something | make sure | have at least a batiwater with me

Al guess | hotstyg mbat a mnwith med (
Al f | do[redgséblefvaver abottl e with meg
ounces because | woné6t dri nk, I

water at the water fountain 8 times a day.

iMi neds thirst t oo. I donot k noy
but when | study | just drink so much water.

fiMy friends will make fun of me because | always have to get my

[reusablewaterb ot t | e before | | eave th
thirsty. Ifeelllke now t hat | 0ve I|Ibdcane meed U
thirsty so | crave water all the time na@w.

(4) Experiences | fiBut if | did lose[my RWB], | 6d be pretty sad.
stickers on it or something because people give me stickers from plac

with RWB that theydove been and | <collect stic

contribute to -

sentimentalvalue [l | i ked t he a ephaemitiandh\balothecauseitu s
reminded me of whenever | go hiking or go to the river or go to concel
festivals and stuff | always ha

associated with adventure for me.

Al was very upsetabout losing a RWB&lso. | felt like | lost a part of me
because it had been with me through so nwuch.
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dtds mostly
countries.
always beeithere for med

fthe RMYB hashbeaen in llke semeral n
|l tds been i n my back

(5) RWB does not
elicit deep
emotional
response:
inconvenient if
lost but

replaceable

Emotional attachmenrdaRWBIslndkthati t 0 s
expensive, but 16d be kind of m
Because last timehad to it was kind of a pain. It was like a waste of $2
or whatever it was.

Al | o s ealltheRinB kldse it everywhere | go. | get so annoyed
with myself. 1 6ve had to buy so
was the process? | get summnnoyed when | end up buying another one
and find it the next day. So | just have a collection Bow.

(6) Cost (financial
and
environmental)
and quality lead
to opinions about
DWB but use can
be situationally

dependent

il 6ve
and |

got
donot i

not hwatgerma.gal n& g
ke paying

bodtt | @
t haot mu

fil feel kind of guilty like | know this is going in a land fill. | know this is

probably going to kill some animals. Soitmakesimep py t o K
not contributing to that 0
il feel |l i ke theydre just a wasHt

them. They take up space.

Al feel bad having to go buy thdisposable campus water botthe§cause |
don6t want to have to pay $1 fo
away at the end of the day. Just the wasteful aspect and the environn
friendlinesso

Subjective Norms

(1) Bottles saved

and filter status

Al 1 i ke that 1t says how many bg
and I 6m | i ke fiYea! | 6ve added o
| feel like [water filling stations] | dondét know i f
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influence filling
station use and

RWB filling

I i ke t hckeanav,anbre filtérexsd or purified or something. And it te

you how many gall onos of water vy
| dondt | i kefAAfhélfinbeebateogoiwben
red filter 1 dm | ikeé it dstforeome b
reason when that red filter 1|ig

(2) External
Motivators that
contribute to
choices of
hydration source
RWB

fiMy coach would tell me to get a water bottle and to force myself to di
water. And then | started to imprand | just carried that out ofdt.

A [ Us a gkimd o hite over the past year. | had been playing a 3
season varsity sport so |1 6d hayv
thing before practice, during practice, recovery after and evegytAnd
then since then itds just such
|l tés justé | dondt Kknow. My bac
have weight on one sideo

fil used to play soccer and my coach was like make sure youystegtdd
throughout the day. So I just kind of started, you know, on and off in h
school, but once | got to college it became a habit.

Al  me ddnink Wated| tor health and exercise too. Plus influences f
family and friends who drink a lot of water and they influence me to dr
it. Plus |li ke she said, if 1 do
drinking water throughout the day.... Mister, she is kind of obsessed
with drinking water and one of
all she would drink is just water. And they would go through water botj
after water bottle and that made me want to drink more water just to g
where they are kind of thing.

Aé[ Th campuls$ yi dalthy here and
ot her peoplec“)s l i festyles i1 f th
| 6ve been here and my water bot
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A My modamengefaRWB] in middle school so then it just became
habit. .. she [ Mom] was | i ke #fl
buying water bottle cases anymo
just |l i ke fAOkay. |  gdu ensoswahbbitadtd h
dondét Ilike it whe»m | dondét have
il mean | guess Iitodos readily avaé
everything. Everywhere you go t
bottle. Doothis. Do that.o

fiTheyteachusmArFor ce that i f you carr
more | ikely to drink and youol|
kind of notice that i1if | donot

hydrated than if | do carry d.

Perceived Behavioral Control

(1) Perceived
Behavioral
Justification for
RWB Use

Al guess because | have it with me all the time that it feels weird not tg
have it with me. Also | think that in general, water is pretty cold and | t
that kind of calmshe nerves a littl@.

Al think itéds just because you ¥
somet hi ng. ltds a coonstant r emi

fil think it was when | moved away from home. So when | came to coll
t hat 6 s wh e nto areusableawateribdttlie that leuded every da
Because you don6t have dishe& a

Al om really really bad at r ememk
water bottle with me | &dhnd td&atdk

A[by using a RWBand not DWB Mainly | just feel good knowing that |
woul d probably be throwing four
eliminating waste

(2) Accessibility

Al 6m not going to just go wal k &
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and Convenience
Provide
Preferential
Source Factors
for Students

fountain drinkingd

il l ook for the automatic fill er
it up to there with the water fountains because you have todilt it.

Al make sure ités rust free beca
fountain, | make sure it can actually go high enough that it can reach i
the bottle. Things like that. And if the filter needs changed. | try to look
the real small things thatight impact the wate.

Intentions
() Intentionsof Al f | want to run, | ike at the ¢
Reusable Water ([ doesné6ét really work out and | g

Bottle Use

A

if | know thatlated 6 m going to run then |
my water bottle with me so | can be hydrated for when | want to run ai
stuff.0

fil notice a really big differenaqd
more tired when tbém trying to w

fAUse RWB] Every day. The beginning [RWB use] of mine was just eg
friendly for meo
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Active

Worried 90 Adventurous
Nervous - - Calm
Irritated Eager
iR —
Guilty 60— Energetic
Disgusted Enthusiastic
Discouraged | . Free
[ \ Reusable Water Bottle
= Disposable Water Bottle
Annoyed 1 Friendly
Steady | ' Glad
Secure Good
Satisfied Good-Natured

Figure 6.1

Pleased ) T \ Happy

Pleasant il Interested

Peaceful — Mild
Nostalgic

Summary of frequently selected emotion terms for a reusable water bottle
and disposable water bottle. The displayed emotion terms (5/23 or ~21% of
participarts) were selected based on a 20% or greater selection frequency.
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CHAPTER VII

Assessnentof Drinking Water Quality and User Brceptiondetween Filling Stations

and Water Buntainson a College Gapus A Mixed Methods Aproach

Abstract

Installation andise of vater filling stations for reusable bottles on college
campuses are increasjny@t stationshave not been investigated foygiene, microbial
levels,chemical water qualityconsumer use and percepti®eusable water bottles are
unique as the uselictates the cleaning regimen but can refill anywhere. Filling station
conditions and reusable water bottle use may impact public leealthafetyue to
increased access to water but also risgro§scontamination. The purpose of this study
was to enmerate microbial populations on public water fountains and filling stations to
determine the influence of reusable waterlbston public water structures and to assess
influence of these delivery sources on consumer acceptability opinion using focps. grou
For qualitative researchy€ focus groupsusing an opeended script, focused on
participant experiences with water fountains, filling stations, and tap wages,
conducted (n=23 participants; Range @ participants per focus group h). Focus
groups were transcribed verbatim and 8 categories emerged regarding participant opinion
and usage of these water sources. For the quantitative approidingls (n=4) with
nearproximity water fountain and filling statiawere assessed and sample@é¢htimes
over three months. Swabs were used to sample the spoutsiid surfaceX0cnf) on
the water fountain and filling statimurface Water samples were taken at each location

for chemical (pH, chlorine, and metals) and microbial evalugdendbic plate count
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(APC)andE.coli/coliforms). Two reviewers assesse@ter sourcéygiene using a

rubric. T-tests were used to determine statistical differences between the fountains and
filling st &iltingstaiians hadhigBer APE J10.4X10FU/cnf) than

fountains (8.8 CFU/cA) (p<0.05) in the drain surfac&Qcnf) but not on the spouts

Water chemistryand water microbial levels (<1 CFU/mijerenot different (p>0.05).
Coliforms were present at three of four filling station sites irdtiaa surface {0cnrf)

while coliforms were not found at fountain sites. Reviewers evaluated the filling stations
to be less clean than water fountains (p<0.Qbjglitative data contradicts quantitative
results, as participants disliked using water fountdiuresto unsanitary perceptions and

felt filling stations were cleaner as well as more user friefidig. poor sanitation of

filling stations and frequent reusable water bottle use may provide@otamination
opportunities at filling stations and foodgiee establishments, thuspacting public

health andsafety.
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1. Introduction

Consumers are increasingly aware and curious about the source of their food and
beverages and distribution path the product takes from the original source to their hands.
Consumer perception and consumptii@haviorof water may be influenced by
preference, appearance, regulation, conservation, and quality. On college campuses there
are several options available for obtaining water such as water fountains, botded wat
andwater filling stationsWater, even in its most basic delivery infrastructure, should be
of a quality toinvite andencourag increased consumption behavidowever,
perceptions of exterior conditions for the water delivery source could negatively
influence and deter students from drinking water, as seen in elementary school students
(Patel, Bogart, Schuster, Uyeda & Rabin, 20Mater consumption benefits have been
linked to improving healthEbbeling, Feldman, Osganian, Chomitz, Ellenbog&n,

Ludwig, 2006 Tate TurnerMcGrievy, Lyons, Stevens, Erickson, Polzien, Diamond,
Wang,& Popkin, 2012). If increasing water consumption for health using tap water, we
must provide a suitable infrastructure with perceived health, safety and quality.

Consumesatisfaction or dissatisfaction with water flavor and source knowledge
are determining factors in consumer behavi@v@llois, Grondin& Gingras, 1999).

Current American college students are no stranger to water fountains, as driateng

fountains ag the primary source of tap water in schools in the drétates (Patel &

Hampton, 201). Even when tap water is safe, the water still may not appeal to

consumers due to water quality concerns (e.g. taste, appearance, temperature) (Patel et
al.,2010).Waer i s deemed fitastelesso and Aodorl es
and composition of water can alter the flagod influenceacceptallity and palathility .
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Also, chlorine is vital to the safety of water; howet negatively influences the
aceeptability of tap waterRuget, Beno, Chabanet, Guicha8dThomasDanguin,2010).

Many studies have elucidated that a barrier to water consumption in schools is
related to the water fountain. For example, a California study reported that students will
avad water fountains when they are in disrepair, dirty and produce unpalatable water
(Northcoast Nutrition and Fitness Collaboratimed). Poor maintenance of drinking
water fountains discourages students from using school fountains (Northcoast Nutrition
and Fitness Collaborativen.d; Patel et al., 2010). In an assessment of drinking water
habits in elementary, middle and high schools ac@salifornia, Patel et al. (2012
suggested that more appealing water delivery systems may be necessary to iraterase w
consumption at mealtime. College campuses have implemented water filling stations
which are sleeker, convenient and more-gmmdly. The installment of water filling
stations on college campuses are increasing as students carry reusable watemiottle
campuses promote reusable water bottle use.

Research comparing the water quality and hygienic aspects of water fountains and
filling stations may assist with studying the perception of barriers, safety, and
consumption of water on college campugedditionally, water delivery sources have not
been thoroughly investigated for hygiene or cleaning standard operating procedures. The
microbial populations and levels present in or around water filling stations and water
fountains have not been fully expéal, especially with the rise of reusable water bottles
and their influence on microbial contributions to these stations.

Our goal was tadentify aesthetic barriersyater qualityandinfrastructure
hygienedifferenceselating to publicly available watelelivery sources. Achieving this
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goal will assist in informindnealth promotion techniquesd recommendations for
cleaning and hygiengrocedures to encourage increased water consumption and
continued safe water delivery. This reseasth provide insidnt to the public water
infrastructure to improve water consumption and positive perception of these delivery
sourcesWe approached this goal with the specific objectives of 1) characterizing
differences in water chemistry and microbial quality of watantains and filling

stations in 4 buildings on the Virginia Tech campus; 2) assessing hygiene and water
flavor using a rubric; and 3) identifying student user perceptions of tap water delivery

infrastructure (water fountains, filling stations, and tap witecets).

2. Materials and Methods
2.1 Quantitative Assessments of Water Quality on Campus
2.11 Sampling Site Information

Sampling sites on the Virginia Tech campus were determined using the following
criteria: (1) Elkay EZH20 filling station model) filling stationslocatednext to a
water fountain; (3) Abottles savedoandneasur en
(4) undergraduate access to filling station and fountagur ampling sites were chosen
including three academic buildingBatton Hall, Davidson Hall, Surge Space Building
and an undergraduate general health/athletic gymnasium facility (McComas Hall)
Sampling occurred three times over the semester at the four chosen loedtagsin
the afternoon (September 30, 2q23.9C); October 27, 2018.4°C); and December 1,
2015(10°C)). The afternoon sampling was to reduce the influelueeto low use periods
(stagnant watg@ron samplesinquiries to university facilities office abofilter types and

systems determinkthe degree of filtration and types of filters employaéewise,
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sanitation standard operating procedures weredsasermined through university

cleaning services.

2.22 Sampling Procedure Overview

Upon sampling, time ofostmpsi sgvadd wasl i
The hygiene assessmertion of therubric was performe@Appendix C.§, followed
by the swabbing of the spof0 sec swabbing contaethd thedrain surface (10cfion
the filling station and fountaiasing aseptic technigaeAfter microbial swabbing, the
filling station and fountain were flushed for five minut¥&rginia Cooperative
Extension 2016) in order to reduce water variability and improve more accurate
comparison between the filling station and water fountainecinthe water aesthetic
and taste evaluation portion of the survey was completed with two reviewsite on
using clear drinking cup§Vater samples were then taken$absequergvaluationn
the following order (3 total water samples): 1) microbialevainalysis using sterile 15
mL tubes (FalconE 15mL Coni caPittstiigmPX i f uge Tu
2) pH and temperature analysis using 50 mL s
Centrifuge Tubes, Fisher ScientifRittsburgh, PA; 3) waterchemistry analysis using
100mL glass bottles (chlorine analysis amdlictively coupled plasma mass

spectrometry (ICPMS)raalysis (Figure7.1).

2.2.2.1Hygiene and Water Acceptability Assessment Rubric

Two reviewersndependenthassesed the hygiene andater aestheticsf the
water fountain and filling station at each locatmneach date esite. The two

reviewers discussed the rubric before sampling initiation to understand assessment
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expectations; however, true standardization of evaluation didcgot as the reviewers
evaluated the water fountains and filling stations as users. Assessments were completed
using the rubri¢Appendix C.$§, including: visible debris, cleanliness, water turbidity,

water odor, water color, water flavor, and overall watgality.

2.2.22 Swabbing and Microbial Analysis (Aerobic Plate Count and E.coli/Coliform
Counts)

Sample collection and swabbing protocol was done according to guidelines in the
Compendium or Methods for the Microbiological Examination of Fo&gdsuicho,
Sveum, Moberg& Frank,2007). Each water fontain and filling station spoatnddrain
surface(10cnf) was sampled by swabbing. For the spout sampling, a sterile cotton swab
(Sterile Cotton Swabs, Fisher Scientific, Pittsburgh, PA) was dipped into $@milized
neutralizing buffein a glasstubé¢ Di f co E Neutral i zing Buffer, B
Company, Sparks, MD) and swabbed around the spout for 20 sec. After swabbing, the
swab head wagturned andbroken df into 10mL sterilizedneutralizing bufér glass
tube with a screw cap\ standard site on the surface of each water delivery infrastructure
source was selected f ©hefilisgwtatibrodesigopted aiedr ai n s ur
( Adr ai n wasthe Hase evieete bottles are placed. The waietdin designated
area( idr ai n wasa spaca directly)behind the spowttin between the spout and
drain For the dain surfacesampling, a sterile template (109mvas placed on thérain
surfacearea. The swab was dipped into 10stérilizedneutralizing bufferin a glass tube
withascrewcap Di f coE Neutralizing Buffer, Becton,
MD) and completely swabbed the surface in three directions within the desigrated

surfacearea(10cnf). After swabbing, thevgab hed was broken off into 8L sterilized
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neutralizing buffeglass tube with a screw caphe microbiological sampling tubes were
kept at or below room temperature until returning to the lab (< 2h), where they were
placed in refrigeration until analysis.

Swabtubes were vortexed for 20 sec. From the neutralizing buffer, serial dilutions
were prepared using 0.1% peptone diluent (9 Reptone, Fisher Scientific, Pittsburgh,
PA) . Dilutions were plated to PetrifilmE Aer
AerobicCount Pl ates, 3ME, Su#8hz+&hatd5°C+1MMgforeand i nc
evaluation. Additional l y, E. celi€olifpimeCsuntwer e pl at e
(Petr EfcoiCmEI form Count , 3ME, SMh+xZPaaul , MN)
35°C + 1°CAfter required time, plates were evaluated and calculated as colony forming

units (CFUcn?).

2.2.2.3Water Microbial Analysis

After flushing, water samples were asepticatlyllectedfrom each source at each
location using sterile 15 mL tubes withacipa(l conE 15mL Conci al Cent
Fisher ScientificPittsburgh, PA The microbiological sampling tubes were kept at or
below room temperature until returning to the latQ(® 25°C; < 2h), where they were
placed in refrigeration until analysis.

Water samples were vortexed for 20 sec. V
Aerobic Count Plates (APC) (Pet rliMNjahdnE Aer ob
incubated at 48k 3hat 35°C + 1°C before evaluation. Additionally, samples were plated
toPet r i E. coli@oiformCountP et r i f i | mE.cdi@diform Court ,mE
3 ME, St . Rdaincuibated BtR4h thaat 35°C + 1°C. After required time, plates

were evaluated and calculated as colony forming units (QEV
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2.22.4 Temperature angH Analysis

pH and temperature analysis using 50 mL sterile tulithsa cap were collected
after f 1 us hmnGpnicalEentriftge mubesSFdr Scientific, Pittsburgh,
PA). Water emperature was measuredste (Fisher Scientific, Accuni®, Singapore).
Also, pH was measured using a pH meter (Fisher Scientific Waterproof Metem#

®, Singapore)mmediately upon return to the lab

2.22.5 Chlorine Analysis

Free and total chlorineaveanalyze& according to the instrument manual
guidelines (IFee Chlorine: Method 8021 and Total Chlorine: Method 8167; DR/2400
Spectrophotometer, HACH, Loveland, Colorado) using respective powder pillows (DPD
Free Chlorine Reagent and DPD Total Chlorine Reagent, HACH Permachem® Reagents,
Loveland, Colorado)Sample(10mL)was taken from the 100mL glass bottle sample and
was mixed with the respective chlorine powder pillow for analysis. The chlorine
measurement range for both free and total was 0.02 to 2.00 mg/E €£&imple exceeded
spectrophotometer range, sangpheere diluted with distilled wateso ago fall within the

detectableangeand then the concentration was calculated based on the dilution

2.22.6 Metals Analysis using Inductively Coupled Plasma Mass Spectrophotometry

Samples were analyzed for met@edium, magnesium, aluminum, silicon,
phosphorus, sulfur, chloride, potassium, calcium, titanium, vanadium, chromium, iron,
manganese, cobalt, nickel, copper, zinc, arsenic, selenium, strontium, molybdenum,
silver, cadmium, tin, barium, lead, and uranjwuancentrationsising a Thermo Electron

X-Series inductively coupleglasma mass spectrometer (H¥FS) (Thermo Electronic
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Corporation, XSeries ICPMS, Waltham, MA)per Standard Method 315 (American
Public Health Association (1998)\merican Water Works Associat (1998);and Water
Environment Federation (1998gamples (10mLpample(10mL) was taken from the
100mL glass bottle sample aadlibration standards were prepared in a matrix of 2%

nitric acid by volume.

2.22.7 Data Anaysis

Observations and results from the 4 sampling sites were combined to represent
filling stations (n=4 sites; n=12 observations) and water fountains (n=4 sites; n=12
observations). Xests were used to assess the statistical significance between filling

stations and water fountains (U=0.05) (JMP,

11, SAS Institute, Cary, NC).

2.2 Qualitative Analysis Using Focus Groupsind Emotional Ballot
2.21 Participant Recruitment and Screen Survey

Study was prapproved @ Virginia Tech IRB (IRB #18031) prior to project
initiation. Study recruitmenprescreening survey and exclusion criteria were the same

as Chapter 65ection2.1.1 Participant Recruitment and Screen Survey

2.2.2. Focus Groups

The focus groups were ctucted using the same methodology and participants as
in Chapter 6Section2.1.2. Focus Group@ppendix C.7)However, for the purpose of
this investigation information regarding tap water faucets, water fountains and water
filling stations were used inuglitative analysis and emotional ballot analysis (Modified

EsSense ProfilgAppendix C.5)
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2.2.2.1Emotional Ballot Checlall-That Apply (CATA) (Modified EsSense Profdej
Analysis

The emotional ballot procedure and analysis were conducted as ddsarib
Chapter 6, SectioR.1.2.1. Emotional Ballot GitkAll-That Apply (CATAjModified
EsSense Profi)eand AnalysisFor the purpose of this study, only information regarding

water fountains, filling stations, and tap water faucets were incli#jgeendix C.6)

2.22.2. Focus Group Procedure, Script and Analysis

Focus groups were conductaad analyzed according to the procedure in Chapter
6, Section 2.1.2.2. Focus Group Procedure, Script and Anafysighe purpose of this
study, only informabn regarding water fountains, filling stations, and tap water faucets

were included.

3. Results
3.1 Sampling Site Information
3.1.1 Site Information and Filters

The aver age i bhiyuseforeach kuddingweRatton ¢ A8y
bottles; Davidsorr 2,545; Surge = 3,682; and McComas0:1Z2. Three of the four
sites had a filter status on thiing station (he exception was Patton Halccording to
the water filling station filter manufacturer websii@he Elkay® WaterSentry® Plus
EWF3000 fiter used in the EZH20® bottle filling stations reduaestheticchlorine,
taste anddor, Particulate Class l,abelad 6 ( El kay, 2016). The EI ka
savedo idbymBaluoer. bottleso (El kay, 2016). A
restroom Additionally, the building cleaning services does not hatl®eoughstandard

cleaning protocol oenforced dailycleaning frequency of the filling stations or water
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fountains as verified through personal communicatiathe filling stations are instated
to be Awi p e disinfectamtrcléanar ant deodarant (Virex ®ll 256, Diversey
Racine, WisconsinjA. Meadows, personal communication, July 15, 20M&rch 11,

2016.

3.1.2 Building Information

Buildings where sampling occurred representetbadspectrum of aging and
renovation, characteristic of a college cametton Hall was completed in 1926, and
three additional floors were added in 1929 (Virginia Tech, Patton Hall, 2016). The
original portions of Davidson Hall were completed in 192® wther sections added in
1933 and 1938&he building was renovated in 1964, 1965 and ZW1&inia Tech,
Davidson Hall, 2016)McComas Hall was completed in 1998 and an addition was
completed in 2010 (Virginia Tech, McComas Hall, 2016). S@pgace Buding
construction was finished in 2007 (Virginia Tech, Surge Space Building, 2016).
Information about the water pipefrastructuran Patton, McComas, Surge, or Davidson

wasnot accessibleo the researchers

3.2. Quantitative Analysis
3.21 Hygiene and Water Quality Assessment

The cleanliness of the filling stations were rated lower than that of the water
fountains (p<0.05) (Tablé.l) . A Cl eanl inesso i s evaluated by
delivery source appedReviewers(n=2)ratedthecleanlinessasfar(x=2 . 3) whi |l e wat
fountains were rated as good (x.=3.5). Reviewer comments of cleanliness of thefilling

station mentioned grime, mold, mildew, and calcium deposits on the filling stations that
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were unappealing. Statistical diféaces did not exist between the filling station and
water fountain among the other assessment attributes of the rubric: visible debris; water
turbidity; water odor; water color; water flavor; and overall quality of water (p>0.05)

(Table 7.).

3.2.2Microbial Analysis

No microbial differenc APC)was foundbetween the filling station spouts (X.=
3.1 x 16 CFU/spout) and water fountain spouts (x.=5.5 x10> CFU/spout) (p>0.05)Table
7.2). Additionally, water sample microbial (APC) evaluation of bibit filling station
and water fountain showed ndetectable microbial levels (<1 CFU/ml est.).
Unlike the spout and water, tdeain surfacef the filling station (x.=1.0 x10*
CFU/cnf) had significantly higher microbial counts (APC) than that of thetwe r f ount ai n
(x.= 8.8 CFU/cm?) (p<0.05). Coliforms were present at three of the four filling station
siteson the drain surface area lmatiform presence wasporadic anahot found
consistently across all replications at the filling stations sitesfd@ois were not found at
water fountain sites (<1 CFU/@ror in the water samples derived from the filling

stations and water fountains (<1 CFU/ml est.).

3.2.3Temperature and pH

Watertemperatures and pkbm the filling stationgx.=16.6°C (61.8°H; pH=
6.7) and water fountaing«.= 15.6°C (60.0°H; pH = 6.7 werenot significantly different

(p>0.05)(Table 7.3.
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3.2.4Chlorine Analysis

Free chlorineand total chlorinén the water from the filling stations (x.=0.08
mg/L Ch; 1.4 mg/L C}, respectively and water fountains (x.=0.12 mg/L Cl,; 2.1 mg/L
Cl,, respectivelywere not significatly different (p>0.05) between the two sources

(Table 7.4.

3.2.5Metals Analysis

A full metals analysis was performed with samples from filling statemtswater
fountains and differences were not fodndeach of the metals between the filling
stations and water fountains (p>0.Qbable 75). The lack of differences supports that
there is little water variability on the Virginia Tech campus betweewéter delivery
methods. The filling stations and water fountains generally provide the same water.
Additionally, the content of the metals fell within general expectations and/or safety
allowancesSodium is typically less than 50 mg/L faost drinking vater (Whelton,
Dietrich, Burlingame, Schechs,& Duncan, 20B&nfrew1990; World Health
Organization (WHO), 2004; United States Environmentatdetmn Agency (USEPA),
2003; Burlingame, Dietrich, & Whelton, 2007 ), the filling station and water fouhtan |
below that level (x.= 9.8 mg/L; x.= 9.9 mg/L respectively). Magnesium was below 20
mg/L as expected for most tap water (filling station: x.= 4.6 mg/L; water fountain: x.= 4.6
mg/L) (Whelton et al., 2007; Burlingame et al., 2007; Lockhart, Tueket Merritt,
1955;Renfrew1990; Westcoit2013;, Smi t h and Margol skee, 2001)
bel ow the thr eshdB0®mgle(tillengstatiorno u=19.4emg/e;l (200
water fountain: x.= 20.6 mg/L) (Whelton et al., 2007; WHO, 2004; Westt92013 f or

both the filling station and water fountain.
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range (<5 mg/L) (filling station: x.= 2.0 mg/L; water fountain: x.= 2.0 mg/L) (Whelton et

al., 2007;Renfrew 1990). Calcium is typically between 108 00 mg/ L ( Whel t on

2007; WHO, 2004, Burlingame et al ., 2007,

collected were low in calcium (filling station: x.= 10.9 mg/L; water fountain: x.= 10.9

mg/L).

3.3 Qualitative Analysis
3.3.1 Emotional Ballot (Mdified EsSense Profile)

Theemotional ternprofiles, as selected by focus group participants while
viewing representative picture images of the different water source infrastructures,
illustrated different perspectives for each (filling station, fountain, and tap water faucet).
Emotional terms selectedifthe water filling station (n=15) included the positive terms
good (73.9%), satisfied (69.6%), pleasant (56.5%), happy (47.8%), active (43.5%),
pleased (43.5%), enthusiastic (39.1%), friendly (39.1%), gwtdred (39.1%), energetic
(34.8%), interested3@.8%), free (30.4%), glad (30.4%), and se¢@621%) (Figurer.2).
Also, the frequently chosen emotional term eager (26.1%) has no clear
classification/neutral.

Profile (n=11 terms) for the water fountain included negative terms annoyed
(52.2%), disgustd (47.8%), irritated (31.1%), nervous (26.1%), discouraged (21.7%),
worried (21.7%), neutral/unclassified in emotional direction mild (24.8%), and positive
terms,good (26.1%), goocdiatured (21.7%), free (21.7%), nostalgic (21.7%) (Figuee

The profie (n= 10 emotional terms) of the tap water fawea$s mostly positive,
including calm (47.8%), good (39.1%), pleasant (39.18€gceful (34.8%)ecure

(34.8%), pleased (30.4%gnd satisfied (30.4%). The frequently chosen emotional term
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steady (30.4%) l&no clear classification/neutral. Two negative terms, disgusted (26.1%)
and worried (21.7%), also were selected with sufficient frequency to be noted (Figure

72).

3.3.2 Focus Groups

Studentsd opinions, percepti bngstationmand use

and tap water were organized into 8 categofiable 7.6.

(2) Filling station attributes and experiences influence positive attitude and continued
use

Students strongly stated their excitement, admiration and love for filling stations.
Filling stations are modern, conveniemtn d 6 new aged. The anewness
campus makes them appealing to ugén§ stationsgive participants the impression
through refiling use, that they are saving the environment by limiting dispesaater
bottlesenteringlandfills and reducing the plastic waste environtakEburden. The
sustainability and waste reduction makes pigicts feel good about using reusable
water bottles and filling station¥ he filter status makes users feel thatfiltiag stations
water is safer and the O6best watefillilgthey can
stationswhen active on campus fiking stationsare convenient to refill their reusable
water bottleglue to filling pace and filling efficiency. Participants appreciatefthiag
stationscan give a full refill (no tilting or maneuvering afusable water bottlagder
the water stream) so thelp not feel cheated of wateklso, aesthetically, partipants
statedthatthey thoughthefilling stationswater temperature is colder. Participants liked

that some campusling stationscan be hands free due to a sensor that trsggevater

250



stream Lastly, participants voiced their strong desire to seeefilbng stationsin more

buildings on campus.

(2) Barriers to using filling stations on campus

Participants stated that they wished mfdlieg stationswere on campus:illing
stationsar e hard to find on campusmegpartdipaats endt pr ¢
will wait to refill until they find afilling stationor until they return home to fill with tap
water. Filter light status ofilling stationscan be concerning for water quality and safety.
While filling stations are appealing they stillust look clean and safe to get water from.
They must look clean and be free from rust and mold. Temperature inconsistency drives

annoyance dfilling stations

(3) Inconsistent physical attributes of water fountains discourages use

Participants do notrgoy their experience at water fountains, regardless if
drinking or refillingreusable water bottleReusable water bottlese hard to fill at water
fountains due to the water pressure or stream height. Participants want to be able to fill
theirreusablevater bottlesompletely with ease without significant eff. Participants
stated that water fountains look unsanitary. Participants would use water fountains more
if they were cleaner. The flavor quality of water fountains is highly variable but
oftentimes the flavor is displeasing and unacceptable. Participants are frustrated that
water fountains have inconsistent -water temp
flavorso; metallic). Moreover, participants
andoften do not work properly. Participants stated that water fountains are outdated,

disgusting and they need to be cleaned more often. Participants feel that water fountains
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are not maintained well, look dirty and damaged which reduces their desireviatase

fountains.

(4) Situations contributing to perception of cleanliness of fountains

Participants stated that water fountains do generate feeling of nostalgia from
elementary school. However, water fountains are disgusting, nasty and usually reed to b
cleaned. Some water fountains have unidentifiable substances in the basin as well as gum
and/or tobacco. 8tlents are intimidated to use water fountaisshey are associated
with germs with the potential to get sick. Participants are hesitant fowsainsdue to
the proximity to bathrooms and the flushing effect on the water pressure as it affects the
perception of wateruwglity. Drinking directly from fountainadds an extra levelf
closenesdecause their face is close to the smdthereby negatively mpacts the
perception of usinfpuntains Also, participants dislike holding down and touching a
button to operatéountains The intimacy of drinking and touching a button adds a
Ayucko factor due t o ger ms thatpedplesdonotksowv er a l
how to use avater fountairand there is a perception that people put their mouths all over
it. Additionally, participants stated that others use them for spitting and pouring other
beverages down them. Collectively, these experiers cont ri bute to the

distrust of water fountains as a soelfor drinking and refilling.

(5) Student perception of tap water quality/characteristics determines usage

While not all participants filter water or have concerns about tap water, some
participants feel filtering water adds some safety and aesthetic berefit&cipants

expressed thatlfered water tastes better than tap water. Tap water has chlorinkted of
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flavor that is unappealing to consumers. Filtering tap water adds a level of protection and
some feel it makes a difference to have filtered water.

On the other hand, some feel filtering is unnecessary but can potentially make
water safer. Some studeinlisl not have a preference and did not notice any major
differences between filtered and unfiltered water. Participants expressed that filters do not
filter out much. Participants recognized that the source of water is the same on campus.
However, tap watecan vary by loca and type (city & well) in terms of taste and
preference acceptability. Most students would assess filtering based on location and water

quality.

(6) External Motivators that Contribute t@ap WaterUsage

Some of the participants haglstrictions of tap water usage and only use tap water
for cooking and cleaning, not drinking; however, a majority of participants felt tap water
was acceptable for drinking. Roommates may use filtering devices that can influence
filtration habits which can give an extra sense of cleanliness to drinking tap water. Also,
experiences with different sources of water (wslloity) can influence water preferences
and habits. Professors influence source opinions by diminishing the water source
variation. Proéssors emphasize that it is the same water (at least on campus).

Participants had a range of tap water growing up. Many had muédfrigerator
filters or externafilters (reduce particulate/substance formation), some hadwaédi,
and some parentse disposable water bottlé3ne student lived overseas, so the student
felt a major barrier to drinking tap water upon return to the US. Some students have heard
and seen that tap water pipes are moldy on the insldeh is one of the reasons they

filter water.
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(7) External motivatorshat contribute to water preference and selection

With public sources students assess sources to refill based on source infrastructure
design features and how much others have used or interacted with the source. Filling
stations have appealing qualities as user interaction is minimal (automated sensor refill,
one finger usage, cleanliness) compared to a water fountain where the drinking
experience is more intimate and others might have put their mouth on the fountain spout.
Participants stated there is a strong worry that they will get sick from using a public water
fountain.Participants expressed a strong association of sickness and using a water
fountain. Additionally, participants voiced that experiences with water &msnin
elementary, middle, and high schools negatively influenced their use in college and their
reluctance to use for drinking or reusable water bot#ling. Participants said that
high school fountains were unsanitary, were used for spittingjdrety had gum in
them, and students put their mouth on them. There is a stigma that fountains are
unsanitary and not clean. Moreover, fountains also put participants under social pressure
because of the slow pace and water deliver functionality. Partisipapressed that they
cannot fully hydrate using fountains and they do not feel refreshed due to the pressure to
quickly drink to avoid being inconsiderate to those waiting behind them in line. Water
fountains are less appealing to use for drinking afitimg.

Media (TV shows, advertisements, etc.) can influence participants to prefer
specific water delivery sources. A popular TV show demonstrates that users put their
mouth all over the fountain spout when drinking. This media demonstration athés to t

Ayucko factor when participants use water
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advertisements comparting bottle water and tap water discussing differences in aesthetic

and safety qualities.

(8) Experiences and Perceptions of Safety Drive Gotreference

Participants stated that fountains and filling stations must look nice and new in
order for them to drink or refill. Participants have a negative perception associated with
amount of people touching and drinking from water fountains. Patitspexpressed that
appearance of cleanliness of water fountains and filling stations dictates their usage.
Participants will assess the risk before using the water delivery source (i.e. rust presence,
filter status, water pressure, et©)erall, the negtive perceptions and experiences with
water fountains make them less appealing to use. Filling stations are preferred for
reusable water bottle filling because there is less direct human interaction with source as
compared to water fountains. Some studlevitl not use water fountains because of the
perception that people have put their mouth on the water fountain spout. Also,
participants stated that the avoidance of water fountains eliminates the chance for poor
water. Although regardless of the soum@ne participants will let water run for a few
seconds before filling to get optimal water.

Participants emphasized that they will only drink water that is perceived as safe.
Some participants preferred filtered water for protection and will use filteoragé to
avoid drinking directly from the tap. When looking for sources to refill their reusable
water bottles, participants look for clean water deliveryrees andsources that provide
guality water. Participants prefer reusable water bottle fillingmta, especially stations
outfitted with automated sensor streams. The number of filling stations is low on campus.

Participants expressed that they prefer and have the intention to use filling stations to
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refill their reusable water bottles but the siat are hard to find. Most participants did

not prefer and would avoid using water fountains because of past experiences. Moreover,
some participants will intentionally avoid tap water faucets due to specific concerns,
including moldy pipes. Regardlesssafurce, participants expressed that they evaluate

each water delivery source before drinking or refilling. Lastly, students expressed that
they would not purchase disposable water bottles due to price and would intentionally

seek free sources of water tontk or refill from.

4. Discussion

Sampling was completed ev 3 months to assess siteaning practiceand if
there were any differences over time. Moreover, it was important to sample water over 3
months to determine if water was consistent or vateggending on month or weather.
Water quality analysis did not reveal any significant differences between water from
water fountains and filling stations. The temperature and the pH between filling stations
and water fountains were not significantly diffiergilling stations:x.=16.6°C (61.8°B;
X.=6.7 pH); water fountainsx.=15.6°C (60.0°H; x.=6.7 pH). In the qualitative portion,
participants are frustrated that water fountains have inconsistent water temperatures and
unappealing flavoré i d fl fa v o r s 0 This peecéption touldbe shaped from
previous college experience and during college. Participants did not mention often
temperature differences between water fountains and filling stations. However, the
guantitative temperaturesults contradict consumers feeling that there are inconsistent
water temperatures between water fountains and filling stations; however, only a limited

number of campus units were assessed.
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Total dissolved solids (TDS) and temperature have a large mciuen water
flavor. The flavor of water is largely dependent on the state and mineral content of water.
Tap water is generally served between 4°C (39°F) and 30°C (86°F) but Americans
generally prefer it cold (Gallagher and Dietrich, 2010). The fillingeta and water
fountains fall into the middle of this temperature range which may contribute to flavor
sensitivityand/or user preferences. In the qualitative analysis, participants mentioned
they prefer colder wate€hilled water appears to lower thegbkhold for mineral taste
detection. For example, consumers who drank high TDS waterl(0GD mg/L) when
chilled detected the mineral taste less (GallaghBietrich, 2010). Good tasting and
acceptable tap water has a balance of minerals, chilled watpetature, and near
neutral pH (Burlingame et al., 200Mypically, water fountains dispense chilled water
but we observed similar temperatures across the water fountains and filling stations of the
sources tested ypically, water filling stations areat chilled unless temperature exceeds
18.3C (65°F (Penn State, 2012). Water fountains are chilled as consumption is
immediate. Consumers who use filling stations often carry around a reusable bottle over a
period of time in which the water reaches roemperature. Oftentimes, filling stations
can save energnd associated codig not chilling water for reusable containefbe
average cost of a refrigerated drinking fountain is-$88 per year (North Carolina
Energy Office, 2010).

On a cellular levelanions and cations are responsible for the taste sensations on
the taste buds and are influenced by concentration, pH and temperature (Burlingame et
al., 2007). The pH of most raw water is within 6.8.5 (American Public Health
Association, 1989). Neareutral pHis preferred akigh or low pH could promote
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carbonate and carbonic acid (Whelton et al., 2007; Burlingame et al., Zb@#netals
analysis revealed little to no differences between water from water fountains and filling
stations. Generallyhe water is the same on campus whether derived from water
fountains or filling stationgor sensory descriptive purposes, water is virtually hard to
evaluateby untrained panelisss it i s considered fitastel esso
content has beeassociated with giving water various flav@nd sensory descript@s
well asinfluencingconsumer preference and acceptability. In a study using different
bottled waters with varying mineral content and tap water, results suggested that the taste
of water and total mineralization is associated with three major tastes/descriptors: bitter
and metallic for low mineral content; neutral and fresh for medium mineral content, and
more salty for high mineral conteriidillet, Schlich, Urbano, Cordell&, Guichard,
2010). Minerals are the largest determinant of water flavor. Common cations in TDS are
calcium, magnesium, potassium, and sodium in addition to anions such as carbonate,
bicarbonate, chloride, nitrate, sulfate, and silicates (Gallagh#etrich, 2A.0). The US
Environmental Protection Agency sets a secondary maximum contaminant levels
(SMCL) for TDS concentration at 500g/L (United States Environmental Protection
Agency (USEPA), 2005; United States Environmental Protection Agency (USEPA)
2016; Galagher& Dietrich, 2010). To avoid a mineral taste, it is recommended that tap
water has TDS less than 250 mg/L (Gallaghddietrich, 2010). In the right proportion
and balance, potassium, magnesium, calcium and sodium with bicarbonates would
provide goodasting water (Burlingame et al., 2007).

While not statistically different, the water fountains were numerically higher in
free and total chlorine compared to the filling statidrse difference numerically could
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be due to the filter within the filling ations. The filling station filters aid in reducing
aesthetic chlorine content (Elkay, 2016hlorine and chloramine are most commonly
used as a disinfectant to treat naipal drinking water. After initial water disinfection
using chlorinethe freeresdual chlorine irtreated wateactsas a disinfectant needed in
water pipeline distribution. Chlorine is an effective disinfectant; however, it can often
leave a residual chlorinated dfavor. Unfortunately, the limit of detection or threshold
can be lowfor chlorine, thus negatively influencing treated water acceptability.
Participants in the focus group expressed that they prefer filtered water for aesthetic
benefits because filtered tastes better than plain tap Waiemater has chlorinated off
flavor that is unappealing to consuméidewever, most participants feel tap water is
acceptable to drink on campus. Focus group participants did not mention issues with
chlorine taste on campus or differences between water fountains and filling stations.
Humans can be much more sensitive than laboratory equipment in regard tanalste
odorgenerating compounds (Whelton et al., 2007). Krasner and Barrett (1984)
determined free residual chlorine taste threshold in water to be 0.24mg/l. The results did
not appoach this taste threshold level. Water flavor and risk perception moderately
explains tap water consumption as well as bottled water consumption,(Bidgaon &
Hunter, 2009. Chlorine(or chloraminejs vital to the safety of water; however it
negatively influences the acceptability of tap water (Puget et al., 2010). Providing tap
water for consumption is subtle balance between sensitivity, actual chlorine content of
tap water, and tap water represgiun with the last two parameters under the control of

the water authorities (Puget et al., 2010).
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Filling stations had higher APC (10.4X10FU/cnf) than fountains (8.8
CFU/cnf) (p<0.05) in the drain surface (108mWater fountain and filling station spts
and waer were not differenp>0.05).0f importance, the water itself did not exhibit any
countable microbial levels; however, the water was flushed before microbial water
sampling, which might influence lower leveFlhe lack of microbial presence the
water samples from the filling station and fountain could be due to the sampling time
after the 5 minute flushLoving, BurdenandLoving, (1998) found that flush times
influenced water microbial load from water fountains, usually decreasing cuVinte
the enumerated bacteria frahe spoutsvere not different, the microbial counts are high
for a generally sanitized | ocation. I n
sanitized foodservice equipment should not exceed 100 colonies pel otesnsface
area sampl edo ( EntedistatesBublie Health IService, 2967).1 ; U

Coliforms were present at three of the four filling station sites in the designated
space; albeit the coliform presence was not found consistently acrossrefllibations
at the filling stations sites. Coliforms were not found at water fountain sites (<1
CFU/cnf) or in the water samples derived from the filling stations and water fountains
(<1 CFU/ml est.). In water, the limit for coliforms is <1 coliform/1A0(Wirginia
Cooperative Extension, 2009). The presence of coliforms is an indicator of general
sanitary conditions. Their presence at the filling stations could be due to the reusable
water bottle use and cressntamination of use. In a study with elenaptstudents
reusable water bottles, water samples from some bottles carried heterotrophic and

coliform bacteria (Oliphant, Ryag, Chu, 2002).
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To ourknowledge, microbiological research regarding filling stations has not
been thoroughly investigated. tever, water fountains have been assegsdoacteria
Surprisingly, in our study, filling stations had a higher microbial count than the water
fountains. Specul atively, this could be due
and the abilitya place the reusable water bottle on the filling device itself. The microbial
findings coincide with the Acleanlinesso hyg
filling stations to be in Afairo cleanliness
Walters and Cram (2002) found that water fountain spout swab results had high microbial
colony counts above recommended sanitary levels, although data of a numerical nature
was not present in the article. Additionally, microbial levels in their studgleded to
hygiene assessment (Walt&<ram, 2002) which is similar to the present study
findings.

Contrary to the microbial findings, the focus group participants stated that water
fountains were more unsanitary than filling stations in both the fpaug analysis and
the emotional terminology results. The emotional ballot results revealed that participants
selected majority positive terms with 1 tern
water filing station. While true trends cannot be lelsdhed due to the limited participant
size, emotional terms of majority for the filling station were good (73.9%) and satisfied
(69.6%) (Figurer.2). The water fountain received the most negative term association of
the photograph experience prompts. Gfjonity, participants associated water fountains
with the emotional terms annoyed (52.2%) closely followed by disgusted (47.8%) (Figure

72).
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The focus group participants stated their admiratiofilforg stations while
calling them modern and convenient, indicating thattager sourceleliveryqualities
(style, modernizatiommndfunctions)areimportantto users. The filling stations typically
have astaiganditbert t | es s(anvirersnentatiropachana waste
reduction). These qualitiese valuablend appealing to useRarticipants do not enjoy
their experience at water fountains, regardless if drinking or refilbogable water
bottles Participants stated thatater founains look unsanitarygutdated, and disgusting
and they need to be cleaned more often. Participants feel that water fountains are not
maintained well, look dirty andppeadamagegdwhich reduces theitesire to use water
fountains. Most importantly, there a perception that others put their mouth all over the
water fountain spout and there are germs present on water fouaissudy surveying
various stakeholders in Californsahools, most stakeholders expressed concerns about
the appeal, taste, pparance, and safety of fountain water (Patel et al., 2010). Poor
maintenance of drinking water fountains discourages students from using school
fountains (Northcoast Nutrition and Fitness Collaborativd; Patel et al., 2010).
Interviews revealedthdt0 % of students thought water foun
di spensed water that tasted fAgrossnd).( Northco
Inourstudy,he filling stations appeared Il,ess #fcl e
suggestig that the filling stations are not well maintained. If the lack of upkeep
continues, students may express concern similar to the findifggeifet al.(2010) who
found that students have concern about the appeal and safety of school drinking water
from plumbing Researcherlservations while sampling included students using the
water refill stations for other purposes than just water filling such as rinsing bottles or
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coffee pots, dumping old water to get new water, and mixing beverage mixes. These
adions may influence the negative appearance of the filling statidhide safe drinking
water is monitored through intensive parameters, aesthetic parameters such as color,
flavor and aroma are difficult to monitor and standardize. However, on cahees

were few, small differences notedtweerthe water fronthe filling stations and water
fountainsin regards to flavor and aroma

Participants expressed that appearance of cleanliness of water fountains and
filling stations dictates their usage. Papats will assess the risk before using the water
delivery source (i.e. rust presence, filter status, water pressure, etc.). With public sources
students assess sources to refill based on features and how much others have used or
interacted with the sourc€illing stations have appealing qualities as user interaction is
minimal (automated sensor refill, one finger usage, cleanliness) compared to a water
fountain where the drinking experience is more intimate and others might have put their
mouth on the fontain spout.

The emotional ballot results revealed that participants selettegl positive than
negative terms, however, none of the terms were in the mdjritgp water faucet
Consumer acceptability of tap water is based largely on aesthetic qualities. Typically,
aesthetics can influence consumer safety perception of their tap water resulting in habit
change towards other sources of water. Consumers associtiée@f§ or offodors with
negative quality properties of tap water, such as contamination or health risks. The
correlation between compounds and microorganisms of concern with negative sensory
characteristics in water is not strong but should not be disregalaeting Gibson,&

Hrudey, 1999 Moreover, when tap water is safe, the water still may not appeal to
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consumers due to water quality concerns (e.g. taste, appearance, temperature) (Patel et

al., 2010).The filter statu®n filling stationsmakes users feel thatefilling stations

water is safer and t he 0beedardlesadfexterdalt hey can
gualities and filtering capabilities, water fountains and filling stations should deliver safe

and acceptable water in a sanitary environment.

5. Conclusions

Overall, results infer that there was little to no water quality variability between
thesampledilling stations and water fountains. The lack of variability means that both
the filling stations and water fountain deliver similar water that lshoot influence the
preference of one source over anothéater sourceeliveryinfrastructurequalities
(style, modernizatiorandfunctions) are importanQualitiesincluding informaion
moni tor s sstawbandid ofi ft il le&neinenmeted ichpact &nd waste
reduction)are valuabl@and appealingtouserS ur pri sing, only the HAcl e
the hygiene assessment and the designated microbial sampling space on the filling station
were significant. The filling stations appeared visukdls clean that the fountains and
the environmental microbial sampling of the designated space supported that filling
stations were dirtier than water fountaifile negative perceptions of water fountains
make filling stations preferred to refill thegusable water bottles as there is less direct
human interaction with source. Participants emphasized that they will only drink water
that is perceived as safe. Most participants did not prefer and would avoid using water
fountains because of past experisnc

Our results contradict the perception that water fountains are dirtier than filling

stations and potentially deliver less than quality waétile participants voiced their
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strong desire to see mdiking stations in more buildings on campusore esearch

about filling stations on campus should be explored or cleaning standard operating
procedures should be updated and/or given more frequent cle@hesg results infer

that further investigation is required to assess the safety and standamdgcfgatocol of

the water filling stations. If increasing water consumption for health using tap water, we

must provide a suitable infrastructure with perceived health, safety and quality.
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Table 7.1 Mean hygiene angensorywater quality assessment scores of filling stations and water fountains on selected on campus.

Hygiene andSensoryWater QualityAssessment Analysis

Location Typé  Visible Cleanliness Water Water Water Water Overall
Debris Turbidity Odor Color Flavor  Quality of
Water

Filling Station 3.6 £ 0.7 23+1.2 40+02 40+006 40+006 3506 3.8zx0.4
Water Fountain 3.6 +0.6¢ 3.5+0.6 4.0+06 3.9+03 40+006 34+09 38+06

2 Bvleans within each column with different superscripts significantly differ (p<0. 05).

Y ocation type includes filling stations and water fountain analysis measurements from DaiadlsicComas Hall, Patton Hall,
and Surge Space building for three replications

’Meanz Standard Deviation

*0Observations and results from the 4 sampling sites were combined to represent filling stations (n=4 sites; n=12 obaad/ations)
water fountaingn=4 sites; n=12 observations)

* Rubric Assessment Scate(poo), 2 (fair), 3 (good), 4 (excelleht
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Table 7.2 Mean microbial levels on filling stations and water fountains on selected on
campus.

Microbial Analysis Aerobic Plate Count
Location Typé Spout (CFU/spout) Drain Surface(CFU/cnf) Water (CFU/ml)

Filling Station 3.1 x10+4.6x16% 1.0x10+1.3x1d? <1 est.
Water Fountain 5.5 x16+ 9.7 x162 8.8+ 1.4 x13° <1 est.

2 BVleans within each column with differestiperscripts significantly differ (p<0.05).

Y ocation type includes filling stations and water fountain analysis measurements from
Davidson Hall, McComas Hall, Patton Hall, and Surge Space building for three
replications

2 CFU = Colony Forming Units

3Meanz+ Standard Deviation

* est. = estimated count

®Observations and results from the 4 sampling sites were combined to represent filling
stations (n=4 sites; n=12 observations) and water fountains (n=4 sites; n=12
observations)
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Table 7.3 Mean pH and temperature offiig stations and water fountains on selected

on campus.
Temperature and pH Analysis
Location Type Temperature°C) pH
Filling Station 16.6+ 2.5 6.7+0.3
Water Fountain ~ 15.6+ 3.6 6.7+0.3

2 BVleans within each column with differestiperscripts significantly differ (p<0.05).

Y ocation type includes filling stations and water fountain analysis measurements from
Davidson Hall, McComas Hall, Patton Hall, and Surge Space building for three
replications

’Meanz Standard Deviation

®0Observéions and results from the 4 sampling sites were combined to represent filling
stations (n=4 sites; n=12 observations) and water fountains (n=4 sites; n=12
observations)
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Table 7.4 Mean free and total chlorine levels on filling stations and water fountains on
selected on campus.

Chlorine Analysis (mg/L G)

Location Typeé Free Total
Filling Station 0.08 + 0.0 1.4+1.3
Water Fountain 0.12 +0.1 21+12

2 BVleans within each column with different superscripts significantly differ (p<0. 05).

! ocation typeincludes filling stations and water fountain analysis measurements from
Davidson Hall, McComas Hall, Patton Hall, and Surge Space building for three
replications

’Meanz Standard Deviation

*0Observations and results from the 4 sampling sites were combinepresent filling
stations (n=4 sites; n=12 observations) and water fountains (n=4 sites; n=12
observations)
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Table 7.5 Mean mineral content levels for filling stations and water fountains on selected on campus

Mineral Content (mg/L)
Location Na Mg Al Si P S Cl K Ca
Type'

Filling 9.8+06 46+03 0.02+0 35+05 0.2+0.0% 63+02 194+36 20+05 10.9+0.7

Station
Water 99+06 46+03 0.02+06 3.5+0.58 0.2+0.0% 6.3+0.17 206+3.7 2.0+0.5 10.9+0.8

Fountain

Mineral Content (mg/L)

Location Ti \Y Cr Fe Mn Co Ni Cu Zn

Type'

Filling 0 0 0 0.01+00%f O 0 0 0.02+0.0f 0.05+0.0%
Station

Water 0 0 0 0.02+0 0 0 0 0.02+0 0.05 +0.0%
Fountain

Mineral Content (mg/L)

Location As Se Sr Mo Ag Cd Sn Ba Pb U
Type'

Filling 0 0 0.05+0.0%f O 0 0 0 0.02+0 0 0
Station

Water 0 0 0.05+0.0%f O 0 0 0 0.02+0 0 0
Fountain

2 Bvieanswithin each column with different superscripts significantly differ (p<0. 05).

! ocation type includes filling stations and water fountain analysis measurements from Davidson Hall, McComas Hall, Patton Hal
and Surge Space building for three replications

’Meanz Standard Deviation

%0Observations and results from the 4 sampling sites were combined to represent filling stations (n=4 sites; n=12 obaadvations)
water fountains (n=4 sites; n=12 observations)
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Table 7.6 Summary of focus grougiscussions on opinions, perspectives, and
perceptions of water filling stations, water fountains, and tap water.

Category Quotes
(2) Filling station | fi 1  th@mvse muclo.
attributes and -
experiences AT h e y & bestthindgnintheworlBecause i1 tds jus
influence positve |[have to put it there and it doe

attitude and

continued use

anything down. And agoatanytdimghiké if h a
someongust flushed the toiletand tveat er | e v el goe

happen. | domdédt think at | east.

Al prefer to use these refilling stations over any other source, | think,

because itds, Il think, psychol o
so i f itbés orbéese ngoloédm tloi kgeo fi athd si
wi || use other sources, |like 16
this is what logo to if i1tds av
Al f eel |l i ke theyodore, I dondt ki

w a t secleamer, more filtered or purified or something. And it tells you

howmaay gall ons of. wdoewrmygmoyobwat a
savedo
Al Il i ke that 1t says how many b
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A

and | 6m | i k ed fioYneea ! 00fl 6tvheo saed! doe

(2) Barriers to
using filling
stations on

campus

Al wish they were more places.

iOh. Filter not changed. o0 And | ¢

fill my water bottle up.o And |
l om | i ke Alt candt be that bad
still kind of concerning when d

AT h e yfilingestations at a specific campus locatiophlly old and
funky |l ookiind da olm ddroste fbecaus
know theyore relatively colnedan,f ¢
puttingitthere So they have to be a ce
rusty or anything | i ke dorhpaainaboutity
|l tds fine because the filteros

surrounding area just looks dirty so | kind of associate that with the wvg

(3) Inconsistent
physical
attributes of
water fountains

discourages use

Al  warsclose to it [water fountajrand | saw so dirty, like residuend
everything and | was right next

would probably use it more if they were clean and they were colder.

fiThey kind of look dirty after a while if you know what | mean. They ge
water stains and damage. It makes you not want to use them besides

people factor. ltdés |i ke they d
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inclined touse itifid o e s n 6 tite right aittkerd g u

iFor the water fountains, you | U
You donét know if 1td6s going to
to spurt an inch and you wonot

goingt o spurt 10 feet and hit you
happen before. And they kind of

Gnetalybor | dondét know.0 Theydre no

(4) Situations
contributing to
perception of
cleanliness of

fountains

Al hate using the water fountainr
every time | get water from it. Well everybody uses the water fountair

some people dondét know how to u

it. And | haomrdtt hwamt gteos ms . I  do
fountain because a | ot of ti mes
arendét everywhere on campus, bu
use them, but | alwayso feel | ik

fiSo that goes back to the thing with the water fountains. A lot of peop
their hands on the button to pu
have no faith in humankind basically. Like she was saying you could [
gum or tobacco spitorwhatave i n t he | i ttl e dr q
know? | dondét want to get my wa

want it to look clean. It basically has to have that stainless steel
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appearance.

iThe best I s when yourdeallefofl | &
hear a flush and the water wil/l

|l i ke okay weobére done here.

Ailt s | i ke the amount of peopl e

what 6s going on with tée yYoundko

like get the same thing.

A And just how many pe@pl e touc

(5) Student
perception of tap
water
guality/characteri
stics determines

usage

Al mean 1 6m not really worried @

mean | guess it [filtering] makes a differertce.

Al dondt drink directly from t he

b e c aus eccustonmed te the fitered water

Al think just having it just being filtered makes it feel like it has aelibik

ofextraprotegt on or somet hi ng. I donot

fil could go either way. Like, | could just drink it from the tap water, but

liket o filter it through the Brit
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AY e a . | d ¢tap dvater] Mhe ity waitet is the only kind of water
dondt | i ke just because you can

with chlorine or whateves.

Al honestly would fill up my water bottle anywhere because | used to
life guard and we would just fill up our water like through the hose or
through the sink. Because 6 s al | e X a c preétty muchh Leke
some of it might get filtered,

out much. Because it already does get filtered through, to me, from w

t hink, it debteasnmuoéhtfiltered dutiuhaoligh whatever filte
that youdre using. So to me if
at the sink.o Like | donét <care.

(6) External
Motivators that
Contribute to Tap

Water Usage

fil feel like in a lot of my clases, for HNFE, we talk about water a lot an
my teachers are very passionate about it. Like people being particular
bottl ed water versus tap water

say that all water ds the same,

3t

Just dondéf{tapusstter]. | donodt

A ey switch our water so frequently between our town and other tow

itds this weird blend of water s
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the same thing would happeh.f you put the cup
settle, but you could see the p

t hanko you. o

(7) External
motivators that
contribute to
water preference

and selection

il t 6s usual ly | us mingrdisehatiit picksup.@Becaus
city water is wusually pretty fr
where Fiji ran an ad and they s
then Cleveland folk got all offended and released a water report and t
had less parts per million of particulate in their water than Fiji water. S

ités wusually just the sanitizin

Does anybody watch Parks and Rec? Andy and how they all like drink
from water fountains and they put their mouth oventhele thing and

theydre trying toé one of the t
to handle is because everybody aweedrinks their water like that. So
theydore trying to figure out ho
that when | see these. And they are kind of gross because people pu

mouths and yea.

|l think itdés just me t hntackwitng h
whatever | refill my water bott
have to touch anything. The only thing you have to touch is your wate

bottle. When you dispense from
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finger, you®@metdrl|l y hpuwghi Wgou ar
anything, whereas with the water fountains, you know, someone migh

have put their mouth on there or something.

(8) Experiences
and Perceptions
of Safety Drive
Source

Preference

fAt my high school, | remember ertime | filled up my water bottle, like
disposable water bottle with the water from the fountain and it was kin
mur ky and c¢cl oudy, so ever since

to drink from thkmat. o And | neve

Al think just havingt [tap water] just being filtered makes it feel like it hi

a |little bit of extra pootectio

Al make sure 1td6s rust free becsé
fountain, | make sure it can actually go high enoughitltain reach into
the bottle. Things like that. And if the filter needs changed. | try to loo

the real small things that might impact the water.

fiSometimes | let it run for a second or a couple seconds before filbng

fiMy parents never let mérink from water fountains when | was little, sg

that prevents the big reason wh

always tell me it has a |l ot of
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me

and

wonoto dri

n k

from

t hem.
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Buildings with:

Usage

Measurement Filling Station Water Fountain

o Tl (Elkay EZH20) {Next to Filling Station) Access
Saved” /Easy for manual (Target Population)

observation)

Undergraduate

84 bottles/month), Davidson (
McComas (~20,172 bottles/month), Surge (~3,682 bottles/m

Sampled 3 times Fall Semester, 1 time/day, afternoon
(September 30, October 27, December 1)

Filling Station | Water Fountain

Recording of “Bottles Saved”

Hygiene Inspection using Rubric
and Photo

Environmental Spout Environmental Spout
Swab Sample Swab Sample

Water Flush (5 minutes)

Water Samples Water Samples

Temperature

Residual Chlorine Microbial
(Free and Total) (APC and E.coli/Coliform)

Metals Analysis

Figure 7.1 Schematic obverall sampling and research plan.
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Active
Worried 80— Adventurous
Nervous .::- T Cam
e \ _7e+— N
Irritated \_— :3- T~ . Eager
< P

Guilty L oso— . "/ ””kEnerget\c

Disgusted ‘} Enthusiastic

Discouraged /| | Free ——Water Filling Station

—Water Fountain

Tap Water Faucet
Annoyed

+ Friendly

Steady Glad

Secure  . Good

Satisfied ) ’ Good-Natured

Pleased />~ - . S Happy

Pleasant ~ / \ —Interested

Peaceful Mid
Nostalgic

Figure 7.2 Summary of frequently selected emotion terms for water filing station,
water fountain, and tap water. The displayed emotion terms (5/23 or ~21%

of participants) were selected based on a 20% or greater selection
frequency.
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CHAPTER VIII

Conclusions

The proposedFEA methodology and temporal analysis may aid with
characterizing implicit responsekereby providing new advances in emotional
responses and behaviors of a population relating to food. AFEA software was able to
identify emotions to flavored and unflavorddiry samplesas well as a varying bitter
intensities solutions moddturthermorewe have demonstrated methodology to attain
video capture for emotional response and data analysis methodokgeffort to create
a standard methodologVhe benefits of the methodology and the time series analysis can
be seen in the research resultswo studies, AFEA waapplied to elucidate consura@r
emotional response to dairy (n=42) and water (n=46) beveragtsof the studies
aimed to test and validate the AFEA software analysis using simple flavoring models in
order to determine AFEA satigity to beveragesf or dairy, unfl avored
(x=6.6N1.8) and vanilla syrup flavored milk (x=5.9N2.2) (p>0.05) were acceptably rated
(1=dislike extremely; 9=like extremely) while salty flavored milk (x=2.3N1.3) was | east
acceptable (p<0.05). Vaniliyrup flavored milk generated emotions with surprised
intermittently present over time (10 sec) (p<0.025) compared to unflavored milk. Salty
flavored milk created an intense disgust response among other emotions compared to
unflavored milk (p<0.@5). Usingbitter solutiondgn water, an inverse relationship existed
with acceptability as bitter intensity increaseg+0.90; p<0.0001). Facial expressions
characterized as disgust and happy emotion increased in duration as bitter intensity

increased while newtl remained similar across bitter intensities compared to the control
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(p<0.025).In both studiestesults suggest and support that AFEA is a better indicator of
disliked samples than liketh the dairy study,iine series trends exist with AFEA related
to disliked flavors in milk and may assist in differentiating acceptability due to
predominance of disgust emotions over 10 second duration.

The application of AFEA to foods and beverages is new. AFEA is able to discern
negative (extremely) products from pog productsput either the algorithm for
characterizing emotions or methodologies for interpretation of emotional differences, are
not sensitive enough y#i discern positive or neutral products from one another. Eating
is generally a positive experie® and new product development would rely heavily on
the ability to detect emotional differences between positive products. AFEA, at this
current time, iIs not sensitive enough to
products based on the currentta@re. Sensitivity and emotional categorization needs to
be improved in order for application to foods and beverages. Moreover, product decisions
could be improved if more options for emotional classifications were included beyond
neutral and the six basemotions (sad, angry, disgusted, scared, happy, and surprised).
Additionally, emotional classification should be improved or modified as it relates to
food and beverage acceptability in order to make decisions based on clearer results.

Time series analys proved to be more sensitive that analysis of variance
(ANOVA) for detecting and analyzing AFEA data over time. The inclusion of emotional
analysis could be beneficial to new product development. AFEA should continue to
evolve to improve emotional anaigso foods and beverages because eating is a dynamic
experienceFuture applications of this technique may expand into other beverage
categories or soft food$he method approach has shown success in our research
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especially time series analysi&ehopetheapproactcontinues to assist gvaluating
emotional response to foods and beverages and the relationship to choice and behaviors
while algorithms are developed to improve sensitivity

Future studieshould continue to eliminate barriers to data wapas well as
collaborate with the AFEA software collaborators to update the software for the
application to food. The collaborative updates should focus on reducing the facial
obstruction and making the software more sensitive to consumption motor nméseme
Further validation studies could include
consumer base (i.e. Pepsi and GGoda) to identify and discriminate emotions of
closely related positive products. Lastly, statistical analysis should gertbrimprove as
well as look at cluster analysis and principal components analysis to identify trends
within population subgroups.

In addition to AFEA analysis,uglitativeand mixed methods research helped to
understand consumer behaviors related tovgaterce preferences and reusable water
bottle behavior. In thenixed methods analysis to enumerate microbial populations,
assess water quality, and qualitatively gain consumer insights regarding water fountains
and water filling stations, results inferrrcht water quality differences did not exist
between water fountains and water filling stations (metals, pH, chlorine, and microbial)
(p>0.05). However, the exterior of water fountains were microbially (8.8 CF)&md
visually cleaner than filling staths (10.4x18CFU/cnf) (p<0.05).Qualitative data
contradicts quantitative results, as participants disliked using water fountains due to
unsanitary perceptions and felt filling stations were cleaner as well as more user friendly.
The poor sanitation oflfing stations and frequent reusable water bottle use may provide
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crosscontamination opportunities at filling stations and foodservice establishments, thus
impacting public health arghfety.Participants voiced their strong desire to see more

filling stations in more buildings on campus; labre research about filling stations on
campus should be explored or cleaning standard operating procedures should be updated
and/or given more frequent cleanifdnese results infer that further investigation is

required to assess the safety and standard cleaning protocol of the water filling stations. If
increasing water consumption for health using tap water, we must provide a suitable
infrastructure with perceived health, safety and qualitese findings arenportant and

have implications with anyone who uses, manages, or cleans water fountains and filling
stations. Attentiorand consideration to updatitg standard operating procedusé®uld

be undertaken as the cleanliness of the water delivery sourddsropact and affect

public healthFoodservice and sanitation services could use this information to improve
cleaning routines and policies. Moreover, companies who design and manufacture water
fountain and filling stations could improve the design torél@ase contamination

opportunities, reduce water stagnation, and improve consumer experience.

Lastly, The Theory of Planned Behavior was able to assist in understanding
undergraduatesd reusabl e water bott=6e behavi
subjective norms n=2; perceived behavioral control n=2; intentions W4th) college
students, it appears the environmental and financial importance weigh more heavily in
choosing a hydration vessel for water needs. Students appear conscious of their
environmental impact and prefer to use RWB. Moreover, RWB assists in both
physiological and psychological benefits for the user. Participants find reusable water
bottles to be convenient and an easy way to increase water consumption for health each
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day whie reducing the environmental burddime themes that emerged regarding
reusable water bottle habits can assist and provide insight for marketing and educational
materials regarding water consumption habits through reusable water bottles to improve
hydraton status. Through the research findings to understand and identify components of
consumer reusable water bottle behavior, effective educational materials can be
developed to encourage water consumption as well as assist to reduce barriers preventing
waterconsumptionThis research could provide insight to the public water infrastructure
to improve water consumption and positive perception of these delivery sources.
Additionally, further research could include intervention studies related to improving
heath and hydration status of students using the findings of the presented gtudies.
variety of graphics or themes could be designed and produced to encourage positive
water intake behavior, use of water filling station, and encourages the use of reusable
water bottles. In other studies, college students have stated that intense graphics would
catch their attention. Graphic contents have the potential to change behavior if the
graphic is jarring, clever or noticeable.

Different graphics related werivedthemes surrounding water intaknd
sustainability can be developed. Using further focus groups, graphicsbepelcluated
for their perception impact and potential behavior change that would influence college
students to drink more water specifically si@eushle bottle. Once graphictheme is
determined, graphics coule posted near water filling statioos a college campu3o
manage the success and noticeabilftgraphics, social media could be used. Graphics
couldinclude a QR Code (Quick ResmanCode) for scanning and a hashtag. Students
who notice the sign will be encouraged to scan the code and/or hashtag in social media.

289



Statistics can be generated by social media techniques simply through tallying the scans
and hashtagg.hose that have udeo QR code or social media (hashtag) could be
prompted with a survey to determine if the graphics influenced their RWB use.

Lastly, mllege is the first opportunity many young adults explore independent
decision making and experiences that influence tifietime choice and behavior
patterns (Arnett, 2000). i$ during this experimental decision making sttgg he
college environment is an attractive location to change habits and educate students about
healthy lifestyle especially since the greatest in obesity over in the 1990s was in
young adultsilokad, Serdula, Dietz, BowmaniViarks, & Koplan, 1999).The Theory
of Planned Behavior (TPB) has been used to explain a variety of social phenomena and to
explain social behavior and decision makjmgcesses in regards to food and beverage
consumptionThe Theory of Planned Behavior was useful in identifying the behavior
constructs of RWB use. Future application of the Theory of Planned Behavior could
extend taunderstanding consumaenilk consumptionFluid milk consumptiorhas
declinedin the United States since the 1978&wart, Dong, & Carlson, 2013; Popkin,
2010)By using a script rooted in the Theory of Planned Behavior related to milk
consumption and hosting focus groups vatiege students, researchers can identify the
constructs that contribute to milk consumption or limit milk consumption. The age of
college students is a good range to understand and change behavior. The findings from
the focus groups could assist in deyghg new milk advertising to improve consumption
habits and health.

In summarythe use of AFEA and qualitative analysis provided additional insight
to consumeprodud interaction and acceptability. Qualitative research and more in depth
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emotional assesgents may assist in more accurate understanding of consumers and their
choices and behaviors in addition to providing insighthéanfluences of product

acceptability and purchase decisiodswever, additional research should include

improving the sensvity of AFEA to consumer product evaluatioaespecially in

response to the consumption of foods and beverages. Also, emotional categorization
should be further explored for more accurate classifications of product response. Humans
are dynamic beyond aHonic scale and the six basic emotions. Future research should
continue to incorporate consumer dynamics, responses, and experiences because valuable
information can be gained through implicit and qualitative research in an effort to

improve the health ahlivelihood of consumers.
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APPENDIX A

Protocol for Data Collection and Analysis Applied to Automated Facial Expression
Analysis Technology ANDi Temporal Analysis for Sensory Evaluatiand
Characterizing Implicit Emotions to Acceptable and Unacceptable Flavored Milk

Beverages using Automated Facial Expression Analysis
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A.1 Approval Letter

m v 149 ’Iéch Office of Research Compliance
lrg‘nla Institutional Review Board
Morth End Center, Suite 4120, Virginia Tech
300 Turner Sireet MW
Blacksburg, Virginia 24061
54012314606 Fax 540/231-0858
emal irbivt. edu
wiebsite: hito:fvwer.irh. v ecu

MEMORANDUM

DATE: Sepitember 1, 2015

TO: Susan E Duncan, Courtney Alissa Crist, Kristen Leiich, Alexandra Margaret
Walsh, Lester Schonberger, Hayley Potts, Taylor Duncan, Diana Opal Woodrur

FROM: Yirginia Tech Institutional Review Board (FWADDOD0572, expires July 29, 2020

PROTOCOL TITLE: Facial Expression Analysis of Dairy Foods

IRB NUMBER: 14-229

Effective August 31, 2015, the Virginia Tech Institution Review Board (IRB) Chair, David M Moore,
approved the Continuing Review request for the above-mentioned research protocol.

This approval provides permission to begin the human subject acfivities outlined in the IRB-approved
protocol and supporting documents.

Plans to deviate from the approved protocol and/or supperting documents must he submitted to the
IRE as an amendment request and approved by the IRE prior to the implementation of any changes,
regardless of how minor, except where necessary to eliminate apparent immediate hazards fo the
subjects. Report within 5 business days to the IRB any injuries or other unanticipated or adverse
events involving risks or harms to human research subjects or others.

All investigators (listed above) are reguired to comply with the researcher requirements outlined at:

hittp:fwww.irb vt eduipagesiresponsibilities. htm

(Flease review responsibilities before the commencement of your research.)
PROTOCOL INFORMATION:

Approved As: Expedited, under 45 CFR 46.110 category(ies) 6,7
Protocol Approval Date: September 26, 2015
Protocol Expiration Date: September 25, 2016
Continuing Review Due Date*: September 11, 2016

he IRB office if human

yond the

*Date a Continuing Review applicafion is due
under this protocol, including data analysis, are

FEDERALLY FUNDED RESEARCH REQUIREMENTS:

Per federal regulations, 45 CFR 46 103(f), the IRE is required to compare all federally funded grant
proposalsiwork statements to the IRB protocolis) which cover the human research activities included
in the proposal / work statement before funds are released. Mote that this reguirement does not apply
to Exempt and Interim IREB protocols, or grants for which VT is not the primary awardee.

The fable on the following page indicates whether grant proposals are related to this |IRB protocol, and
which of the listed proposals, if any, have been compared to this IRB protocol, if required.

Invent the Future

YIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY
An egual opportamity, affirmalive aclion mstifufian
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IRB Number 14-229 page 2 of 2 irginia Tech Institutional Review Board

Date* O5P Number Sponsor Grant Comparison Conducted?

03/16/2015 | 14286606 Dairy Management Inc Not required (Not federally funded)

If this IRB protocol is to cover any other grant proposals, please contact the IRB office
(irbadmin@vt.edu) immediately.
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A.2 Informed Consent Form

IRE Approval Date: Farticipant 1D number:
IRE Approval Number:

Virginia Polytechnic Institute and State University

Informed Consent for Participants in Research Projects Invelving Human
Subjects (Sensory Evaluation)

Title Project: Facial Expression Analysis of Dairy Foods

Investigators: Susan E. Duncan, Courtney Crist, Virginia Femandez-Plotka,
Kristen Leitch, Alexandra Walsh, Lester Schonberger, Hayley Potts, Diana
Woodrum, Taylor Duncan

l. Purpose of this Research/Project
You are invited to participate in a study to identify facial response differences
between different dairy based foods in order to validate facial analysis software.

You will be videotaped while you are evaluating the food samples. Videos will be
analyzed for results using facial recognition software (FaceReader). This
software, designed to collect real time emotional response by videotaping facial
features as a reaction to information or stimuli, is a novel method for evaluating
sensory response to foods. This activity is designed to collect data on facial
recognition software to assess its use as a tool in sensory evaluation of foods.

Il. Procedures

Initially you will be provided specific instructions on your position within the
laboratory and how you interact with the sample and the computer screen. It is
important that you maintain eye contact with the computer screen/video camera
as changes in head position/eye contact affects the video information available
for the research. As such, please keep your face positioned towards the touch
screen monitor as you taste the sample. Please try to refrain from looking to the
sides or down to the floor. Please do not touch your face after consuming each
sample.

You will perform a demo of the video capture to make sure you understand
positioning and to collect video for facial analysis baseline purposes. You then
will receive 1 sample as control, then 1 sample (of 8) of a dairy based product,
presented one at a time. Following the guidance on the touch screen monitor,
you will evaluate each sample on taste and then answer a few questions about
the sample.

You will evaluate each sample serving presented by taste. There will be a 20-30
second pause before you will be asked to move on to the next sample. You will
be asked to answer guestions (degree of liking of sample taste) by responding on
the touchscreen monitor. Once hedonic sampling is finished, you will be
presented with the samples again to refresh your memory and will be asked
some questions about your experience while tasting the samples.

Virginia Tech Institubional Review Board Project Mo. 14-228
Approved February 18, 2015 to September 25, 2015
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IRE Approval Date: Participant ID number:
IRB Approval Number:

lll. Risks

There are no more than minimal risks for participating in this study. You will not
be required to eat the food should you have a severe disliking to the foods. Some
individuals may be uncomfortable about being videotaped or recorded. Allergy
listing will be provided. If you are aware of any allergies, please inform the
investigator.

IV. Benefits

Your participation in this study will provide valuable information about consumer
response to basic food tastes and the application of facial recognition software as
a sensory evaluation application tool, which will be useful to the food and related
consumer industries.

V. Extent of Anonymity and Confidentiality

The results of your performance as a panelist will be kept strictly confidential
except to the investigators. Individual panelists will be referred to by a code
number for data analyses and for any publication of the results.

Collected videos may be used for educational, research (research publications,
research presentations, research videos) and demonstration purposes including
promotion or marketing videos about this sensory application.

VI. Compensation

Upon completion of the session, you will be compensated with reward
card/stamp and snacks. As part of the “Serving Science and Society” campaign
from the FST Sensory Lab, you may select 2 cans of food that you may choose
to keep or donate, through the FST Sensory Lab, to the Montgomery County
Emergency Action Program. If you choose to withdraw from this study without
participating or at any time through the sessions, you may still have a snack.

VIl. Freedom to Withdraw

If you agree to pariicipate in this study, you are free to withdraw from the study at
any time without penalty. There may be reasons under which the investigator
may determine you should not participate in this study. If you have allergies to
any of the food ingredients used in the study, or are under the age of 18, you are
asked to refrain from participating.

VIIl. Subject’s Responsibilities
| voluntarily agree to participate in this study. | have the following responsibilities:

*  Follow the directions on the monitor, which will direct me with guidelines
about how to evaluate the samples, and provide my responses.

Virginia Tech Institutional Review Board Project No. 14-228
Approved February 18, 2015 to September 25, 2015
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IRB Approval Date: Participant ID number:
IRB Approval Number:

IX. Subject’s Permission and Video Release

I have read the consent form and conditions of this project. | have had all my
questions answered. | hereby acknowledge the above and give my voluntary
consent to participate in this study.

Additionally, by signing this consent form, | am giving permission for the
investigators on this project to capture and use video footage associated with my
participation for educational, research, and/or demonstration purposes. | waive
any video rights of compensation or ownership thereto. There is no time limit on
the validity of this video release nor is there any gecgraphic specification of
where these materials may be distributed. This release applies to video footage
collected as part of the sensory sessions associated with the identified IRB study
# listed on this document:

Date

Subject Signature

Subject Printed Name

Virginia Tech Institutional Review Board Project Mo, 14-220
Approwved February 18, 2015 to September 25, 2015
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IRB Approval Date: Participant 1D number:
IRB Approval Number:

Should | have any pertinent questions about this research or its conduct, and
research subjects’ rights, and whom to contact in the event of a research-related
injury to the subject. | may contact:

Susan Duncan, Faculty! Investigator (540) 231-86735;
duncans@vt edu

Courtney Crist cacrist@vt.edu

Virginia Femandez-Plotka tplotka@vt.edu

Kristen Leitch kaleitch@gmail.com

David Moore

Chair, Virginia Tech Institutional Review (540) 231-4391; moored@vt.edu

Board for the Protection of Human Subjects
Office of Research Compliance

Virginia Tech Institutional Review Board Project Mo. 14-228
Approved February 18, 2015 to September 25, 2015
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A.3. Photo Release

Virginia Polytechnic Institute and State University
Informed Consent for Participants in Research Projects InvolvingHuman Subjects
(Sensory Evaluation)

Title Project: Facial Expression Analysis of Dairy Foods

Investigators. Susan E. Duncan, Courtney Crist, Virginia Fernarfelezka, Kristen
Leitch, Alexandra Walsh, Lester Schonberger, Hayley Potts, Diana Woodrulor Tay
Duncan

| X. Subjectdés Permission and Video Rel ease
| have read the consent form and conditions of this project. | have had all my

guestions answered. | hereby acknowledge the above and give my voluntary consent to

participate in this study.

Additiondly, by signing this consent form, | am giving permission for the
investigators on this project to capture and use video footage associated with my
participation for educational, research, and/or demonstration purposes. | waive any video
rights of compengn or ownership thereto. There is no time limit on the validity of this
video release nor is there any geographic specification of where these materials may be
distributed. This release applies to video footage collected as part of the sensory sessions
associated with the identified IRB study # listed on this document:

Updated Subjectbés Permission, Picture and Vi
| have previously consented to the study parameters and acknowledge the

conditions of the project as stated above. | have bedreddhat my video footage will

be used in the form of a poster presentation as photos. The usage reveals my

participation, identify and inclusion in this study.

| have reread the original consent form and conditions of this project that |
originally signed. | have had all my questions answered. | hereby acknowledge the above
and give my voluntary consent to have my video footage and face used for research
demonstration purposes as photographs, in addition to video footage.

By signing this consent fornham giving permission for the investigators on this
project to use my video footage, and photographs derived from video footage, associated
with my participation for educational, research, and/or demonstration purposes. | waive
any video and photographights of compensation or ownership thereto. There is no time
limit on the validity of this video and photo release nor is there any geographic
specification of where these materials may be distributed. This release applies to video
footage (video photosptlected as part of the sensory sessions associated with the
identified IRB stuly # listed on this document:

Date

Subject Signature

Subject Printed Name
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A.4 Pre-Screening Survey

Facial Expression Analysis oDairy Foods: Recruitment Survey
Your participation in this survey infers informed consent in future use of this data for
research information related to a rassh study]RB NUMBER: XXXX.

Participation in this study is limited to individuals at least 18 years of age or older. If you
are 18 years of age or older, you may continue with the survey.

This survey is intended for recruiting panelists for a resestucty in the Food Science
and Technology (FST) Sensory Laboratory. This study is to assess potential candidates
for invitation to a study of dairy foods. The questions in this survey are grouped based on
identifying

1 interest in and availability for pacipating in the study

1 use of products that relate to the research question

1 personal characteristics that may affect successful video capture

Panelists will be rewarded for their participation with reward stamp towards a gift card
(Kroger, Panera, or othércal store), snacks, as well@nedoods (total value about

$5). Panelists can keep the reward card and snacks and may keep or choose to donate the
cannedood, through the FST Lab, to the Montgomery County Emergency Assistance
Program (MCEAP). MCER provides assistance to families and individuals in

immediate, temporary, and emergency situations.

The sensory study will be completed in the Food Science and Technology Sensory
laboratory located in HABB1 on campus at the corner of Duckpond DiVasthington
St.
Interest In and Availability for Participating in Preliminary Study
Availability: During the fall semester, are you routinely available for at lea8020
minutes, in addition to getting to the Food Science and Technology Building and
returring, during any of the following blocks of time? Check all that apply.
o Monday, 1:00 prb:00 pm
Monday, 5:00 pr8:00 pm
Tuesday, 9:00 arh2:00 pm
Tuesday, 3:00 pB:00 pm
Tuesday, 5:00 p8:00pm
Wednesday, 9:00 at2:00 pm
Wednesday, 2:00p#H:00pm
Wednesday, 5:00p+8:00pm
Thursday 2:00 pr%:00 pm
Thursday 5:00 pr8:00 pm
Friday, 9:00 a12:00 pm
Friday, 1:00 preb:00 pm
Weekends
Other:

O O0OO0OO0OO0O0O0OO0OO0OO0OO0OO0OO
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Study information: This is a study requiring approximateiB8R0minutes of time.

Participants will evaluate andste 8 dairy based samples and respond about the liking of
samples. During the study, panelists will be videotaped. Collected videos may be used
for educational, research (research publications, research presentations, research videos)
and/or demonstratiopurposes. The personal information and performance related to
videos will be kept strictly confidential (except to the investigators).

o |aminterested in participating.
0 Please provide your contact information and then continue with the
rest of the survey:
A Name (First and Last):
A E-mail address:
0 | am not interested in participating.
Thank you for your time. You may leave the survey now.
Product Use

Please list dairy foods you like:
Please list dairy foods you dislike:

o Do you have dairy allergies?
o Yes
o No
Personal Physical Characteristics for Consideration with Video Capture and
Evaluation

Do you wear glasses?
o Yes,

o If yes, would you be willing and able to wear contacts during the time of
the study OR be willing to remove your glasses and be abdatbprint
on a computer monitor at approxi mately
squinting?
A Yes
A No
o No
Do you have a full beard and/or mustache?
0 Yes, | have a full beard and/or mustache
o If yes, unfortunately due to software limitations we cannot include your
participation in this sensory study.
o No
Thank you for your participation!
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A.5 Sensory Ballot and Hedonic Scorecard

Instructions [Instructions and Evaluation will be on the touch screen monitor]: You will
be provided a total of 9 samples to evaluate.eaoh sample, you are to determine a
rating and evaluate how well you like each sample based on taste. Take the full sample
into your mouth and then swallow.

It is important that you follow specific protocols while evaluating the sample in order for
theresponse to be collected.

1 Focus your attention on the monitor in front of you. Refrain from looking to

your left/right or looking up/down.

Do not lean your head; keep your posture comfortable but alert.

Immediately after evaluating/taking in the samplefrom the cup/spoon/fork, drop
your hand/cup below your chin as quickly as possible.

Refrain from touching your face after sample consumption.

Face the monitor while you are evaluating the sample.

T
T

= =4

Samples 19:

Sample

Please evaluateased on taste the sample in front of you. Take the full sample into your
mouth and then swallow.

[20-30 second timer will display]

Taste: Indicate how much you like this sample by checking the term that best describes
your response to the product.

Like extremely

Like very much

Like moderately

Like slightly

Neither like nor dislike
Dislike slightly

Dislike moderately
Dislike very much
Dislike extrenely

Please rinse your palate with the water provided and hold up associated sample card.

When you ar e f i Rassybuetdy thrbughtthe 8ldtte retceive your next
sample. Rinse your mouth with water, take a bite of cracker, and rinse your mouth again.
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You are done tasting all the samples. Please click next for part 2 of the study and indicate
you are ready for pa2.

We would like to know more about your thought processes before selecting how you
rated the samples.

You have been presented again with the samples to be reacquainted with them. If needed,
please feel free to sample for your memory.

How did you el when evaluating?

Did you know the flavors?

Did you like the flavors?

What thought processes occurred while evaluating?

Did your opinion of the sample change over time?

Was your evaluation response based on when you first tasted the sample?

Thank you or your participation. Please exit the lab and go to the incentives table to sign

for and collect your reward card/stamp and other incentives as compensation for your
participation.
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A.6 Beverage Questionnaire

Beverage Questionnaire

Instructions:

In tha past month, pleasa indicata vous responea for each baverase typa by marking an “XE inthe Participamt I
bubbla for “how often™ and “how much sach tima™

1. Indticats kow often you deank the following beveragss, for axampls, if vou desnk 5 glasses of water

par wesk, mark 4-6 time: per wask, Diats

2. Indicats the approximats amount of beverazs vou drank sach tima, for swampls, ifvou deank 1 cop

of water each tims mark 1 cop under “how much sach tima ™

3. Coumt cow’s mill wzad in food and cooking in 3 separats catagory {such a= milk in cersal).

4. Coumt cow’s mill addad to t2a snd coffes in the milkoream bawerage fn rea'ogffes caregory WOT

in the milk catszosias.
How Often (Mark One) How Much Each Time (Mark One)
Typeof Beverage Never or 1 time 13 4-6 1 time 2+ I+ Less Sfloz 12floz | 161 Alore
less tham 1 per fimes | fimes per times times than {1 cap) | (1% oz (2 than 20
fime per weal per per day per per 6 fl oz cups) ps) | floz2
week (zo to weel: | week day day (34 k]
nmext cap) cups)
beverage)

WholaWilk o o o o o o o o o o o o
Faduoad Fat Milk (2%) o o o o o o o o o o o o
Low Fat'Fat Fraa Wilk o o o o o o o o o o o o
{3kim, 1%, Buttermilk
Bormilk)
Wik {Cons T) im Food o o o o o o o o o o o o
{Cearzal, Smoothiss,
Eii)
W1k {Cong '5) of cream o o o o o o o o o o o o
inHot/Cold Taa or
Coffaa
S{)‘}'ﬂiﬂi o o o o o o o o o o =] o
Almend WMilk o o o o o o o o o o o o
Cazhew Wilk o o o o o o o o o o =] o
Fic= Milk o o o o o o o o o o =] o
Cooonut Blilk o o o o o o o o o o o o
Orther: o o o o o o o o o o =] o
Orthear: o o o o o o o o o o o o

Please answer the following questions:

1. Would you consider yourself a consumer of cow’s milk as a beverage?
Yes, | drink cow’'s milk often as a beverage
Mo, typically milk is used in other products or for cooking use
Comments:

2. What is your age? (Optional)

®Hedrick V. E., SavlaJ., ComberD. L., Flack, K D., EstabrooksP. A., NsiakrKumi, P.
A., Ortmeier S., & Davy, D. M. (2012). Development of a brietigstionnaire to
assess habitual beverage intake (BEME): Sugaisweetened beverages and total
beverage energytake.Journal ofthe Academy of Nutrition and Dietetics, 112
840-849.
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A.7 Qualitative Assessment of Dairy Beverages

Part 2

You have been given the samples again. If needed, please feel free to sample taste the samples to refresh your memory. Please
respond to each question as completely as you can.

1. We would like to know more about the thoughts and feelings you experienced before you selected how you rated the samples (in the
previous experiment) Please be specific about which thought went with which sample. How did you feel towards each of the
samples when evaluation? What did you think about the samples? An example response has been provided

Sample Comments — Thoughts and Feelings
Identifier
Example: Example answer: When | tasted this sample, | thought it was really [sensory description, e g sweet] and | [example of
response, e g liked] it. Inresponse, | [action, e g smile] because [reason, e g. the product or sensory experience
reminded] me of ] |was [emotion, e g. happy] about [that memory and the sample tasted good]
White
Yellow
Pink
Orange

Sample
Identifier

Comments — Thoughts and Feelings

Red

Purple

Black

Green
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14-229

2. We want to have an estimate of your familiarity with the flavors.

Sample
Identifier

Flavor
Descriptor

Confidence in your flavor guess (circle the best

response)

Comments — Thoughts and Feelings about that
flavor in milk

White

None
Uncertain
High

Yellow

None
Uncertain
High

Pink

None
Uncertain
High

Orange

None
Uncertain
High

Red

None
Uncertain
High

Purple

None
Uncertain
High

Black

None
Uncertain
High

Green

None
Uncertain
High

w

3. We are interested in the 30 second wait time effect on the acceptability rating (liking)

Sample Initial perception of liking | Liking rating after | Was the rating you provided Were you thinking about the product (flavor,
Identifier immediately after tasting | 30 seconds in the previous test based on aftertaste, what was going on in your
the sample (circle one) (circle one) the initial perception or after mouth) throughout the 30 seconds or did
30 seconds? you get distracted with other things?
White Like Like Before Focused on product
Neutral Neutral After Distracted
Dislike Dislike
Yellow Like Like Before Focused on product
Neutral Neutral After Distracted
Dislike Dislike
Pink Like Like Before Focused on product
Neutral Neutral After Distracted
Dislike Dislike
Orange Like Like Before Focused on product
Neutral Neutral After Distracted
Dislike Dislike
Red Like Like Before Focused on product
Neutral Neutral After Distracted
Dislike Dislike
Purple Like Like Before Focused on product
Neutral Neutral After Distracted
Dislike Dislike
Black Like Like Before Focused on product
Neutral Neutral After Distracted
Dislike Dislike
Green Like Like Before Focused on product
Neutral Neutral After Distracted
Dislike Dislike
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te:

RB No. 14-229

4. Are there any other thoughts or feelings you had in

regards to the samples that would be vital understanding your evaluation?

Thank you for your participation. Please exit the lab and go to the incentives table to sign for and collect your reward card/stamp and other incentives as
compensation for your participation
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A.8 Supplemental Datai Beverage Questionnaire

Type of Dairy or Alternative "Milk" Beverage

50
47
46
45 x3 44
1
40
36 37
35
32
-
o
c
2 30
T 27 m 0-1x per week
o
[
= H1 k
g 25 x/wee
"E_ 22  2-3x/Week
2 20 m 4-6x/week
c
<]
“ 15 u 1x/day
15 . 12 m 2x/day
0 m 3x/day
10 +
8
7 7
6 6 6
5 5 5 5 55 5
5 .
||
2 2 2 2 202
111 11 1 1 1711 I
0 0 00 00 00_00 00000 0000 BO O 0
0
Whole  Reduced Low Milk in Soymilk  Almond  Cashew Rice Milk Coconut Other Tea,
Milk Fat2% Fat/Fat Food Milk Milk Milk coffee w/
Free Milk cream
Type of Dairy or Alternative "Milk" Beverage
50 49 49
16 47 47
45 44
42
40
35
i 34
2 35 33
E 31
S 30 -
&
3 HO0-6fl. 0z
£ i
5 25 mgfl. Oz
&
(v} m12f. 0z
€ 20 -
3 m16fl. 0z
£ 16
< 15 4 m20fl. Oz or more
12 12
10
10 -
5
*7 3 . 2 2 2 3 2
11 11 1 1 1
0 00 00 00 H 0000 0000 00 00 000
o -
Whole Milk Reduced Fat Low Fat/Fat Milk in Food ~ Soymilk Almond Cashew  Rice Milk Coconut Other Tea, coffee
2% Free Milk Milk Milk Milk w/ cream

@Data based on participant (n=49) completion of the Beverage Questionnaire (Appendix

A.6)
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A.9 Supplemental Datai Qualitative Assessment of Dairy

Treatment

Descriptor$ Vanilla Syrup | | Descriptors Salty
Sweet 40 Sour 11
Sugar 12 Salty 26
Artificial Sweet 2 Acidic 3
Candy 3 Bitter 4
Dessert 2 Tart 1
Honey 1 Sweet 1
Cake 1 ANot Mil ko 1
Milkshake/lce Cream 10 AWarm Mil k with|l
Creamer 6 Powdered Milk 1
Milk (Skim, 1%, 2% Whole) | 3 Milk 1
Cereal Milk 3 Buttermilk 2
Cheesy 1 Buttery 1
Buttermilk 1 Mac nd6 Cheese 1
Rice Milk 1 Sharp 1
Soy Milk 4 Off-Flavor 1
Vanilla Extract or Vanilla 15 Rancid (Old) 5
Nutty or Almond 5 Oily 1
Coconut 3
Caramel 1
Savory 1
Salty 1
Thick 1
Light 1
Floral 1
Bland 1
Positive 4 Gross 10
Happy 13 Disgust 9
Love 2 Repulsive 2
Delicious 3 Hate 4
Good 8 Terrible 3
Liked 1 Unpleasant 2
Pleasant 2 Awful 3
Excited 1 Nasty 2
Confused 1 Bad 5
Surprised 2 Liked Slightly 1
Unpleasant 1 Negative 1
Overpowering 2 Unexpected 4
Refreshing 1 Surprised 3

Weird 5
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Betrayed

Laughed because so bad

Grimaced

Headache

Confused

Unfamiliar

Mad

Unhappy

Panic

N RRRRN RN R -

Overwhelmed

Nostalgic 2 Reminiscent of Salt Water at Bea( 5

Childhood 1

! Descriptors, emotions, memories, and associated mentioned by participants (n=49)
during the qualitative assessment of dairy beverages
2 Solutions in Milk:Vanilla syrup (0.02g/ml); salt§0.004g salt/ml)
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Treatment

Descriptors Malty Descriptors Green Tea
Cereal Milk 10 Tea 7
Cereal 5 Feed/Hay/Grass 5
Malty/Grape Nuts 5 Toasted Rice 1
Crackers 2 Vegetable 2
Bitter 1 Dirt/Earth 2
Sour 2 Seaweed/Fish 15
Sweet 3 Bland 1
Savory 2 Off-Flavor 3
Nutty 7 Distinct 1
Almond 5 Oxidized (Rancid) 5
Cashew 2 Bitter 4
Rice 2 Sour 4
Cooked/Evaporated Milk 2 Metallic 2
Creamy 2 Sweet Aftertaste 1
Soy 2 Non-Milk Product 1
Cheese 1 Buttermilk 1
Watered Down 2 Hemp Milk 1
Milk (Skim, 1%, 2%, Whole)| 12 Rice Milk 2
Well-balanced 1 Cashew Milk 1
Rancid (Old) 3 Milk (Skim, 1%, 2%, Whole) 5
Tomato 1 Water 2
Filtered 1 Sweet Rose Water 1
Baking Ingredient 1

Fatty 2

Warm Taste 1

Too Strong 1

Unhappy 3 Confused 1
Disgust 2 Odd 1
Nasty 2 Weird 3
Gross 2 Disgust 6
Uncomfortable 1 Grimaced 2
Upsetting 1 Hate 1
Mad 1 Bad 1
Negative 1 Gross 4
Boring 1 Horrific 1
Not Favorite 1 Nasty 1
Confused 3 Angry 1
Weird 4 Unpleasant 2
Neutral 8 Neutral 5
Pleasant 2 Boring 1
Happy 4 Comforting 1
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Good Happy

Decent Familiar

Interesting Unfamiliar

PRk (P
RlRR(-

Distracting Strong

Reminded of Wife Pleasant Memories 2

Reminds of Cooking

4-H Camp

Remindsof Sisters

Childhood

Not the Ami | k

RIRRR R,k

Reminded of first time | had
cereal

! Descriptors, emotions, memories, and associated mentioned by participants (n=49)

during the qualitative assessment of dairy beverages

“Solutions in Milk:malty (Solution 1: 0.15g grape nuts /ml milk; Solution 2: 0.05¢g

Solutionl /mlmilk);gr een tea (Solution 1: Prepared as
distilled water; Solution 2: 0.11g/ml).
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Treatment

Descriptors Vanilla Descriptors Sour
Extract
Vanilla 22 Milk (Skim, 1%, 2%, whole) 12
Ice Cream 5 Creamy 3
Almond Milk 7 Butter/y 4
Soy Milk 11 Buttermilk 4
Nutty 6 Sour Cream 1
Coconut 2 Yogurt 4
Cocoa 1 Cheese 3
Milk Alternative 1 Cottage Cheese 2
Cashew Milk 1 Fermented 2
Sweet 13 Mac nO6 Cheese 1
Too Sweet 4 Breast Milk 1
A Little Sweet 3 Cereal Milk 1
Not Sweet/No Sugar 4 Grain 1
Natural Sugar 1 Tea 1
Bitter 1 Soy 1
Candy 2 Bitter 3
Off-Flavor 1 Sour 10
Green Beans 1 Salty 4
Not Creamy 1 Sweet 2
Creamer 1 Fatty 1
Powdered Milk 1 Fishy 1
Milk (Skim, 1%, 2%, Whole)| 4 Bland/Flavorless 7
Tangy 1 Rancid (Old) 6
Minty 1 Mild 1
Orange 1 Meat/Chicken 2
Mild 1
Chemical/Medicinal 2
Unnatural 1
Good 2 Neutral 12
Positive 3 Decent 0
Happy 4 Unhappy 2
Smile 4 Frowned 1
Pleasant 3 Upset 1
Enjoyed 1 Disappointed 1
Delicious 1 Not good/great 2
Good 2 Disgusted/Grossed Out 6
Relaxed 1 Betrayal 1
Calm 1 Bored 4
Comforted 1 Confused 1
Neutral 4 Happy 1
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Interested 1 Good 1
Surprised 2 Pleasant 2
Indecisive 1 Interested 1
Negative 3 Familiar 2
Familiar 1 Subtle 1

Weird 1

Reminds of Coffee 1

Sad/Happy: Reminds of 1
sister

Reminds of & of July

Reminds of Family

I

Reminds of Childhood

Beach 1

! Descriptors, emotions, memories, and associated mentioned by participants (n=49)
during the qualitative assessment of dairy beverages
“Solutions in Milk:Sour (0.02g buttermilk/ml); vanilla extract (0.02g/ml)
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Treatment

Descriptors Coconut Descriptors Milk
Tropical 7 Milk (Skim, 1%, 2%, Whole) 45
Coconut 35 Cereal Milk 1
Vanilla 1 Plain/Regular/No Flavor 20
Added/Normal
Nutty (Almond, Cashew, 4 Common 2
Hazelnut)
Spicy 1 Bland 2
Cinnamon 1 Wholesome 2
Sweet 21 Creamy 4
Sugar 1 Creamer 2
Dessert 1 Slightly Sweet/Sweet 5
Ice Cream 2 Savory 1
Sunscreen 1 Sour 1
Creamer 1 Fatty 3
Artificial 1 Rich 1
Floral 1 Warm 2
Slightly Old 1
Bad Aftertaste 1
Watery 1
Happy 5 Pleasant 1
Smiled 2 Happy 5
Positive 2 Content 3
Pleasant 4 Awesome 1
Excited/Fun 2 Good 4
Good 2 Smiled 1
Delicious 2 Enjoyable 1
Enjoyable 1 Familiar 8
Love 2 Comforting 4
Nice 1 Calm 3
Neutral 2 Neutral 6
Disgust 1 Unpleasant 1
Negative 1 Acceptable 2
Healthy 1 Confused 2
Warm 1 Boring 3
Comforting 1
Relaxing 1
Confused 1
Intense/Strong Flavor 4
Familiar 1
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H

Unique

Fancy 1

Reminds of Childhood 2

Reminds of Family 2

! Descriptors, emotions, memories, and associated mentioned by participants (n=49)
during the qualitative assessment of dairy beverages
“Solutions in Milk:(2% reduced fat rmii); coconut syrup (0.02g/ml)
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APPENDIX B

Application of Automated Facial Expression Analysis Technology to Acceptability Using

an Aqueous Bitter Model
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B.1 Approval Letter

m v a1 ’Iéch Office of Research Compliance
lrg‘nla Institutional Review Board
North End Center, Suite 4120, Virginia Tech
200 Tumer Streat N
Blacksburg, Virginia 24081
BA0/731 4806 Fax 54072310058
emai irb@vt edu
website hit:ifwwe.irb. vt edu

MEMORANDUM

DATE: February 19, 2016

TO: Susan E Duncan, Elizabeth Amalia Armade, Virginia C Femandez-Plotka, Knisten
Leitch, Courtney Alissa Crist

FROM: Eggﬂla Tech Institutional Review Board (FWADD000572, expires January 29,

PROTOCOL TITLE: Facial Expression Analysis Recruitment

IRE NUMBER: 13-037

Effective February 19, 2016, the Virginia Tech Institution Review Board (IRB) Chair, David M Moore,
approved the Continuing Review request for the above-mentioned research protocol.

This approval provides permission to begin the human subject activities outlined in the IRB-approved
protocol and supporting documents.

Plans to deviate from the approved protocol and/or supporting documents must he submitted to the
IRB as an amendment request and approved by the IRB prior to the implementation of any changes,
regardless of how minor, except where necessary to eliminate apparent immediate hazards fo the
subjects. Report within 5 business days to the IRE any injuries or other unanticipated or adverse
events involving risks or harms to human research subjects or others.

All investigators (listed above) are required to comply with the researcher requirements outlined at:

hitp:iwww irb vi edu/pagesiresponsibilities. htm

(Please review responsibiliies before the commencement of yvour research.)
PROTOCOL INFORMATION:

Approved As: Expedited, under 45 CFR 46.110 category(ies) 6,7
Protocol Approval Date: March 19, 2016

Protocol Expiration Date: March 18, 2017

Conftinuing Review Due Date*: March 4, 2[]1?

*Date :. Continuing Review application |: -.LI to '.-

under this protocol, including data ana are t
FEDERALLY FUNDED RESEARCH REQUIREMENTS:

Per federal regulations, 45 CFR 46.103(f), the IRB is required to compare all federally funded grant
proposalsfiwork statements to the IRB protocol(s) which cover the human research activities included
in the proposal / work statement before funds are released. Mote that this requirement does not apply
to Exempt and Interim IRE protocols, or grants for which VT is not the primary awardee.

The table on the following page indicates whether grant proposals are related to this IRB protocol, and
which of the listed proposals, if any, have bheen compared fo this IRB protocal, if required.

Invent the Future

WIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY
An equal opportunity, affirmalive action wnstitution
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IRE Number 13-037

page 2 of 2

‘Virginia Tech Institutional Review Board

Date*

OSP Number

Sponsor

Grant Comparison Condueted?

If this IRB protocol is to cover any other grant proposals, please contact the IRB office

(irbadmin@vt.edu) immediately.
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B.2 Informed Consent Form

IRE Approval Date: Participant ID number:
IRE Approval Number:

Virginia Polytechnic Institute and State University

Informed Consent for Participants in Research Projects Involving Human
Subjects (Sensory Evaluation)

Title Project: Facial Expression Analysis Recruitment

Investigators: Susan E. Duncan, Elizabeth Amade, Virginia Fermandez-Plotka,
Kristen Leitch, Courtney Crist

l. Purpose of this Research/Project

You are invited to participate in a pre-screening study intended to identify
potential candidates for future studies conceming measuring emotional response
to foods and tastes through facial expression analysis. Potential candidates will
be contacted at a later date for the voluntary participation in such future studies.

You will be videotaped while you are evaluating the samples. Videos will be
analyzed for results using facial recognition software (FaceReader). This
software, designed to collect real time emotional response by videotaping facial
features as a reaction to information or stimuli, is 2 novel method for evaluating
sensory response to foods. This activity is designed to collect data on facial
recognition software to assess its use as a tool in sensory evaluation of foods.

Il. Procedures

Initially you will be provided specific instructions on your position within the
laboratory and how you interact with the sample and the computer screen. It is
important that you maintain eye contact with the computer screen/video camera
as changes in head position/eye contact affects the video information available
for the research. As such, please keep your face positioned towards the touch
screen monitor as you taste the sample. Please try to refrain from locking to the
sides or down to the floor. Please do not touch your face after consuming each
sample.

You then will receive four samples (water solutions which may or may not impart
a bitter taste), presented one at a time. Following the guidance on the touch
screen monitor, you will taste each sample and then answer a few questions
about the sample.

You will evaluate each sample by putting the whole amount (approximately 1 oz)
into your mouth and swallowing the sample. There will be a 20-30 second pause
before you will be asked to move on to the next sample. You will be asked to
answer two questions (degree of liking, intensity of sample taste) by responding
on the touchscreen monitor.

Vinginia Tech Institutional Review Boand Project Mo. 13-037
Approwed March 18, 2013 to March 18, 2014
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IRB Approval Date: Participant ID number:
IRB Approval Mumber:

There will be one session to complete the pre-screening. After completion of the
session, individuals may be invited back to voluntanly participate in future
research studies which follow similar procedures.

lil. Risks

There are no more than minimal risks for participating in this study. Some
individuals may be uncomfortable about being videotaped or recorded. If you are
aware of any allergies to sucrose (table sugar), sodium chlonde (table salt),
caffeine, or citric acid, please inform the investigator.

IV. Benefits

Your participation in this study will provide valuable information about consumer
response to basic food tastes and the application of facial recognition software as
a sensory evaluation application tool, which will be useful to the food and related
consumer industries.

V. Extent of Anonymity and Confidentiality

The results of your performance as a panelist will be kept strictly confidential
except to the investigators. Individual panelists will be referred to by a code
number for data analyses and for any publication of the results.

Collected videos may be used for educational, research (research publications,
research presentations, research videos) and demonstration purposes including
promotion or marketing videos about this sensory application.

VI. Compensation

Upon completion of the session, you will be compensated with a 32 gift card,
snacks. As part of the “Serving Science and Society” campaign from the FST
Sensory Lab, you may select 2 cans of food that you may chose to keep or
donate, through the FST Sensory Lab, to the Montgomery County Emergency
Action Program.. If you choose to withdraw from this study without participating
or at any time through the sessions, you may still have a snack.

VIl. Freedom to Withdraw

If you agree to participate in this study, you are free to withdraw from the study at
any time without penalty. There may be reasons under which the investigator
may determine you should not participate in this study. If you have allergies to
any of the food ingredients used in the study, or are under the age of 18, you are
asked to refrain from participating.

VIl. Subject’s Responsibilities
| voluntarily agree to participate in this study. | have the following responsibilities:

* Follow the directions on the monitor, which will direct me with guidelines
about how to evaluate the samples, and provide my responses.

\inginia Tech InsStutional Review Board Project No. 13-037
Approved March 12, 2013 to March 18, 2014
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IRE Approval Date: Participant ID number:
IRE Approval Number:

* Indicate whether or not you would be interested in participating in future
studies if you are selected as a candidate for such future studies.

IX. Subject’s Permission and Video Release

| have read the consent form and conditions of this project. | have had all my
questions answered. | hereby acknowlaedge the above and give my voluntary
consent to participate in this study.

Additionally, by signing this consent form, | am giving permission for the
investigators on this project to capture and use video footage associated with my
participation for educational, research, andfor demonstration purposes. | waive
any video rights of compensation or ownership thereto. There is no time limit on
the validity of this video release nor is there any geographic specification of
where these maternals may be distibuted. This release applies to video footage
collected as part of the sensory sessions associated with the identified IRB study
# listed on this document:

Date

Subject Signature

Subject Printed Name

Virginia Tech Insfitutional Review Board Project Mo. 13037
Approved March 18, 2013 to March 18, 2014
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IRB Approval Date: Participant 1D number:
IRB Approval Mumber:

--————For human subject to keep————--
Should | have any pertinent questions about this research or its conduct, and

research subjects’ ights, and whom to contact in the event of a research-related
injury to the subject. | may contact:

Susan Duncan, Faculty! Investigator (540) 231-8675;
duncans@vt.edu

Virginia Fernandez-Plotka tplotka@vt.edu

Elizabeth Armade elizaaa@vt.edu

Kristen Leitch kaleitch@gmail.com

David Moore

Chair, Virginia Tech Institutional Review (540) 231-4991; moored@vt.edu

Board for the Protection of Human Subjects
Office of Research Compliance

Virginia Tech Institutional Review Boand Project Mo, 13-037
Approved March 18, 2013 to March 16, 2014
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B.3 Pre-Screening Survey

Effect of Food Stimuli on Facial Expression Analysis: Reanaitt Survey

Your participation in this survey infers informed consent in future use of this data
for research information related to a research stiRE,NUMBER: XXXX.

Participation in this study is limited to individuals at least 18 years of ageen old
If you are 18 years of age or older, you may continue with the survey.

This survey is intended for recruiting panelists for a preliminaryspreening

research study in the Food Science and Technology (FST) Sensory Laboratory. This
study is to asss potential candidates for invitation to future studies on tastes of water
and beverages to be completed during the spring semester. The questions in this survey
are grouped based on identifying

1 interest in and availability for participating in thesliminary study

1 use of products that relate to the research question

1 personal characteristics that may affect successful video capture

1 demographics

Panelists will be rewarded for their participation with a $2 gift card (Kroger,
Panera, or other localast), snacks, as well aannedoods (total value about
$5). Panelists can keep the gift card and snacks and may keep or choose to donate the
cannedood, through the FST Lab, to the Montgomery County Emergency Assistance
Program (MCEAP). MCEAP providesssistance to families and individuals in
immediate, temporary, and emergency situations.

The sensory study will be completed in the Food Science and Technology
Building located on campus at the corner of Duckpond Dr. and Washington St.

Interest In and Availability for Participating in Preliminary Study

Availability: During the spring semester, are you routinely available for at least

20 minutes, in addition to getting to the Food Science and Technology Building and
returning, during any of the falWing blocks of time? Check all that apply.

0 Monday, 9:00 ar11:00 am
Monday, 11:00 ari:00 pm
Monday, 1:00 pr8:00 pm
Monday, 3:00 prb:00 pm
Tuesday, 9:00 arhi1:00 am
Tuesday, 11:00 a+h:00 pm
Tuesday, 1:00 pr3:00 pm
Tuesday, 3:00 prd:00 pm
Wednesday9:00 am11:00 am
Wednesday, 11:00 afit00 pm

O O0OO0OO0OO0OO0O0OO0Oo
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Wednesday, 1:00 pi3:00 pm
Wednesday, 3:00 pi5:00 pm
Thursday, 9:00 an1:00 am
Thursday 11:00 ard:00 pm
Thursday, 1:00 pr3:00 pm
Thursday, 3:00 pr%:00 pm
Friday, 9:00 arL1:00 am
Friday, 11:00 ari:00 pm
Friday, 1:00 pri3:00 pm
Friday, 3:00 preb:00 pm

O 0000000 O0Oo

Study information: This is a preliminary study requiring approximatel2d5
minutes of time. Participants will taste water samples and respond about the intensity of
selected basic taste stimuli. Durifgp tpreliminary study, panelists will be videotaped.
Collected videos may be used for educational, research (research publications, research
presentations, research videos) and/or demonstration purposes. The personal information
and performance related taleos will be kept strictly confidential (except to the
investigators)

o |am interested in participating.
0 Please provide your contact information and then continue with the
rest of the survey:
A Name (First and Last):
A E-mail address:
o | am not interested iparticipating.
Thank you for your time. You may leave the survey now.

Product Use

Do you have allergies to any of the following food ingredients? Check all that
apply. If you do not have any known allergies, check the final bullet on the list.
sodiumchloride (table salt)
citric acid
caffeine
sucrose (table sugar)
aspartame (i.e., Equal)
acesulfame potassium
saccharin
sucralose
honey
monk fruit extract
high fructose corn syrup (HFCS)
coconut palm sugar
| have no known allergies to these food ingretdien

O O0OO0OO0OO0OO0OO0OO0OO0OO0OO OO
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Do you consume sweetened iced tea beverages at least once per week?

Yes
No

Personal Physical Characteristics for Consideration with Video Capture and
Evaluation

Do you wear glasses?
0 Yes,

o If yes, would you be willing and able to wear contacts duttiegtime of
the study OR be willing to remove your glasses and be able to read print
on a computer monitor at approxi mately
squinting?
A Yes
A No
o No

Do you have a full beard and/or mustache?

o0 Yes, | have a full beard and/or mustach
o No

Thank you for your participation!
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B.4 Sensory Ballot and Hedonic Scorecard

Facial Expression Analysis Rsereen_Instructions_Hedonic and Intensity
Scorecard

Instructions [Instructions and Evaluation will be on the touch screen monitor]:
You will be provided a total of 4 samples to evaluate. For each sample, you are to
determine a taste intensity rating and evaluate how well you like each taste sample. For
eah product, take the full sample into your mouth and then swallow.

It is important that you follow specific protocols while evaluating the sample in
order for the response to be collected.
1 Focus your attention on the monitor in front of you. Refrain fom looking to
your left/right or looking up/down.
Do not lean your head; keep your posture comfortable but alert.
Immediately after taking in the sample from the cup, drop your hand/cup below
your chin as quickly as possible.
Refrain from touching your face after sample consumption.
Face the monitor while you are evaluating the sample.

E

= =

Samples 4.

Please consume the sample in front of you. Sample

[20-30 second timer will display]

Indicate how much you like this sample by checkingténm that best describes your
response to the product.

Like extremely

Like very much

Like moderately

Like slightly

Neither like nor dislike
Dislike slightly

Dislike moderégely
Dislike very much
Dislike extremely

3

N

8



Indicate the intensity of the bitter taste you just sampled.

Extremely strong bitter taste
Very strong

Moderately strong

Slightly strong

Neither strong nor weak
Slightly weak

Moderately weak

Very weak

Extremely weak/no bitter taste

When you ar e f i Rassybuetdy thrbughtthe 8latte retceive
your next sample. Rinse your mouth with water, take a bite of cracker, and rinse your
mouth again.

You are done tasting all the samples.

Please take a moment to answer a few questions related to intetgsten f
related and approved studies (IRBIT00 and 13244).

Future Study 1 (IRB 1:2100): This study requires approximately 15 minutes at
each session (2 total sessions over the course of two separate days). At each session,
participants will taste bastaste (sweet, sour, salty, bitter) solutions in water and answer
some questions relating to the taste perception. Participants will bereictsoled during
the session. Participants wil/ be invited to
experienceand interest as noted below. Participants will be rewarded per session with a
$2 gift card (Kroger, Panera, or other local store), snacks, as well as canned foods (total
value about $5)Participants can keep the gift card and snacks and may keeposecho
to donate the canned food, through the FST Lab, to the Montgomery County Emergency
Assistance Program.

0 | am interesting in participating.
o |am not interested in participating.

Future Study 2 (IRB 1:244): This study requires approximately 40 minytes
day (2 sessions per day; may be done sequentially). Each participant will be expected to
participate in up to 8 sessions (4 days). At the first session on each day, participants will
taste sweet cold tea (no ice) and asked to evaluate the teapRatsiovill be video
recorded during the session. In the second session on each day, participants will complete
additional informatiorsurveys and evaluations about product use and personal response
to the product. Participants are invited to participakeeéad on avai |l ability, t
experience, and interest as noted below. Participants will be rewarded per session with a
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$2 gift card (Kroger, Panera, or other local store), snacks, as well as canned foods (total
value about $5)Participants can keep thétgard and snacks and may keep or choose
to donate the canned food, to the Montgomery County Emergency Assistance Program.

0 | am interested in participating.
o |am not interested in participating.

You may conclude the test (touch #Afinishe
slot.

Thank you for your participation. Please exit the lab and go to the incentives

table to sign for and collect your gift card and other incentives as compensatioarfor yo
participation.
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APPENDIX C

Application of the Theory of Planned Behavior to Elucidate Student Reusable Water
Bottle Useon a College @mpusi ANDT Assessnent of Drinking Water @ality and
User Perceptions betweeilliRg Stations and Waterduntainson a College Qapus A

Mixed Methods Aproach
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C.1 Approval Letter
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