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ABSTRACT

Emotions are thought to play a crucial role in fd@®dhavior. Non-rational emotional
decision making may be credited as the reason whguwmers select what, how, and when they
choose to interact with a food product. In thiseesh, three experiments were completed for the
overall goal of understanding the usefulness afidityaof selected emotional measurement
tools, specifically emotion questionnaire ballatsl dacial expression analysis, as compared to
conventional sensory methods in developing a hohséw of product interest and engagement.
Emotional response to 1% low-fat unflavored andcoate-flavored milk was evaluated by
using an emotion-based questionnaire as well aal fxpression analysis software, to measure
post-experience cognitive and in-the-moment iniciignplicit) emotional response,
respectively. The software correlated facial movetmef participants to associated basic
emotions to estimate with what degree consumers @xguressing these measured emotions
upon presentation of each sample. Finally, the tadiafacial expression method was compared
to expected measurements from previous studiesdaguaning emotional facial response to four
(sweet, salt, sour, and bitter) basic tastes. Digaitive emotion ballot and implicit facial
analysis were able to differentiate between milkgles and offer a greater understanding of the
consumer experience. Validity of the facial expi@ssnethod was lacking for reasons including
high individual taste variability, social contekttensities of stimuli, quality of video data
capture, calibration settings, sample size nund@lysis duration, and software sensitivity
limitations. To better validate automatic faciapexssion methodology, further study is needed

to investigate and minimize method limitations.
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Chapter 1: Introduction

Consumer emotions play a key role in an individsiaierall experience with a product.
This experience may involve, but is not limiteddajecision to initially purchase a product as
well as to repurchase. For instance, by creatingigue emotional connection in one product
versus another, consumer emotions can control wiriehd is favored in the market and
ultimately lead to the success of that particutank (Hill, 2008). Simply put, a person’s
feelings can be attributed as a driving force ®@rtbhehavior. A consumer can choose something
because they feel a positive response or convenst¢lghoose something because they feel a
negative response; while consumers may attemjaitinalize their choices, they do not
necessarily understand them fully (Lindstrém, 2008)js preference or judgment from a

consumer is neither right nor wrong but may beuierficed by an emotional response.

One particular area where consumers form emoti@sglonses is in the selection and
interaction with food. Consumers have the abilitgbdnnect with foods on many sensory levels
including taste, touch, sight, and at times soduchctionally, foods provide the ability for
satiation, energy, and generally sustaining lifdilé/a consumer may see the advantage of a
food product in such basic terms, it does not whi@present their motivations for when, how

and why they interact with a particular food prod{ieindahl, 2012).

Conventional sensory methods to collect consunegtifack are often limited in
identifying consumers’ emotional responses as aglielating consumer response to market
success. A current limitation is that consumergyareerally asked to verbalize responses

through oral or written selection methods. For egl@na hedonic scale generating a liking rating



is often used to capture how much a consumer dtadgdike or dislike a product. This liking
rating is very general and non-descript. It lacksrimation on how a product influences an
experience (Lundahl, 2012). Other common methods as focus groups and one-on-one
interviews can cause a consumer difficulty in sihgcthe exact language in which to express
their emotions. It may cause a consumer to infigbesitive response or deflate a negative
response in order to seem pleasing and cooperétaiso allows for a consumer to post-
rationalize an answer over a period of time instgfagsponding in real time. Such delay may
cause a disconnection from what is actually begfigviersus what is verbally being said,
therefore, widening what has been coined as thiéeshgap (Hill, 2008). Additionally, a
consumer’s emotional response may not be consgiobsious to the consumer themselves
(Lindstrom, 2008). As such, measuring a consumneristional response has thus far been a

difficult task.

More recently, however, new methodologies have lleseloped to gather non-verbal
cues to a consumer’s emotional response to a prodne method, facial expression analysis
(a.k.a. facial coding, herein used interchangeablg3 been developed to measure muscular
facial movements to stimuli in order to indireclgsess a consumer’s emotional response.
Facial coding requires gathering images and/orovimfeconsumers’ facial expressions
immediately after or during exposure to particmmuli and analyzing the presence and/or
change of specific muscular facial movements. @halysis may be done manually or by using
automated software platforms. For example, conssinferial expressions have been previously
analyzed by utilizing software such as Obse/etT and FaceRead®t (Noldus Information
Technology, The Netherlands) (Danner et al., 2@EBWijk et al., 2012; Wendin et al., 2011,

Zeinstra et al., 2009). The ObseV&XT software allows for an individual to createedfs



guided coding scheme in which to interpret facigiressions. FaceRealf&r(Noldus

Information Technology, The Netherlands) on thesothand is pre-coded and trained to
mathematically analyze the direction and extenthiah certain facial features move. These
movements are used to determine which basic ensff@appy, sad, angry, surprised, scared,
and disgusted) and with what intensity those emastere being expressed by a consumer in real

time.

Facial coding has thus far produced results subggestat the investigation of facial
emotion can provide additional knowledge into ustirding consumer response and behavior.
More frequently, facial coding has been used tcewstdnd human psychology and
psychopathology (Ekman & Rosenberg, 2005). It leshused in industry to evaluate response
and engagement to product commercials, politicalpzagn ads, and new product designs. The
facial coding results have been helpful by dematisiy differences in consumers’ verbal
responses vs. facial responses, thus leading tsidles such as moving forward with a specific

product design and selecting one ad campaign owather (Hill, 2008).

As for tastes and foods, specifically, a very lediamount of testing has been completed
using facial coding to measure emotional respgoeseicularly with the aid of automated
software. Furthermore, no consistent methodologytteen used. Further testing must be carried
out to better understand the feasibility and imgdlmns of utilizing facial coding to measure

consumers’ emotional responses to tastes and fdbdsis the overall motivation for our study.

Automated facial coding methodology may be studhyedocusing on acquiring a
foundational understanding of consumer emotionahfaesponse to taste by evaluating the

known basic tastes. Knowledge may be added by iiogus a generally accepted positive taste,



i.e. sweet (Ekman, 2007), or other specific stiméliso, analyzing a more complex beverage
that incorporates a sweet taste and has a potergadurable emotional response, such as fluid
milk, may add further insight in assessment betwssventional consumer response collection

methods vs. facial coding.

Goal
The goal of this research was to create a knowléedge for validating the use of

automated facial expression analysis softwaresenaory method for value added
understanding of consumer emotional response ifotittand beverage industry. The results
from our study could allow for a more in depth urstignding of the complex motivations behind
consumer food behavior. It can better define whigrnal responses consumers have but cannot
always verbally describe. Our study can providewattet for gathering quantitative information
on intrinsic emotional response to tastes and foldtimately, outcomes from our research may
be used to create new sensory methodologies, beyyoreht conventional practices, that can be
used to innovate or improve upon a food produgirtwide a better overall consumer

experience.

Objectives

1) Evaluate emotional response to unflavored and fiayanilk using the recently created
emotion based questionnaire, the EsSence Pfofallot (Cardello et al., 2012; King &
Meiselman, 2010; King et al., 2010), and compaesfithdings to reported behavior,
knowledge and attitudes and acceptability ratimgsfyoung college population.

2) Develop a method to measure intrinsic emotionglarse to fluid milk by evaluating

and comparing two different samples (chocolateeitad and unflavored milk), using



automated facial expression analysis software (Readel"" Noldus Information
Technology, The Netherlands).

3) Create a baseline understanding of consumer enabfiacial response to four (sweet,
salt, sour, and bitter; not including umami) bdagtes using automated facial expression
analysis software (FaceRealérNoldus Information Technology, The Netherlands)

a) validate that an emotional response does obguharacterize similarities and/or
differences in emotional response to the basiesdasased on objective facial coding
interpretation of 6 basic emotions (happy, surgkisad, angry, scared, disgusted) and a
neutral state; and c) compare the results in oglab historical research learning of
emotional response, specifically facial respornsé¢he basic tastes, to substantiate the

potential reliability of the selected analysis noeth
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Chapter 2: Literature Review

Influence of Emotions in the Consumer Experience

Emotions are believed to be an integral but submons part of a consumer’s decision-
making process (Hill, 2008). However, even whenstmners are consciously aware of their
emotions, they generally lack focus on these emsti®his has been summarized as being
consciously aware but in a mindless manner (Larig89) or not attentively considering one’s
emotional feelings (Ekman, 2007). Thus, when coressrare asked to assess why they made
their selection, they may post-rationalize theguhts to support their choice even though the
decision-making process was emotional rather taionmal. Consumers often make a selection
or point of preference just because it “feels righhis response is a precognitive affective
reaction in which consumers feel before they ratilgrthink (Zajonc, 1980). Such emotional
verdicts are not easily refutable as they are aeed in rational fact.

One current view associated with product successisa driving force is created
through the formation of an emotional connectioa fmarticular product, which may ultimately
lend to the success of that particular product ewather (Hill, 2008; Lundahl, 2012). Lindstrom
(2008) describes emotions as “the way in whichlwams encode things of value, and a brand
that engages us emotionally...will win every singhed’. Lindstrom (2008) argues that
emotions can form strong associations to a prooiuptoduct brand, which allow for ultimate
commercial success (or failure) of a product. Supjoo this position is based on brain scans
using functional magnetic resonance imaging (fMRuiing product usage. For example, when
consumers were given two popular cola products)ouit cues (blinded), preference was equally

split in the absence of branding; when branding waisduced, Coke was preferred over Pepsi.



This difference in selection was associated wiffedBnces in brain activity, as measured by
fMRI, in areas related to emotion, the hippocamguud dorsolateral prefrontal cortex.
Significant differences were found in brain scatewbranded vs. unbranded Coke product
were consumed, whereas no significant differenca® ween in the fMRI brain scans for
branded vs. unbranded Pepsi product (McClure e2@D4). Furthermore, once these emotional
associations (biases) are reinforced and acceghieg can be very difficult to modify (Hill,

2008).

The Ambiguity of ‘Emotion’

There is not a singular well agreed upon definittd emotion. Ekman et al. (1982) relay
this message by stating that there are variousitiefis and positions on the matter. Ekman et
al. (1982) also point out that there is furtheadi®ement on what stimuli elicits emotional
behavior. This leaves the field of ‘emotion’ witdick of agreement not only on what is
considered to be an ‘emotion’ but also on what glishould be used to elicit emotions along

with research settings to study such phenomenon.

For our research study, an overarching perspeatagetaken as to what was considered
emotional response. Emotional response was brasfilyed as an affective response which
included the more agreed upon definitions of lichitguick duration and implicit ‘basic
emotions’ as well as more subjective extended duréfeeling/attitude/mood’ response states
and descriptive terms related to those stateseraifed, energetic, merry, worried, friendly.
Affective response was defined as a responsetimalas that can be linked to having positive
or negative connotations that relate to acceptegjeetion or liking/disliking of that stimulus.

The terms ‘basic emotions’ in this study refergmootion definitions as studied through facial



interpretation of emotion, i.e. sad, angry, hagagred, disgusted, fear, and surprised (Collier,
1985; Danner et al., 2014; Ekman, 1982, 2007). Wite term ‘basic emotion’ and/or ‘primary
emotion’ there is still debate as to exactly wHemotions’ should be included; other ‘emotions’
beyond what has been defined for our study have imeduded and described in this context of
‘basic emotions’ or ‘primary emotions’ such as atyi(Croy et al., 2011), contempt (Ekman,
1982, 2007; Russell & Fernandez-Dols, 1977), arangh distress, interest, and enjoyment
(Collier, 1985). The ‘feeling/attitude/mood’ emata response states and descriptive terms
related to those states are believed to be thauptad open-endedness and variability in
interpretation of and delivery in verbal communiecatof ‘emotion’ (Collier, 1985; Fussell,
2002). These descriptive terms (e.g. bored, catiive, secure, wild, nostalgic) diverge from
what are considered ‘basic emotions’. The diffigut finding language to describe or evoke
emotional response verbally beyond such ‘basic emaierms leads to more figurative or
metaphorical language (Davitz & Beldoch, 1976; Ells2002) to verbally communicate
emotion. As such, methods to investigate verballypmunicated ‘emotion’ often incorporate
language that includes both ‘basic emotions’ as$ agbther ‘emotion-based/emotional’ terms
that relate to ‘feeling/attitude/mood’ emotionaspense states. The term ‘emotion’ is therefore
used interchangeable in this literature review stndy to refer to ‘basic emotions’ and/or

‘emotion-based/emotional states’ unless explidtgcribed.

Interrelation between Foods, Tastes and Emotions

Prevailing ideas have suggested a link betweendividual’s anticipated or thought
induced emotional response by a particular foodthedationale for the selection and
consumption of that food; anticipation is assodatéh the expected sensory properties,

including textural and structural characteristitshe food (Galef Jr, 1996; Martins & Pliner,
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2005). Long-term, established pleasurable emotiandlmemory connections with a food
product may be linked to an individual's preferet@eeek out such foods, with a high
likelihood being that those products exhibit swaesd fatty characteristics. Conversely negative
emotions and memories can influence distancingttqular food sources (Rozin & Gohar,
2011)

Associations have been made for the intrinsic @nat response to fooda sweet taste
is considered inherently pleasant while other sgsech as sour and bitter, are considered
inherently aversive (Barker, 1982; Gibson, 200@jr&dr, 1979). As such, a sweet taste is
generally accepted as providing a positive, enjteyakperience for a consumer. Other tastes
such as sour and bitter may be enjoyed as welhimienjoyment is considered to be the result
of an ability acquired by a consumer over time (Bki2007; Green, 1990). Sweet and high-
energy dense foods have been associated with inmgravood and reducing levels of stress. For
example, chocolate, which is high in both fat angas, is often chosen more frequently during
times of stress (Gibson, 2006). Another sweet agld fat product, milk, has been shown to ease
stress and reduce crying in infants (Blass et389).

Barr et al. (1999) investigated whether differemtirces of sweet, sucrose or aspartame,
had the same calming in infants. Solutions withstwme sweetness equivalence (sucrose
concentration: 24%; aspartame concentration: 0.13%jletermined by adults, reduced crying in
infants with the same magnitude and time resultsnaielatively compared to a water baseline.
This study suggested that sweetness was the réasthie reduction in crying as opposed to the

sweetness source (sucrose vs. aspartame) (Basr E390).
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Methods of Measuring Emotions

Different methods are used in an attempt to bettelerstand when, how and why
consumer emotions are formed. Methods that focumplicit responses include the
measurement of physiological autonomic and faesgponse. Physiological response can be
measured through tools such as functional magnetmnance imaging (fMRI; brain scans),
electroencephalography (EEG; brain electrical @&gjivelectrocardiography (ECG; heart rate),
body temperature, and perspiration. Methods tratdmn explicit response rely on cognitive
thinking from a participant to self-report their ovmotions. Questionnaire-type ballots are
often used for intensity ratings or binary chedklat apply (CATA) of pre-selected basic
emotions and/or emotion-based terms. Other bathatg be open-ended questions relating to
recall of associated emotions towards a stimultls mo pre-conceived terms for restriction. The
latter method often times is used to create andwaglown the list of pre-selected emotions to
be used in a second/future round of experiments.

Which method is more useful is debatable; both oatthave pros and cons. Explicit
extraction of emotions relies on conscious postnadization to think about one’s own emotions
after the fact. This method can be seen as subgdgtrariable since emotional language can be
defined and interpreted in different manners frare participant to the next. Implicit extraction
is based on subconscious spontaneous response tiaatl to suppress or falsify yet gathering
clear readings can be challenging. For example B, data portions must be removed (a.k.a.
artifact data) when the data stream is too noispterrupted by body/eye movements, e.g.
blinking (Reddy & Narava, 2013). This produces ad data stream that is known as artifact-
free data. Differing approaches may be used ttaatt{Ahmed et al., 2012; Delorme et al.,

2007; Joyce et al., 2004). The robustness and mihoduemaining artifact-free data can thus be
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diminished if proper protocols or experimental fastions are not properly put in place.
Additionally with EEG, left-handed participants aindants of a left-handed parent are often
removed from study due to differences in brainvatgtbetween left and right-handedness (Fox
& Davidson, 1986; Galin et al., 1982; Herron, 198Bavoronkova, 2000). Furthermore,
baseline controls for autonomic responses may teebd adequately measured per participant,

to correct and compare to test results due to iddal variability.

Measuring Emotions through Facial Expression Analigs

One method to measure emotions involves the utsciall coding. While the application
of other implicit methods, e.g. fMRI, may be usedslwell, facial coding provides a less
invasive, less costly, and more feasible methochafacterizing emotional response.

Facial coding is a method of measuring the musceutarements of the face in response
to stimuli and correlating these movements to $weemotions and/or positive and negative
facial behavior, which are known to facilitate susbvements (Ekman, 1982; Ekman & Friesen,
1978). Particular areas of the face that oftenlwerexpression of emotion include the eyes,
cheeks, lips, nose and eyebrows. For exampleshowing of disgust, the nose is wrinkled, the
eyebrows are lowered and the cheeks are raisstipiving happiness, the edges of the lips are
curled up, and both the muscles of the inner aerquart of the eyes are used; in a showing of
fear, brows are raised and drawn together, eyewidee and lips are stretched (Ekman, 2007).
Facial expressions are not learned but are inhesisrtetermined by comparing individuals born
congenitally blind versus sighted individuals (Gia¢d al., 2001, 1997). Blind individuals were
able to produce similar expressions to those diftedyjindividuals.

Facial coding relies on the principle that the eweglming majority of individuals across

cultures and ethnicities react to an emotion byinmgptheir facial muscles in a similar and
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recognizable manner, suggesting that facial exjmessre universal (Ekman et al., 1987;
Ekman et al., 1969; Izard, 1971). In a study assgsbe impact of culture on emotions,
photographs were shown to individuals from fivdetént cultures (New Guinea, Borneo,

Brazil, Japan, U.S.) and were judged on what ematias shown for each facial expression
presented. The majority of individuals agreed andamotions depicted in the photographs
(Ekman et al., 1969). In a similar study, indivithuacross cultures agreed on emotions depicted
through facial expression (lzard, 1971). Individuacross cultures agreed on what emotion was
being shown in a presented photograph but did Ia@tys agree on the intensity of the presented
emotion (Ekman et al., 1987). Additionally, it Haeen suggested that in some cultures there
may be a tendency to try to mitigate or suppregaitive emotions in public as opposed to in

private (Ekman, 1972).

Manual Facial Coding
Facial coding generally requires gathering imageBa video of consumers during or

immediately after interaction with particular stimdollowed by characterizing the changes in
facial muscular motion. Several facial coding methiogies or ‘tools’ have been developed.
Ekman and Friesen (1978) developed the well-knoamd Action Coding System (FACS).
This method discriminates 44 potential facial moeats that are anatomically separate and
visually distinguishable; each movement is charastd as an action unit (AU). The method
includes an intensity rating on a 5-point scaleath AU (Ekman & Friesen, 1978). Facial
Expression Coding System (FACES), focuses on negatid positive facial response (Kring &
Sloan, 2007). Maximally Discriminative Facial Cogi8ystem (MAX) differentiates across 3
facial regions (forehead and brows, mid-face, aodtin) and categorizes between type of
movements in each region (Izard 1979; Matias, 198®nhadic Phases Coding System (MP) is

an additional coding method developed for infafgé@fve response that combines information
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about gaze, facial and vocal expression, postackaativity type (Cohn & Tronick, 1987,
Matias, 1989; Tronick et al., 1980). Manual datding for these methods is a lengthy and time

consuming process.

Automatic Facial Coding
Computer aided integration provides more efficteamslation of facial coding data

analysis methods. Several perspectives on develapowmmercial and non-commercial, have
been created for use in a variety of areas. PanticRothkrantz (2000) discuss the limitations
and attempts at automated FACS analysis for datpétUs. Some methods rely on the use of
images (Lyons et al., 1999; Pantic & Rothkrant)@0Niskott et al., 1997) while others are
video based (Cohen et al., 2003; Littlewort et2006; Yacoob & Davis, 1996). Automatic
analysis, not based on FACS, which specificallygas on video analysis instead of 2-D static
images was developed for capturing facial exprassi@anges and linking them to facial
classifications (neutral, happiness, sadness, argefear) for understanding neuropsychiatric
disorders, e.g. schizophrenia (Wang et al., 2008 method was adapted from initial
development using elicited photographic imagete$é emotions with differing ranges of
intensity (mild, moderate, and peak) (Alvino et 2D07; Verma et al., 2005). Other automated
analysis based on FACS, similarly developed foroysychiatric disorders and for use with
videos, allows for frequency outputs in AU unitsglayed singularly or in combination (Hamm
et al., 2011).

One commercially available software platform, kncagnAffdex (Affectiva, Inc.,
Waltham, MA), focuses on automatic facial codingtigh video webcam analysis. Two other
commercially available software platforms, ObsePeXT and FaceRead€t (Noldus
Information Technology, The Netherlands) allow ifadtirect and direct automation of facial

coding, respectively. ObserJ&XT is a video software platform that allows an iridial to
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create their own selected coding scheme; thusegearcher can dictate what facial movements
to look for and how these movements relate to aiipemotion and/or positive or negative
response. They may integrate, but are not limibaasing, the FACS methodology along with a
potential secondary methodology to further interpine AUs. Essentially, the usefulness of
Observe™ XT (Noldus Information Technology, The Netherlanidsits ability to review video
in real time frame-by-frame and go back and revieagsess moments. It also allows different
individuals to review a video image using the exsarhe coding scheme to thus reinforce not
only the coding scheme but also the results byiaaon. FaceReadEf (Noldus Information
Technology, The Netherlands) on the other handdirdas a specific coding scheme integrated
into the software. FaceReall&iis essentially pre-coded and trained to mathemigtianalyze
the direction and extent to which certain facia@tiees move. These movements are used to
predictively define which 6 basic emotions- hapgyprised, sad, angry, scared, disgusted as
well as a neutral state- a consumer is expresainggl time and with what intensity these
emotions are being expressed. The intensity measnts are judged on a continuous scale from
0 to 1, with O being that the emotion is not expeelsand 1 being that the emotion is fully
expressed. This software is limited in emotionalrelsterization. Happy is considered the only
positive emotion while sad, angry, scared and digliare considered negative emotions.
Surprised can be considered either positive orthegdresults can also be delivered as a
mixture of emotions, which is often the case, dratdfore the sum of intensity across emotions
will not generally equal one.

FaceReadé} works on three main principles. First, the sofevarust detect that a face
exists, which is done by using two face detectigorithms; the Viola-Jones algorithm (Viola &

Jones, 2001) specifically recognizes the presehadare while a deformable template method

15



(Sung & Poggio, 1998) creates a framing of the.fallee second step is to create a 3-D model
of the face using the Active Appearance method {€0& Taylor, 2000). This allows for 491
key points on the face to be detected, which irelogt are not limited to areas of the lips,
eyebrows, nose and eyes. The final step involvesgretation of facial movements/expressions
into emotions by utilizing a trained artificial malinetwork (Bishop, 1995) that incorporates
approximately 2000 interpreted images. The autamnaif FaceReadBf allows for the results

to be analyzed and delivered in real time and smbisily reduces the time required for data

translation into emotional characterization.

Facial Coding Limitations
There are several limitations within the scopeaaid| coding. Partial occlusion of the

face can cause failed data capture and/or misrexpiason in analysis of the facial expression
and corresponding emotion being expressed for lnatian observers and automated software
(Kotsi et al., 2008). Training for manual codinghdze very time intensive and generally
requires, for validation purposes, the use of sdvesined coders. Automated facial coding can
still be time intensive when compared to traditionathods of data gathering, e.g. asking
consumers to fill out questionnaire data, sincenie¢hod involves collection and analysis of
video or photographic footage. Then, dependingam the raw emotional data from a singular
video footage is extracted, a short (e.g. 1-20s@cwvideo sequence could be analyzed for
emotional response in several minutes; howeveruthanalysis time would be increased and
vary with the type of software used while the makagion and interpretation of the compiled
raw results would add lengthy analysis time. Thaalacoding method also requires training on
how to use related software and methods of intéryeollected data. Additionally, there is

currently no standardized procedure for evaluasungch data.
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Measuring Emotions through Questionnaires

Alternative methods of gathering consumer emotioasponse to stimuli have been
developed beyond facial coding and autonomic resgom the form of more typically used
guestionnaires. Emotion-based questionnaires hese bised for many different research areas
including but not limited to emotion response/regioin for athletes (Uphill et al., 2012; Vast et
al., 2010), children, adolescents and adults (Beetlal., 2011; Gullone & Taffe, 2012; Phillips
& Power, 2007; Sohn et al., 2002),and studentsiging academic settings (Lichtenfeld et al.,
2012; Pekrun et al., 2011).

Several studies have specifically focused on ematicesponse towards foods and odors.
Consumers have been asked to verbalize their enabtiesponse through creation and rating of
term lists (Chrea et al., 2009; Desmet & Schifi@rst2008; Porcherot et al., 2012; Thomson et
al., 2010) Specifically for odors, the Geneva Emotion and Cslcalle (GEOS) (Chrea et al.,
2009) or modified versions have been used to gatiseght on odor-elicited emotions (Porcherot
et al., 2010). GEOS was developed through two stuttiat narrowed 480 terms (taken from
literature on emotions and odor) down to 73 emehased (e.g. relaxed, serene, soothed) and
basic emotion (e.g. disgusted, surprise, angryiddry using participants rating responses to the
relevance of each term to past odor experiences.7Blterms were then narrowed down to 36
terms by asking participants to determine the alee of each term in correspondence to 56
presented odors (Chrea et al., 2009).

One particular food and beverage questionnairecbamthod, known as the EsSence
Profile™ ballot (Cardello et al., 2012; King & Meiselmar@1®), gathers preference data on a 9-
point hedonic scale as well as incorporates a B8-teord list that includes words which

describe basic emotions (e.g. disgust, happy) @itddees/moods /feelings (e.g. nostalgic,
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loving, polite). For the ballot, panelists are abke use the hedonic scale to select how much
they liked or disliked a product, either followitegsting or by recollection, and then to check all
the words that apply (CATA) in the list that refiéow they feel in association with the product.
Alternatively, the EsSence Profiléballot has been developed such that instead p§UGATA

in the list, consumers may rate each term for hawmthey feel or don't feel the given mood
and feeling terms on a scale from 1 to 5 (King &dééman, 2010). Differences in test design
methods for presenting the ballot (hedonic accélgiabefore vs. after emotional term selection,
order of term selection, stimulus type, test sampi@ber, time of day) were investigated to

understand impact towards results (King et al. 3301

Measuring Emotions towards Tastes and Foods

Facial Coding Emotional Assessment to ApplicatiamfFood and Beverage

Facial coding has been used in a variety of rebeaeas including mental iliness
(Healey et al., 2010; Kohler et al., 2008a,b; Lot al., 2013; Wang et al., 2008), substance
abuse (Sayette et al., 1992; Sayette et al., 20089, behavior (Larochette et al., 2006; Matias,
1989), gender differences (Fujita et al., 1980ngr& Gordon, 1998), and general marketing
and advertising campaigns (Hill, 2008). Its apglmain the food and beverage area is just
emerging. The assessment of emotional responbe tuasic tastes was an early research entry
into this application. FACS approach was appleedtudy the facial expressions of newborns to
four basic tastes (sweet, sour, salty and bittetniderstand whether or not newborns were able
to discriminate among the tastes. Newborns were talrhot only discriminate sweet from the
other tastes, but could also discriminate amongsveget tastes (Rosenstein & Oster, 1988).
MAX approach was used to determine durations aciffe (interest, disgust) facial expression

in newborns to three taste conditions, two tasteuwi (sweet, sour) and a water control. The
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sucrose stimulus elicited shorter duration in tisgaist emotion than the water and citric acid
stimulus although significance could not be detesdidue to small sample size (Fox &
Davidson, 1986). Facial coding utilizing FACS ahd Observé software has been used to
gather understanding of facial reactions to thécltastes, including umami, in adults; facial
reactions, inclusive of intensity, were comparetieédonic pleasantness ratings at different
concentrations of basic taste solutions (Wendad.e2011). The tastes, concentration of tastes,
and perceived pleasantness could be differentatddcorrelated to specific facial reactions.
Greimel et al. (2006), using FACS, suggested tidicing emotions of sadness and joy did not
change the facial expressions of adults to diffptastes (sweet, bitter and bitter-sweet),
although the induced emotions did modulate percepleasantness and intensity ratings of the
tastes.

Facial coding has also been used to measure atigdigcial responses to beverages and
tastes. In one study children’s facial responsea® wencurrently compared to their preferences,
which were assessed via a traditional rank ordehoge(Zeinstra et al., 2009). The results
demonstrated that a significant correlation exigtetiveen the frequency of negative facial
response (AUs) and a given stimulus’ rank ordefepeace, i.e. the more the stimuli was
disliked, the greater the sum of negative AUs esged. No correlation was found between rank
order and the frequency of positive or neutral Adpressed; thus, it was concluded that facial
expression was a good indicator of a lesser pededisliked stimulus but not of a greater
preferred, liked stimulus (Zeinstra et al., 2009).

Facial coding has also been used to measure erabtesponse towards food and
beverage with adults. In one study, adults’ faeigiressions were automatically analyzed

(Facereadél, Noldus Information Technology, The Netherlands)iftensity of emotional
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response towards liked and disliked foods (De Wijkl., 2012). Researchers measured changes
in emotion of participants from before and aftex ight of foods as well as before and after
tasting foods. Results suggested that facial esprvas changed more for the viewing of liked
foods than disliked foods (De Wijk et al., 2012).another study also using automatic facial
expression software (Facereademoldus Information Technology, The Netherlands),
researchers studied the facial expressions ofcgaatits in response to the consumption of
different orange juice products (Danner et al.,30Participants delivered both intrinsic

(implicit) as well as explicit responses post stimsiconsumption wherein significant differences
were seen in the mean intensity of select emofjangry, disgusted, happy and neutral state)
between juice samples.

Even though there have been emotional insightsigeedvfrom the use of facial coding in
this category, certain limitations can be identifi©bscuring portions of the face, particularly
the mouth, can reasonably happen with testingad$and beverages, as consumers would
likely be bringing food or a beverage carrier teithmouth directly prior to consumption. As
such, a time delay would be presented as videgsisahay not be accurately performed until
the item or hand is removed from the face. Addaibn such muscle movements as swallowing
or chewing may further diminish the ability to acately identify continuous facial expression. If
this is the case, study significance can be dirhedsdue to failure to collect and analyze
sufficient video footage. There has been no pratexnination of how many observations are
needed and for what length of time they shoulddsessed in order to capture accurate results

and sufficient statistical power.
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Questionnaire Emotional Assessment to Applicationfood and Beverage

Emotion-based questionnaires have been used inedyvaf research areas as described
above. Results from specific food and odor relatedies have allowed for a more in depth
understanding of the emotional connection an inldial may experience to such stimuli and its
relation to affect. It has also provided for mopgimized consumer friendly ballots that can be
easily administered to participants. Porcherot.g810) found that emotion term results
towards differently fragranced products of a madifshortened questionnaire ballot
(ScentMové™;18 terms) were comparable to the original GEOSstiprenaire (Chrea et al.,
2009) consisting of 36 terms. Furthermore, resuéiee discriminating between products
exhibiting similar acceptability scores thus allagrifor a broader understanding of consumer
product experience (Porcherot et al., 2010). OfwentMové" questionnaire studies involving
food odorant names found both matches and disccegsabetween emotions elicited via
memory linked to odorant names and actual presextechnts (Porcherot et al., 2012).

King and Meiselman (2010) found that when develg@n emotion-based questionnaire
to study foods that emotional terms consumers &sgsocwith foods were generally positive.
They found that a term list of emotion/mood basgths added value in distinguishing between
foods and food categories. Comparisons betweenifaws. least favorite foods showed that
higher acceptability (favorite) related to moreifigs term usage whereas lower acceptability
(least favorite) related to more negative term as&8y relating hedonic values to term selection
among participants, differences in emotion selectveren’t found to always correlate to
differences in acceptability scores. Results algmssted that emotion selection profiles change
with product usage; non users had different, megative emotional profiles than frequent users

who held stronger positive emotions (King & Meisaim2010).
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Studies using the EsSenBeofile™ ballot have shown a correlation between overall
food and beverage stimuli acceptability and setketaotion-based terms although these
correlations differed among product, product catggand demographics such as gender. For
example, two emotions (satisfied and disgusted)iwitnales and twenty-five positive emotions
(e.g. joyful, good, happy, pleasant) and one negamotion (disgusted) were correlated to
acceptability; the remaining terms were not cotesldo acceptability (King et al., 2010).
Further studies using the ballot showed that ematicesponses varied by stimulus type, e.g.
food names and foods tasted. It was also showrethation response to stimuli was highly

reliable in replication when re-tested at a lat#tedone week later) (Cardello et al., 2012).

Emotions, Food Behavior, Obesity and Health

Emotions are an underlying issue with food reldtedaviors that are associated with
health and obesity issues. Emotions have been stwinfluence types of foods eaten as well as
amount, while eating has been shown to influenckragulate emotions (Macht, 2008).
Previously highlighted above, energy-dense foodk sugar and fat induce positive affective
response promoting consumption while other tagsespitter, induce negative affective response
and encourage rejection (Rosenstein & Oster, 19&8ner, 1979; Steiner et al., 2001). As
further discussed by Macht (2008), emotions caregmse food intake in certain individuals
while reducing the amount in others. For exammstrained eaters eat more food as a
consequence of fear and negative moods than ntnaired eaters (Greeno & Wing, 1994;
Heatherton et al., 1998; Rotenberg & Flood, 1998rd\& Mann, 2000); restrained eaters are
identified as persons who have a continuous eathgvior pattern and food-thoughts focused
on a goal to reduce or maintain body weight (Her&@aviack, 1975). Other studies where

individuals were self-identified through the Dut€ating Behavior Questionnaire (DEBQ) (Van
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Strien et al., 1986) as emotional or non-emoti@adtrs, showed higher consumption of high-
fat, sweet foods in response to stress in emotieai@rs than non-emotional eaters (Oliver et al.,
2000; Wallis & Hetherington, 2009). Another studsyich assessed high emotional eaters
identified through self-report survey, found gendeierences wherein females identified stress
and males identified boredom or anxiety as reagmmsmotional eating; both genders stated that
emotional eating resulted in poor, unhealthy fobdices (Bennett et al., 2013). It has also been
shown that meals consumed in a positive or negatived influenced selection of larger size
meals as compared to neutral state (Patel & Schl@f@1). The results of the compilation of
these studies and others suggest that emotiohg ifodd experience may be tied to increased

weight and obesity.

The incidence and continuing rise of obesity inth8. has been of great concern,
particularly among children and adolescence. Th#&Nal Center for Health Statistics 2009-
2010 data indicated that approximately 17% of c¢kiddand adolescents were obese (Ogden,
2012). Additionally the American College Health Asmtion recently indicated that 22% of
college students were categorized as overweight 1086 being considered obese (American
College Health Association, 2009). Rationale fan@@n among a young population can be
associated with data that suggests being overwergiitese in childhood and adolescence can
lead to elevated risks of health problems, inclgdiardiovascular disease and diabetes, during
periods of growth and into adulthood (Hannon et2405; Juonala et al., 2011; Rocchini, 2002,

2011).

Sugar Sweetened Beverages, HFCS, and Obesity
The onset of obesity has led to questions of whyetls such progression. There is some

belief that there is a link between obesity andatesumption of sugar-sweetened beverages
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(Berkey et al., 2004; Ludwig et al., 2001; Schudtral., 2004). This is further influenced by
believed associations between positive induced iemoand sweetness (Rosenstein & Oster,
1988; Steiner, 1979). Research has suggestedahstimption of sugar-sweetened beverages
among children and adolescents may contribute tghivgain, which is likely caused by the
increase in overall calorie intake (Berkey et2004; Ludwig et al., 2001). Conversely, the
removal off SSB from diet has been shown to deereasght in adolescents, with increasing

weight loss benefits for increasing initial bodyigha (Ebbeling et al., 2006).

The incorporation of high fructose corn syrup (HF@S a sweetening agent in these
beverages has been of concern. There is both degsitiport (Bocarsly et al., 2010; Bocarsly et
al., 2010; Bray et al., 2004) and discredit (Foeskeal., 2007; Klurfeld et al., 2013) for the
connection between HFCS and obesity. Nevertheb#38S is used in many beverages, which

are often marketed for consumption by young aduits children (Wiehe et al., 2004).

The Emotional Conflict of Healthy and Indulgent Choes

Knowledge of positive emotional and questionalalgtietive (Drewnowski & Bellisle,
2007) associations of sweetness as well as SSRBiegnt®n and their possible link to obesity,
particularly in children, has caused conflict. Rerimore, SSB availability and consumption has
quickly increased over the years coinciding with tibesity epidemic (French et al., 2003;
Nielsen & Popkin, 2004). Health advocacy of betiaing habits for children and adolescents
has pushed for improved food choices and removalSB at school settings (Fried & Nestle,
2002). The way to implement such changes is deleat@ne could argue that removing all SSB
and HFCS products would be a solution, particulamhge it's been shown that removal of SSB
can help decrease weight in adolescents (Ebbeliah, 2006). At the same time it's debatable

whether all SSB are really ‘villainous’. For exampbne particular product within recent debate
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on whether it should be a school beverage optiesweetened (chocolate) flavored milk.
Flavored milk, often sweetened with HFCS, has breported as a top source of SSB for
Americans over age two alongside soda, fruit dritéa, coffee, and energy/sports drinks (Miller
et al., 2013). Flavored milk is also a nutrientsebeverage. Removing it from school settings
may further reduce the consumption of fluid milleaadl, as indicated by recent studies
(Patterson & Saidel, 2009; Quann & Adams, 2013}k consumption has already been steadily

decreasing over the years (Sebastian et al., ZgQart et al., 2013).

Milk Consumption and Health
Milk is a healthy product providing 9 essentialnmrits, vitamins and minerals including

proteins and valuable lipids. Milk consumption bagn declining throughout the years,
particularly among children and adolescents (Sebast al., 2010; Stewart et al., 2013).
Generational differences have shown that for eaching generation, milk consumption has
decreased further compared to the generation hefosedecrease has been attributed to the
frequency of consumption occasions and not nedbsta portion size per occasion. Potential
sources for the generationally associated decteasebeen connected to the increasing amount
of alternative beverage options available to eash generation, e.g. sports and soft drinks

(Stewart et al., 2013).

Significant decreases in the number of childrenastmlescent populations consuming
fluid milk has been found through comparisons ofdd8sumption based survey data across the
years. From 1977-1978 to 2005-2006, there was iedse of approximately 10% and 28% in
the number of individuals aged 2-11 and 12-19 comsg fluid milk, respectively; additionally,
there was a significant decrease by almost hatiean milk intake between the same time

frames for the adolescent aged individuals. Appnately 50% of milk consumption overall
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(2005-2006) was from unflavored fluid milk consuimptwith 28% and 17% coming from
flavored (sweetened) fluid milk for individuals aj2-11 and 12-19, respectively (Sebastian et

al., 2010).

Studies have suggested that milk consumption, ttiraad indirectly, in children and
adolescents, can lead to beneficial health ben&féata have suggested that women with a higher
consumption of dairy products during adolescenckimio adulthood had a lower associated risk
of acquiring type two diabetes than women who hbkmhar consumption of dairy products
during adolescence (Malik et al., 2011). A studyestigating increased milk intake in
adolescent girls found that increased milk consiongignificantly enhanced bone mineral
density and content which could positively enhaiutere peak bone mass (Cadogan et al.,
1997). Additionally, nutrients associated with nilinsumption, such as calcium, have been
associated with reduced blood pressure in chilf@iiman et al., 1995). As such, there is a
conflicting balance between the health benefitsrafouraging individuals, particularly children
and adolescents, to drink low-fat milk options (ursive of flavored milk), while discouraging

SSB intake overall.

This supports the need for insight into ways tooemage healthy levels of consumption
of ‘good for you’ low-fat fluid milk options for adts and particularly children and adolescents.
Emotional response is one avenue to help identifiyces of disparity that may be occurring.
There is some literature on the subject of emoticesponse to fluid milk and its influence on
preference ratings (Seo et al., 2009) but thealitee overall is very limited as studies are just

starting to be performed with this emotional oljeein mind.
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Chapter 3: Characterizing Consumer Emotional Respose to Flavored and Unflavored
Milk through an Emotion Based Questionnaire

Abstract

Flavored milk in school food service settings hexeived significant media attention
because of higher caloric content, mostly from Hrgletose corn syrup, and questions about
contributions to childhood obesityhe goal of the experiment was to characterize emait
response to unflavored (white) vs. flavored (chat®)l milk as compared to reported behavior
and hedonic preference for a young adult populabdretter understand the current sentiment
and potential disconnect between milk intake arpiability. Participants (n=48) consumed
chocolate and white milk (1% fat) and selected sheck all that apply (CATA) method,
emotional terms (n=43) from a list describing thewthey felt immediately post-consumption of
each milk sample. Participants completed demogcaghowledge and attitudes, and beverage
consumption questionnaires, and rated each saraplg a 9-point hedonic scale. Frequency in
emotional terms selection across samples were aethpar similarities (shared terms) and
differences (unique terms). Chocolate milk receigesdatistically higher (p=.0017) overall mean
acceptability score than white milk, 7.0 £ 1.5 &nd + 2.4, respectively (n=52). Gender
segmentation showed a statistically higher (p=.00d&an acceptability score for chocolate milk
than white milk within females (n=34); no statisticlifference in acceptability scores were
shown within males (n=18). Emotional term analydentified 14 frequently used terms as well
as shared terms (calm, good) across samples. Utagus were identified between the
chocolate (satisfied, happy, warm, nostalgic, ayfljj) vs. white (disgusted) milk. Gender
segmentation showed that females (n=31) differtadibetween the samples with many more
unique terms than males (n=17), while males hackatgr number of shared terms among the

samples than females, suggesting that female atelemetional response may differ.
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Emotional response may provide an added value stadeting for the acceptability of flavored
and unflavored fluid milk, suggesting an opporturnd foster the current positive response to
flavored milk by providing rationale for promoti@md continued access to low-fat flavored milk

options.

Introduction

The potential link of sugar-sweetened beverage J$8Bsumption to the rise of obesity
in the U.S. has been highly debated. The main carttas been the use of high fructose corn
syrup (HFCS) as a sweetening agent in beveragese Wme studies suggest that HFCS is
directly linked to weight gain and increased fastassociated with cardiovascular disease
(Bocarsly et al., 2010a,b; Swarbrick et al., 20D8f et al., 2004; Teff et al., 2009), a critical
review of the current published scientific litenstwn HFCS determined that much of the
available data is unreliable and that HFCS wasroessarily shown to contribute to weight
gain and obesity any differently than other enesgyrces (Forshee et al., 2007). The public
health issue of obesity, particularly among chiidaed young adults, has increased awareness of

consumer behavior, choices and emotional respane®dls.

HFCS is used in many beverages, including flavonékl products generally targeted for
consumption by young adults and children. Thesepequlations, where obesity concerns have
gained great importance, are also important tgggpulations for milk consumption. The
National Center for Health Statistics 2009-201@&datlicated that approximately 17% of
children and adolescents were obese (Ogden, 28ddjtionally the American College Health
Association recently indicated that 22% of collsgigdents were categorized as overweight with

10% being considered obese (The American CollegatiHAssociation, 2009).
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Consumption of sugar-sweetened beverages amongsagoks may contribute to weight
gain, which is likely caused by the increase inrallealorie intake (Berkey et al., 2004). As
such, beverages such as flavored milk are now mdexm relating to increased dietary HFCS and
calorie intake in these young populations. Thamtof thought has led to suggestions that
flavored milk should be removed as an option fdrod lunch programs. However, milk
provides a highly bioavailable source of protemlcim, vitamins and minerals, which are
particularly important for the growth and developrhef bones and tissues in children, teens and
young adults. Dietary calcium has been associatdtdreaduced blood pressure in children
(Gillman et al., 1995). Additionally, research adicated that the consumption of nonfat and
low-fat milk can help control weight gain, reducedly fat, and increase lean muscle mass
(Barba et al., 2005; Faghih et al., 2011; Gilbegle 2011; Hartman et al., 2007; Lorenzen et al.,

2012).

It is well recognized that milk is a valuable ntitmal beverage during these critical
years of growth and development but consumptidiuaf milk is decreasing for all age groups
and even more so with each continuing generatitew@t et al., 2013). From 1977-1978 to
2005-2006, there was a decrease of approximatéydd 28% in the number of individuals
aged 2-11 and 12-19 consuming fluid milk, respetyivadditionally, there was a significant
decrease by almost half in mean milk intake betwbersame time frames for adolescents
(Sebastian et al., 2010). There have been sewtzai@ts at nutritional and health campaigns to
motivate increased consumption of milk, e.g. “Galk®' and “Fuel up to Play 60” campaigns,
yet these have not been particularly successfililenong-term as fluid milk consumption
continues to decrease (Stewart et al., 2013). Eagement to consume milk is often attributed

to parents as they strive to help their childremdegood nutrition patterns and incorporate milk
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as part of a healthy diet; the rationale being plaaénts are recognized as having a direct
influence on child and adolescent eating behayidngman et al., 2010; Johannsen et al., 2006;
Kinard & Webster, 2012). There is still a need talerstand the important connections for

advocating and positively influencing individuatsdrink milk.

The affinity to certain foods experienced recuryemt childhood or those that are
considered comfort foods may be explained throwgyitimlogical aspirations. Long term
established pleasurable emotional and memory cdonsavith food products may be linked to
an individual's preference and interest in seekingsuch foods; likely examples being those
that exhibit sweet and fatty characteristics (R&iGohar, 2011). Additionally, the link
between an individual's anticipated or induced aomal response by a particular food may
provide rationale for the selection and consumptibthat food (Galef, 1996; Martins & Pliner,

2005; Stricker, 1990).

Little is known about the characteristics and pb&ttink of emotional response to
flavored and unflavored milk and the motivations¢onsumption or lack thereof. Thus, the
objective of the study was to evaluate emotiongpoase to unflavored and flavored milk using
a modified version of the recently created emoliased questionnaire, the EsSence Prdfile
Ballot (Cardello et al., 2012; King & Meiselman,1Zh King et al., 2010), and compare the
findings to reported behavior, knowledge and atBtiand acceptability ratings for a young
college population. The compilation of such infotima would provide for a better
understanding of young adult/college consumer viemg rationale for consumption and/or

avoidance of fluid milk choices.
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Materials and Methods
Prior to study execution, Virginia Tech InstitutadrReview Board (IRB) approval was
requested and received (IRB 12-122) (Appendix E}He use of human subjects in this

research.

Sample Preparation

Two products, unflavored and flavored (chocolab&y-fat (1%) milk, were purchased at
a local retailer (Kroger, Cincinnati, OH). Samp{approximately 10z) were portioned into 2-
ounce plastic sample cups (Monogram, Columbia, lsi#j capped. Samples were labeled with
a randomly selected three-digit code assigneddb sample type (flavored, unflavored).

Samples were refrigerated’®@) to maintain temperature.

Participant Recruitment

Students enrolled in the Food Science and Techgalodergraduate and graduate
(spring semester 2012) sensory science courses ateve recruitedStudents were recruited on
the basis that they were at least 18 years of adelia not present known allergies or
sensitivities to milk products. They were recruitegarticipate in two separate but linked
sensory experiments. This first experiment (Chapteollected demographic, knowledge,
attitudes, consumption and emotional terminology déhe second experiment, described in

detail in Chapter 4, collected hedonic and videta.da

Forty-eight individuals, the majority aged 18-22%8), 31 females (65%) and 17 males
(35%), who met recruitment criteria, participatedhe study in a designated classroom on the

VT campus. Participants provided signed consemnt poi consumption of any samples through
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the use of an informed consent form (Appendix RExidleg the procedures, objectives and

potential risks of the study.

Data Collection

Milk samples were presented to participants inlarizaed order (50% of participants
evaluated flavored milk first; 50% evaluated unfiead milk first). Participants were asked to
separately taste each sample (flavored, unflavoheuhediately after consumption of each
sample, participants used a “check all that apppproach (CATA) to select from a list of 43
emotional terms that described how they felt altoeitsample. A modified version of the
EsSenc” ballot (King & Meiselman, 2010) (Appendix A, FiguA-1) included 38 of the
original 39 EsSenc¥ ballot terms plus an additional 5 terms (AppendjFigure A-2). One
original term (glad) was removed and 5 new termgig content, fearful, sad, and safe) were
added. The term glad was considered too closehamndfore redundant to the original term
happy. Additional terms were placed in for compamito facial expression data collected in a
subsequent experiment, as described in Chaptefter. gelecting emotional terms, participants
answered demographic questions including age rayayeler and academic class standing.
Participants then completed a knowledge and a#gupliestionnaire (Appendix D, Figure D-1,
D-2, D-3) about beliefs about potential health bemef milk. Participants also completed a
beverage intake questionnaire, which captured copsan data on a variety of beverages
(Appendix A, Figure A-4). The beverage questionnaas slightly modified from (Appendix
B, Figure B-1) a previously beverage intake quest@ire (BevQ-15) that assesses amount and
frequency (daily, weekly) intake of many beveragtegories and types (Hedrick et al., 2010;
Hedrick et al., 2012); the modification added fleasb milk with sweeteners (fat free, low fat,

reduced fat) added as an additional beverage type.
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Hedonic

Hedonic data for both products was collected inl@zsequent study (Chapter 4), with
participation from most (77%) of the participamghe current experiment. Each participant,
seated in a sensory booth in the Food Science addnblogy Sensory Evaluation Laboratory,
was presented with a tray of two milk samples.iBigents followed instructions presented on a
touch screen monitor, which utilized sensory infation management (SIMS) data collection
software (SIMS2000, version 6, Sensory Computetedys, Berkeley Heights, NJ). Samples
were presented in a balanced order across pan@i¥s received chocolate-flavored milk
sample first; 50% received unflavored milk sampist). Participants consumed the first sample
in full and wait approximately 30 seconds beforeytmoved forward with the experiment. An
on screen timer, embedded on monitor, was usecet@pt the participants from moving
forward with the experiment until the time pericadhelapsed. Participants rated each sample for
acceptability on a 9-point hedonic scale (9 = enely like; 5 = neither like nor dislike; 1 =
extremely dislike). Participants were instructedifproom temperature drinking water (Kroger

Brand, Cincinnati, OH) between samples.

Mean hedonic values and standard deviation foradiveopulation (n=52) as well as per
gender were calculated. Distribution normality wested using a Shapiro-Wilk goodness-of-fit
test. A two-tailed paired t-test was used to diatily compare means and determine significant
differences (p<0.05) in acceptability between sasbr overall population as well as per
gender. A percent frequency response for each hedating value (1-9) was calculated for both

samples to visualize acceptability distributionrgnal vs. right tailed vs. left tailed).
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Emotional Term Selection and Trend Analyses

Count frequency and percent frequency in seleafaach emotional term were
calculated per sample (flavored, unflavored). Assiication system was developed and defined
to further partition term selection data to invgate trends in term usage and potential
association with milk type. Terms were classifisdfaequently used” or “infrequently used”
term. If a term was considered to be frequentlyuseould also be defined as a “shared” or a
“unique” term. A frequently used term was classifés a term exhibiting greater than 20%
selection frequency for at least one milk sampleshared term exhibited greater than 20%
selection frequency for both samples and less 8&amlifference in selection frequencies
between samples. A unique term exhibited greltar 20% selection frequency for one sample
and greater than 15% difference in selection fraquérom the other sample (Table 3-1). The
classified terms were then tabulated and grapheoverall comparison of the similarities and
differences between flavored and unflavored milen@er differences in term selection per

product were evaluated in the same manner.

Table 3-1. Definition of Emotional Term Selection (assification for Participant Response
to Modified EsSence Profile Ballot for Flavored andJnflavored Milk
Term Selection Definition

Classification

‘Frequently’ Selected >20% selection frequency for at least one milk Samp
Term
‘Shared’ Term >20% selection frequency for both gles and < 8%

difference between sample frequencies

‘Unique’ Term >20% selection frequency for one sample and > 15%
difference in frequency from the other sample
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Additionally, term selection was partitioned basedhedonic scores for each milk
sample. Participant-selected CATA terms for eadk product were segmented into three
categories: terms associated with product ratédandisliked’ hedonic range of 1 to 4, neutral
response (hedonic score of 5), and ‘liked’ hedoange of 6 to 9. The percent frequency in
response for each term was calculated for eachriiedategory. Modified classifications,
similar to those described above (Table 3-1), wasexl for comparison between the ‘liked’ and
‘disliked’ sample groups. A frequently used termsvedassified as a term exhibiting greater than
20% selection frequency for either the ‘liked’ disliked’ group. A shared term exhibited
greater than 20% selection frequency for both gedliked, disliked) and less than 8%
difference in selection frequencies between grdlisd, disliked). A unique term exhibited
greater than 20% selection frequency for one gemgogreater than 15% difference in selection

frequency from the other group.

A penalty-lift analysis (Meyners et al., 2013) wesd to estimate the average change in
liking score based on whether a term was checkedtochecked across both samples. This was
done by segmenting the population per term betwbservations for participants who checked
the term and who did not check the term. The hedor@an value of observations of participants
in the ‘not checked term’ group was subtracted fthenhedonic mean value of observations of
participants in the ‘checked term’ group. This detiean was graphically compared across terms
to relatively compare the increase or decreas&imglassociated with selection of each term
analyzed. This analysis was competed for 16 tefnrgerest. These terms were considered
frequently used across the two milks sample arfddguently used across ‘liked’ and ‘disliked’
milk samples as determined by the classificatioesu$sed above. The results of the penalty-left

analysis were compared to the results of the téassification analysis across the ‘liked’ and
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‘disliked milk samples to validate reliability o#tim selection classification using the defined

parameters.

Knowledge and Attitudes Survey

Data from the knowledge and attitude survey waslédbd per participant. Percentage
response for the overall population was calculatddrms of degree of agreement or
disagreement on a 1-5 rating scale with three oailegof statements associated with milk and
dairy beverages- a) “I believe” statements (strptgllieve; moderately believe; weakly believe;
do not believe; don’t know); b) Attitudes (stropglgree; moderately agree; weakly agree; do
not agree; don’t know); and c) General Beliefsofsgjly agree; moderately agree; neither agree

nor disagree; moderately disagree; strongly digggre

Percent frequency in response to particular cajegfatements from the survey was
cross-referenced with hedonic data for trend amalysvestigation was done to understand the
potential correlation between agreement/disagreemiéim a negative/positive attribute and the

influence or lack thereof to hedonic liking ratin@ategory statements of interest included:

1) I believe that milk, specifically flavored milkspdot provide health benefits

2) | believe that milk, specifically flavored milksyqvide excess calories from sugar
3) Flavored milks should not be included in primarysecondary lunch programs

4) Flavored milks should not contain high fructosencsyrup

5) Milk is a healthy nutritional component of my norindéet

Beverage Intake Survey
Data collected from the modified beverage intakestjonnaire (BevQ-15) were

analyzed as described by Hedrick et al. (2010, R0TBe frequency (“How often”) which
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participants consumed a beverage was convertedadyaunit and was multiplied by the
amount consumed (“How much each time”) to calcuat@verage daily beverage consumption
in fluid ounces. This was then converted to energy grams using average kilocalories and
grams per fluid ounce determinations for each syetype. For SSB calculations, aggregation
of data from all beverages containing added sugasssummed (Hedrick et al., 2010). For the
flavored milk category calculations, 19.75 and 3lwas used as the average kilocalories and

average grams per fluid ounce, respectively.

The total overall average beverage daily intakdiuid ounces (fl. 0z.), and associated
average daily kilocalories (kcal) were calculated participant and a population mean was
subsequently calculated. In the same manner, takagerage SSB daily intake (fl. 0z.) and
associated average daily kcal from SSB were cdkdlper participant and a population mean
was subsequently calculated. The degree of midkkmtaverage daily milk consumption (fl. 0z.),
and associated average daily kcal from milk weteutated per participant per milk type
(flavored, unflavored) including whole milk, 2% mjl1% milk and skim milk. A population
mean of daily milk fluid ounces and daily milk kilalories was calculated and compared
between flavored and unflavored milk. The unflavbnelk intake data per participant was
compiled from intake data separately calculatecedmh unflavored milk option (whole milk,
2% milk, 1% milk and skim milk) wherein the averadgly milk fluid ounces and associated
average daily milk kilocalories was calculated participant per unflavored milk option; 2%
milk being considered reduced fat milk and 1% naifid skim milk being lumped together in a
single group as low fat/fat-free milk. A populatiorean of daily milk fluid ounces and daily
milk kilocalories was calculated and compared betweach unflavored milk option (whole,

reduced, and lowfat/skim).
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Results
Milk Acceptability

Hedonic scores for each milk sample did not foleowormal distribution as determined
by a Shapiro-Wilk goodness-of-fit test (p< 0.000Bft-skews were shown for both milk
samples reflecting a presence of outliers in tieelaail (Figure 3-1). The chocolate-flavored

milk did not receive any ratings below 4. The agerahedonic score (n=52) for chocolate-

flavored milk (7.0 1.5) was equivalent to a “liked moderately” ratirfycceptability was higher

(p=.0017) than for unflavored milk (5.72.4), which fell between “neither liked nor disliKe
and “liked slightly”. Gender segmentation showestatistically higher mean acceptability score

(p=.0047) within females (n=34) for flavored (7.Q.5) than unflavored milk (5.42.6); there
was no difference (p>0.05) in acceptability withiales (n=18) for the flavored (7.21.7) and

unflavored (6.2 2.0) milk.
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Figure 3-1. Overall Hedonic Rating Percent Responder Chocolate Flavored and
Unflavored Milk (n=52); 1= dislike extremely, 5= neither like naslike, and 9= like extremely
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Emotional Term Selection and Trend Analyses

A large proportion of the emotional terms (67%;d2%3 terms) was selected by at least
10% (5 or more participants) for either flavoreduaflavored milk (Figure 3-2). The fourteen
remaining terms selected less than 10% of the fiimboth samples (count frequency < 5 for
each sample) included adventurous, affectionatgreagive, angry, daring, fearful, guilty,
loving, merry, sad, tame, tender, understandind,vefd. The count frequency results for all

terms are tabulated in the Appendix (Appendix yl&&C-1).

Fourteen terms were frequently selected (counugaqy 10), including content, calm,
satisfied, pleasant, happy, good, warm, peacelehsed, nostalgic, joyful, disgusted, quiet, and
good-natured (Table 3-2). The frequency in seleatibthese terms illustrated similarities and
differences in emotional language associated witicolate and unflavored milk (Figure 3-3).
Two shared terms were identified (calm, good); fiméque terms were associated with chocolate
milk (satisfied, happy, warm, nostalgic, and joyfahd one unique term was identified for
unflavored milk (disgusted) (Table 3-3). The teqleasant and content were borderline shared
terms; they each exhibited greater than 20% fregyuéar both samples and had a difference in

frequency of selection between samples that wasoappately 11% (count difference of 5).
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Figure 3-2. Count Frequency of Emotional Terms Setded for 1% Low-fat Chocolate

Flavored and Unflavored Milk (n=48); 29 terms depicted in figure exhibited geedhan 10% frequency
selection (count frequency5) across participants for at least one milk samnpider of terms in figure is based on
frequency of response for flavored milk rangingnirbigh to low; 43 total terms were presented tdigipants in a

‘check all that apply’ method using a modified efmntbased questionnaire created from the EsSermfibeP

Ballot (King & Meiselman, 2010)
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Figure 3-3. Differences in Count Frequency of ‘Fregently’ Selected Terms for 1% Low-fat

Chocolate Flavored and Unflavored Milk(n=48); 14 terms depicted in figure classified fasquently’
selected terms exhibiting greater than 20% seledtexuency for at least one milk sample (courgdiency 10);
43 total terms were presented to participants‘@neck all that apply’ method using a modified eiontbased
questionnaire created from the EsSence Pfffigallot (King & Meiselman, 2010).

Count frequency by gender identified 13 and 15desly used terms for females and
males, respectively (Table 3-2). There were 10 $antich were classified as frequently
selected across genders, with 5 additional terms&des (bored, good-natured, mild, polite,
quiet) and 3 for females (disgusted, joyful, whdle)s suggesting gender influences. Males on
average selected approximately 6 terms per sangplpgsticipant while females on average
selected approximately 7 and 5 terms per flavoretumflavored milk sample, respectively, per
participant. Further analysis of this subset afterdentified two shared terms for females and
ten shared terms for males (Table 3-3). For fesjaieique terms were identified between the

chocolate-flavored (content, happy, warm, peaceleqsed, pleasant, satisfied, joyful) vs.
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unflavored (disgusted) milk. For males, unique temere identified solely with the chocolate-
flavored (satisfied, warm, nostalgic) milk (Tabl&8B These differences in shared and unique
terms between genders further suggested gendefispstinctions. Since the overall
population was majority females (65%), overall pagon term classifications were heavily

female gender influenced.

Table 3-2. Overall and Gender Based ‘Frequently’ Sected Terms for 1% Low-fat
(Chocolate) Flavored and Unflavored Milk
Participant | Frequently Selected Terms

Overall content, calm, satisfied, pleasant, hagpypd, warm, peaceful,
pleased, nostalgic, joyful, disgusted, quiet, anddgnatured

Female calm, content, disgusted, good, happy, joy@stalgic,
peaceful, pleased, pleasant, satisfied, warm, whole

Male bored, calm, content, good, good-natured, Zwamidd, nostalgic,
peaceful, pleased, pleasant, polite, quiet, satistvarm

n=48 overall; n=31 females, n= 17 males; ‘Frequesglected term exhibited greater than 20% sealadtiequency
for at least one milk sample; 43 total terms wersented to participants in a ‘check all that appigthod using a
modified emotion based questionnaire created filwerBsSence Profile Ballot (King & Meiselman, 20100te:
Classifications were considered separately withicheparticipant type- overall population, male, &éen
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Table 3-3. Overall and Gender Based ‘Shared’ and ‘bique’ Terms Selected for 1% Low-
fat (Chocolate) Flavored and Unflavored Milk

Participant Shared Term Unique Term (Flavored) | Unique Term
(Unflavored)

Overall Calm, good Satisfied, happy, warm, | disgusted

Population nostalgic, joyful

Female Calm, good Content, happy, warm, | disgusted

peaceful, pleased,
pleasant, satisfied, joyful

Male Calm, content, Satisfied, warm, nostalgic  (none identified)
good, good-
natured, happy,
mild, peaceful,
pleased, pleasant,
quiet

n=48 overall; n=31 females, n= 17 males; 43 t@ahs were presented to participants in a ‘checthatl apply’
method using a modified emotion based questionmagated from the EsSence PrdfileBallot (King &
Meiselman, 2010); Shared term exhibited greater #2%6 selection frequency for both samples andthess 8%
difference in selection frequencies between samplaegue term exhibited greater than 20% seledtiequency
for one sample and greater than 15% differencelaction frequency from the other sample.

*Note: Classifications were considered separatétfiiveach participant type- overall population,lepdemale.

Emotional terminology selection, based on hedooiressegmentation distinguished
term indicative of positive (hedonic rating of ‘&l slightly” or higher) and negative (rating of
“disliked slightly” or lower) affective response mailk products, regardless of flavored or
unflavored. Fifteen frequently selected termseitiner the ‘liked’ or ‘disliked’ milk sample
were identified (Figure 3-4). Three shared ternm({fynatured, peaceful, quiet) while unique
terms were identified between the ‘liked’ (calmntant, friendly, good, happy, nostalgic,
pleased, pleasant, satisfied) vs. ‘disliked’ (d&tgd) milk sample (Table 3-4). The terms warm
and bored were borderline unique terms for thedliked disliked milk sample, respectively;
warm and bored had differences in frequency ofcsiele between samples that were

approximately 11% and 14%, respectively.

54



= Disliked milk sample Liked milk sample

Disgusted

Content

Friendly, Bored

Calm

Good

Good-nature Pleasant

Peaceful

Quiet

Figure 3-4. Differences in Percent Frequency of ‘Fequently’ Selected Terms for ‘Liked’

and ‘Disliked’ Milk Samples; Participants rated two milk samples, 1% low-fatabiate-flavored and
unflavored milk on a 9-point liking scale (9- extrely like; 5- neither like nor dislike; 1- extrergadislike); milk
sample categorized as ‘liked’ or ‘disliked’ if arfiaipant rated the sample 6-9 or 1-4, respectiveh87
participants; n= 74 hedonic total responses (n#k@d samples, n= 14 disliked samples); ‘Frequésyected
term exhibited greater than 20% selection frequdocgt least one milk sample; 43 total terms waesented to
participants in a ‘check all that apply’ methodngsa modified emotion based questionnaire created the
EsSence Profile Ballot (King & Meiselman, 2010)

Table 3-4. Shared and Unique Terms for ‘Liked’ andDisliked’ Milk Samples

Shared Terms- ‘Liked’ Unique Term-‘Liked’ Sample Unique Term- ‘Disliked’
and ‘Disliked’ Sample

good-natured, peaceful, | calm, content, friendly, good, disgusted
quiet happy, nostalgic, pleased,
pleasant, satisfied

Participants rated two milk samples, 1% low-fatatiate-flavored and unflavored milk on a 9-poiktrig scale (9-
extremely like; 5- neither like nor dislike; 1- eadnely dislike); milk sample categorized as ‘liked disliked’ if a
participant rated the sample 6-9 or 1-4, respelgtive=37 participants; n= 74 hedonic total respense= 60 liked
samples, n= 14 disliked samples); Shared term #@gHilgreater than 20% selection frequency for Isatples and
less than 8% difference in selection frequencigwéen samples; Unique term exhibited greater tii#h gelection
frequency for one sample and greater than 15%rdiffee in selection frequency from the other sampitotal
terms were presented to participants in a ‘chelcthat apply’ method using a modified emotion bagadstionnaire
created from the EsSence ProfileBallot (King & Meiselman, 2010).
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Penalty-lift analysis showed that two terms, dstgd (-3.38) and bored (-0.53), had
negative penalty towards hedonic data upon selectibe term quiet (-0.02) also had a negative
mean difference but this difference was very miniaral close to zero. The two smallest
positive values were for the terms peaceful andlgwdured at 0.35 and 0.53, respectively. The
remaining terms analyzed had positive mean diffe¥enclose to or greater than one, between
observations of participants who selected the tesnobservations of participants who did not
select the term for either milk sample. The higlpestitive differences were seen in the terms

pleased, happy and joyful at 1.50, 1.34, and le2feactively.
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Figure 3-5. Penalty-lift Analysis for 1% Low-fat Chocolate Flavored and Unflavored Milk
(n=74 total observations; n=37 flavored milk, na8iflavored milk);The values indicate the difference in mean
hedonic value of observations for which an emotiteran was checked, compared to observations factwitat
emotional term was not checked. In one sessioptéBterms were presented to participants in ac&hall that
apply’ method using a modified emotion based quoastire created from the EsSence PrBfilBallot (King &
Meiselman, 2010) to capture emotional term seladtiata towards 1% low-fat flavored and unflavoretk most-
consumption. In a second session, participants theetwo milk samples, 1% low-fat chocolate-flaagand
unflavored milk, on a 9-point liking scale (9- estnely like; 5- neither like nor dislike; 1- extreipélislike).

Knowledge and Attitudes toward Milk

Tabulated results for percent frequency in agre¢ried disagreement towards all
statements are shown in the Appendix (Appendix &hlds D-1, D-2, D-3). For the “I believe”
statements, the majority of participants strongiidved that milk delivers calcium for strong

bones (77%) and vitamin D and for enhancing boratih¢66%). The majority moderately

believed that milk contains 9 essential nutrieatsaintain life (56%) and delivers high value
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proteins for strong muscles (52%). The majority miod believe that milk contributes to obesity

in the U.S. population (60%) and that flavored mitlo not provide health benefits (56%). A
combined majority strongly believed (33%) and matkdy believed (46%) that milk delivers

high value proteins for strong muscles. A combinegority strongly believed (38%) and
moderately believed (40%) that flavored milks pdevexcess calories from sugar. Responses to
the remaining four “I believe” statements showedy/vay levels of agreement and disagreement

without any majority distinction.

For the attitude statements, the majority strorgjseed that flavored milk should not
contain high fructose corn syrup (63%) and thatetsthould be a variety of dairy-based
beverage options in primary and secondary schoehlprograms (58%). A majority (60%) did
not agree that flavored milks should not be inctlgleprimary or secondary school lunch
programs. A combined majority strongly agreed (33% moderately agreed (33%) that there

is a need for more dairy-based beverages in vendaxhines (not limited to school settings).

For all the general belief statements, a majotityngly agreed or a combined majority
strongly and moderately agreed with them. One qaer belief wherein a combined majority of
participants strongly agreed (33%) and moderatgtged (27%) was in direct conflict with
intake results; this belief being that milk is altley nutritional component of my (the
participant’s) normal diet. Although participantdarred from the agreement of this belief that
they incorporated milk into their diets, intakeuks showed that participants consumed very

little milk on an average daily basis (Table 3-5).
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Table 3-5. Average and Range of Daily Fluid Ouncdsr Dairy Fluid Milk Intake in a
Young Adult College Population

Milk Type Average + SD Average Daily Fl. Oz. Range
Daily Fl. Oz.
Unflavored (overall) 5.01 £ 7.06 0-32.6
Unflavored (whole fat) 0.56 + 2.01 0-12.0
Unflavored (reduced fat) 2.01 £5.46 0-32.0
Unflavored (lowfat/fat free 2.45 + 2.45 0-16.0
Flavored (fat free, low fat, 0.21 +0.61 0-2.86
reduced fat)

n= 48; aged 18+, majority (92%) aged 18-25 31; temé65%) and 17 males (35%); Based on resportse an
scoring instructions from modified Beverage Int&keestionnaire (BevQ-15) (Hedrick et al., 2010; Heldet al.,
2012) with inclusion of flavored milk (fat free,Wofat, reduced fat) with sweeteners; whole fatl ffat), reduced fat
(2%), lowfat/fat free (1% and skim).

Cross referencing of hedonic data (n=37) with agesd and disagreement concerning
beliefs about milk showed both congruent and daot trends between response type and
mean hedonic scores. An inverse trend was showthéanegatively phrased statement that
flavored milk does not provide health benefits. Méadonic score tended to decrease from
participants who did not believe (7.30) to thosewteakly believed (7.13) to those who
strongly or moderately believed (6.50) (Table 3t6)other words, overall, the more strongly a
participant believed that flavored milks do not\ypd® health benefits, the lower the milk
acceptability score was for flavored milk; this gagts that agreeing with this (negative) belief
did provide an expected discouragement towardsféa/milk acceptability. Participants who
strongly or moderately believed that milk, speeifig flavored milks, provides excess calories
from sugar, had a higher overall mean hedonic $G008 and 7.44, respectively, than
participants who weakly believed the statemen# §Téble 3-7); suggesting that agreeing with

this (negative) belief did not necessarily provéaieexpected discouragement towards flavored

milk acceptability, but rather, conversely, may édawreased acceptability ratings.
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Table 3-6. Mean Hedonic Scores for Varying GroupsfoAgreement and Disagreement for
the Statement “I Believe that Milk, Specifically Flavored Milks, Do Not Provide Health
Benefits”

Response Group Percent response  Flavored Milk Meadedonic
Strongly or Moderately
Believe 22% 6.50
Weakly Believe 22% 7.13
Do Not Believe 54% 7.30

n=37; In one session, participants rated from ¥ much they agreed or disagreed with a set oérsiants
concerning knowledge, attitudes and general belefards milk and milk products. In a second segsio
participants rated two milk samples, 1% low-fat @blate-flavored and unflavored milk on a 9-poiktrig scale (9-
extremely like; 5- neither like nor dislike; 1- eaanely dislike) post consumption.

Table 3-7. Mean Hedonic Scores for Varying GroupsfoAgreement and Disagreement for
the Statement “I Believe that Milk, Specifically Flavored Milks, Provide Excess Calories
from Sugar”

Response Group Percent response  Flavored Milk Meardedonic

Strongly Believe 30% 7.09
Moderately Believe 43% 7.44

Weakly Believe 24% 6.44

n=37; In one session, participants rated from b much they agreed or disagreed with a set oérsiants
concerning knowledge, attitudes and general beifsrds milk and milk products. In a second sessio
participants rated two milk samples, 1% low-fat @blate-flavored and unflavored milk on a 9-poikirig scale (9-
extremely like; 5- neither like nor dislike; 1- eadnely dislike) post consumption.

No directional trend was seen between mean acdéptal flavored milk and varying
levels of agreement of disagreement towards tliteidetthat flavored milks should not be
included in primary or secondary school lunch paogs. Mean hedonic score of flavored milk
for participants who strongly or moderately agrégd3) showed little difference from those that
weakly agreed (7.20) or from those that did noeadi.08) (Table 3-8). Similarly, no
directional trend was seen between acceptabilifiagbred milk and varying levels of
agreement of disagreement towards the attituddlthettred milks should not contain high
fructose corn syrup. Mean hedonic score of flavond#d for participants who strongly agreed
(7.17) showed minimal difference from those thatierately agreed (6.67) or from those that

weakly agreed or did not agree (7.29) (Table 3-9).
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A directional trend was seen between mean accdipyadfiunflavored milk and varying
levels of agreement or disagreement towards thensent that milk is a healthy nutritional
component of my (the participant’s) normal diet.avidnedonic score tended to decrease from
participants who strongly agreed (6.82) to those wioderately agreed (6.73) to those who
neither agreed nor disagreed (4.80) and furthdrdse that moderately or strongly disagreed
(4.60) (Table 3-10). In other words, overall, thermstrongly a participant suggested that they
identified milk as healthful part of their dietgtihigher the milk acceptability score was for
unflavored milk, suggesting that the healthy cdnitions of provided encouragement towards
unflavored milk acceptability. No directional teewas seen for flavored milk as mean hedonic
score decreased then increased from participarassivbngly agreed (7.91) to those that
moderately agreed (6.36) to those that neitheregigner disagreed (6.80) to those that
moderately or strongly disagreed (7.20) (Table B-10
Table 3-8. Mean Hedonic Scores for Varying GroupsfcAgreement and Disagreement for

the Statement “Flavored Milks Should not be Include in Primary or Secondary School
Lunch Programs”

Response Group Percent response Flavored Milk Meatdedonic
Strongly or Moderately
Agree 22% 7.13
Weakly Agree 14% 7.20
Do Not Agree 65% 7.08

n=37; In one session, participants rated from DWW much they agreed or disagreed with a set oéistants
concerning knowledge, attitudes and general beigfsrds milk and milk products. In a second sessio
participants rated two milk samples, 1% low-fat @blate-flavored and unflavored milk on a 9-poikirig scale (9-
extremely like; 5- neither like nor dislike; 1- eadnely dislike) post consumption.
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Table 3-9. Mean Hedonic Scores for Varying GroupsfoAgreement and Disagreement for
the Statement “Flavored Milks Should Not Contain Hgh Fructose Corn Syrup”

Response Group Percent response Flavored Milk Medfedonic
Strongly Agree 65% 7.17
Moderately Agree 16% 6.67
Weakly Agree or Do Not 19% 7.29
Agree

n=37; In one session, participants rated from DWW much they agreed or disagreed with a set oéistants
concerning knowledge, attitudes and general belefards milk and milk products. In a second segsio
participants rated two milk samples, 1% low-fat @blate-flavored and unflavored milk on a 9-poiktrig scale (9-
extremely like; 5- neither like nor dislike; 1- eaanely dislike) post consumption.

Table 3-10. Mean Hedonic Scores for Varying Groupsf Agreement and Disagreement for
the Statement “Milk is a Healthy Nutritional Component of My Normal Diet”

Percent Unflavored Milk Flavored Milk
Response Group response Mean Hedonic Mean Hedonic
Strongly Agree 30% 6.82 7.91
Moderately Agree 30% 6.73 6.36
Neither Agree nor
Disagree 14% 4.80 6.80
Moderately or Strongly
Disagree 27% 4.60 7.20

n=37; In one session, participants rated from b much they agreed or disagreed with a set oérsiants
concerning knowledge, attitudes and general belefards milk and milk products. In a second segsio
participants rated two milk samples, 1% low-fat @blate-flavored and unflavored milk on a 9-poiktrig scale (9-
extremely like; 5- neither like nor dislike; 1- eaanely dislike) post consumption.
Beverage Intake Survey

On average, participants consumed approximatelgrsaud a half cups (60.7 fl. 0z.) of
fluids daily, translating to a daily average of eppmately 368 kilocalories (Appendix C, Table
C-2). Approximately 15% of the average daily begeratake and 27% of the average daily
beverage kilocalories were attributed to the corsiion of SSB (sweetened juice

beverage/drink, soft drinks, sweetened tea, cofite cream and/or sugar, flavored milk with

sweeteners).
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The average daily consumption of milk, both flawbesd unflavored, across participants
was approximately 2/3 cup (5.22 fl. 0z.) whichawér than the recommended intake of 3 cups
of dairy for males and females aged 9 and over (RSID13).Overall milk consumption
accounted for approximately 8.6% of the averagly t@verage intake and 22% (82.45
kilocalories; 78.24 unflavored, 4.21 flavored) bétaverage daily beverage kilocalories. Most of
this volume was unflavored milk and most was redue¢ (2%), lowfat (1%) or fat free (skim)
with an average daily intake of a little less ti248 cup (5.01 fl. 0z.) (Table 3-5). There was
large variability for intake with the average dainge for the combined intake of all milk types

per participant falling between 0-32.6 fluid ounces

Discussion

Emotional Term Selection

The term selection classification definitions waoe selected based on previous
methodology but based on initially assessing thia dad approximately gauging where levels of
parity and levels of difference fell overall. Tlrevél of 20% was used as a boundary parameter
since this was the original criteria used to depéle original EsSence Ballot questionnaire by
narrowing down a larger list of terms by frequentyse, i.e. at least 20% selection checklist
frequency (King & Meiselman, 2010). The 15% (unigaed 8% (shared) parameters were
selected based on the desire for percentagexibddiergence and similarity among selection,
respectively. These definitions are by no meanseasize fits all approach, but a starting point
to begin to qualitatively judge differences anditanities in the given CATA data. Changes to

percentages within the definitions may be deem@dogpiate for different stimuli.
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The emotion based questionnaire results suggpsiats of parity and differentiation in
emotional response between the samples for thalbpepulation as well as within gender. Due
to the majority of our population being represertitgdemales, it is likely that the population
response was heavily female influenced. Nevertbetdear distinctions were seen between
samples suggesting that participants had divergmotional connections towards flavored and
unflavored milk, with males showing less divergernoehe present study, both males and
females on average had about the same selectiemad per participant across samples (12
terms selected/ participant) but females were divierare expressive about differences in
samples while males were more expressive aboulssities. Gender differences may be partly
explained by the theory that males and femalediffggent signals in defining their own
emotional state (Pennebaker & Roberts, 1992). &estrdies about gender differences have
suggested that females have a tendency to be mmwomally expressive than males when
viewed through a variety of measures (e.g. eleggography, rating of non-verbal facial
expression, self-report ratings) as referenceddssulissed in Kring and Gordon (1998); the
results of their own two studies showing significgander differences in intensity of facial
expressions to visual stimuli but self-reports xgperienced emotion did not show significant
gender differences (Kring & Gordon, 1998). Furtsterdies described in Kring and Gordon
(1998) investigating emotion differences within denfound that females are more expressive
of specific emotions including that of disgust (Eugt al., 1980; Rotter & Rotter, 1988; Tucker
& Riggio, 1988; Wagner et al., 1993, 1986; Zuckemratal., 1975); although these studies
measured facial expressions and not reported emadkie results may partially translate to
reported emotions and explain why females may neperted greater disgust towards the

unflavored milk. Related studies using the EsSé&roéile™ methodology and an intensity
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rating scale for emotional terms, in lieu of CAT#gve shown that females, on average, rated
emotion intensities stronger than males, but thiatgattern is product specific and is the
opposite case for some products (King et al., 20bhe present study, it is not conclusive
whether women were more expressive than men agrs¢ales were not used and gender

numbers were not approximately equivalent for ametd comparison.

Emotional term selection, quality and quantity, waasiderably predictive of hedonic
response. Uniquely positive terms (5 overall, i8fémnales, and 3 for males) were associated
with what was considered to be the statisticallydrvdiked sample, flavored milk. A uniquely
negative term (disgusted) was associated with wihatconsidered to be the statistically less
liked sample, unflavored milk. For males, the tegassfied and disgusted (-) have been
previously associated with acceptability while females the terms joyful, good, happy and
pleasant and disgusted (-) have been previousbceded positively and negatively (-) with
acceptability (King et al., 2010). In the presentdy, these same terms were uniquely identified
by males, including satisfied (flavored milk), afiethales, including satisfied, joyful, happy,
pleasant (flavored milk) and disgusted (unflavamatk), suggesting that these terms may have
also been associated with acceptability. Furtheentbe greater use of (similar) shared terms
between samples within males was predictive ofable of statistical differences in
acceptability. In other words, the flat acceptapitesponse may be explained by the numerous
shared positive emotional connections males hadddtr samples (10 shared terms) and/or the
lack of uniquely distinguishing terms for the unftaed milk sample. The minimal use of shared
terms between samples within females combined tvélmore abundant choice of unique

positive terms (8 terms) for the flavored milk saengnd choice of unique negative term
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(disgust) for the unflavored milk sample were pectide of the statistically significant preference

towards flavored milk.

Terms not used frequently could be categorize@mss that suggest negative affect
(aggressive, angry, fearful, sad, guilty) or exdgaadventurous, daring, wild) states which may
not have been well associated with either of tlmemas. Other terms minimally used related to
positive affect of deep emotional intensity (lovingnder, understanding, affectionate). The
samples may not have provided a deep enough emabtionnection to evoke such a degree of
emotion. Alternatively, it is likely that since fdas generally considered to be a stimulus
producing a pleasant experience linked more ofigrositive emotions (Desmet & Schifferstein,
2008), highly negative terms may not be well-suasdemotional descriptors. Furthermore, milk,
specifically, is a quintessential substance hantgrally sweet and fatty characteristics which

are considered to be preferential innate biasezifRb Gohar, 2011).

The remaining infrequently used terms, merry angetamay have been expected to be
used more frequently with merry being associatdt thie flavored milk and tame being
associated with either sample. The rationale b#iagother highly positive terms were
associated with the flavored milk sample, partidylaappy, and the term merry would be a
closely related but slightly more positive terme term merry being defined as very happy and
cheerful (Merriam-Webster.com). It was thought tin&t term tame could have been associated
with one of the milk samples, particularly the awtbred milk, based on intrinsic physiological
and/or early development connections. Milk nurtdrem birth and is known to reduce crying,
alleviate stress and improve mood in newborns asidanimals (Blass, 1997; Blass &

Fitzgerald, 1988; Blass et al., 1989). Furthermsweeetness itself has been suggested to have a

calming effect in crying newborns (Barr et al., 899As such, the term tame, when viewed as a
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greater extension of the term calm, may have bsed more often if the participants had been in
a highly uncomfortable or irritable state before #tudy to have transitioned to a calmer state
and thus been ‘tamed’ by the sample. Since paatitgowere not asked to describe their
emotional state prior to the experiment, the pygaied state of mind of participants was
unknown; but the lack of the use of the term tanag suggest that they were in a more neutral

State.

The amount of terms distinguished as unique tespesifically for the greater accepted
sample, when separating products within hedonigeamf ‘liked’ and ‘disliked’ suggested that
certain terms might have been more specificallp@ased with acceptability versus others (i.e.
unique terms identified between samples for thealpopulation). The terms good, happy,
pleasant and satisfied, which were uniquely idettifvith the ‘liked’ sample, and disgust, which
was uniquely identified with the ‘disliked’ sampleave been specifically associated with
acceptability in a previous study (King et al., @Qlsuggesting congruency between the present
and former study. It is unclear why the term frigndas not identified in the overall population
or within gender segmentation, but was identifiscdainique term towards the ‘liked’ sample
suggesting it may have additionally (perhaps shigletss so than the other unique terms) been
associated with acceptability. The shared tedastified across samples (good-natured,
peaceful, and quiet) fall into a very neutral catggf emotional response, neither being
considered highly positive nor negative descriptar&l may not have been associated with
acceptability. However, there were insufficient etvaitions, specifically within the ‘disliked’

samples, to be conclusive about those segmengsiftilsliked).

The penalty-lift analysis data was predicted basethe term selection data. The results

mimicked the classification of terms for ‘liked’ @rdisliked’ milk groups. Terms which had
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negative penalty, bored and disgusted, could besereferenced to uniquely classified terms
associated with the disliked sample. Terms thaevwetow one and close to zero (quiet,
peaceful, good-natured), could be cross-referetwstared classified terms associated with
both samples. The remaining terms, with the exoapif joyful (which went undefined for the
‘liked’ and ‘disliked’ groups), that exhibited pdisie promotion in hedonic mean value for being
selected, could be cross-referenced to uniquegsifiad terms associated with the liked sample.
The carry-over between the two types of analyses) selection and penalty-lift, suggest that
both methods complement the other. Furthermoreehdts of penalty-left analysis suggest

some validation in reliability for the term selectidefinitions.

Knowledge, Attitudes and Consumption of Milk

A disconnect between beliefs and behavior was shinhat the majority of participants
strongly or moderately believed in the nutritioaal functional health benefits of milk yet the
average daily intake values were very low, paréidylwhen compared to the recommended 3
cups per day of fluid milk or equivalent milk prards (USDA, 2013). A disconnect was also
seen between emotional response and acceptalsildgrapared to milk intake type. Term
selection and acceptability showed that flavorelt mvas more liked and had many more
positive emotional connections as compared to uafeed milk, yet the average consumption of
flavored milk was very minimal overall and comparely to unflavored milk. If consumption
were directly based on acceptability scores arelfuotional term response, this would not be
expected. Even though participants may have statilstliked the flavored milk sample more
than unflavored milk, environmental factors maythe cause for lack of consumption. For
example, chocolate milk is not showcased readithésupermarket dairy aisle and is not as

convenient to purchase oftentimes at places of owaumption, i.e. restaurants. The overall
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minimal milk intake (flavored or unflavored) mayrfaer be explained by the general US trend

in the steady decline of fluid milk consumptionahgh the number of individuals consuming
milk as well as the amount of milk being consumeerdhe years; this trend is readily apparent
in adolescents aged 12-19 (the age at which thepants would have been at the time of the
survey data analysis) (Sebastian et al., 2010)itida@l analyses have shown that adults over 18
have also been consuming less fluid milk over t{E@ns et al., 1997; Popkin, 2010). A
generational influence may also be at play as bas Buggested by the greater decrease in milk
consumption from one generation to the next (Steetaal., 2013). Since this population was a
young college population, a millennial generatitey may have been even more likely to not

consume milk.

A compounded theory presented by Stewart et al. 3pfor the decrease in milk
consumption is that with each new generation tieesegreater availability of alternative
beverages including energy drinks, soft drinks, laoidled (flavored) water that compete with
fluid milk as a beverage. If this were the casejatild have been expected that the average daily
amount of SSB would have been greater than amepotted, that being a little more than one
cup on average per day. Previous studies usinBek€-15 intake questionnaire found 135
kilocalories to be the average daily amount of $&Ban adult population aged 37+2 years
which wasn’t that far off from what was found irethresent study for a younger adult

population (Hedrick et al., 2012).

It's possible that the consumption of SSB is pamtigponsible for the minimal milk
consumption and participants under-reported theuswtnaf SSB that they actually consume.
Another explanation for low flavored milk consunguticould be found in the directional trend

between negative beliefs about flavored milk andrall acceptability. It was not surprising that
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as participants more strongly believed that fladarelks do not provide health benefits that
their overall acceptability for flavored milk wouttecrease. Agreeing with this (negative) belief
may have provided an expected discouragement tewiancbred milk acceptability. Although it
was somewhat surprising that a possible similaradis|agement was not found for participants
as their (negative) belief increased in agreenmméatds believing that flavor milks provided
excess calories from sugar. It is possible thabalgh participants agreed with this negative
belief, it is not a great concern or deterrentdostimers since many beverages provide excess
calories yet are well liked. Similarly this may leaveen the reason why agreement or
disagreement with HFCS addition into milk showeddirectional trends in acceptability; many
well-liked beverage products on the market incaapmHFCS and although individuals may say
they don't like the use of HFCS, these beveragdymts are readily consumed in the U.S. on a

daily basis.

The directional trend seen between acceptabifitynlavored milk and varying levels of
agreement or disagreement towards the statemenhitkas a healthy nutritional component of
the participant’s normal diet was fairly expect&tle more supposedly familiar the participant
was with the unflavored milk product, the more gtable the product was to them. This may be
explained by the idea that memory plays a veryrdgggeole in our present food choices because
those choices are based on memories of relevanegpsriences with the same or related foods
and not the actual experience with the food (R&z(ohar, 2011). The lack of directional trend
with the same statement towards the flavored msikkiso fairly expected. It is likely that
participants answered the statement with the Hiasftavored milk being incorporated into
their diet and not flavored milk. Additionally,ig very likely that flavored milk acceptability

was driven by the taste of sweet which is consulareinherently pleasant taste (Barker, 1982;
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Gibson, 2006; Steiner, 1979). This would have {ikghyed a role not only in the greater
acceptability but also in the lack of associatiathwhe disgust terminology of the flavored milk

vs. unflavored milk.

Conclusions

Emotions are believed to play an important rolthmacceptability and deterrence of a
product yet widely accepted methodology practicesapture emotional response is still in
development. The present study has demonstrated tbaust picture of potential emotional
motivations and limitations can be captured by gisimple ballot methodology. Even though
ballot completion requires the act of post-raticrelon and self-reporting emotion, which is
arguably not a purely intrinsic response, it pregiddalue-added understanding to a product
experience beyond conventional Likert scales. €histional terminology provides additional
insight that may help segment and characterizeiematresponse to different products within
the same class. Ultimately, it could be used fodpcts such as flavored and unflavored milk,
which are declining in consumption, to foster gesiresponse through ‘emotion’ based
promotion and test new improvements against negatisponse as a baseline for change and

potential market success.
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Chapter 4: Measuring Consumer Emotional Response tBlavored and Unflavored Milk
through Facial Expression Analysis

Abstract

Consumer emotions play a key role in an individuaWerall experience with a food
product. Current sensory methodology is limitedtsrability to measure and understand
emotions involved with food selection and interactiThe goal of the experiment was to assess
the use of automatic facial coding software asna@® method for understanding consumer
emotional response to a dairy stimulus, flavoredl @mnflavored milk, compared to traditional
hedonic values. Participants (n=52) consumed 1%f&whocolate-flavored and unflavored
milk, and rated each sample using a 9-point hedscate (1=dislike extremely; 9=like
extremely) while being video-recorded. Facial reatgn software was used to continuously
analyze the emotional response from videos by ladimg muscular facial movements to six
emotions (happy, surprised, angry, sad, scareddagdsted) along with a neutral response for 3
different video analysis time durations (5, 10,)3fsst-consumption of each samplédeo data
(n=10 participants) with extreme differences (ssord intervals on the 9-point scale) in
acceptability of the two products were further eradéd to identify trends associated with high
and low affective scores. Chocolate milk receivighér mean acceptability scores than white
milk, 7.0 and 5.7, respectively (overall; n=52)dah0 and 3.3, respectively, for the 10 video-
recorded participants. Software analysis of ematiastrated high individual variability in
identified emotions. Overall mean intensities flbparticipants across all time durations
analysis showed that happy trended higher whilgresdied lower for the flavored milk sample;
disgusted was statistically lower in flavored nmskmple for 5, 10, and 20s (p=0.019, 0.011,

0.041, respectivelyMean intensities for participants exhibiting exteetifferences in
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acceptability showed that emotional intensitiesurprised and happy tended to be higher and
scared tended to be lower with the positively p@exproduct for all video analysis time
durations. A statistically higher mean intensjiy@.049; 20s) in the surprised emotion was
identified. Specific trends in facial response tigatarly negative emotional facial response at
early onset, may potentially be used to predicohedrating spread as well as a more intrinsic

response.

Introduction

Societal concern about obesity has increased siterdetter understanding motivations
behind consumer behavior and selection toward fooducts. Fostering better eating habits at
an earlier age, particularly among children andngpadults, is important in addressing
incidence of obesity. Recent data reinforces tbaigoverweight or obese in childhood and
adolescence can lead to elevated risks of heatthigms, including cardiovascular disease and
diabetes, during periods of growth and into adwth(Hannon et al., 2005; Juonala et al., 2011,
Rocchini, 2002, 2011).

To alter consumer behavior, it is advantageousdeerfully understand current
preferences and barriers for the consumption dttieg more nutrient dense products. As
individuals, we may acknowledge and openly staaé wWe have an interest in a product, yet our
internal feelings and actions do not always refiglcat is said. The disconnect that often occurs
between what a person says and what they actealyhfis been coined as the “say/feel” gap
(Hill, 2008). Additionally, self-awareness of thedith benefits or lack thereof for a food product
does not completely represent the logic for oudfoboices.

Traditional methods of understanding consumer respoften use affective tests, both

gualitative and quantitative, to assess preferen@eceptance to a product, product idea, or
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specific product characteristics (Meilgaard et2007). Affect can be linked to having positive
or negative connotations that relate to acceptegjeetion or liking/disliking. Theories for the
development of affect (preferences) to foods astktainclude genetic predispositions,
environmental, childhood eating patterns and lepreferences/aversions through post-positive
rewards or negative consequences of eating (B'299). One commonly used quantitative
affective acceptance test is the 9-point hedonikelt’ scale, which categorizes affective
response from dislike extremely to like extremelyd avas originally developed as a scale to
measure food acceptance by US Army soldiers (Jeinals 1955; Meiselman & Schutz, 2003).
Limitations of the 9-point scale and hedonic scategeneral have been discussed in view of
differing presentations as well as word usage amdenical compatibility (Lim, 2011; Nicolas et
al., 2010).

Emotional responses to foods, tastes, and aroredsegtond what is captured through
traditional affective (acceptability or preferensensory methods, including the Likert-type
scales. Research into food and emotions has eafdhe idea that positive and negative
emotional affect can influence our memory for atlegpromotion or distancing to particular
food sources (Rozin & Gohar, 2011). Similarly rethassociations have been made for the
intrinsic emotional response to foods. A sweetktéstonsidered inherently pleasant providing a
positive, enjoyable experience while other tastash as sour and bitter, are considered
inherently aversive (Barker, 1982; Gibson, 200@&jr&tr, 1979). Although tastes of sour and
bitter may be enjoyed as well, this enjoyment emed as an acquired ability developed over
time (Ekman, 2007; Green, 1990). Additionally, stmeste as well as high-energy dense foods
have been associated with improving mood and reduewvels of stress (Blass et al., 1989;

Gibson, 2006). Overall, these emotional respons®splay a key role in an individual’s overall
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experience with a product as well as provide insigio possible motivations to purchase and
consume a product.

Capturing emotional responses to food may occuautyit several different approaches.
In several studies, consumers have been askedltalize their emotional response towards
foods and odors through creation and rating of tests (Chrea et al., 2009; Desmet &
Schifferstein, 2008; Thomson et al., 2010). A foliread emotional word list and scale, the
EsSence Profild' Ballot provides terminology associated with emasi¢Cardello et al., 2012;
King & Meiselman, 2010; King et al., 2010). In tedgechniques, the respondent has time to
reflect and consider their ballot selections, whitdwy reflect a justification or reasoning process.
A novel sensory technique utilizing automated fla@aognition software has been tested as a
method of collecting consumer emotional respondedds and tastes through facial expression
analysis (Danner et al., 2013; De Wijk et al., 2002ndin et al., 2011). Such software has the
capability of analyzing the direction and extenwtaich certain facial features move and as a
result predictively defines what emotion a consurm@xpressing in real time. This method of
measuring implicit consumer emotional responseamraes the need to ask consumers to
identify language to express their emotions, wiey be difficult and not consciously obvious
to the consumer. Furthermore, verbal recall allome to rationalize a response wherein such
lag time may cause disconnect between what is lactel versus what is verbally said,
reinforcing the say/feel gap (Hill, 2008).

Although a few studies have been completed usitgnaated facial expression analysis,
the methodology, results and potential applicatamesin their infancy. Additional studies are
needed to understand analysis methods as welcasaay, validity and usefulness of such data.

One area of potential application investigatechmpresent study is the understanding of the
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implicit emotional motivations behind consumer bebatowards healthier food product
options, specifically fluid milk. Low-fat milk is@nerally regarded as a healthier option
compared to sugar sweetened beverages, yet conearnopmilk has declined in lieu of
alternative less nutrient dense options, such adsspnd soft drinks, particularly among
adolescents and young adults (Stewart et al., 20d8pmparing consumption survey data
among the US population, it was found that thers avaignificant decrease, approximately 28%,
in the number of individuals aged 12-19 consumiagifmilk from 1977-1978 to 2005-2006;
additionally, there was a significant decreasealbyost half, in mean milk intake between the
same time frames for the adolescent aged indivedi&ebastian et al., 2010). The objective of
the present study was to develop a method to measpticit emotional response to fluid milk,
by evaluating and comparing two different samplé% (ow-fat, chocolate flavored and
unflavored milk), utilizing objective facial codirepftware (FaceRead& Noldus

Technologies, The Netherlands).

Materials and Methods
Prior to study execution, Virginia Tech InstitutadrReview Board (IRB) approval was

requested and received (IRB 12-122) (Appendix EjHe testing of human subjects.

Sample preparation

Two products, unflavored and (chocolate) flavoraa-fat (1%) milk, were purchased
and prepared for testing as described in Chaptéw8.colors of cards numbered with the 3-
digit codes that matched the codes given to thk sainples, were used to provide visual

identification of sample on video.
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Participant Recruitment and Description
Participant recruitment and population demograpese as described in Chapter 3
Fifty-two individuals, 34 females (65%) and 18 nsa{85%), who met recruitment criteria,

participated in the study.

Hedonic Data Collection

Collection of hedonic data was as described in @& The same hedonic data was
used for this study as it was collected while vidapture for facial response was recorded.
Participants were verbally told to maintain eyetachwith the computer screen and affixed
video web camera, as changes in head positionyandantact would affect the video
information available for the research analysigiparof the experiment. Additionally
participants were asked to raise the appropridteen 3-digit marked notecard, which had been
placed below the appropriate sample cup, to proaidieleo record of the sample being

evaluated.

Facial Expression Analysis

Video Recording Conditions and Data Capture
A video web camera (2.0 megapixel Microsoft LifeChHiX-6000) was attached to the

lower portion of the monitor screen in each sendagth. For each participant, the camera view
was adjusted to center on the face, e.g. cameta @amqdown) and distance from the camera
(forward/ back). Video recording of the participarface and experimental activity began
immediately after written participant consent (Apgx G) was provided and camera
adjustments were made; video was captured throughewxperimental session. To optimize
video capture results and minimize facial occlusarticipants were asked to maintain eye

contact after the consumption of samples. Lightiogditions were adjusted, with overhead and
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booth lights off and incidental lighting providethithe monitor screens. Such lighting
conditions were chosen based on preliminary ttlas indicated that too much illumination of
the face and/or glare would hinder video analy§isnditions were selected to minimize facial
glare, facial occlusion, and facial rotation, asdlws maximize facial frontal view in the video so
that the facial recognition software (FaceReadsdidus Information Technology, The
Netherlands) could locate facial positions and priypanalyze facial movements on the
recorded video. FaceReader4 software version wasydarly sensitive to rotational
movements, shadows, and glare, resulting in patefati videos to provide limited or no data
(video failure).

Video recording resolution was 640 x 480 and reedroly the webcam (2.0 megapixel
LifeCam NX-6000, Microsoft, Redmond, WA) using Misoft Movie Maker (version 2011)
platform. Recordings were saved as Windows M&tiadeo files (.wmv). Videos were
analyzed at every third frame, and used the gefexralcalibration setting in the software. Post-
consumption video of each milk product for eachipigant was analyzed. Time zero was
established as the point of post-consumption whersample cup was below the lip but above or
at the chin. Each video was analyzed for 5s, 40d,20s durations past time zero.

Video state and emotional intensity data were egohthrough the software. Intensity
of six emotions (angry, happy, disgusted, sadescand surprised) as well as a neutral state was
estimated via fitted model algorithms inherentha software. Intensity values ranged between
0 (not expressed/present) to 1 (fully expressediimax intensity); outputs were saved in the

form of text files.
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Overall Emotional State

Expression summaries of overall emotional stateewatculated from the estimations of
individual emotional states (angry, happy, disguissad, scared, surprised, neutral or
other/unknown) based on amplitude, duration andirwoity shown in individual emotional
responses (FaceReader4 Methodology, Noldus Infasmaechnology). The software assigned
“other/unknown” when no specific emotional statellddbe estimated. The percent of time spent
in each estimated emotional state over the timataur was relatively calculated; the expression
summary was represented by the software in a pighgthese overall emotional state outputs
were saved as image files. The emotional statepatpanelist per milk sample over one
specific time frame (20s) was estimated by recardie percent of each emotional state
depicted in the pie graph into tabular form intdedéa spreadsheet (Microsoft Excel 2010,
Redmond, WA).

Emotional Intensity Data

Detailed intensity data for each emotion (each |strfer each milk sample) were
imported into a data spreadsheet (Microsoft Ex6402 Redmond, WA) using the saved text
files. All data points for the intensity of eaamation measured for the approximate 20 second

time frame for each milk sample were included.

Statistical and Trend Analyses
Compilation, aggregation, and transposing of thedata were completed using
Microsoft Excel while the statistical analyses weoenpleted through the use of JMP software
(SAS Institute Inc., Cary, NC). For all statistieaalysesa was pre-set at 0.0%; between 0.10
to 0.05 was considered for important trends. Hexldata was statistically analyzed as described

in Chapter 3.
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Overall Emotional State Data Analysis

The overall mean for the relative percent of tirperg in each estimated emotional state
(angry, happy, disgusted, sad, scared, surprigedtai and other/unknown) per milk sample
(flavored, unflavored) was found by averaging ttatesdata across panelists (n=36; 16 of the 52
recorded videos had failed analyses) over the Q@aidn. A two-tailed paired t-test was used to
compare percent means across milk samples andfydeighificant differences in overall
emotional state response between samples. A temtfpaired t-test was used to compare means
and identify significant differences in overall etiomal state response between samples within
each gender sample population (n = 20 femalesprmmadles).

To investigate potential added value of state egndata and possible best practices in
analysis methods within this data output set, state per sample type was partitioned based on
associated hedonic score (Chapter 3) assignedrbgipant. Participants who rated samples
(flavored and unflavored) with a high hedonic sd&€ike very much) or 9 (like extremely)] or
a lower hedonic score [1 (dislike extremely) ta#like slightly)] were separated into positive
and negative affect groups, respectively. The nuédhe state estimate data for these two affect
groups was calculated (low affect group, n= 17htaffect group, n=24). The results were
compared graphically to relatively assess possiblals in emotional state that may be
associated and/or correlated to hedonic scoretudest’s t-test was completed to investigate

differences.

Emotional Intensity Data Analysis

Intensity values per emotion and neutral state \wmeezaged over each time duration (5s,
10s, 20s). This created a single average intedaity point per emotion per sample per

participant for each designated time period. Theehime periods were selected to investigate
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the influence of time duration on analysis. An @llgpopulation mean was calculated per
emotion, including the neutral state, for both fleed and unflavored milk, by averaging the
individual means over all participants. The ovepalpulation means across emotions within
each milk sample were compared for statisticakdéiices using a one-way ANOVA and means
test using Tukey’s Honestly Significant Differertest (HSD). This was done independently for
each time duration (5s, 10s, 20s).

A two-tailed paired t-test was completed betweentitto milk samples to identify
significant differences between overall populatio@ans per emotion. This was done for each
separate time frame of analysis completed (5s, 2@y,

To investigate time duration effects on emotioesuilts, repeated one-way ANOVA and
HSD tests were separately completed for each raithpde to identify significant differences
between overall population means across the thmeedurations (5s, 10s, 20s) per emotion.
This was done per emotion by using emotion intessds measurements and time duration as

factors.

Positive vs. Negative Affect Difference Analydigked’ vs. ‘Disliked’ Samples

Participants exhibiting extreme differences in hed@core between milk samples were
identified as a subset population (n=10). Extreiffer@énces were defined by a hedonic score
difference of 4 points between samples wherein the ‘liked’ samypds > 5 and the ‘disliked’
sample was rated < 5. Statistical analysis of emnatistate and emotional intensity data was
completed as previously described for the subgetilation. With the emotional state data, a
two-tailed paired t-test was used to compare syigatlation means and identify any significant
differences in overall emotional state response/déen ‘liked’ and ‘disliked’ samples. With the

emotional intensity data, a two-tailed paired t-teas used to identify significant differences
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between overall subset population means per embabmeen the ‘liked’ and ‘disliked’ samples.
These analyses were done for each separate time fsthanalysis completed (5s, 10s, 20s).

Area under the curve (AUC) of emotional time inigndata was calculated and
compared for emotional trends as well as statidtiifferences. Average intensity data point per
emotion per milk sample was transposed into an Adlge for each subset participant.
Transposing of the data for each emotion by pasiti was completed by using an
approximation for calculation of area under theveuria the trapezoidal rule (Atkinson, 1989).
The trapezoidal area between each intensity datd was calculated and the resulting
trapezoidal segmented areas were summed acrossfghehthree time durations (5s, 10s, 20s);
the elapsed time between each intensity data pa@stthe height value while base one and base
two values were sequential emotion intensitiestarh trapezoidal segment (area = % height x
(basel +base?2)) (See Chapter 5, Figure 5-1).

Statistical differences in overall AUC means peog&an between ‘liked’ and ‘disliked’
samples were analyzed by a two-tailed paired t-Tdgs was done for each of the three time
durations (5s, 10s, 20s).

Trends in AUC were also investigated by convertfC values in both the ‘liked’ and
‘disliked’ samples to binomial counts. The samplthwhe higher AUC was binomially counted
as 1 and the other sample as 0 until comparisons made for all subset participants per
emotion. The count number was totaled to provigecthunt frequency across the population
within each sample for each time duration (5s, 20s). Results were tabulated and graphed for
visual comparison of emotional trends and potetatelations between hedonic liking score
and emotional response. A chi-squared test for gessl of fit (Gacula & Singh, 1984) was

completed for totaled binomial counts per emotmdistinguish statistical differences in
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observed results of the sample subset vs. exppotaaation results. Expected results of a
hypothesized population were calculated as hatebserved sample size for both the ‘liked’

and ‘disliked’ sample groupstes=n/2; &iisiikec=n/2).

Results
Milk Acceptability

Results from hedonic data are as described in @h8pt

Facial Expression Data Analyses

Video Analysis Failures

Approximately one-third of participant videos, 1f6lwe 52, were unable to be analyzed
by the facial recognition software. Lighting iss@esl facial occlusions were primary challenges.
Seven video failures were due to lighting issues tesulted in a face that could not be detected
by software. Five videos failed due to facial osahn because panelists looked away and/or
down from the camera (3 videos) or due to the tiggagses (2 videos). The remaining four
video failures were caused by difficulty on thetparthe participant to properly follow
experimental instructions or operator error. WBibene video failures resulted in no part of the
video suitable for analysis (full failure, n=11}hers had only partial failure (n=5). A partial
failure had segments of video that could be analyné the majority of the targeted time
duration could not, thus leading to large gapfiendata at the desired point of interest. All
types of failure lead to the inability to includeleos into overall analysis, reducing the usable
data set to 36.

Overall Emotional State

While more time tended to be spent in the happe fvored mean=7.3%; unflavored

mean=3.2%; p=0.0851) and less time tended to b gpeither the sad (flavored mean=9.3%;

87



unflavored mean=11.6%; p=0.1693) or disgusted ¢flest mean=2.0%; unflavored mean=4.8%;
p=0.0787) state for the flavored milk comparedh® anflavored milk sample (Figure 4-1), there
were no statistical differences when comparingrestiéd emotional states between samples

(p>0.05). Significant differences were approached(10) for happy and disgusted states.
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Figure 4-1. Mean Percent of Time Spent in Estimate@Emotional State for Low-fat 1%
Chocolate Flavored and Unflavored Milk (n=36); Based on 20 sec video analysis time frahiacial

response (FaceReader4, Noldus Information Techgpldge Netherlands) post-consumption of milk sample
neutral state has been omitted. **Significant diéfeces approached (p<0.10) for happy (p=0.0851@uylisted
(p=0.0787).

Males spent more time in the happy state (unflavonean=2.1%; flavored mean=5.6%;
p = 0.0191) for flavored milk than for unflavoredlknFigure 4-2a). Although there were no
other statistical differences in emotional statesvieen products within gender, it is valuable to
note the additional emotional state trends. Thegyd time in disgusted state approached
significant difference in females (p<0.10); femai@sded to stay in a disgust state longer for

unflavored milk compared to chocolate milk (unflest mean=4.7%; flavored mean=1.1%;

p=0.0659) (Figure 4-2b).
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Figure 4-2. Mean Percent of Time Spent in EstimateEmotional State in a) Males (n=16)
and b) Females (n=20) for 1% Low-fat Chocolate Flamred and Unflavored Milk; Based on 20

sec video analysis time frame of facial response¢Reader4, Noldus Information Technology) possuoption
of milk sample; neutral state has been omittedré®a time in happy state (p = 0.0191) was sta##yi longer
(p<0.05) for chocolate milk than unflavored milk fmales (a). **Percent time in disgusted state (p689)
approached significant difference (p<0.10) in fezsdb).

Statistical differences (p<0.05) in mean valueseseund in the surprised (p= 0.0437)
and scared (p=0.0443) mean values within estimateational state between positive (high

hedonic scores) and negative (low hedonic scofésjteve subpopulations across flavored and

unflavored milk (Figure 4-3). Participants whoest& milk sample with a high hedonic score
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tended to spend more time in a surprised stategheitipants who rated a sample with a low
hedonic score. Participants who rated a sampleavithiv hedonic score tended to spend more

time in the scared state than participants whalratsample with a high hedonic score.
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Figure 4-3. Mean Percent of Time Spent in EstimateEmotional State between Samples
Exhibiting Positive and Negative Affect Ratings forl% Low-fat Chocolate Flavored and
Unflavored Milk ; Based on 20 sec video analysis time frame of faegponse (FaceReader4, Noldus
Information Technology, The Netherlands) post-comstion of milk sample; neutral state has been @uhitt
Participants rated two milk samples, 1% low-fatatiate flavored and unflavored milk, on a 9-poiatlbnic scale
(1=dislike extremely; 5=neither like nor dislikes ke extremely) after consumption. Participardifhresponse to
samples segregated based on high (8-9) and low lfg#dbnic sample score; (n=24 high), (n=17 low}atiStical
differences (p<0.05) found in the surprised (p=804and scared (p=0.0443) state.

Emotional Intensity Data Analysis

Influence of Time Duration on Emotional Intensitpfte within Sample

For each time duration of analysis (5s, 10s, 38s)ulation means of emotion intensity were
compared within each milk sample. For all timeadions of analysis and both products, neutral

facial expression had the greatest intensity, rapfiom 0.52 to 0.61 (O = not expressed; 1 =
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fully expressed). Sad was expressed at the sdughdst intensity. For all time durations, with
the exception of 20 seconds for the flavored ntiile, mean for the sad emotion was significantly
higher (p < 0.05) than the mean for the angry eomoti-or all time durations, disgusted was not
different from sad for both unflavored and flavoradk but the expression of disgust intensity
for flavored milk was about half as intense as careg to unflavored milk (Tables 4-1 and 4-2).
Table 4-1. Comparisons of Mean Intensity of FacigEmotions for 1% Low-fat Unflavored

Milk for Varying Analysis Durations to Determine In fluence of Time Duration on
Emotional Intensity Profile within Sample

5-sec time duration 10-sec time duration 20-sec time duration
Emotion Mean + SD Mean + SD Mean + SD
Neutral 0520 + 0.227| 0540 + 0.215| 0.605 4+ 0.191
Happy 0.049 + 0.047| 0.04% + 0.054| 0.044 + 0.038
Sad 0.158 + 0.173| 0.127 + 0.113| 0.110 + 0.087
Angry 0.013 + 0.013| 0.012 + 0.015| 0.011 + 0.012
Surprised | 0.035 + 0.058| 0.051 + 0.059 | 0.06% + 0.071
Scared 0.025 + 0.053| 0.032 + 0.058| 0.024 + 0.040
Disgusted | 0.08%° + 0.110| 0.06% + 0.074 | 0.05% + 0.070

(n=36 per duration); Based on 5, 10 and 20 semvighalysis of facial response (FaceReader4, Ndtdasmation
Technology, The Netherlands) post-consumption dif sample; SD = standard deviation
abe Means within a column with different letters argnificantly different at p < 0.05.

Table 4-2. Comparisons of Mean Intensity of FacidEmotions for 1% Low-fat Flavored
Milk for Varying Analysis Durations to Determine In fluence of Time Duration on
Emotional Intensity Profile within Sample

5-sec time duration 10-sec time duration20-sec time duration
Emotion Mean + SD Mean + SD Mean + SD
Neutral |0.56Z + 0.263] 0570 + 0.249| 0.609 + 0.235
Happy 0.069° + 0.081| 0.07% + 0.083| 0.071 + 0.098
Sad 0.11% + 0.104| 0.100 + 0.099 | 0.088 + 0.088
Angry 0.022 + 0.051| 0.01® + 0.031| 0.013 + 0.019
Surprised | 0.058° + 0.081| 0.05% + 0.060| 0.063 + 0.062
Scared |0.029° + 0.052| 0.03¥ =+ 0.083| 0.02% + 0.069
Disgusted | 0.036° + 0.056| 0.03%f + 0.035| 0.028 + 0.043

(n=36 per duration); Based on 5, 10, and 20 sesovahalysis of facial response (FaceReader4, Nafdosmation
Technology, The Netherlands) post-consumption dif sample; SD = standard deviation
abc Means within a column with different letters aignificantly different at p < 0.05.
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Influence of Time Duration on Between Sample Corspas of Emotional Intensity

Only the disgust emotion was significantly differ&etween the flavored and unflavored milk
over the 5s, 10s, and 20s time durations (p=0.0093,10, 0.0409, respectively); disgust was
higher for the unflavored milk than for the flavdrmilk. No other emotions were identified as
significantly different between the milk samplearSistent trends were found when comparing
means between samples for all time durations. Meares indicated that, on average, emotion
intensity was greater in the happy state and lesgbe sad state for the flavored vs. unflavored
milk sample. Significant difference was approac{ye<D.10) in the happy emotion for 10 and 20
seconds (p=0.0630, 0.0734, respectivaly)well as in the surprised emotion for 5 seconds

(p=0.0850)(Figure 4-4a,b,c; Appendix F, Table F-1).
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Figure 4-4a,b,c. Mean Intensities of Facial Emotiosmfor 1% Low-fat Chocolate Flavored

and Unflavored Milk for a) 5 second; b) 10 secondand c) 20 second Analysis Duration
(n=36 per duration); Based on 5, 10, and 20 sesmovahalysis time frame of facial response (Face&dadloldus
Information Technology, The Netherlands) post-comstion of milk sample; neutral state has been @uhitt
disgust emotion f 10, and 20s (p=0.0193, 0.0110, 0.0409, rebmbgy. **
Significant differences approached (p<0.10) in lyagtate for 10 and 20s (p=0.0630, 0.0734, respaig)iand

*Significant difference found in

surprised state for 5s (p=0.0850).
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Time Duration Effects within Emotion

Increasing analysis time did not necessarily addevdResults from repeated one-way ANOVA
tests comparing overall population means per emdteutral, happy, sad, angry, surprised,
scared, and disgusted) across the three time frébee&0s, 20s), within each milk sample,
showed no significant differences (p>0.05) (Apperidi Table F-2, F-3). It is worthwhile to

note that consistent directional patterns were gespecific emotions from increasing time
duration. The mean values in the neutral and ssegrstate increased within each milk sample as
duration increased. The mean values in the disduategry and sad state sequentially decreased

within each milk sample as duration increased (ApipeF, Table F-2, F-3).

Positive Affect and Neqgative Affect: ‘Liked’ vs. iBliked’ samples

Fourteen participants exhibiting extreme differenitehedonic score between milk
samples were identified but only 10 had useableov@hd emotional output data that could be
further analyzed. Eight of the ten chose the cladedllavored milk as their ‘liked’ sample and
the unflavored milk as their ‘disliked’ sample. Taavere no significant differences in overall
percent time spent in each estimated emotionad §edgure 4-5) within this subpopulation.

Significant difference was approached (p<0.10hmgurprised state (p=0.0568).
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Figure 4-5. Mean Percent of Time Spent in Estimate@motional State for ‘Liked’ and
‘Dislike’ Milk in Participants Reporting Extreme Di fferences in Acceptability between 1%
Chocolate Flavored and Unflavored Milk (n=10); Based on 20 sec video analysis time frafiaaal

response (FaceReader4, Noldus Information Techgpldge Netherlands) post-consumption of milk sample
neutral state has been omitted. Participants tatednilk samples, 1% low-fat chocolate flavored amflavored
milk, on a 9-point hedonic scale (1=dislike extréyn&=neither like nor dislike; 9= like extremelgjter
consumption. Extreme differences were defined hgdonic score difference of4 points between samples
wherein the ‘liked’ sample must have been ratedand the ‘disliked’ sample must have been rated b
significant differences found (p>0.05). **Significedifference approached (p<0.10) in surprisecedjat0.0568).
Results from t-tests comparing subset populatitensgity means per emotion between
the ‘liked’ and ‘disliked’ samples showed no sigeaint differences for the 5 and 10 second
analysis durations. Significant differences wemmnitfied between ‘liked’ and ‘disliked’ samples
for the 20 second analysis duration in the surgieetion (p=0.0491) (Figure 4-6; Appendix F,
Table F-4.) Tendencies were noted in mean intesdibr participants exhibiting extreme
differences in acceptability showed that emotionggnsities in surprised and happy tended to be

higher and scared tended to be lower with the pe$jitperceived product for all video analysis

time durations (Appendix F, Table F-4).
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Figure 4-6. Mean Intensity of Emotion for ‘Liked’ and ‘Dislike’ Milk in Participants
Reporting Extreme Differences in Acceptability betveen 1% Chocolate Flavored and
Unflavored Milk (n=10); Based on 20 sec video analysis time frafiaaal response (FaceReader4, Noldus

Information Technology, The Netherlands) post-comgtion of milk sample; neutral state has been @uhitt
Participants rated two milk samples, 1% low-fatatiate flavored and unflavored milk, on a 9-poiatlbnic scale
(1=dislike extremely; 5=neither like nor dislikes ke extremely) after consumption. Extreme diffieces were
defined by a hedonic score difference af points between samples wherein the ‘liked’ samplist have been
rated > 5 and the ‘disliked’ sample must have lraged < 5. *Statistical difference (p<0.05) in wprise emotion
(p=0.0491).

Results from t-tests comparing subset populatiolCAkkans per emotion between the
‘liked’ and ‘disliked’ samples showed no signifi¢ahfferences for the 5 and 10 second analysis
durations. Significant differences were identifteetween ‘liked’ and ‘disliked’ samples for the
20 second analysis duration in the surprise em¢pef.0411) (Appendix F, Table F-5).

Trends in count frequency were identified in AUGnr comparing AUC in both the
‘liked’ and ‘disliked’ milk sample using a binomiabunt method. Consistent trends in count
frequency, across all time durations, suggestettiiesscared and disgust emotion were more
frequently associated with the ‘disliked’ milk atite neutral response was more frequently
associated with the ‘liked’ milk. For the 5 andgdrond durations, the happy emotion was more

frequently associated with the ‘liked’ milk. Foreth and 20 second durations, the surprise

emotion was more frequently associated with thedi milk. Results of count frequency, for
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the three time durations, representing potentialetations between hedonic liking score and
emotional response are summarized in Figure 4 &esults from chi-squared tests for
goodness of fit determined that scared approadhedisant difference (p<0.10) for all time
durations (5,10,20s, respectively) (Figure 4-73,Isarprised approached significant difference

(p<0.10) for the 5 second and 20 seconds time ionsafFigure 4-7a,c).
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Figure 4-7a,b,c. Frequency for Higher AUC BetweerlLiked' and 'Disliked’ Milk in

Panelists Reporting Extreme Differences in Acceptality between 1% Chocolate Flavored
and Unflavored Milk for a) 5 second; b) 10 secondand c) 20 second Analysis Duration

(n =10 per duration); Based on 5, 10, and 20 gimvanalysis time frame of facial response (Faa€eRet, Noldus
Information Technology, The Netherlands) post-comstion of milk sample. Participants rated two nalkmples,
1% low-fat chocolate flavored and unflavored mik, a 9-point hedonic scale (1=dislike extremelyn&ither like
nor dislike; 9= like extremely) after consumption.
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AUC was determined for both ‘liked’ and ‘dislikesamples wherein the sample with the higher AUC was
binomially counted as 1 and the other sample agtidaomparisons were made for all participants graotion. The
number of counts was totaled to provide the cowggifency. Chi-squared tests for goodness of fiepastion
determined that scared approached significantrdifiee (p<0.10) for all time durations (5, 10, 2@spectively).
Surprised approached significant difference (p<pf@dthe 5 second and 20 seconds time durations.

Discussion

Video Analysis Failures

The proportion of participant video data that coobt be incorporated into facial
analysis was slightly unexpected. Some expectatiotdeo failure did exist based on a previous
study that used the same facial coding softwakeedisas the same version (FaceReader4,
Noldus Information Technology, The Netherlands} #wperienced 18% and 27% failure rates;
reasons for errors stemming from hairstyles ocdgdiace, facial hair, participants not facing
the camera, and participants placing their handham (Danner et al., 2013). There was also
further expectation based on descriptions of tlisvaoe from Noldus Information Technology’'s
FacerReader4 Methodology White Paper; descripspesifically state that: 1) pose, movement
and rotation of the participant is limited in th@éal conditions are towards camera with less
than a 40 degree angle; 2) strict lighting requista exist (although further detail is not
described); 3) facial occlusion from facial haiddrand (via eating motions) should be avoided;

and 4) glasses, particularly thick or dark frantas) impede analysis.

While operator error could be easily remedied, oémeors including participant
misunderstanding of directions, lighting conditipasd occlusion of the face would need to be
further investigated to improve overall video captquality. To facilitate better understanding
of participant instruction, a mock trial could henrprevious to the experimental test runs. This

had been previously done in another study usinly yoting adults and children wherein after
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being given verbal instructions by an experimeatés, the young adults and children practiced
the experimental procedures by completing one laretpractice trials, respectively, using a
neutral stimulus (cracker) (De Wijk et al., 201Phe possible consequence with running
practice trails may be that participants becomelg¥amiliar with the experimental procedure
and camera position/presence, that they may becamera shy or are focused on carrying out
the experiment ‘successfully’ so that they areormer in a natural state. De Wijk et al. (2012)
also discusses how each test trial started witlatention” instruction directing participants to
look straight into the direction of the camera.\gk et al. (2012) fails to mention, with the
exception of one patrticipant who failed to undardtmstructions, whether there were any
particular videos removed from study analysis ftances of partial facial occlusion, looking
away movements, or lighting conditions. In the pregsstudy, participants were directed to
maintain eye contact towards the instruction sde@nera post-consumption of sample although
the directions may not have been explicit enougtdi#onally, participants may have felt
slightly shy or self-conscious being video recorded looked away without realization. This
may have been the reason that another study, asingange juice beverage as a stimulus, may
have experienced lower failure rates (Danner g2l 3). In that study, Danner et al. (2013)
states that participants were unaware that theg Wweing filmed; the test purpose was hidden
from participants until after testing and particigaprovided consent to use their video data after
it was collected. Camera shyness could be tempmrédving less obvious or more compact
cameras that do not overtly notify the participduait they are being videotaped. Otherwise it is
possible that in the present study participantamecbored or anxious during the study and

shifted their body in a way that their face wasaards the camera. For this instance, shorter
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study durations and better instructions to mainggie contact may alleviate some but not all of

these types of occurrences.

Lighting conditions would need to be optimized uatiier reduce video failures.
Improved camera quality may significantly improvarity of video in view of sub-perfect
lighting environments. Although it should be notkdt both the similarly executed referenced
study (Danner et al., 2013) that presented lesovidilures and the present study that presented
more failures both used webcams with video resaiutif 640 x 480. The difference in video
failure may be due to environmental conditions thete not fully optimized as different
directional light sources caused heavy illuminafiensome participants. This may have been
based on seating booth arrangement and/or camgle lzased on participant position (e.g.
height and seat position). The need for lightipgraization is supported by Danner et al. (2013)
wherein it is discussed that certain attention taien to ensure good illumination of participant

face although no further details are mentioned.

Overall Estimated Emotion State

It is not clear whether information regarding @rctime spent in estimated emotional
states is a useful analysis as compared to detitedional intensity data analysis. Estimated
emotional state data offers a ‘big picture’ viewagbarticipant or sample population response. In
this instance, estimated responses were prediatidetailed intensity data. The estimated
emotional state data was predictive of the sigaiftaifference in disgust emotion between the
milk samples found in the intensity data analysisdll video time durations (5, 10, 20s). It was
predictive for the happy state; based on the estichemotional state, it would have been

expected that happy would have showed signifigasd®.05) or near significant (p<0.10)
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differences between milk samples, with intensityhgereater for the flavored milk sample and
this was the case (near significant) for 10 andé&video analysis durations. It was also
predictive for ‘liked’ and ‘dislike’ milk in partipants reporting extreme differences in
acceptability between samples. Based on estimateti@nal state data it would have been
expected that the surprise emotion would have bggmficantly different or near significantly
different, greater for the liked sample, as wasamgh(p<0.05) in same subset population intensity

results for 20 second video analysis.

The state datawithin females was also expecteedbars hedonic differences between
gender. It was not surprising that females hadeclossignificant differences with close to
greater time spent in the disgusted state for tiilawored milk. This was expected based on the
hedonic data wherein it was shown that femalesfggntly preferred the flavored milk. This
was also expected based on the terminology datatedl by female participants in the related
study described in Chapter 3 where it was fountfdraales associated disgust with much
greater frequency for unflavored milk. It was stigtsurprising that although males showed not
significant differences in hedonic scores betwéennilk samples that estimated emotional state
data showed significant differences in the happtestith greater time spent in this state
towards the flavored milk sample. This could sugitfest males had implicit happy emotions
towards the flavored milk sample that were notyfudlgistered through hedonic scoring. This
may be supported by the results from Chapter 3 avisawas found that males did not report
with great frequency any negative terms associatédthe unflavored milk sample as was the
case for females. Males reported with great frequeeveral positive terms (satisfied, warm,
nostalgic) associated with the flavored milk sanm{@lbapter 3). This may be a representation of

the “sayl/feel gap” wherein there lies a separabetween what individuals say and how they
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actually (implicitly) feel (Hill, 2008). It may atsbe a representation towards the suggested view
based on previous studies using manual detectichilofren’s facial movements through the
Facial Action Coding System (FACS) to liked andilled foods, that implicit facial expressions
are better measures for negative affective (dishte positive affect (like) (Zeinstra et al., 2009
Otherwise, it is possible that estimated state danot robust due to sample size number

(n=16) and individual variability.

Inherent in analysis of estimated emotional sfata is that certain emotions may be
completely disregarded from result output. In otlverds, an emotion may be present
throughout the analysis but not recognized as ¢imeimant emotion and therefore not registered
as the singular estimated state from one instantieetnext. This may have been the cause of
many outputs in the estimated data showing a 0% tiaiput. Such high variability within range

of output could influence the accuracy of mean canspn tests.

Overall the researchers do not consider estimateational state as effective a measure,
as compared to intensity data, if the objectivi® iBnd more sensitive differences in emotion
between stimuli. It may be useful as a quick toalimderstand large-scale changes. For example,
if the goal is to have a participant happier durngertain time point in analysis (e.g. ad
campaign, product feature introduction) or ovefi@llone stimulus over another, this could be

quickly viewed by capturing estimated state results

Emotional Intensity

The three time periods (5, 10, 20s) were select@avestigate the influence of time
duration on analysis. There is currently no speafandard in automatic analysis as to what

duration is optimally appropriate, particularly food and beverage stimuli. Differing

103



approaches have been used. Automatic facial exprestdies by De Wik et al. (2012)
analyzed a one second post and pre- consumpti@enftame using a 1 second lag/gap time for
stimulus introduction. Studies by Danner et aD1@@) used an open-ended time duration for
explicit measurements wherein participants were tlexplicitly deliver facial expressions
relating to their liking of the sample after 20 @eds of reflection post-consumption; a rough 20
second analysis (not timed exactly) was used fptigih automatic measurements wherein
analysis of facial expression post-consumption ezmspleted from the time the participant
removed the carrier cup from their lips and the cupand were not occluding the participant’s
face (Danner et al., 2013).

Further rationale for investigating differing tirdarations is that emotion is known to be
expressed very rapidly post stimulus but at theesame may have a potential lingering and/or
fade effect (Ekman, 1982; Ekman, 1992; Hill, 20@3man (1982) discusses that durations of
emotion response (slow and relaxed vs. quick aatpltan be contrasting depending on
whether the emotion was stimulated by a positivg. @joyment) or negative (e.g. anger)
influencer. Ekman (1992) describes facial expmssorrelated to emotions as having a quick
onset that can start in milliseconds and sustaijuii a matter of seconds. When discussing
brain-to-face connections, Hill (2008) points duttfacial expressions have an onset, a peak and
a fade wherein the duration of expression will gaty range from half a second to four
seconds. This rapid time sequence as well as sutsdound in the present study may suggest
that the time durations investigated could havenliee long to obtain truthful descriptive
depictions. Although investigations in time suggesto statistical differences across durations,

the overall directional decrease or relative sarsemneabsolute values of mean response, with
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the exception of neutral response and surprisemihareased, suggest that response may be
diluted as time duration increase.

The analysis investigating statistical differenaesoss emotions, within each time
duration, further suggested that increases in tlaration may dilute accuracy in response. The
rationale for investigating statistical differen@soss emotions was to understand whether or
not results were flat between emotions. If reswkse flat, this would suggest that there was not
differentiation between the emotions, regardlessnod, and that it was possible that no
emotional response was present and therefore nadsui his was not shown to be the case
overall although for the 20 second time duratiantfe flavored milk samples, the mean values
across emotions were flat apart from the neutedéesiThis suggests that 20 seconds may have
been too long of a duration in that the basic eomstipresented (the neutral state being
considered a control state rather than basic emaltgiate) showed no distinction between one
another. Furthermore it suggests that a longer diamation wouldn’t necessarily provide
valuable information and may continue to increasatmal response and dilute actual basic
emotion response. As such, it is suggested thtitduresearch should incorporate a shortened
time duration unless specific carry over or linggreffects were of investigative interest.

It was expected that between samples comparisonklwbow significant differences in
disgust, with greater mean intensity for the urdt@d milk as compared to the flavored milk.
This was anticipated based on results from emadtienaninology data (Chapter 3) wherein the
majority of the same participants from the prestmdy differentiated the same milk samples
(flavored, unflavored) through the use of the wdishust; the term being assigned to the
unflavored sample rather than the flavored sanipésults were also anticipated based on the

hedonic results, which distinguished unflavoredkras less liked than flavored milk.
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Furthermore, a little over half (56%) of participemvhose videos were analyzed were females.
This is a potential influencer of the facial exmies results for several reasons. Firstly, for the
hedonic data, females showed statistical differemediking between samples as opposed to
males. Secondly, several studies with the goahdeustanding influencers and more so barriers
to consumption of milk in females (Brewer et aB99; Gulliver & Horwath, 2001; Horwath et

al., 1995) have suggested that dislike of (unfladdmilk is an important barrier to consumption
(Horwath et al., 1995) and that consumption isneatessarily motivated by sensory preference
(Brewer et al., 1999). Horwath et al. (1995) furtbescusses that participants believed that
incorporating flavored milk into their diets woubg a useful way to encourage them to consume
more milk. Thirdly, several studies about gendéfedences have suggested that females have a
tendency to be more emotionally expressive tharsnahen viewed through a variety of
measures (e.g. electromyography, rating of nonalddtial expression, self-report ratings) as
referenced and discussed in Kring and Gordon (1988)results of their own two studies
showing significant gender differences in intensityacial expressions to visual stimuli (Kring

& Gordon, 1998). Further studies described in Kiangl Gordon (1998) investigating emotion
differences within gender found that females areenexpressive of specific emotions including
that of disgust (Fujita et al., 1980; Rotter & Ro{t1988; Tucker & Riggio, 1988; Wagner et al.,
1993, 1986; Zuckerman et al., 1975). Thereforthaffemales in the study were dislikers of
(unflavored) milk, it is reasonable to believe tttaty may have been more expressive of their
dislike through a showing of the negative disgusogon than male dislikers. Since the study

was not balanced for gender this could have inftedrthe overall population results.
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Positive Affect and Negative Affect: ‘Liked’ vs. iBliked’ samples

The lack of significant difference found, with tBeception of the surprise emotion,
between ‘liked’ and ‘disliked’ samples through bthie percent time spent in estimated
emotional state and mean intensity analysis wassdrat unexpected. It would have been
expected that the positive emotion, happy, andégative emotions, disgust, scared, angry, sad
would have been associated with the liked andkeidlmilk sample, respectively. The reason
may be that the subset population number was wddoresults to be sensitive. This could be
supported through the binomial analysis data, whidrshow near significant differences for all
time durations between the ‘liked’ and ‘dislikednsple for the scared emotion; this negative
emotion being expectedly associated with the diglikample. This may mean that with low
sample size number, further types of probing amalgsg. binomial count and chi squared
analysis, may provide alter ways to investigatéed#inces in response.

Overall, it is inconclusive as to the sensitivigpability of the facial coding software and
therefore the power needed to be able to identityavemotions displayed. Larger subject
numbers may be needed to investigate differenciial emotional response between stimuli
as well as correlations and disconnect betweenaxperbal (hedonic) response and implicit
facial response. Further studies would need taabeed out to better understand these

limitations.

Conclusion

This study suggests that emotional response nmaydae an added value understanding
for the acceptability of flavored and unflavoredid milk beyond hedonic rating. Research into
the application of automatic facial expressionhi@ tood and beverage category is novel and

developing. There are still many unknowns for daati#gection and data analyses. Sensitivity and
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limitations in software capability can cause faglsiin facial expression analysis for videos
collected making quality of video capture cruclamay also be the case that the application

may not be sensitive enough for all types of stinBest practices in methodology and statistical
analysis of results may require adaption basedaorpke size. A direct relationship is not
necessarily exhibited between individual emotiaeaponse versus mean emotional response for
all participants due to the potential for high a#ion in emotional response per individual.
Furthermore, adaptations and/or corrections faartiggpant’s emotional pre-disposition may

need to be accounted for with baseline readingfamadcontrol stimulus. Additional studies in
the area of automatic facial expression in the faod beverage category are thus needed to

answer these methodology questions.
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Chapter 5: Measuring Consumer Emotional Response tthe Basic Tastes through Facial
Expression Analysis

Abstract

Interest in novel approaches for understandingaruemotional response had led to the
development of automatic facial coding softwareisThol measures facial movement in
response to stimuli and correlates these measuretensities for certain basic emotions
presented. Standard methodology has not been geeefor this automatic response. The
objective of the study was to create a baselinerstanding of emotional facial response to four
basic tastes (sweet, salt, sour, bitter) usingrnaated facial coding software to: a) validate
occurrence of an emotional response; b) charaetsnizilarities and/or differences in response
to the tastes based on objective facial codingpnétation of 6 emotions (happy, surprised, sad,
angry, scared, disgusted) and a neutral stateg)acmimpare results to historical learning of
emotional facial response to basic tastes to sotista the reliability of the selected analysis
method. In the first session, participants (n=38)ezpresented with a water control and 4 basic
tastes solutions while facial response was videofded. Participants (n=37) completed a
second session with the same procedures repedtedtha higher level concentration of all
taste solutions. Participants rated the liking &stle intensity of each sample upon consumption
on 9-point scales. Videos from both sessions weatyaed per participant per sample for 5
seconds post-consumption through facial codinghveo# to undergo facial expression analysis.
Emotion intensity readings (O=not expressed aball= fully expressed) were collected. Sweet
was statistically preferred for both sessions caexgb#o the other tastes (p < 0.05; 6.62 +1.52,

low; 6.76+1.92, high). Liking for the higher contetion bitter solution (2.97+£1.12) was
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statistically lower (p<0.05) than liking for theWer concentration bitter solution (3.92+1.19).
Results were inconclusive as to whether a unigsnguishable emotional response was seen
for each basic taste. No statistical differencesnotion intensity were found across tastes per
emotion (p>0.05) with exception of the disgusted®am. No statistical differences were found
from paired t-tests of emotion intensity basedrameasing concentration of solution. No
correlations were suggested between liking scardseaotional intensity based on multiple
linear regression analysis. Possible reasons ¢&rdasignificance and correlative response
include high individual taste variability, sociamext, intensity of stimuli, quality of video data
capture, calibration settings in software emotiontdrpretation, sample size number, analysis
time duration, and software sensitivity limitatiofi® better validate automatic facial coding

methodology, further study would need to invesegatd minimize these sources of influences.

Introduction

Conventional consumer sensory methodologies hatertaally focused on evaluating
product success by capturing consumer liking thinaihg use of a hedonic scale. Such data
reflects consumer self-reported response of howhrttuey like or dislike a product and/or
product experience. This type of feedback doesapture the consumer’s deeper internal
response to a product inclusive of their emotioagponse. More so, it is generally thought that
there is limited predictive correlation between ¢vad response and market success (Hill, 2008;
Lundahl, 2012; Wichchukit & O’Mahony, 2011).

It has been suggested that market success froial pribduct selection to repurchase can
be linked to an emotional response that goes begotlict functionality. Having an emotional
connection to a particular product can be seendavimg force for consumer behavior and

choice and ultimately lend to the success of thatiqular product over another (Hill, 2008;
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Lundahl, 2012). A positive emotional response cativate a consumer to choose something for
purchase while conversely a negative emotionalomesp can influence lack of selection. If
consumers are asked why they made their choicasy ateempt to post-rationalize their choices
because they do not necessarily understand théynriok recognizing the irrational and
subconscious nature of their decision-making pr@¢Ekman, 2007; Hill, 2008; Langer, 1989;
Lindstrom, 2008). Typically, consumers experieaffect (feeling/emotion) before rationally
thinking, suggesting that their actions may betieas to these susceptible feelings (Zajonc,

1980).

To better understand this emotional connectionatgitimethodologies and advances are
needed; current sensory methodology is limitedsrability to measure and understand
emotions. One area that has been investigateghaieatial sensory tool is facial expression
analysis, also known as facial coding. Facial cgdsna method of measuring the muscular
movements of the face in response to stimuli amcef@iing these movements to specific
emotions and/or positive and negative facial betrawhich are known to facilitate such

movements (Ekman, 1982; Ekman & Friesen, 1978).

Facial coding has been used to a limited extengdtiering data in the food and
beverage area, particularly on the assessmentati@mal response to the basic tastes. A
majority of the research has been done using a ahassessment wherein assessors have made
use of the facial action coding system (FACS) (Ek&a-riesen, 1978). The FACS method has
been applied to study the facial expressions ofoems to basic tastes (excluding umami) to
understand whether or not they were able to disoata among tastes (Rosenstein & Oster,
1988). In adults, the FACS has been used to gatirstanding of facial reactions to basic

tastes. Facial reactions and the intensity of theaetions were compared to hedonic
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pleasantness ratings at different concentratiomssic taste solutions (Wendin et al., 2011).
The authors suggested that the tastes, concentdtibe tastes, and perceived pleasantness
could be differentiated and correlated to sped#asal reactions (Wendin et al., 2011). Other
studies utilizing the FACS have fostered a basainenderstanding of emotions towards the
basic tastes in adults and children focusing oh Hu possible correlations or lack thereof
between facial response and verbal preferencengskiGreimel et al., 2006; Zeinstra et al.,
2009).

Although useful, manual facial coding operations\ary time consuming and involve
substantial training in the method. It also invalwalidation of results through the use of
multiple assessors. An automated version woulddvardgageous and although such automated
software presently exists, no standard methodohagybeen developed to assess consumer
emotions to a food stimulus using such softwareisT kthe objective of the study was to create a
baseline understanding of consumer emotional faesdonse to four (not including umami)
basic tastes- sweet, salt, sour, and bitter - umingmated facial expression analysis software
(FaceReadél, Noldus Information Technology, The Netherlands) a) validate that an
emotional response does occur; b) characterizdasitids and/or differences in emotional
response to the basic tastes based on objectiia ¢acling interpretation of 6 emotions (happy,
surprised, sad, angry, scared, disgusted) andteahstate; and c) compare the results in relation
to historical research learning of emotional regaomspecifically facial response, to the basic

tastes, to substantiate the potential reliabilitthe selected analysis method.
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Materials and Methods

Experiment 1- Participant Screening: Potential Bat Blindness and Participant Compliance
Screening
Prior to study execution, IRB approval was requksied received (IRB 13-037)

(Appendix H) for the use of testing on human suligjé@om the VT IRB.

Sample Preparation

Concentrations for three bitter taste solutionsendrtermined using Spectrifrintensity
scales for descriptive analysis (Meilgaard et28Q7). Low, med, and high intensity values,
representing, 2, 5, and 10 on the 15-point scaleesponded to solutions of 0.05%, 0.08%, and
0.15% anhydrous caffeine (C7731-Sigma Aldrich)yaom temperature dH20 (Kroger Brand,
Cincinnati, OH; wt/vol), respectively, in 500 mL lumnetric flasks. After swirling, solutions
were allowed to sit for 10-15 minutes before benagsferred into clean, dry glass bottles
containing an insertable pouring spout. Room teatpee dH20 (Kroger Brand, Cincinnati, OH)
was used as the control. Each bottle was labeled usique colored labels for each
concentration and control. Sample solutions weepared within 8 hours of sensory testing.

Unused solutions were discarded.

Approximately 0.5 to 0.75 fl. oz. were poured iafgpropriate color-coded plastic
serving cups (1 0z.) (Monogram, Columbia, MA) aagmed. All samples were presented
simultaneously on a tray at room temperature, walbor codes and increasing bitter intensities
arranged left to right. Color-coded identifier ncdeds, which matched solution color codes,

were placed on top of the samples.
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Participant Recruitment
An announcement (Appendix I) for the recruitmensifdy participants was sent to

Virginia Tech faculty, staff, students and affieatthrough email listservs. Participants
interested in completing the study filled out atirmsurvey (Appendix J) in which they stated
their interest, availability and knowledge of afjiexs to study ingredients involved in both
experiments 1 and 2 as well as potential futuratedl studies. Participants also made note of
their personal physical characteristics for consitien with video recording capture and
evaluation. Characteristics included the preseféacial hair and glasses as such physical
characteristics were considered important consiemto potential software analysis failure

due to visual occlusion of a participant’s faceéha latter part of the experiment.

Data Collection
Sixty-five individuals, 47 females and 18 malespwhet recruitment criteria,

participated in the screening study. Participantwided signed consent prior to consumption of
any samples or video recording through the useafifarmed consent form (Appendix K), as
approved through the VT IRB, detailing the proceduobjectives and potential risks of the

study.

Participants individually completed the experimienthe sensory lab in the Food Science
and Technology building at VT. Participants werated in an individual sensory booth and
presented with a tray of four coded samples, oddfen left to right beginning with the
control, low medium and high concentration bitesté solutions, respectively. Participants were
instructed to follow instructions on the touch serenonitor in the sensory booth. Prior to
sample evaluation, specific protocols (Table 5-g&jewerbally provided as well as initially
displayed on the monitor. Participants were askatbhsume each sample in full and wait

approximately 30 seconds before they could mowsdadt with the experiment. An on screen
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timer embedded on the monitor was used to prewenparticipants from moving forward with
the experiment until the timer period had elapgading this wait period, participants were
meant to be facing in a forward direction. Pap@rits were then instructed to indicate using a 9-
point hedonic scale (extremely like; neither lilar dislike; extremely dislike) how much they
liked or disliked the sample they had just tastédey then rated the intensity of the bitter taste
on a 9-point intensity scale (extremely strongebitaste; neither strong nor weak; extremely
weak bitter taste/no bitter taste). Participantseviestructed to sip room temperature drinking
water (Kroger Brand, Cincinnati, OH) before thetfisample and in between each sample.
Additionally participants were asked to raise tbbored notecard assigned to each sample cup
before the consumption of the solution within thenple cup to identify the consumed sample

on the video recording.

Touchscreen monitor instructions were programmeldata collection was transferred
from the touch response to a central computer USargsory Information Management System
(Berkeley Heights, NJ). Data responses (hedoniensity) were transformed from verbal
response to numeric values (9= extremely like dreexely strong bitter taste; 5= neither like nor
dislike or neither strong nor weak; 1= extremelslile or extremely weak bitter taste/no bitter
taste) and were exported to data spreadsheet (8diftréxcel 2010, Redmond, WA) for

comparative analysis.

Video Recording and Facial Expression Analysis

A video web camera (Microsoft 2.0 megapixel LifeChIiX-6000) was attached to the
lower portion of the monitor screen and positiosadh that the camera’s viewing capability,
camera angle (up/down) and participant’s distanme the camera (forward/ back), adjusted to

center participant’s face. The camera began r@apttie participant’s experimental activity and
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face, from approximately the time after writtentmgapant consent was given and camera
adjustments were made, until the time the experirsession was completed in full. To optimize
video capture and minimize facial occlusion papieits were asked to follow certain protocols
(Table 5-1) before the consumption of any samplegas important to minimize facial
occlusion and facial rotation and to maximize theeflooking towards the camera so that the
facial recognition software could locate particifgafacial positions and properly analyze facial

movements throughout the experiment.

Table 5-1. Participant Protocols Delivered Prior toSample Consumption
1 | Fasten/sweep hair away from face

Focus your attention on the monitor in front ofiy

Refrain from looking to your left/right or loolkgrup/down

2
3
4 | Do not lean your head; keep your posture conitethut alert
5

Immediately after taking in the sample from the,aiqop your hand/cup below your
chin as quickly as possible

(o]

Refrain from touching your face after sample comgtion

7 | Face the monitor while you are evaluating theam

Lighting conditions in the booth offered illuminaii of the face for video-recording
through fluorescent ceiling panel lights. Minimghting from the monitor screen offered further
illumination. The door of the sensory booth lab whsed to prevent any additional outside

lighting source to cause undesired reflection efgihrticipant face.

The full session of each participant’s video waalgred using facial recognition
software (FaceReader5, Noldus Information Techngldge Netherlands). Recordings were in

a resolution of 640 x 480 and recorded by the Miofbwebcam (Microsoft 2.0 megapixel
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LifeCam NX-6000, Redmond, WA) using Microsoft MoWéaker (version 2011) as a platform.
Recordings were saved as Windows media video (.Vvitheg) Videos were analyzed frame by
frame and used the default general face calibratdiing through FaceReader5 (Noldus
Information Technology, The Netherlands).

Facial Recognition Software Compatibility, BitterlIBidness Risk and Compliance Analysis
Screening

For the purposes of excluding preliminary studytipgrants from secondary facial
recognition experiments (Experiment 2), exclusioteda were established. Emotional output
data was assessed for participant-software comiigtds well as participant compliance issues.
The software presents limitations in that for aoniproportion of the population, it is difficult to
capture and analyze the participant’s facial respoRarticipants that showed output data with
limited to no data readings were deemed to be piatlmon-compatible with the software
analysis. Other potential sources of complicatitas could result in a low to minimum data
output reading, such as participant lack of ingtomal compliance, was monitored. For
example, if a participant repeatedly looked dowerafonsumption of the sample or had a
tendency to move forward or backward or side-t@ sidring the experiment session, they were

considered to be noncompliant.

Data collected from the 9-point intensity scale evaviewed and compared for all four
samples for each participant. A potential risk ittielo blindness was assigned to each participant
based on their comparative intensity scores. Raaints who rated the sample intensities in the
appropriate order of increasing bitter concentrafmontrol, low, medium, high), even if ratings

were not in the known magnitude of concentratioerendentified as having minimal risks of
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being bitter blind. Participants who did not weeethed to have a potential higher risk of being

bitter blind.

Selection criteria for subsequent experiment tgsticluded in order of relevance: 1)
facial recognition software analysis compatibi®ylow bitter blindness risk and 3) instructional

compliance.

Experiment 2- Basic Taste Screening
Prior to study execution, IRB approval was requeesied received (IRB 12-1100)

(Appendix L) for the use of testing on human sutgéom VT IRB.

Sample preparation

Four basic taste solutions (salt, bitter, sweeld, sour) were created along with a room
temperature distilled water (Kroger Brand, Cincitnn@H) control sample. Each basic taste was
represented with two concentrations (low, high)wland high concentrations for each basic
taste were determined using the Specitlimtensity scales for descriptive analysis (Meilgaa
et al., 2007). Low values representing 2.5, Zrsl 2 on the 15-point scale corresponded to
solutions of 0.2%, 0.05%, 5.0%, and 0.05% sodiularate (table salt, Kroger Brand,
Cincinnati, OH), anhydrous caffeine (C7731-Sigmdrilh), sucrose (table sugar, Kroger
Brand, Cincinnati, OH) and citric acid (251275-Sag#ldrich) in room temperature dH20
(Kroger Brand, Cincinnati, OH; wt/vol), respectiyeh 500 mL volumetric flasks. High values
representing 8.5, 5, 15, and 10 on the 15-poiresmaresponded to solutions of 0.5%, 0.08%,
16.0%, and 0.15% sodium chloride (table salt, Kr&&yand, Cincinnati, OH), anhydrous
caffeine (C7731-Sigma Aldrich), sucrose (table sueoger Brand, Cincinnati, OH) and citric

acid (251275-Sigma Aldrich) in room temperature GHRroger Brand, Cincinnati, OH;
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wt/vol), respectively in 500 mL volumetric flaskBable 5-2). Preparation including dispensed

amounts for each basic taste was as describedperixent 1 (see above).

Table 5-2. Basic Taste Solution Samples

Taste | Low Conc. % High Conc. % Low/High *Spectrum™ value
(wt/vol) (wt/vol)

Salt 0.20 0.50 2.5/8.5

Bitter | 0.05 0.08 2/5

Sweet| 5.0 16.0 5/15

Sour | 0.05 0.15 2/10

*15-point intensity scale (Meilgaard et al., 2007)

Each of the five bottles containing sample soligioh500ml and distilled water control
were prepared each morning before participants/alrand consumption of the samples. Any

remaining solution unused at the end of each &gins discarded.

All samples were presented at room temperaturetoaydrom left to right with the
control sample being presented first and the tasie solutions in a randomized and balanced
order. Matching color-coded identifier notecardst tnatched solution (bottle) color codes were

placed on top of the samples with the exceptiath@fcontrol sample.

Participant Selection, Instruction, and Testing Cditions
Participants for the study were recruited fromgheof participants who completed the

preliminary study and who met selection criteriartRipants provided signed consent prior to
consumption of any samples or video recording thinaihe use of an informed consent form
(Appendix M), as approved through the VT IRB, datgithe procedures, objectives and
potential risks of the study. Two separate sessimre completed for each participant (low

concentration samples; high concentration sampled)vere scheduled 3-7 days apart. Each
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participant was assessed individually to provideimam potential for optimizing video
capture. Participants could only complete eachi@eskw and high, one time. Thirty-nine
individuals, 31 females and 8 males, participatethe evaluation of low concentrations of the
basic taste solutions. Thirty-seven, 29 females8nhles, of the thirty-nine previous
participants from the low concentration sessiompleted the high concentration screening
session. This secondary session took place aftecipants had completed the first low

concentration session.

Data Collection

Session 1. Low concentration basic taste screes@sgion

Participants individually completed the experimienthe sensory lab in the Food Science
and Technology building at VT with the same procedias previously described for the
preliminary screening. For the 9-point hedonic @rubint intensity scale, visual numerical
values were attached to the verbal phrases tatédeibetter understanding of the scale. Verbal
phrases for the intensity ratings were adapte@dch taste, e.g. “extremely strong bitter (sweet,
sour, salty) taste”. Participants did not provideeptability or intensity ratings for water control
Additionally, participants were one again askedaise the colored notecard assigned to each

basic taste sample cup (with the exclusion of therol sample) before their consumption.

Session 2: Higher concentration basic taste scragsession

Participants followed the same procedures as itotler concentration session with the
exception that the solution samples provided hgtdri concentrations of the four basic taste
solutions being tested. Once again, the ordereofabt samples was balanced and randomized,

but did not necessarily match the order in whi@htdst samples were tasted in the previous low
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concentration session. Color coding and note cala placement was altered in that the color
coding matched to each basic taste in the highesdration session was not the same in the first
low concentration session. Participants could moessarily have a memory or predict what
basic taste solution they were going to taste timy ultimately reached the final and last

sample; the last sample being potentially predlethly means of process of elimination.

Video Recording and Facial Expression Analysis
Video recordings and associated protocols weréechout as previously described for

the preliminary screening experiment. The fullssas of each participant’s video was analyzed
using facial recognition software (FaceReader5dN®linformation Technology, The
Netherlands). Recordings were in a resolution & %480 and recorded by the Microsoft
webcam (Microsoft 2.0 megapixel LifeCam NX-6000dRend, WA) using Microsoft Movie
Maker (version 2011) as a platform. Recordings vsered as Windows Medf4 video files
(.wmv). Videos were analyzed in full, frame by franme. every frame setting, and used the
general face calibration setting through FaceReadBioldus Information Technology, The
Netherlands). Outputs for the intensity of six eiorad (angry, happy, disgusted, sad, scared and
surprised) as well as a neutral state were detexrby the software via fitted model algorithms
inherent in the software and were given a valumf@o(not expressed/present) to 1 (fully

expressed/maximum intensity).

To capture information about a participant’s emmaiicresponse associated with each
sample post-consumption over a specific time fraament markers, as facilitated by software
analysis capabilities, were placed into the analgsiput stream for each sample. A total of five
event markers (control, salt, sweet, bitter, and)sper participant video per session were

created. A time zero was determined to be at ti@ powhich participants had just consumed
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the sample and the hand that held the sample cagustbelow chin level. This point zero was
color coded and identified through an event markarend point was given at five seconds after

time zero such that the event marker duration wasah of five seconds.

The raw data results for each participant for esdsion was saved through FaceReader5
as a text file and uploaded into data spreadshMietdsoft Excel, version 2010) wherein the full
range of data points for the intensity of each eomotneasured could be seen over the whole
video recording. Additionally the color coding tietevent markers could be visualized and
directly associated with the data points suchfilvdher analysis of the outputs during this post-

consumption duration could be completed.

Taste Acceptability and Intensity Rating Evaluation

Mean hedonic and taste intensity ratings wereeaeli by averaging over all participant
ratings per taste solution per concentration sagsv, high). A one-way ANOVA was
completed with each session to compare means, loealot intensity, between tastes. For data
of participants who completed both sessions, tuledaaired t-tests were completed between
sessions (low, high) to determine significant defeces in ratings within each taste from

increasing taste concentration for both hedoniciatehsity response.

Emotional Data Transformation and Statistical Eva#tiion
Intensity values per emotion and neutral statebégined from software, were averaged

over a time period of five seconds immediately grmstsumption per sample. This created a
single average intensity data point per emotionspenple per participant session, for the low
and high concentrations. This was completed fobadic taste solution samples as well as the

control sample. An overall population mean waswated per emotion, including the neutral
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state, for each sample (salt, sweet, sour, batarirol) at each concentration, by averaging the
individual means over all participants for eachsg®s The overall population emotion means
were evaluated by session, low (n=39) and high ThaBsing repeated one-way ANOVAs and
means test using Tukey’s Honestly Significant Défece test (HSD) to identify significant
differences across overall population emotion méangry, happy, disgusted, sad, scared and
surprised as well as a neutral state) per badie. t8his was done per basic taste (per session) by
using emotion intensities as measurements and emiytoe as factors. Repeated one-way
ANOVAs and means test, Tukey's HSD, were also cetepl per session to identify significant
differences in overall population means across $atypes (salt, sweet, sour, bitter and control
sample) per emotion. This was done per emotiong@gesion) by using emotion intensities as
measurements and basic taste type as factorsakoptiparticipants who completed both
sessions, two-tailed paired t-tests were complatedss sessions, high and low, to investigate
increases or decreases within each emotion pet tzste (including control sample). For all
statistical analyseg, was pre-set at 0.0%; between 0.10 to 0.05 was considered for important

trends.

The same statistical analyses mentioned above fweher repeated with the average
intensity data point per emotion per sample petigpant session being transposed into an area
under the curve value; including further transpgshthe overall mean population value into an
overall area under the curve population mean valtensposing of the data was completed by
using an approximation for calculation of area urte curve via the trapezoidal rule (Atkinson,
1989) wherein the area under the curve betweenintaisity data point was approximated and
the resulting trapezoidal segmented area values stanmed over the five seconds emotional

response time duration post consumption of eaclpleatype (Figure 5-1). Approximately 100
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intensity data points were used wherein the dundiEtween each emotional response intensity
data point, i.e. height of the trapezoidal segnatea, was approximately one twentieth of a
second. Participant responses for taste and d@atnaples for either session that did not include
at least 75% of the expected intensity data poirgsapproximately 75, were removed from
analysis. This was selected as criteria to presbe/eorrectness in approximating AUC
transformation data as large gaps in emotionahgitg data would present gaps in curve leading

to lesser AUC approximations.

1) Partition curve from t=0 (start point) to t=i (end point) into n
subintervalsfrom ato b

2)Calculate the area for each subinterval from time a to time b using
the approximation wherein f{a)= intensity of emotion at time a; f(b)=
intengity of emotion af time b:

jj fx)dx = 1/2(b — a)[(f(a) + f(b)]

3) Calculate the summation of all subintervals over desired time
period, e.g. 5 seconds post-consumption of sample

D [T ax = 1720 - @)[(F(@ + £0)]

Figure 5-1. Method for Approximating AUC with the Trapezoidal Rule

Potential correlations between facial expressipaspverall population means for
intensity of emotional response, and hedonic likirege investigated via multiple linear
regression analysis. This was done by completiimgea regression analysis for each emotion
type including the neutral state by comparing oN@@pulation mean values per sample type

against hedonic liking response; emotional resppesdasic taste sample type being separated
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per session, e.g. bitter (salt, sour, sweet) lomceatration emotional responses vs. associated
bitter (salt, sour, sweet) hedonic scores andrltEt, sour, sweet) high concentration emotional
responses vs. associated bitter (salt, sour, sWwedonic scores. Similar multiple linear
regression analysis was completed but with a cedldpiew of all emotional response data per
session being compared to hedonic values regardlessociated sample type, e.g. all low
concentration emotional responses vs. all assackadonic scores and all high concentration
emotional responses vs. all associated hedoniescAdditional multiple linear regression
analysis was further completed but with a combwmed of emotional response regardless of
session for the sweet solution sample type, eitp ©weet high concentration and sweet low
concentration emotion response for neutral (hapag, angry, surprised, scared, disgusted) vs.
associated sweet hedonic scores. This was dorlevofar a greater sample set and distribution
of hedonic data. The sweet basic taste was spatyfiesed since these this taste had a potential
expected correlation due to the accepted ideaatbateet taste is associated with an intrinsically
positive response; the researcher’s hypothesiglikat as sweetness concentration increased, so
would hedonic score and emotional positive fa@aponse. Potential correlations between
intensity of emotional response and hedonic likirege assessed by reviewing the R-squared

values of each linear fit analysis completed.

Compilation, compression, and transposing of tiedata was completed using
Microsoft Excel (version 2010) while statisticaladysis was completed through the use of JMP

software, version Prol10 (SAS Institute Inc., C&E).
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Results

Taste Acceptability

Comparisons of mean hedonic scores within lowecentration level (n=39) showed
that overall participant acceptability for salt wagnificantly lower (p < 0.05; 3.00 + 1.26) than
the other tastes. Bitter and sour were statisyicadt different (3.92 £1.19 and 3.90 +£1.87,
respectively). Sweet was significantly higher (f.85; 6.62 +1.52) than the other tastes (Table
5-3). Comparisons of mean hedonic scores withihdrigoncentration level (n=37) showed that
sweet was significantly higher (p < 0.05; 6.76x) ®&n the other tastes. The tastes bitter, salt,
and sour were not significantly different from aareother (2.97+1.12, 2.86 +1.57, 3.89 = 2.07,

respectively) (Table 5-3).

Paired t-test comparisons of data from participarte completed both sessions (low,
high) (n=37) showed significant differences (p<(.®bmean hedonic scores between lower and

higher concentration levels for the bitter tasteQ()901) (Figure 5-2).

Table 5-3. Comparisons of Mean Hedonic Ratings ofd3ic Taste (Bitter, Sweet, Salt, Sour)
Solutions within Lower and Higher Concentration Lewels

Low Concentration High Concentration
Taste | Mean + SD Mean + SD
Bitter 3.97 + 1.19 297 + 1.12
Sweet| 6.62 + 152| 676 * 192
Salt 3.00 =+ 1.26 2.86 + 1.57
Sour 3.90 + 1.87 3.89 + 2.07

(n=39 low; n=39 high); Participants tasted solutiofi each basic taste in a balanced randomized ord&o
separate sessions based on solution concentrglitonshigh). Participants rated each taste solutiora 9-point
hedonic scale (9= extremely like; 5= neither lilke dislike; 1= extremely dislike). Low concentrat®(bitter= 2;
sweet=5; salt= 2.5, sour=2; bitter= 5); High concations (sweet=15; salt= 8.5, sour=10); Sampletsmi
concentrations based on 15-point intensity scaleilfldard et al., 2007)

abc Means within a column with different letters aignificantly different at p < 0.05.
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Figure 5-2. Comparisons of Mean Hedonic Ratings ddasic Taste (Bitter, Sweet, Salt,

Sour) Solutions between Lower and Higher Concentran Levels

(n=37); Participants tasted solutions of eachdasite in a balanced randomized order in two sépaessions
based on solution concentrations (low, high). Bgudints rated each taste solution on a 9-pointhiedzale (9=
extremely like; 5= neither like nor dislike; 1= eatnely dislike). Low concentrations (bitter= 2; ®i#b; salt= 2.5,
sour=2; bhitter= 5); High concentrations (sweet=ddit= 8.5, sour=10); Sample solution concentratimased on 15-
point intensity scale (Meilgaard et al., 2007).

*Paired t-tests showed significant differences @.85) for the bitter taste (p=0.001).

Taste Intensity Ratings
Comparisons of mean intensity scores within lowmroentration level (n=39) showed

that overall participant intensity ratings werersiigantly lower for bitter (4.31 + 2.15) than the
other tastes. Sweet, salt, and sour mean interaitygs were not significantly different (6.46 +
0.90, 5.59 + 1.60, 5.56 = 1.81, respectively). Cangons of mean intensity scores within higher
concentration level (n=37) showed that bitter (5t62.14) was significantly lower the other
tastes. Sweet, salt, and sour mean intensity satwege not significantly different (7.49 £0.92,

7.03+1.37, 6.86+1.28) (Table 5-4).
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Paired t-test comparisons of data from participarts completed both sessions (low,
high) (n=37) showed significant differences (p<(.bmean intensity scores between lower and

higher concentration levels for all tastes (FigbH2).

Table 5-4. Comparisons of Mean Taste Intensity Ratgs of Basic Taste (Bitter, Sweet, Salt,
Sour) Solutions within Lower and Higher Concentraton Levels

Low Concentration High Concentration
Taste | Mean + SD Mean + SD
Bitter | 4.3° + 215 567 + 214
Sweet| 6.46 + 090| 749 + 0092
Salt 55¢ + 160| 7.09 + 1.37
Sour 556 + 1.81| 6.86 + 1.28

(n=39 low; n=39 high); Participants tasted solutiof each basic taste in a balanced randomized wrdeo
separate sessions based on solution concentrgliianshigh). Participants rated each taste solutiora 9-point
intensity scale (9= extremely strong bitter/swesdtygsour taste; 5= neither strong nor weak; 1xeamely weak
bitter taste/no bitter taste). Low concentratidnig€r= 2; sweet=5; salt= 2.5, sour=2; bitter=Hjgh concentrations
(sweet=15; salt= 8.5, sour=10); Sample solutiorceatrations based on 15-point intensity scale (déeiftd et al.,
2007)

abe Means within a column with different letters aignificantly different at p < 0.05.
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Figure 5-3. Comparisons of Mean Taste Intensity Ratgs of Basic Taste (Bitter, Sweet,

Salt, Sour) Solutions between Lower and Higher Coremntration Levels

(n=37); Participants tasted solutions of eachdiasite in a balanced randomized order in two sépaessions
based on solution concentrations (low, high). Egrints rated each taste solution on a 9-poinnhsitg scale (9=
extremely strong bitter/sweet/salty/sour tastenbither strong nor weak; 1= extremely weak bithste/no bitter
taste). Low concentrations (bitter= 2; sweet=5{=sal5, sour=2; bitter= 5); High concentrations ¢st+15; salt=
8.5, sour=10); Sample solution concentrations baseth-point intensity scale (Meilgaard et al., 200

*Paired t-tests showed significant differencesdlbtastes (p < 0.05).

Facial Emotional Analysis

Validation of a Distinct Emotional Response Per TadJ)sing Emotional Mean Intensity and
Area Under the Curve Analysis

Comparisons within taste solutions showed nonrflatilts for both mean intensity and
area under the curve analyses, yet these resuiésneévery robust. For mean intensity analysis,
no differences were seen, apart from the neutihlsad emotion, for the sour, salt and bitter
lower concentration and sweet, salt, and bittenéigoncentration solutions (Table 5-5 and 5-
6). For mean AUC analysis, no differences were sagart from the neutral and sad emotion,

for all tastes for both lower and higher concemdrasolutions (Table 5-7 and 5-8). As such,
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mean intensity analysis presented only slightlyemtistinguishing patterns across both sessions

for all tastes solutions as compared to area uhéecurve analysis (Tables 5-5, 5-6, 5-7, 5-8).

Emotional Mean Intensity Analysis
Comparisons of mean intensities of emotions widanh taste solution did show some

significant differences across emotions for botlidnand higher concentrations. For all taste
solutions (including control sample) for both sessi(low, high) neutral facial expression had
the greatest intensity, ranging from 0.42 to 0B2 (ot expressed; 1 = fully expressed). Sad
and surprised were expressed at the second adchighest intensity, respectively. For all taste
solutions for both sessions (low, high), with tixeeption of higher concentration sour solution,
the mean for the sad emotion was significantly érglp < 0.05) than the mean for the angry,
scared, disgusted, and happy emotion. For bothosssslisgusted was statistically different
from sad and neutral for all tastes but the exjwassf disgust intensity for bitter was more than
3 times as intense as compared to sweet; disgesisity for sour was more than 2 times as

intense as compared to bitter (Tables 5-5 and 5-6).

Table 5-5. Comparisons of Mean Intensity of FacidEmotions within Lower Concentration
Basic Taste Solutions and Control

Control Bitter Sweet Salt Sour
Emotion Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD
Neutral | 0499 * 0.232| 04939 * 0.217| 0507 * 0.230| 0.48% * 0.215| 0.473 * 0.206
Happy 0.027% * 0.048| 0.042 * 0.088| 0.02 * 0.039| 0052 * 0.078| 0.061 * 0.095
Sad 0.14? % 0.152| 0.138 * 0.160| 0.158 * 0.157| 0.17®6 * 0.195| 0.15%5 * 0.158
Angry 0.007% * 0.023| 0.03%2 * 0.106| 0.01%4 * 0.050| 0.013 * 0.044| 0.018 * 0.075
Surprised | 0.08%° * 0.082| 0.076° * 0.088| 0.08% * 0.100| 0.07% * 0.113| 0.067 * 0.101
Scared | 0,032 * 0.084| 0.032 * 0.104| 0.02¢ * 0.070| 0.011 * 0.026| 0.011 * 0.032
Disgusted | p.002 * 0.004| 0.002 * 0.009] 0001 * 0.002] 0011 * 0.036| 0.016 * 0.028

(n=39); Based on 5 sec video analysis of facigloase (FaceReader5, Noldus Information Technoldbg,
Netherlands) post-consumption of each sample; Stardard deviation; Control= dH20; bitter= 2; swéetsalt=
2.5, sour=2; Sample solution concentrations basetbepoint intensity scale (Meilgaard et al., 2007)

abc Means within a column with different letters aignificantly different at p < 0.05.
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Table 5-6. Mean Intensity Comparisons of Facial Emtions within Higher Concentration
Basic Taste Solutions and Control

Control Bitter Sweet Salt Sour
Emotion Mean + SD Mean + SD Mean = SD Mean + SD Mean + SD
Neutral 0.446 + 0.233] 0492 + 0.218| 0518 + 0.207| 0.413% + 0.2088| 0.475 + 0.239
Happy 0.02Z + 0.032| 0.025 =+ 0.036| 0.036 + 0.052| 0.041 + 0.0714| 0.05%3* + 0.114
Sad 0.204 + 0.200| 0.166 + 0.207| 0.167 + 0.194| 0.18%5 + 0.1895| 0.148 + 0.199
Angry 0.006 + 0.020| 0.007 + 0.015| 0.008 + 0.018| 0.008 + 0.0140| 0.004 =+ 0.005
Surprised | 0.07% + 0.079| 0.09% + 0.083| 0.082 + 0.082| 0.086 + 0.1102| 0.11F =+ 0.142
Scared 0.03% + 0.096| 0.030 + 0.087| 0.029 + 0.058| 0.024 + 0.0781| 0.02¢ + 0.070
Disgusted | 0.00Z + 0.004| 0.016 + 0.034| 0.003 + 0.007| 0.01% + 0.0267| 0.02f + 0.073

(n=37); Based on 5 sec video analysis of facigioase (FaceReader5, Noldus Information Technoldbg,
Netherlands) post-consumption of each sample; Standard deviation; Control= dH20; bitter= 5; swdé&; salt=
8.5, sour=10; Sample solution concentrations basetb-point intensity scale (Meilgaard et al., 2007

abe Means within a column with different letters argnificantly different at p < 0.05.

Area Under the Curve Analysis

For the lower and higher concentration sessioasd12 participants, respectively, had
certain taste responses removed from further aisalysr the lower concentration session, a
combined total of 14 responses were removed asdidayot meet the selected criteria of at least
75% of the expected emotional intensity data pdieiag presented over the 5 second time
frame (salt=1; bitter=4; sour=4; sweet=3; contr@)zthus resulting in curvature gaps. For the
higher concentration session, a combined totabake$ponses were removed, as they did not
meet the 75% criteria (salt=5; bitter=3; sour=5eset#2; control= 1). This was due to a few
reasons including participant not looking forwasavard camera from looking away or moving
in chair that may have been influenced by a staritifor intense reaction from the taste solution.
Other few but notable occurrences that causedcgaatits to move out of camera view post-
consumption of sample were from spitting out thegla into an expectorant cup. This occurred
for the higher concentration session only. Othearcfailures that resulted in gaps in the data
stream were from participants having their eyeseatdidfor slightly extended micro-period of time
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(e.g. more than half a second) in a wincing faslaifter consuming sample. This occurred more
for the higher than lower concentration sessiomstances where the eyes were closed, the
facial recognition software experienced troublegoognizing emotion expressed and could not
assign emotion intensities. Instead a ‘failureittaésponse was produced for these micro time
periods. Due to these removals, a smaller sampéengimber was used for AUC comparison

analysis as compared to mean intensity analysiessibed above.

Comparisons of mean AUC of emotions within eacketaslution did show some
significant differences across emotions for botlkidoand higher concentration sessions;
although, for both concentration sessions (lowhjjigomparisons showed very little statistical
distinction across emotions, with the exceptioneiitral and sad, for all taste solutions. For all
taste solutions (including control sample) for bs#issions (low, high) neutral facial expression
had the greatest intensity, ranging from 2.1 to(@.6 not expressed; 5 = fully expressed). Sad
and surprised were expressed at the second adchighest intensity, respectively. For all taste
solutions for both sessions (low, high) the meartie sad emotion was significantly higher (p <
0.05) than the mean for the angry, scared, disguated happy emotion. For both sessions,
disgusted was significantly different from sad aweditral for all tastes and the expressions of
disgust intensity for sweet and salt were the loavet higher end of the range (Tables 5-7 and 5-

8).
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Table 5-7. Mean AUC Comparisons of Facial Emotionidntensity over 5 seconds within
Lower Concentration Basic Taste Solutions and Contl

Control Bitter Sweet Salt Sour
Emotion Mean + SD | Mean + SD | Mean + SD | Mean + SD | Mean + SD
Neutral | 228 + 111|258 * 096 246 * 1.06| 238 = 1.03| 228 * 1.03
Happy 014% * 023|017 * 0.29| 0.14 * 0.18| 0.24 * 0.37| 0.28 * 0.44
Sad 064 * 069|062 * 074|068 = 072 078 = 091| 076 * 0.70
Angry 0.0 £ 0.09]| 016 * 0.28| 007 * 0.25| 0.06 * 0.22| 0.16 * 0.39
Surprised | 0.38° * 0.33| 0.3% * 0.38| 0.3%° * 0.49| 036 * 0.55| 0.3% * 0.49
Scared | 015 * 043| 0.1f * 046| 012 * 0.36| 0.06 * 0.13| 008 * 0.17
Disgusted | 0.01° * 0.02| 0.02 * 0.04| 0.0f * 0.01]| 008 * 0.18| 004 * 0.15

(n=37 control; n=35 hitter; n= 36 sweet; n=38 s@dt35 sour); Based on 5 sec video analysis of fagsponse
(FaceReader5, Noldus Information Technology, Theéhditands) post-consumption of each sample; Sxrdstrd
deviation; Control= dH20; bitter= 2; sweet=5; salt5, sour=2; Sample solution concentrations basethb-point
intensity scale (Meilgaard et al., 2007)

abe Means within a column with different letters argnificantly different at p < 0.05.

Table 5-8. Mean AUC Comparisons of Facial Emotionidntensity over 5 seconds within
Higher Concentration Basic Taste Solutions and Conol

Control Bitter Sweet Salt Sour
Emotion Mean + SD | Mean + SD | Mean + SD | Mean + SD | Mean = SD
Neutral 218 + 1.18| 234 + 1.11| 245 + 1.04| 206 + 1.02| 246 + 1.04
Happy 0.1 + 0.16| 012 + 0.18| 017 + 0.23| 017 + 0.27| 02% + 055
Sad 09 + 0.90| 082 + 1.02| 088 + 094| 088 + 086| 067 + 0.94
Angry 0.0 + 0.10| 0.04 + 0.07| 004 + 0.08| 0.04 + 0.07] 0.02 + 0.02
Surprised | 0.34 + 0.37 047 + 041| 035 + 0.33| 036 + 0.49| 046 + 0.43
Scared 0.16 + 048| 0.16 + 044| 01060 + 0.29| 0.18 + 0.41] 016 * 0.35
Disgusted| 0.0 + 0.02| 0.05 + 0.14| 0.0f + 0.03| 0.08 + 0.13] 0.03 + 0.06

(n=36 control; n=34 bitter; n= 36 sweet; n=33 s@dt33 sour); Based on 5 sec video analysis of fagsponse
(FaceReader5, Noldus Information Technology, Theéhditands) post-consumption of each sample; Sxrdstrd
deviation; Control= dH20; bitter= 5; sweet=15; sat5, sour=10; Sample solution concentrationsdasel 5-
point intensity scale (Meilgaard et al., 2007)

abe Means within a column with different letters argnificantly different at p < 0.05.
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Investigation of the Influence of Basic Tastes WithEmotion Using Emotional Mean
Intensity and Area Under the Curve Analysis

Emotional Mean Intensity Analysis
For the lower concentration session (n=39) antdrnigoncentration session (n=37),

repeated one-way ANOVAs comparing emotional metansities across tastes (salt, sweet,
sour, bitter) and control sample within each enmgtghowed no statistical (p>0.05) or near
statistical (p<0.10 to 0.05) differences within afythe 6 emotions (happy, sad, angry, scared,

disgusted, surprised) and neutral state (See Babland 5-6 for raw mean values).

Area Under the Curve Analysis
For the lower concentration session, repeated aneANOVAS comparing mean AUC

values across tastes (salt, sweet, sour, bittecamniiol sample) within each emotion, showed no
statistical (p>0.05) or near statistical (p<0.1@105) differences within any of the 6 emotions
(happy, sad, angry, scared, disgusted, surprisetihautral state (See Table 5-7 for raw mean
values). For the higher concentration session ategeone-way ANOVAs comparing mean

AUC values across tastes (salt, sweet, sour, #tet control sample within each emotion,
showed no statistical (p>0.05) or near statis{jpal0.10 to 0.05) differences in any of the
emotions and neutral state with the exception sfusted (p=0.016) (See Table 5-8 for raw
mean values). Emotional mean AUC value of disguiiethe sweet taste was statistically the
same as control. Disgusted for salt was signiflgagrieater than control and sweet. Disgusted

for bitter and sour were not significantly diffetdrom the other tastes (sweet and salt).
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Investigation of the Emotional Influence of Basicakte Concentration Level Using Emotional
Mean Intensity and Area Under the Curve Analysis

Emotional Mean Intensity Analysis
Paired t-tests (n=37) of mean intensity data cetepl across differing concentration

level sessions, low and high, to investigate ineegaor decreases within each emotion per basic
taste (including control sample) showed minimah8igant differences. Within the control
sample, the mean intensity of sad was significamtiner (p=0.014) for the high concentration
session. Near significant differences (p<0.10) weumd for salt, bitter and sour solution. For
the salt solution, neutral was close to signifibahtgher (p=0.066) for the low concentration
session. For the bitter solution, sad was closggiificantly higher (p=0.099) for the high
concentration session. For the sour solution, scases close to significantly higher (p=0.093)
for the high concentration session. No signifiadifferences or near significant differences

(p>0.10) were found for the sweet solution.

Area Under the Curve Analysis
Paired t-tests of AUC data completed across diffedoncentration level sessions, low

and high, to investigate increases or decreaséswvaach emotion per basic taste (including
control sample) showed minimal significant diffecens. Within the control sample, the mean
AUC value of sad was significantly higher (p=0.01a1)the high concentration session. Near
significant differences (p<0.10) were found for thiéer solution; sad (p=0.067) and surprised
(p=0.077) were close to significantly higher foe thigh concentration session. No significant
differences or near significant differences (p>QM6re found for the salt (n=33), sweet (n=33),

or sour (n=29) solution.

138



Investigation of Potential Correlations between Hmuc and Emotional Mean Intensity Using
Linear Regression Analysis

Linear regression analysis was unfruitful in fimglipotential correlations between
verbalized hedonic liking/disliking and facial enuwtal response. Coefficients of determination,
R? values, were very small and suggested no comelgfor any of the linear regressions
completed per taste for both the low and high cotreéon sessions. The two highest low
concentration sessiorf Ralues were within the salt and sour solution fer $ad emotion at 0.13
and 0.09, respectively. The two high concentrasiession highest®alues were within the sour
and sweet solution for the surprised and disgusteation, respectively, at 0.08 and 0.07,
respectively. Collapsed views of all taste datagesision did not offer suggested correlations
with R?values all falling below 0.02. A combined view ohetional response regardless of
session for the sweet solution sample, e.g. bodeshigh and low concentration data collapsed

together, found very low #alues with the highest value at 0.05 for the diseth emotion.

Discussion
Taste Acceptability and Intensity Ratings

It was expected that the sweet solution woulddregived with a significantly higher
acceptability than the other tastes overall fdnexittoncentration session. Sweet is considered a
preferred and inherently positive stimulus withaasociated pleasant experience that has been
found to be more distinct in children as to aduitsgreas bitterness is considered inherently

aversive (Rosenstein & Oster, 1988; Steiner, 1$t@ner et al., 2001).

The lack of significant difference, with the exaeptof bitter, in acceptability between
increasing concentrations was unexpected. It wbalek been expected that as concentration
increased, pleasantness and verbal acceptabiiitgsafor salt, sour, and bitter would have
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decreased as has been shown in a recent study ((Watral., 2011). In studies described by
Wendin et al. (2011), participants tasted low, madiand high intensity solutions of the basic
tastes (sweet, salt, sour, bitter, umami) and pexviacceptability ratings on a 9-point hedonic
scale. It was shown that for all tastes, with theeption of umami, as concentrations increased

acceptability ratings significantly decreased.

It was expected that ratings for sweet would hacegased or remained the same with
increasing solution concentrations. The rationai@dp that the levels chosen in the present study
were lower than what has been previously perceaggoroducing lowered acceptability ratings
(Wendin et al., 2011). Wendin et al. (2011) dessithat increasing sweetness concentration
significantly decreased acceptability but soluttmmcentrations used for their designated low,
medium and high concentrations (12%, 24% and 48%fpetctively) were relatively higher than
in the present study (low, 5%; high, 16%) . Addiadly, degree of preference for sweetness may
have been different in the present study as cordg@arparticipants in the studies by Wendin et
al. (2011) for numerous reasons including poteiggaetic variability (Reed et al., 2006) as well

as cultural adaptation differences since testing @ganpleted in Europe.

The difference in perception of relative tastemsigy in bitterness to the other tastes per
concentration session was not completely unexpeéidtbugh the researchers intended for
taste concentration intensities to be relativatyilsir to one another within session to minimize
potential influences on concentration intensityfacial expression results within session, i.e.
facial results within session could be a directpict of large differences in intensity as opposed
to differences in actual taste, recognition of highiability in bitter response was anticipated.
Research in genetic differences to bitter taste lsaggested that human bitter perception is very

diverse with as many as 30-50 genes influencirtgrtiieceptors (Reed et al., 2006). This is
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possible rationale for the standard deviationhieHtitter intensity ratings being the highest

among all the tastes for either concentration eassi

Facial Emotional Analysis

Lack of Clear Validation of a Distinct Emotional Rgonse Per Taste
The rationale for investigating statistical diffeces across emotions within each taste was to

understand whether or not results were flat betvemeotions. If results were flat, this would
suggest that there was no differentiation betwheremotions and that it was possible that no
emotional response was present and therefore nadsuAlthough the neutral state and sad
emotion were statistically different, this pattevas perpetually repeated from taste to taste,
regardless of concentration. Furthermore, thisspativas the same for the control sample
responses across both types of analysis and sessiih the exception of the control response
as determined by mean intensity analysis for thedoncentration session. The lack of
robustness in the pattern of differences found ftaste to taste and comparatively to control,
suggests that a distinct emotional response makiawa been present or accurately measurable

with either form of analysis, mean intensity or AUC

The possibility that AUC analysis was not sucadssiay have been inherent to the
analysis method itself as well as the limitatiomshie software. Specifically AUC analysis
requires time intensity data with a presented durea For the data, curvature gaps were caused
by failure of the facial coding software to detemman intensity response. This was due to
several reasons as described above including egarels and faces being removed momentarily
from direct camera viewing angle, greater prevaesfdhese occurrences happening in the
higher concentration session. The hierarchy ofifag across sessions differed from sour (most,

n=9), bitter (n=7), salt (n=6), sweet (n=5) andafip control (least, n=3). It is likely that gaps f
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analysis failure in the control sample were fromtipgants becoming acclimated to the testing
procedures. In other words, there may have beéghd startle response or shyness with the
initial presence of the camera. This is furtherpsurped by the fact that there were two control
responses removed from AUC analysis due to lintésdlts for the low concentration and only
one for the high concentration, suggesting thai@pants make have become less camera shy
and more compliant in the second session. Theréailun data collection from the taste solutions
were likely from both the concentration and facrdvement influenced by the concentration
which caused more eye closures, i.e. wincing. heotvords, the concentration level may have
created highly morphed responses for some partitsgnd even more so with increasing
concentration. This is suggested since more falwi¢hin tastes (not including control) were
noticed at higher (n=15) vs. lower concentrationsl@). Furthermore for the salt solution, facial
reactions may not have been distinct enough toigedor an emotional interpretation by the
software. This may be explained by previous styduesch have stated that facial reactions to
salty solutions, i.e. sodium chloride, do not pdavfor distinctive expressions (Rosenstein &
Oster, 1988, 1997; Rozin et al., 1994). Converd#Mgndin et al. (2011) states that in measuring
facial movements to basic tastes, facial reactiorsalty solution were clear and distinguishable

and even more pronounced with increasing concéonrat

Lack of significant differences across emotionserexpected from the control sample. It
was expected that the neutral response would tieeki on control as compared to the other
emotions as water was used for control. Previaudiest have suggested that no distinct
emotional facial reactions to a water control areked and that the overall response is
considered neutral (Steiner, 1979; Steiner eR@D1). Apart from sad being higher than the

other emotions, this was found to be the case.€lWwas one exception of the control response
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for the low concentration session using mean irtgesnotional analysis where it was found

that disgusted was significantly different than aad surprised. The reason for this exception is
unknown but may have been the result of participatitipation of a negative taste on the first
experimental session only to be presented withrsagample of innocuous water. Another reason
for the differences may be that distinguishablealamovements truly are present in response to
a water sample as has been suggested in anotbgr(gtendin et al., 2011) and those

movements may have elicited interpretation by #ual coding software as emotional response.

Lack of Differentiation of Basic Tastes Within Emmin
It was unexpected that there would essentiallydsignificant differences found across

tastes within each emotion. It was expected thatroninating differences in intensity of
emotion would be apparent across tastes and maretise happy and disgusted emotion. It was
expected that within the happy positive valence teandhat the intensity of happy emotion
elicited from sweet would be significantly highbah the other tastes. It was expected that
within the disgusted negative valence emotion timaintensity of disgust emotion elicited from
sweet would be significantly lower than the otrestés, particularly bitter. The rationale for
these expectations is supported by the literataeial reactions to bitter, salty, and sour stimuli
having been previously classified as negative wiaibgal reactions to sweet taste have been
classified as positive (Greimel et al., 2006; Resein & Oster, 1988, 1997; Rozin et al., 1994;
Steiner, 1979; Steiner et al., 2001). Sour anétithve more specifically been associated with
facial expressions associated with emotional aliicih of disgust (Fox & Davidson, 1986; Rozin
& Fallon, 1987; Rozin et al., 1994). Numerous stsdf facial expression to basic tastes in both
humans and animals have suggested that facialmseepdo basic taste stimuli produce specific
facial expressions which are uniquely discrimingtetween tastes (Greimel et al., 2006;

Rosenstein & Oster, 1988, 1997; Steiner, 1979; Uderoo et al., 2004; Wendin et al., 2011).
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There is some suggestive studies that indicatestiigt solutions provide less defined or
definitive facial profiles although limited assa&d movements have still be defined as negative
(Rosenstein & Oster, 1988, 1997; Rozin et al., J9PHis specific distinction and discrimination
in response to basic tastes has been further sigpidoy studies that monitored facial skin blood
flow and facial electromyography (EMG) to basideéastimuli (Armstrong et al., 2007; Kashima

& Hayashi, 2011).

Lack of Influence of Increasing Basic Taste Conceation Level
The lack of significant differences in emotionasponse between low and high

concentration variations of each taste solution wexpected. It would have been expected that
as concentration of the solution increased, so evthe intensity in emotional response as
demonstrated in previous study (Wendin et al., 20@he explanation for no significant
differences could have been explained if it hachifeand that participants did not notice a
difference in intensity of the higher concentratsmiution in comparison to the lower
concentration. Based on verbal taste intensitpgatbomparisons, this was not the case, as t-tests
did indicate significantly higher taste intensisitings overall for all high concentration basic
tastes. Furthermore, it would have at least bepea®d that positive emotions would have
increased for the sweet taste, it being an inhgreositive evoking stimulus, as concentration
increased and/or that negative emotions would reoreased for the other increasing taste
solutions. Disgust was particularly expected toehimereased for the bitter taste solution with
increasing concentration since this taste stimigle®nsidered inherently aversive and associated
with disgust (Rozin et al., 1994). Based on veHalonic ratings, participants stated that they
significantly disliked the high concentration biteolution as compared to the low concentration
solution. Sour and bitter also had a high expemtdibr increases in intensity of negatively

associated emotion based on previous study whiahdfthe most pronounced increases in facial
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movements for all basic tastes (salt, sour, svixtder, umami) to increasing concentrations of

specifically sour and bitter solutions (Wendin let2011).

Lack of Correlations between Hedonic and Emotioridean Intensity
Correlations between mean liking ratings and eomati mean intensity were neither

highly expected nor unexpected. It was somewhage&rp that a higher hedonic ratings, greater
liking, would be associated with higher intensitspive response, i.e. happy, and lower
intensity negative response, i.e. disgusted, saged or angry. In a previous study which
measured facial emotional intensity responsesfterdnt types of a sweet beverage, orange
juice, it was shown that correlations existed betwikedonic response; there was a high positive
correlation, Rvalues greater than 0.8, for the disgusted andyagmgotion when intensity of

facial emotion response was captured through faoding software (FaceReader, Noldus
Information Technology, The Netherlands) and corgdo 9-point scale hedonic liking scores
(1= like extremely, 9=dislike extremely) (Danneraét 2013). Danner et al. (2013) graphically
depicts that as liking decreased (hedonic scoreasing with their scale), the intensity in
emotion of angry and disgusted also increasedndthar study it was shown that intensities of
facial reactions perceived through manual opertatuation increased with increasing
concentration of basic taste stimuli while at thme time, pleasant ratings (9-point hedonic
scale) decreased with increasing concentratiotigwadh, no statistically significant correlations

could be shown for these tendencies (Wendin e2@1.1).

Rationale for Overall Lack of Significance and Caglations
There are several possibilities for the overalklaf significance and correlations within

the data set. There is potential that a distinaite@nal response may not have been present or
accurately measurable with either form of analysisan intensity or AUC. This could have

happened for several reasons. It is possible tigabasic taste stimuli were not strong enough to
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produce prototypical results that the facial codofware is calibrated against. In other words,
participant emotional response may have fallenidethe ‘average’ general face settings
inherent to the facial coding algorithms that asedito translate muscular movements into
emotion intensity. Such cases of unobservablelfacteons and associated emotion response
have been discussed by Tassinary and Cacioppo }1B®2y suggest that in laboratory type
settings, stimuli used to elicit response may ravehthe intensity or valence to provide

measurable responses (Tassinary & Cacioppo, 1992).

Concurrently, the stimuli may not have been strengugh for the context of the setting,
a laboratory booth. Since facial emotion is a comitative way for humans to provide
information to one another, facial reactions mayehlaeen subdued without a social context
(Chovil, 1997 ; Fernandez-Dols & Carrol, 1997)other words, participants may have
physiologically and thus emotionally responded® lhasic taste stimuli in an expected fashion
but without enough measurable intensity since realse was present to communicate these
positive or negative emotions toward. It may beasdageous to have a moderator present
during experimentation or several participants cletiny the experiment in the same room to

provide an element of social context.

Lack of prototypical response could have been duegh variability in a participant’s
ability to taste. This is supported by the largdiard deviations in population response across
all tastes. Such large standard deviations could h&so diluted the sensitivity to find
differences through analysis. With such high valitgb statistical analysis methods may need to
be altered to account for lack of equality in p@tan variances, i.e. heteroscedasticity. Some
participants may have been more sensitive to agte than another. The rationale for having a

pre-screening session was to minimize this possitterrence for the instance of individuals
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who may be bitter insensitive. That may have helpgdlid not take into account the possibility
of super tasters. Additionally certain participamtsy have been more adapted to tastes such as
sour or bitter based on their current eating habitsch could have dulled the taste effect. Since
data was not collected to gather eating or bevenagé information, it is inconclusive if this

may have been a contributing factor. If this is ¢tkerall case, high variability, non-parametric
forms of analysis would need to be used to accfmrrguch differences in variability for sub-sets

of the population.

It is also possible that the sample size numberneasarge enough to detect differences.
If the differences between tastes were minimaltduggh standard deviations in individual
variability, there may need to be a larger testupenon to find differences. The sample size
numbers for the present study were minimal and evere so for the AUC analysis due to gaps
in the data capture for certain tastes as discuasede. A much larger sample size may produce
more representative results and account for ostleg. super-tasters, non-tasters, etc., which

may produce large swings in the data for a smatiga population.

Changes in calibration settings of the facial safevanalysis method may help to
improve sensitivity to non-prototypical or highlgwable response from person to person.
Variability may have stemmed not just from abilidytaste but also a participant’s natural state,
i.e. predisposition. This could be account for pgating the facial coding analysis setting to
“continuous calibrating” or “individual calibratiGnThese advanced settings are meant to take
into account a participant’s pre-disposition, tguatithe general algorithm inherent in the
software which is used to correlate facial movemémtemotional response (Noldus Information
Technology, The Netherlands). Applying these adedrsettings may alter the raw data output
and provide a more accurate response.
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It is possible that a different form of baselineused instead of the water control
introduced as the first sample. This may not b@@ry accurate for this automatic method as
there may have been carry over from one tastedthan Also it is not fully conclusive based on
the literature whether a water sample does nohehad itself produce non neutral facial
responses. An alternative to correct for pre-digosof pre-emotion state before stimulus is to
take into account the emotional intensity respdrefere a stimulus is introduced and compare it
to after stimulus, i.e. examine delta responses Tias been done in a previous experiment using
automatic facial coding software (FaceReader, Noldtormation Technology, The
Netherlands) that compared one sec post-stimufymrses to one sec durations of emotion pre-
stimulus by using a one sec lag time to accounttfetime it takes to introduce the stimulus (De

Wijk et al., 2012).

Time durations may need to be further examinegbéoticular stimuli. There is no
standard time duration currently used in autonfatcl expression capture as discussed in
Chapter 4. This is also the case with facial exqpoesstudies that use manual decoders to
observe and detect facial movements and asso@atetion responses; time durations of
analysis vary from study to study (Ekman, 1982is ftossible that with basic taste stimuli, an
automatic interpretation may require very shortiimames, less than the 5 seconds captured in
the present study. The emotional response front basie stimuli may happen in such short
instances that the automatic software may not ketaldetect these ‘blips’ of response. If this is
the case, other accepted positive and negativeilstinay be better suited for validating

methodology and analysis of automatic facial exgoes

Lastly, video quality and protocols for data caliea could continuously be improved as

discussed in Chapter 4. The updated version ditial coding software used presented less
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sensitivity to environmental conditions such abtiigg, quality of data capture is still criticalrfo
analysis. Occlusion of the face still presents aties for emotion interpretation and allows for
gaps in the stream of data output. As such, urieaner’ readings can be captured, it is not
recommended to use AUC analysis for data compagisime rationale is that too many gaps in
the data present loss of curvature and thus inatezapproximation for AUC values. Removing
participant response for instances of noisy ordgtp for AUC analysis thus reduces sample size
number. Other comparative statistics may be sosigttt as delta response, min and max levels,

and slope.

Conclusion

The overall reliability of the method and analyssed to capture and compare facial
emotional response to basic taste stimuli was iclosive. Results were not anticipated based
on the literature. It is not clear whether a digtiemotional response was present or accurately
measurable for each basic taste with varying fashstatistical analysis used including mean
intensity output of presence or lack or presencé floasic emotions as well as AUC
approximation based on time intensity curves ofmagensity outputs. Possible reasons for lack
of significance and correlative response are nuageamd include high individual taste
variability, social context, intensity of stimutjuality of video data capture, calibration settings
in software emotional interpretation, sample siamber, analysis time duration, and software
sensitivity limitations. To better validate automdtcial coding methodology, further study
would need to be completed to investigate thesenpial reasons and minimize sources of

influences. Lastly, other stimuli may be soughtgarposes of validation beyond basic tastes.
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Chapter 6: Summary

Understanding consumer preference and the maiivathat drive consumers to select
what, when, and how they interact with food anddmage products have been at the forefront of
food sensory research. Conventional methods ofteriikert scales that collect a verbal
preference rating from consumers. These ratingsraaed based on the post-rationalization of
thoughts and are not automatic or intrinsic. Theydt explain the unconscious emotions that
are believed to drive human behavior. This hasrsduhe development of new methods to
measure consumer emotional response. Emotion tygs&tignnaire ballots have begun to offer
new insight into emotional understanding of produmt allowing consumers to select or rate
how well they associate certain emotion and fedkenms with their consumer product
experiences. This method has allowed for diffesdintn between products across categories and
within the same category; the latter being showthépresent study. What emotion ballots lack
in communicating is the intrinsic non-verbalizedation that consumers do not often realize
exists. Facial coding software offers an opportutatfill in this knowledge gap when further
insight is deemed useful. Automatic measurementgjusherent algorithms embedded into
facial recognition software to link muscular movenseto specific emotions are still under
refinement. Current applications as shown in thdyshave offered glimpses of insight for
understanding similarities and differences of awbofacial emotional response to a dairy
beverage stimulus. Validating the data collectind analysis methods used may be rather
challenging as current limitations in the softwarest be overcome. Overall, all three methods,
conventional liking scales, emotion ballots, antdhexpression can be used to offer a holistic

perspective for the preferences and motivationgndetonsumer choices. As methodology
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develops, value-added propositions can be creatbdetter insight tied into both the explicit

and implicit consumer product experience to provatemproved products.
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Appendices

Appendix A: Original and Modified EsSence Profild™ Ballot

Please taste (product name) #xxx now.

How much do you LIKE or DISLIKE (product)?

Dislike Dislike
Extremely Very
Much

Dislike
Moderately

Dislike Neither
Slightly | Like Nor
Dislike

Like
Slightly

Like Like
Moderately | Very
Much

Please select the words which describe how you AEIEIHT NOW. Select all that apply.

Active Glad Pleasant
Adventurous Good Polite
Affectionate Good-natured Quiet
Aggressive Guilty Satisfied
Bored Happy Secure
Calm Interested Steady
Daring Joyful Tame
Disgusted Loving Tender
Eager Merry Understanding
Energetic Mild Warm
Enthusiastic Nostalgic Whole
Free Peaceful Wwild
Friendly Pleased Worried

Figure A-1. Original Version of EsSence Balldt" (King & Meiselman, 2010)
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Panelist #

First (Second) Product

Product #

Please taste the product in front of you now.

Please select the word(s) which describe howRBHL RIGHT NOW . Select all that apply.

Active Energetic Joyful Safe
Adventurous Enthusiastic Loving Satisfied
Affectionate Fear Merry Secure
Aggressive Free Mild Steady
Angry Friendly Nostalgic Tame
Bored Good Peaceful Tender
Calm Good-natured Pleased Understanding
Content Guilty Pleasant Warm
Daring Happy Polite Whole
Disgusted Interested Quiet wild
Eager Sad Worried

Figure A-2. Modified Version of the EsSence BalloPresented to ParticipantSHedonic liking

scale removedincluded 38 of the original 39 EsSef¢dallot (King & Meiselman, 2010) terms plus an iiddal 5 terms.
Original term (glad) removed and 5 new terms (angontent, fearful, sad, and safe) added.
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Appendix B: Modified Beverage Questionnaire

Instructions:

In the past month, please indicate your responsedch beverage type by Participant 1D

marking an “X” in the bubble for “how often” and 8w much each time.”

1. Indicate how often you drank the following beveragfor example, Date

if you drank 5 glasses of water per week, marktdn@s per week.

2. Indicate the approximate amount of beverage yaunldeach time,

for example, if you drank 1 cup of water each timeyk 1 cup under

“how much each time.”

3. Do not count beverages used in cooking or othepamations, such

as milk in cereal.

4. Count milk added to tea and coffee in tha/coffee with cream beverage

categoryNOT in the milk categories.

How Often (Mark One) How Much Each Time (Mark One)
Type of Beverage Never 1 2-3 4-6 1 2+ 3+ Less | 8fl 121 | 16fl | More
time | times | times | time | times | times | than 0z | 0z(1| oz(2| than
orless | per per per | per | per per Y% cups) | 20fl
than1 | week | week | week | day | day | day | 6fl (1 | cups) oz (2
time oz cup) s
cups)
per (3/4
cup)
week
Water 0 0 o] o] 0 o] o} 0 0 o] 0 o]
100% Fruit Juice o] o] o] 0 o] o} 0 o] 0 0 0 q
Sweetened Juice o] o] o] o] o] o] o] o] o] o] o] o]
Beverage/Drink
(fruit, lemonade,
punch,)
Whole Milk o] o] o] 0 o] o} 0 o] o] 0 o] 0
Reduced Fat Milk o] o] o] 0 o] o} 0 o] o] o] o] 0
(2%)
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Low Fat/Fat Free o] 0 o] 0 0 o] 0 o] 0 0 o] o]
Milk (Skim, 1%,
Buttermilk,
Soymilk)

Flavored Milk (Fat o] o] o] o] o] o] o] o] o] o] o] o]
free, Low-fat,
Reduced Fat) with

sweeteners

Soft Drinks, 0] 0] 0] 0 0] 0] 0 0] 0] 0 0] o]
Regular

Diet Soft 0 0 o] 0 0 o] 0 0 0 0 0 o]

Drinks/Artificially
Sweetened Drinks

Sweetened Tea 0] 0] 0] 0 0] 0] 0 0] 0] 0 0] o]
(iced)
Hot/Cold Tea or o] 0] 0] 0 0] 0] 0 0] 0] 0 0] o]

Coffee, with cream
and/or sugar
(includes non-dairy
creamer)

Hot/Cold Tea or o] o] o] o] o] o] o] o] o] o] o] 0
Coffee, black,
with/without
artificial sweetener
(no cream or sugar

Beer, Ales, Wine 0 0 0 0 0 o] 0 0 0 0 0 0
Coolers, Non-
alcoholic or Light
Beer

Hard Liquor (shots, o] o] o] o] o] o] o] o] o] o] o] o]
rum, tequila, etc.)

Wine (red or white) o] o] o] o] o] o] o] o] o] o] 0 0

Energy/Sports o] o] o] o] o] o] o] o] o] o] o] o]
Drinks (Red Bull,
Rockstar, Gatorade,
Powerade, etc.)

Figure B-1. Modified Beverage Intake Questionnaird’resented to ParticipantsBased on
BevQ-15 (Hedrick et al., 2012) with row additionftzfvored milk (fat free, low-fat, reduced fat) tvisweeteners.
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Appendix C: Modified EsSence Ballot and Beverage lake Questionnaire Raw Results

Table C-1. Contingency Table for Count Frequency oEmotional Term Selection for 1%
Low-fat (Chocolate) Flavored and Unflavored Milk

Emotional Terms Flavored milk Unflavored milk

Active 8 5
Adventurous 2 2
Affectionate 3 2
Aggressive 0 0
Angry 0 1
Bored 5 9
Calm 21 21
Content 25 20
Daring 1 1
Disgusted 1 10
Eager 6 2
Energetic 7 2
Enthusiastic G 2
Fear 0 2
Free 4 5
Friendly 9 9
Good 17 19
Good-natured T 10
Guilty 3
Happy 18 8
Interested 6 S
Joyful 10 2
Loving 3 2
Merry 3 2
Mild 3 7
Nostalgic 13 4
Peaceful 14 8
Pleasant 19 14
Pleased 14 9
Polite 5 7
Quiet 9 11
Sad 1 2
Safe 6 7
Satisfied 20 9
Secure 2 5
Steady 3 7
Tame 2 4
Tender 3 2
Understanding 4 4




Warm 15 5
Whole 8 7
Wild 0 0
Worried 1 6

Terms ordered alphabetically

Table C-2. Average Daily Fluid Ounce Intake and Assciated Calories for Beverages

Total Beverage

Total Beverage

Total SSB Avg.

Total SSB Avg.

Avg. Daily Fl. Avg. Daily kcal Daily Fl. Oz. Daily kcal
Oz.
60.65 368.44 9.10 100.02

n=48 (n= 31 females, n= 17 males); aged 18+, nigj(8P%) aged 18-25. Based on response and scoring

instructions from modified Beverage Intake Questaire (BevQ-15) (Hedrick et al., 2010; Hedrick bt 2012)
with inclusion of flavored milk (fat free, low fateduced fat) with sweeteners; SSB= sugar sweetesestages
(sweetened juice beverage/drink, soft drinks, serest tea, coffee with cream and/or sugar, flavanikl with

sweeteners)
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Appendix D: Knowledge and Attitudes Questionnaire Rw Results

Table D-1. Percent Frequency Response to Belief &ments Relating to Nutritional and

Functional Health Value of Milk

Belief Statement

Percent Frequency

1= 2= 3= 4= Do =
Weakly Not Don't
“| believe that milk...” Strongly Moderately Believe Believe Know
Believe Believe
Contains 9 essential nutrients to maintain life ~ 35% 56% 6% 0% 2%
Delivers calcium for strong bones 7% 23% 0% 0% 0%
Delivers vitamin D for enhancing bone health  66% %34 0% 0% 0%
Is a primary dietary source of unhealthy fat | 6% 4% 28% 62% 0%
that contribute to chronic disease
Delivers healthy fats for reducing heart 8% 48% 27% 10% 6%
disease
Delivers healthy fats for improving brain 10% 50% 23% 8% 8%
health
Delivers healthy fats for reducing risk of 4% 27% 29% 21% 19%
cancer
Delivers live and active cultures and probiotjc15% 31% 21% 29% 4%
bacteria for Gl health
Delivers high value proteins for improving the25% 52% 15% 2% 6%
immune system
Delivers high value proteins for strong 33% 46% 19% 0% 2%
muscles
Delivers high value proteins for reducing the 6% 35% 29% 15% 15%
risk of high blood pressure
Delivers important components that help 15% 31% 29% 19% 6%
control weight
Contributes to obesity in the US population 0% 19% 19% 60% 2%
Specifically flavored milks, do not provide | 4% 21% 17% 56% 2%
health benefits
Specifically flavored milks, provide excess | 38% 40% 21% 2% 0%

calories from sugar

n=48 (n= 31 females, n= 17 males); aged 18+, mgj(@R%) aged 18-25

161




Table D-2. Percent Frequency Response to Attitude@ements Relating to Sweetening
Additive Incorporation and Distribution of Flavored Milk and Dairy-based Beverages

Percent Frequency

Attitude Statement 1= 2= Moderately | 3= Weakly 4= 5=
Agree
Strongly Agree Do Not Don't
Agree Agree Know

Flavored milks should not be included [n4% 21% 15% 60% 0%
primary or secondary school lunch
programs
Flavored milks should not contain high| 63% 19% 8% 10% 0%
fructose corn syrup
There should be a variety of dairy-baseb8% 38% 4% 0% 0%
beverage options in primary and
secondary school lunch programs
There is a need for more dairy-based | 33% 33% 25% 6% 2%

beverages in vending machines (not
limited to school settings)

n=48 (n= 31 females, n= 17 males); aged 18+, ntgj®R%) aged 18-25
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Table D-3. Percent Frequency Response to Generallié Statements Relating to Milk
Purchase Influencers, Diet Based Health Associatigfinterests, Milk Consumption Habits,
and General Food Marketing Influencers

General Beliefs

Percent Frequency

“Belief:”

1=
Strongly
Agree

2=
Moderately
Agree

3=

Neither Agree
Nor Disagree

4=
Moderately
Disagree

5= Strongly
Disagree

Health claims on a package labe
that link functional components
with health benefits positively
influence my decision about milk
purchases

| 28%

34%

23%

13%

2%

| am able to improve my health
and decrease risk of chronic
disease by making wise food
choices

83%

15%

2%

0%

0%

| am interested in learning about
foods that can improve my healtl
and reduce the risk of chronic
disease

81%

15%

4%

0%

0%

The addition of ingredients
intended for health is a marketin
gimmick to sell more products

13%

43%

23%

19%

2%

Sensory quality (taste, odor,
appearance, texture) is one of m
main considerations when
purchasing/consuming milk

58%

33%

9%

0%

0%

Milk is a healthy nutritional
component of my normal diet

33%

27%

18%

9%

13%

It is important to include sources
of omega-3 fatty acids in my diet

64%

30%

6%

0%

0%

It is difficult to consume enough
omega-3 fatty acids (equivalent {
2 fatty fish meals per week) to

28%

o

gain the associated health benefits

38%

6%

15%

13%

Consuming milk made with
omega-3 fatty acids would be a
good way to increase my intake
omega-3 fatty acids

32%

Of

38%

21%

6%

2%

n=48 (n= 31 females, n= 17 males); aged 18+, ntgj®R%) aged 18-25
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Appendix E: IRB approval letter 12-122

T] ‘ ’lrg'-niaTech Office of Research Compliance
bt

Institutational Review Board

2000 Kraft Drive, Suite 2000 (0497)
Blacksburg, VA 24060
540/231-4606 Fax 540/231-0959
email irb@vt.edu

website http://www.irb_vt.edu

MEMORANDUM

DATE: January 16, 2013

TO: Susan E Duncan, Virginia C Fernandez-Plotka, Jeri Kostal, Elizabeth Amalia
Arnade, Jennifer Louise Helms, Kristen Leitch

FROM: Virginia Tech Institutional Review Board (FWA00000572, expires May 31, 2014)

PROTOCOL TITLE: Liking and emotional response to milk as a function of sweetness
IRB NUMBER: 12-122

Effective January 16, 2013, 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 be 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 to 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 required to comply with the researcher requirements outlined at:

http://www.irb.vt.edu/pages/responsibilities.htm

(Please 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: February 10, 2013
Protocol Expiration Date: February 9, 2014

Continuing Review Due Date*: January 26, 2014
Date a Continuing Review application is due to the IRB office if human subject activities covered
under this protocol, including data analysis, are to continue beyond the Protocol Expiration Date

FEDERALLY FUNDED RESEARCH REQUIREMENTS:

Per federal regulations, 45 CFR 46.103(f), the IRB is required to compare all federally funded grant
proposals/work statements to the IRB protocol(s) which cover the human research activities included
In the proposal / work statement before funds are released. Note that this requirement does not apply
to Exempt and Interim IRB 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 been compared to this IRB protocol, if required.

Invent the Future

YIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY
An aqual opportunity, affirmative achon inshtution
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Appendix F: Consent Form 12-122 (Part I)

Virginia Polytechnic Institute and State University

Informed Consent for Participants in Research Projets Involving Human Subjects
(Sensory Evaluation)

Title Project: Emotional response and consumer attitudes to ¢tdecand white milk (Part 1)

Investigators. Susan E. Duncan, Virginia Fernandez-Plotka, Bktla Arnade, Kristen Leitch,
Jennifer Helms

|. Purpose of this Research/Project

You are invited to participate in a study to chéedze the emotional response to white milk and
chocolate flavored milk. This study will also atsn understanding how milk beverages are
consumed compared to other beverages as wellitaslast and beliefs associated with milk
consumption and health. This study will help idigrthe influence of flavoring the sweetness
on degree of liking and the emotional responséésé products.

[l. Procedures

You will receive two milk samples, presented ona @ime. You will taste the first sample, swirl
it in your mouth, and you can expectorate (spi} ouswallow the sample. Using a checklist of
emotions, you will check all that apply to your exence with the product. Then you will
complete a brief demographic questionnaire aneé thst second sample in the same manner,
responding to the checklist of emotions again. Wilcomplete the session by completing a
beverage intake questionnaire and a Beliefs antudés questionnaire. The entire session may
take about 25-30 minutes.

lll. Risks

There are no more than minimal risks for partigigatn this study. Some individuals may be
uncomfortable identifying their emotions associatgith food. If you are aware of any allergies
to milk protein or lactose sensitivity or intoleca please inform the investigator.
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V. Benefits

Your participation in this study will provide valol@ information about consumer response to
chocolate and white milk, the emotional responsaitk, and the attitudes and beliefs associated
with flavored and unflavored milk beverages andthdaenefits and risks, which will be useful

to the food and related consumer industries. Ifwould like a summary of the research results,
please contact the researcher at a later time.

V. Extent of Anonymity and Confidentiality

The results of your performance as a panelisthveilkept strictly confidential except to the
investigators. Individual panelists will be refatr® by a code number for data analyses and for
any publication of the results.

VI. Compensation

No direct compensation is provided for this acyivA snack will be available as you exit the
sensory laboratory.

VIl. Freedom to Withdraw

If you agree to participate in this study, you fiee to withdraw from the study at any time
without penalty. There may be reasons under winehrtvestigator may determine you should
not participate in this study. If you have allegto dairy products, or are under the age of 18,
you are asked to refrain from participating.

VII. Subject’s Responsibilities
| voluntarily agree to participate in this studyave the following responsibilities:

Follow the directions on the monitor, which wilrélct me with guidelines about how to
evaluate the products, and provide my responses.

IX. Subject’'s Permission

| have read the Consent Form and conditions ofgtogect. | have had all my questions
answered. | hereby acknowledge the above and gyveofuntary consent: Date

Subject Signature

Subject Printed Name
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Should | have any pertinent questions about tlssarch or its conduct, and research subjects’
rights, and whom to contact in the event of a neteeelated injury to the subject. | may contact:

Susan Duncan, Faculty/ Investigator (540)-82815;
duncans@vt.edu

Virginia Fernandez-Plotka tplotka@vt.edu

Elizabeth Arnade Elizabeth.arnade@gmail.com
Kristen Lietch kaleitch@gmail.com

Jennifer Helms jh7788@exchange.vt.edu
David Moore

Chair, Virginia Tech Institutional Review (540) 231-4991; moored@vt.edu
Board for the Protection of Human Subjects

Office of Research Complianc
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Table F-1. Comparisons of Mean Intensity of FaciaEmotions between 1% Flavored and Unflavored Milk ér 5, 10 and 20

second Analysis Durations

Appendix F

Sample Neutral Happy Sad Angry Surprised Scared Dgusted

5 sec Mean £+ SD Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD Mean + SD
Unflavored| 0.520 + 0.227| 0.049 + 0.047| 0.158 + 0.173| 0.013 + 0.013| 0.036 + 0.058| 0.025 + 0.053| 0.08%5 + 0.110
Flavored 0.562 + 0.263| 0.069 + 0.081| 0.113 + 0.104| 0.022 + 0.051| 0.058 + 0.081| 0.029 + 0.052| 0.038 + 0.056
10 sec

Unflavored| 0.540 + 0.215| 0.049 + 0.054| 0.127 + 0.113| 0.014 + 0.015| 0.051 + 0.059| 0.032 + 0.058| 0.062 + 0.074
Flavored 0.570 + 0.249| 0.073 + 0.083| 0.100 + 0.099| 0.019 + 0.031| 0.053 + 0.060| 0.037 + 0.083| 0.030 + 0.035
20 sec

Unflavored| 0.605 + 0.191| 0.044 + 0.038| 0.110 + 0.087| 0.011 + 0.012| 0.063 + 0.071| 0.024 + 0.040| 0.053 =+ 0.070
Flavored 0.609 + 0.235| 0.071 + 0.098| 0.088 + 0.088| 0.013 + 0.019| 0.063 + 0.062| 0.029 + 0.069| 0.028 + 0.043

(n=36 per duration); Paired t-test results shovwguificant differences (p<0.05) in the disgust emmotfor 5, 10 and 20 seconds
(p=0.0193, 0.0110, and 0.0409, respectively). Base8, 10, and 20 sec video analysis of facialorsp (FaceReader4, Noldus
Information Technology, The Netherlands) post-comgtion of milk sample. Significant differences apgched (p<0.10) in happy

state for 10 and 20s (p=0.0630, 0.0734, respeyjiaeld surprised state for 5s (p=0.0850). SD =d&techdeviation.
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Table F-2. Mean Intensity of Facial Emotions for 1%Low-fat Unflavored Milk for 5, 10 and 20 second Amlysis Durations

Sample Neutral Happy Sad Angry Surprised Scared Dgusted
Time (sec)| Mean = SD Mean + SD Mean + SD Mean +* SD Mean + SD Mean +* SD Mean += SD
5 0.520 + 0.227| 0.049 + 0.047| 0.158 + 0.173| 0.013 + 0.013| 0.036 + 0.058| 0.025 + 0.053| 0.085 = 0.110
10 0.540 £+ 0.215| 0.049 + 0.054| 0.127 + 0.113| 0.014 + 0.015| 0.051 + 0.059| 0.032 + 0.058| 0.062 + 0.074
20 0.605 + 0.191| 0.044 + 0.038| 0.110 + 0.087| 0.011 + 0.012| 0.063 + 0.071| 0.024 + 0.040| 0.054 + 0.070

(n=36 per duration); One-way ANOVA results showedsignificant differences within each emotion farying video analysis
durations (5, 10 and 20 seconds) based on facpbrse (FaceReader4, Noldus Information TechnolbBlgg,Netherlands) post-
consumption of unflavored milk sample. SD = stadd#aviation.

Table F-3. Mean Intensity of Facial Emotions for 1%L ow-fat Chocolate Flavored Milk for 5, 10 and 20 scond Analysis
Durations

Sample Neutral Happy Sad Angry Surprised Scared Dgusted
Time (s)| Mean * SD Mean + SD Mean = SD Mean + SD Mean + SD Mean + SD Mean + SD
5 0.562 + 0.263| 0.069 + 0.081| 0.113 + 0.104| 0.022 + 0.051| 0.058 + 0.081| 0.029 + 0.052| 0.036 = 0.056
10 0.570 + 0.249| 0.073 + 0.083| 0.100 + 0.099| 0.019 + 0.031| 0.053 + 0.060| 0.037 + 0.083| 0.030 + 0.035
20 0.609 + 0.235| 0.071 + 0.098| 0.088 + 0.088| 0.013 + 0.019| 0.063 + 0.062| 0.029 + 0.069| 0.028 + 0.043

(n=36 per duration); One-way ANOVA results showedsignificant differences within each emotion farying video analysis
durations (5, 10 and 20 seconds) based on facpbrse (FaceReader4, Noldus Information Technolbigg,Netherlands) post
consumption of chocolate-flavored milk sample. SBtandard deviation.
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Table F-4. Mean Intensity of Facial Emotions for Vaying Analysis Durations for ‘Liked’ and ‘Disliked’ Milk in Participants
Reporting Extreme Differences in Acceptability

Sample Neutral Happy Sad Angry Surprised Scared Dgusted

5 sec Mean * SD Mean *= SD Mean =+ SD Mean =*= SD Mean =+ SD Mea SD Mean = SD
Liked 0.509 = 0.29 0.060 + 0.077 0.141 + 0.144 10.0+ 0.013] 0.056 + 0.076 0.028 + 0.048 0.087 D17
Disliked | 0.447 + 0.255 0.039 + 0.039 0.136 + 0.138012 =+ 0.015 0.051 <+ 0.084 0.047 = 0.053 0.071 H7D
10 sec

Liked 0.620 = 0.279 0.042 + 0.044 0.111 + 0.130 08.0+ 0.010] 0.069 + 0.067/ 0.027 = 0.041 0.054 010
Disliked | 0.490 =+ 0.251 0.031 =+ 0.034 0.116 * 0.11,008 =+ 0.009 0.050 =+ 0.048 0.041 =+ 0.040 0.050 059
20 sec

Liked 0.645 = 0.282 0.038 + 0.038 0.096 * 0.102 00.0+ 0.006| 0.091 + 0.071| 0.017 + 0.028 0.033 + 0.0p4
Disliked | 0.600 + 0.210 0.031 #+ 0.023 0.124 + 0.10009 =+ 0.01d 0.047 + 0.043| 0.030 #* 0.024 0.037 + 0.089

(n=10 per duration); Based on 5, 10 and 20 seowaahalysis of facial response (FaceReader4, Ndtdasmation Technology, The
Netherlands) post-consumption of milk sample. Bigndints rated two milk samples, 1% low-fat choel&vored and unflavored

milk, on a 9-point hedonic scale (1=dislike extr&mB=neither like nor dislike; 9= like extremelgjter consumption. Extreme
differences were defined by a hedonic score diffee of 4 points between samples wherein the ‘liked’ samplist have been
rated > 5 and the ‘disliked’ sample must have bagd < 5. *Significant differences found in themise emotion for the 20 sec time
duration (p=0.0491). SD = standard deviation.
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Table F-5. Area Under Curve Mean Intensity of FaciaEmotions for Varying Analysis Durations for ‘Like d’ and ‘Disliked’

Milk in Participants Reporting Extreme Differencesin Acceptability between 1% Low-fat Chocolate Flavoed and Unflavored
Milk

Sample Neutral Happy Sad Angry Surprised Scared Dgust

5 sec Mean * SD Mean *= SD Mean =+ SO Mean = Sp Mean SD Mean =+ SD Mean =+ SD
Liked 2041 + 1315 0.238 + 0.302 0513 + 0476 39.0+ 0.045| 0.227 + 0.289 0.097 + 0.151 0.307 + P61l
Disliked | 1.683 + 0.854 0.169 + 0.148 0.775 = 0.866059 + 0.069 0.189 + 0.306 0.182 * 0.178 0.354 B1®
10 sec

Liked 4889 + 2455 0.348 + 0.337 0.747 + 0.728 58.0+ 0.054| 0534 + 0.488 0.172 + 0.226 0.363 + D65
Disliked | 3.708 + 1.687 0.267 = 0.2%7 1.222 + 129076 + 0.07§ 0.370 + 0.361 0.321 * 0.270 0.500 H2®
20 sec

Liked 10.134 + 5.027 0598 + 0.560 1.287 + 1.105108. + 0.079 1.354 + 0.975| 0.217 =+ 0.2501 0.458 =+ 0.815
Disliked | 9.134 + 3.239 0476 + 0.3%1 1.832 + 1582146 + 0.158 0.7f3 + 0.636| 0.455 + 0.358 0.593 + 0.685

(n=10 per duration); Based on 5, 10 and 20 sem®waalysis of facial response (FaceReader4, Ndidasnation Technology, The
Netherlands) post-consumption of milk sample. Eigdints rated two milk samples, 1% low-fat choaf&vored and unflavored
milk, on a 9-point hedonic scale (1=dislike extr&mB=neither like nor dislike; 9= like extremelgjter consumption. Extreme
differences were defined by a hedonic score diffee of 4 points between samples wherein the ‘liked’ sammplist have been

rated > 5 and the ‘disliked’ sample must have bagd < 5. *Significant differences found in themise emotion for the 20 sec time
duration (p=0.0411). SD = standard deviation.
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Appendix G-Consent Form 12-122 (Part II)

Virginia Polytechnic Institute and State University

Informed Consent for Participants in Research Projets Involving Human Subjects
(Sensory Evaluation)

Title Project: Emotional response and consumer liking of choeddaid white milk (Part II)

Investigators. Susan E. Duncan, Virginia Fernandez-Plotka, Bktla Arnade, Kristen Leitch,
Jennifer Helms

|. Purpose of this Research/Project

You are invited to participate in a study to chéedaze the emotional response to white milk and
chocolate flavored milk. This study will help idén the influence of flavoring the sweetness on
degree of liking and the emotional response toetipesducts. You will be videotaped while you
are evaluating the milk samples.

Facial recognition software (FaceReader and Obgeresigned to collect real time emotional
response by videotaping facial features in resptmggormation or stimuli, is a novel method
for evaluating sensory response to foods. Thisificts designed to collect data on facial
recognition software for use as a tool in senseguation of foods. Therefore it is important
that you keep your face positioned towards theh@areen monitor as you taste the sample and
provide your response about how well you like thmgle on the touch screen monitor.

[l. Procedures

You will receive two samples, presented one atne ti Following the guidance on the monitor,
you will hold the index card with the sample codédront of you long enough for the camera to
capture the image. Then you will evaluate the 8estiple by putting the whole amount
(approximately 1 oz) into your mouth, swirling roand, and expectorating (spit out) into the
cup or swallowing the sample. Respond, by touctiegmonitor, with the appropriate response
to how well you like the sample. Slide the santpg back through the hatch and wait for the
second sample, taking a drink of water while youtwBvaluate the second sample in the same
manner. It is important that you maintain eye aohtwith the computer screen/video camera as
changes in head position/eye contact affects ttheovinformation available for the research.
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l1l. Risks

There are no more than minimal risks for partigigatn this study. Some individuals may be
uncomfortable about being videotaped or recordégou are aware of any allergies to milk
protein or lactose sensitivity or intolerance, pieaform the investigator.

V. Benefits

Your participation in this study will provide valolg information about consumer response to
chocolate and white milk, the emotional responsaitk, and the application of facial
recognition software as a sensory evaluation agptio tool, which will be useful to the food
and related consumer industries. If you would Bkeummary of the research results, please
contact the researcher at a later time.

V. Extent of Anonymity and Confidentiality

The results of your performance as a panelistiveilkept strictly confidential except to the
investigators. Individual panelists will be refaetr® by a code number for data analyses and for
any publication of the results.

If you are willing to permit the video data asstethwith your responses to foods to be used for
visual illustration of emotional response in resbgsublications and reports, or demonstration
purposes about this sensory application, pleaseatedso by checking the box below:

“By marking the box below, | am giving permissianr the researchers on this project to use
video data associated with my responses duringptioject to be used for images in research
publications, demonstration purposes and/or pracluctf a research or marketing video about
this sensory application. ”

VI. Compensation

No direct compensation is provided for this acyivA snack will be available as you exit the
sensory laboratory.

VII. Freedom to Withdraw

If you agree to participate in this study, you fiee to withdraw from the study at any time
without penalty. There may be reasons under wlinehrtvestigator may determine you should
not participate in this study. If you have alle@gto dairy products, or are under the age of 18,
you are asked to refrain from participating.
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VII. Subject’'s Responsibilities
| voluntarily agree to participate in this studyave the following responsibilities:

Follow the directions on the monitor, which wilkelct me with guidelines about how to
evaluate the products, and provide my responses.

IX. Subject’s Permission

| have read the Consent Form and conditions ofptogect. | have had all my questions
answered. | hereby acknowledge the above and gyveofantary consent: Date

Subject Signature

Subject Printed Name
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Appendix H- IRB Approval Letter 13-037

I I I ‘ ?]IgniaTech Office of Research Compliance
e

Institutational Review Board

2000 Kraft Drive, Suite 2000 (0497)
Blacksburg, VA 24060
540/231-4606 Fax 540/231-0959
email irb@vt.edu

website http://www.irb_vt.edu

MEMORANDUM

DATE: March 19, 2013

TO: Susan E Duncan, Elizabeth Amalia Arnade, Virginia C Fernandez-Plotka, Kristen
Leitch, Courtiney Alissa Crist

FROM: Virginia Tech Institutional Review Board (FWA00000572, expires May 31, 2014)

PROTOCOL TITLE: Facial Expression Analysis Recruitment

IRB NUMBER: 13-037

Effective March 19, 2013, the Virginia Tech Institution Review Board (IRB) Chair, David M Moore,
approved the New Application 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 be 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 to 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 required to comply with the researcher requirements outlined at:

http://www.irb.vt.edu/pages/responsibilities.htm

(Please 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: March 19, 2013

Protocol Expiration Date: March 18, 2014

Continuing Review Due Date™: March 4, 2014

*Date a Continuing Review application is due to the IRB office if human subject activities covered
under this protocol, including data analysis, are to continue beyond the Protocol Expiration Date.

FEDERALLY FUNDED RESEARCH REQUIREMENTS:

Per federal regulations, 45 CFR 46.103(f), the IRB is required to compare all federally funded grant
proposals/work statements to the IRB protocol(s) which cover the human research activities included
in the proposal / work statement before funds are released. Note that this requirement does not apply
to Exempt and Interim IRB 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 been compared to this IRB protocol, if required.

Invent the Future

NIC INSTITUTE AND STATE UNIVERSITY

gportunity, affirmaliy

L ]

=chion inshiiution
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Appendix |- Preliminary Study 13-037 Recruitment Amouncement

Faculty, students and staff will be contacted igaderv emails through the Food Science and
Technology dept, CALS faculty, staff, undergraduaatd graduate weekly information emails,
and through a VT online survey. The recruitment i§advertisement through the university

calendar and VT Daily News announcement will read:

"Participants are sought for a pre-screening suarglysensory study on facial expression
analysis to foods and tastes. There is one seksting approximately 15-20 minutes.
Participants will be asked to consume 4 samplesvediter solution that may or may not impart a
bitter taste. Participants must be willing to bdeataped while participating in the sessions.
Testing will occur March/April [dates] by arrangemievith the researchers. Sessions will occur
in the Sensory Evaluation Laboratory (Rm 127) m Brepartment of Food Science and
Technology (FST). Panelists will be rewarded fattipgoation with a $2 gift card (Kroger,
Panera, or other local store), snacks, as welhased foods (total value about $5). Panelists can
keep the gift card and snacks and may keep or ehooconate the canned food, through the
FST Lab, to the Montgomery County Emergency AssitdProgram. If interested please fill out
the following survey: [vt survey link]."
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Appendix J- Preliminary Study 13-037 Interest Onlire Survey

Effect of Food Stimuli on Facial Expression AnasydRecruitment Survey

Your participation in this survey infers informednsent in future use of this data for research
information related to a research study, IRB NUMBHER-037.

Participation in this study is limited to individsaat least 18 years of age or older. If you are 18
years of age or older, you may continue with theey

This survey is intended for recruiting panelistsdgreliminary pre-screening research study in
the Food Science and Technology (FST) Sensory katwyr  This study is to assess potential
candidates for invitation to future studies ondgagif water and beverages to be completed
during the spring semester. The questions in tingey are grouped based on identifying

interest in and availability for participating ing preliminary study
use of products that relate to the research questio

personal characteristics that may affect succesglab capture
demographics

Panelists will be rewarded for their participatioith a $2 gift card (Kroger, Panera, or other
local store), snacks, as well as canned foodd (tatae about $5). Panelists can keep the gift
card and snacks and may keep or choose to dorabartimed food, through the FST Lab, to the
Montgomery County Emergency Assistance Program (MIEEMCEAP provides assistance to
families and individuals in immediate, temporamyda@&mergency situations.

The sensory study will be completed in the Fooesm and Technology Building located on
campus at the corner of Duckpond Dr. and Washin§ton

Interest In and Availability for Participating in P reliminary Study

Availability: During the spring semester, are youtinely available for at least 20 minutes, in
addition to getting to the Food Science and TeatmoBuilding and returning, during any of the
following blocks of time? Check all that apply.

Monday, 9:00 am-11:00 am
Monday, 11:00 am-1:00 pm
Monday, 1:00 pm-3:00 pm
Monday, 3:00 pm-5:00 pm
Tuesday, 9:00 am-11:00 am
Tuesday, 11:00 am-1:00 pm
Tuesday, 1:00 pm-3:00 pm
Tuesday, 3:00 pm-5:00 pm
Wednesday, 9:00 am-11:00 am

O O0OO0OO0OO0O0O0O0Oo
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Wednesday, 11:00 am-1:00 pm
Wednesday, 1:00 pm-3:00 pm
Wednesday, 3:00 pm-5:00 pm
Thursday, 9:00 am-11:00 am
Thursday 11:00 am-1:00 pm
Thursday, 1:00 pm-3:00 pm
Thursday, 3:00 pm-5:00 pm
Friday, 9:00 am-11:00 am
Friday, 11:00 am-1:00 pm
Friday, 1:00 pm-3:00 pm
Friday, 3:00 pm-5:00 pm

OO0 O0OO0OO0OO0O0O0OO0OO0Oo

Study information: This is a preliminary study r@qg approximately 15-20 minutes of time.
Participants will taste water samples and respaditathe intensity of selected basic taste
stimuli. During the preliminary study, panelistglWwe videotaped. Collected videos may be
used for educational, research (research publitgti@search presentations, research videos)
and/or demonstration purposes. The personal infia@mand performance related to videos will
be kept strictly confidential (except to the invgators)

o |am interested in participating.
0 Please provide your contact information and then aatinue with the rest of
the survey:
Name (First and Last):
E-mail address:
o |am not interested in participating.
Thank you for your time. You may leave the suraew.

Product Use

Do you have allergies to any of the following faadredients? Check all that apply. If you do
not have any known allergies, check the final lulethe list.

sodium chloride (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 ingredients

O O0OO0OO0OO0OO0OO0OO0OO0OO0OO0OOoOOo
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Do you consume sweetened iced tea beverages toteasper week?

Yes

No

Personal Physical Characteristics for Considerationwith Video Capture and Evaluation
Do you wear glasses?

o Yes,

o If yes, would you be willing and able to wear canisaduring the time of the study
OR be willing to remove your glasses and be ablead print on a computer
monitor at approximately 24” from your face with@ajuinting?
Yes
No
o No

Do you have a full beard and/or mustache?
0 Yes, | have a full beard and/or mustache

o No

Thank you for your participation!

179



Appendix K- IRB Consent Form 13-037

Virginia Polytechnic Institute and State University

Informed Consent for Participants in Research Projets Involving Human Subjects
(Sensory Evaluation)

Title Project: Facial Expression Analysis Recruitment

Investigators. Susan E. Duncan, Elizabeth Arnade, Virginia Fedea-Plotka, Kristen Leitch,
Courtney Crist

|. Purpose of this Research/Project

You are invited to participate in a pre-screeninglg intended to identify potential candidates
for future studies concerning measuring emotioagponse to foods and tastes through facial
expression analysis. Potential candidates willd@axrted at a later date for the voluntary
participation in such future studies.

You will be videotaped while you are evaluating faenples. Videos will be analyzed for results
using facial recognition software (FaceReader).Sbitware, designed to collect real time
emotional response by videotaping facial featusea geaction to information or stimuli, is a
novel method for evaluating sensory response tdgod his activity is designed to collect data
on facial recognition software to assess its usetasl in sensory evaluation of foods.

[l. Procedures

Initially you will be provided specific instructi@non your position within the laboratory and
how you interact with the sample and the computeges. It is important that you maintain eye
contact with the computer screen/video camera asges in head position/eye contact affects
the video information available for the research.sfich, please keep your face positioned
towards the touch screen monitor as you tasteaimpke. Please try to refrain from looking to
the sides or down to the floor. Please do not tquehr face after consuming each sample.

You then will receive four samples (water solutioviich may or may not impart a bitter taste),
presented one at a time. Following the guidanctheritouch screen monitor, you will taste each
sample and then answer a few questions about thelsa
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You will evaluate each sample by putting the whasteount (approximately 1 0z) into your
mouth and swallowing the sample. There will be é8@&econd pause before you will be asked
to move on to the next sample. You will be askedriswer two questions (degree of liking,
intensity of sample taste) by responding on thelteareen monitor.

There will be one session to complete the pre-sange After completion of the session,
individuals may be invited back to voluntarily peipate in future research studies which follow
similar procedures.

l1l. Risks

There are no more than minimal risks for partigigatn this study. Some individuals may be
uncomfortable about being videotaped or recordégou are aware of any allergies to sucrose
(table sugar), sodium chloride (table salt), cakéeior citric acid, please inform the investigator.

V. Benefits

Your participation in this study will provide valol@ information about consumer response to
basic food tastes and the application of faciabgedion software as a sensory evaluation
application tool, which will be useful to the foadd related consumer industries.

V. Extent of Anonymity and Confidentiality

The results of your performance as a panelistiveilkept strictly confidential except to the
investigators. Individual panelists will be refatr® by a code number for data analyses and for
any publication of the results.

Collected videos may be used for educational, reegaesearch publications, research
presentations, research videos) and demonstratiguoges including promotion or marketing
videos about this sensory application.

VI. Compensation

Upon completion of the session, you will be comaéed with a $2 gift card, snacks. As part of
the “Serving Science and Society” campaign fromRB8& Sensory Lab, you may select 2 cans
of food that you may chose to keep or donate, tiindne FST Sensory Lab, to the Montgomery
County Emergency Action Program.. If you chooswitbdraw from this study without
participating or at any time through the sessigong, may still have a snack.

VII. Freedom to Withdraw

If you agree to participate in this study, you fiee to withdraw from the study at any time
without penalty. There may be reasons under winehrtvestigator may determine you should
not participate in this study. If you have allegito any of the food ingredients used in the
study, or are under the age of 18, you are askesfrt@in from participating.
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VII. Subject’'s Responsibilities
| voluntarily agree to participate in this studyave the following responsibilities:

Follow the directions on the monitor, which wilrélct me with guidelines about how to
evaluate the samples, and provide my responses.

Indicate whether or not you would be interestegarticipating 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 ofghogect. | have had all my questions
answered. | hereby acknowledge the above and gyveofantary consent to participate in this
study.

Additionally, by signing this consent form, | anvigig permission for the investigators on this
project to capture and use video footage assocvwtedny participation for educational,
research, and/or demonstration purposes. | waiyeideo rights of compensation or ownership
thereto. There is no time limit on the validitytbfs video release nor is there any geographic
specification of where these materials may beidisted. This release applies to video footage
collected as part of the sensory sessions assoeidtie the identified IRB study # listed on this
document:

Date

Subject Signature

Subject Printed Name
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Should | have any pertinent questions about tlssarch or its conduct, and research subjects’
rights, and whom to contact in the event of a neteeelated injury to the subject. | may contact:

Susan Duncan, Faculty/ Investigator (540) 231-8675;
duncans@vt.edu

Virginia Fernandez-Plotka tplotka@vt.edu
Elizabeth Arnade 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
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Appendix L- IRB Approval Letter 12-1100

R L LT =T SR e ww

Effective January 2, 2013, the Virginia Tech Institution Review Board (IRB) Chair, David M Moore,
approved the New Application 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 be 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 to 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 required to comply with the researcher requirements outlined at:

http://www.irb.vt.edu/pages/responsibilities.htm

(Please 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: January 2,2013
Protocol Expiration Date: January 1, 2014

Continuing Review Due Date™: December 18, 2013

Date a Continuing Review application is due to the IRB office if human subject activities covered
under this protocol, including data analysis, are to continue beyond the Protocol Expiration Date.
FEDERALLY FUNDED RESEARCH REQUIREMENTS:

Per federal regulations, 45 CFR 46.103(f), the IRB is required to compare all federally funded grant
proposals/work statements to the IRB protocol(s) which cover the human research activities included
in the proposal / work statement before funds are released. Note that this requirement does not apply
to Exempt and Interim IRB 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 been compared to this IRB protocol, if required.

Invent the Future

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY
An aqual opportunity, affirmative achon inshiution
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Appendix M-IRB Consent Form 12-1100

Virginia Polytechnic Institute and State University

Informed Consent for Participants in Research Projets Involving Human Subjects
(Sensory Evaluation)

Title Project: Emotional Response to Basic Tastes
Investigators. Susan E. Duncan, Elizabeth Arnade, Virginia Fedea-Plotka, Kristen Leitch
|. Purpose of this Research/Project

You are invited to participate in a study to chéedze the emotional response to four basic
tastes in food- sweet, salty, sour and bitter.s Bhuidy will help identify similarities and/or
differences in emotional response to basic tastes.

You will be videotaped while you are evaluating saenples. Videos will be analyzed for results
using facial recognition software (FaceReader).Sbitware designed to collect real time
emotional response by videotaping facial featusea geaction to information or stimuli, is a
novel method for evaluating sensory response tdgod his activity is designed to collect data
on facial recognition software to assess its usetasl in sensory evaluation of foods.

[l. Procedures

You will receive five samples (one water and 4 baaste solutions), presented one at a time.
Following the guidance on the touch screen monytow, will taste each sample and then answer
a few questions about the sample.

You will evaluate each sample by putting the whasteount (approximately 1 0z) into your
mouth and swallowing the sample. There will be é8@Gecond pause before you will be asked
to move on to the next sample. You will be askedrtswer two questions (degree of liking,
intensity of sample taste) by responding on thelteareen monitor.

It is important that you maintain eye contact vitie computer screen/video camera as changes
in head position/eye contact affects the videorimgtion available for the research. As such,
please keep your face positioned towards the tesaden monitor as you taste the sample.
Please try to refrain from looking to the sideslown to the floor. Please do not touch your face
after consuming each sample.
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There will be at least two sessions (separate day)mplete the entire testing sequence. Itis
important that you participate in both sessionke flesearchers will work with you to find an
appropriate time within your schedule. If you cancommit to participating in two sessions,
please withdraw at this time.

l1l. Risks

There are no more than minimal risks for partigigatn this study. Some individuals may be
uncomfortable about being videotaped or recordégou are aware of any allergies to sucrose
(table sugar), sodium chloride (table salt), cakéeior citric acid, please inform the investigator.

V. Benefits

Your participation in this study will provide valole information about consumer response to
basic food tastes and the application of faciabgedion software as a sensory evaluation
application tool, which will be useful to the foadd related consumer industries.

V. Extent of Anonymity and Confidentiality

The results of your performance as a panelistiveilkept strictly confidential except to the
investigators. Individual panelists will be refatr® by a code number for data analyses and for
any publication of the results.

Collected videos may be used for educational, reegaesearch publications, research
presentations, research videos) and demonstratiguoges including promotion or marketing
videos about this sensory application.

VI. Compensation

If you agree to participate in both sessions, ydub& compensated with a $2 gift card, two cans
of food, and snacks for each session completeon@®d total value of $5). You may choose to
contribute the canned food to the Montgomery Colamergency Assistance Program
(MCEAP/food bank), as part of the FST Sensory Latmyy “Serving Science and Society”
incentive program. If you choose to withdraw fridms study without participating or at any

time through the sessions, you may still have alsaad participate in the “Serving Science and
Society” incentive program.

VII. Freedom to Withdraw

If you agree to participate in this study, you fiee to withdraw from the study at any time
without penalty. There may be reasons under winehrtvestigator may determine you should
not participate in this study. If you have allegto any of the food ingredients used in the
study, or are under the age of 18, you are askesfrt@in from participating.
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VII. Subject’'s Responsibilities
| voluntarily agree to participate in this studyave the following responsibilities:

Follow the directions on the monitor, which wilrélct me with guidelines about how to
evaluate the samples, and provide my responses.
Complete two sessions.

IX. Subject’s Permission and Video Release

| have read the consent form and conditions ofgihogect. | have had all my questions
answered. | hereby acknowledge the above and gyveofuntary consent to participate in this
study.

Additionally, by signing this consent form, | anvigig permission for the investigators on this
project to capture and use video footage assocvatbdny participation for educational,
research, and/or demonstration purposes. | waiyevideo rights of compensation or ownership
thereto. There is no time limit on the validitytbfs video release nor is there any geographic
specification of where these materials may beidigied. This release applies to video footage
collected as part of the sensory sessions assoaeidie the identified IRB study # listed on this
document:

Date

Subject Signature

Subject Printed Name
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Should | have any pertinent questions about tlssarch or its conduct, and research subjects’
rights, and whom to contact in the event of a neteeelated injury to the subject. | may contact:

Susan Duncan, Faculty/ Investigator (540) 231-8675;
duncans@vt.edu

Virginia Fernandez-Plotka tplotka@vt.edu
Elizabeth Arnade 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
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