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ABSTRACT

The purpose of this study was to examine theioglship among three factors: perceived
odorant name ability, whether the odorant was itegehrough a single nostril or both nostrils,
and how the odorant is represented in working mgnRarticipants smelled odorants through
the left or right nostril or with both nostrils atiten provided an identifying label for each odor
and rated how accurately their label representeddor. After a short delay, the participants
were given a new stimulus set consisting of new@dadorants. Participants were asked to
provide a label for the odor and determine whetherodor was new or old. These ratings were
used to evaluate how odors are represented in mgprkemory. A significant main effect
showing a both nostril advantage in odor namingiesszy compared to single nostril accuracy

was observed.
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CHAPTERI

INTRODUCTION

Background

Have you ever wondered why there are some scentsaioname instantaneously after
experiencing them, and yet other scents that yatldatever identify? If you smell an apple and
then smell a lemon, most individuals can immedyatetognize that these two smells are quite
different. The process by which this act of memiergiccomplished first begins with the volatile
molecules from the apple. These molecules enteryose via the nostrils and pass over the
olfactory receptor sheet before continuing throygtr trachea and into the lungs (Wilson &
Stevenson, 2006). Through a series of complexnat@rocesses, these chemicals activate a
temporary internal representation of the odor (\&/H2009), but in order to determine that the
scent of an apple is different than the scentlefreon a comparison of these representations is
required. While the ability to say that an appiéd a lemon are two different scents seems quite
simple, the cognitive processes and memory systemsrlying this aptitude have been puzzling
scientists for years.

The structure of olfactory memory has been aqaarly difficult mystery to due largely
to how differently olfactory memory appears to behan comparison to the other sensory
modalities.These differences appeared to thwart the undelisigtite scientific community had
regarding the workings of olfactory memory. It lnady been within the last twenty years that

the olfactory memory was thought to have a shomrteemory and long-term memory
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component (White, 2012). The significance of old@gtmemory being thought to operate as a
two-component system is that prior to this eveatwdely accepted model of memory
developed for the other senses could be generalizexplain olfactory memory with any real
confidence (Annet, 1996), predominantly becausg wWere developed to explain a two-
component memory system.

The model most predominately used in sensory titgaaemory research is the multi-
component model (Baddeley & Hitch, 1974). This ma@dethe name suggests, consists of
multiple components which allow long-term memory ahort-term memory to interact through
an additional memory system identified as workirgymory. The model operates as a
hierarchical master/slave system in which commuianaand resources are controlled
exclusively by one component. Within the multi-campnt model the master component is
called the central executive, and serves to dinectming information into the slave components
which draw upon information in long-term memorygenerate temporary internal
representations, and then communicate this infoomdtack to the central executive component.
In other words, when you smell an apple, the vielaihemicals that pass over the olfactory
receptor sheet stimulate receptors to produce @fgpeesponse pattern. This pattern is then
communicated to the central executive who thergassa slave component to compare the
pattern to any and all existing patterns held mglbterm memory. If the pattern is recognized,
then a previously existing representation of theradould be activated and the slave component
would communicate to the central executive that gattern represents the smell of an apple
(Baddeley & Hitch, 1974).

Research indicates that the olfactory system usdmal representations and perceptual
representations to hold information in long-termmmoey (Yeshurun, Dudai, & Sobel, 2008), and
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it is believed that these two representationszgtitivo separate slave components (Zelano,
Montag, Khan, & Sobel, 2009). It is believed tha slave component that utilizes verbal
representations resides in the language centbedirain (Zelano et al., 2009), which in 95% of
right handed individuals is lateralized to the-leéimisphere (Homewood & Stevenson, 2010). It
is also believed that this slave component whidizas verbal representations is only activated
for odors which are recognizable with a verbal lalvsenameable. In other words, if you can put
a name to a particular scent, then you are using kgft-hemisphere to perform verbal
representation. However, due to the structure ebtfactory pathways it is unclear if
information from the right nostril can communicétehe slave component utilizing verbal
representation. As information presented to thenestril is processed by the left hemi-sphere,
and information presented to the right nostrilngsgessed by the right hemi-sphere (Homewood
& Stevenson, 2010).

The object of this study is to provide eviderttat thow olfactory information is
represented in working memory is directly influethd® an individual’'s ability to name an odor,
represented by a self-reported measure of odor +aduitigy; as well as the method in which an

individual receives olfactory input in terms of trdsnput: left, right, or both.

The Olfactory System Pathways

To understand olfaction, one must first be awarleoe¥ information travels within the
olfactory system. The flow of information in thEaztory system begins with the olfactory
membrane, then to the olfactory bulb, and theméoprimary olfactory cortex (Wilson &
Stevenson, 2006).

In humans the olfactory membrane also known e®Hactory epithelium is located
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within the nasal cavity. The olfactory membraneasstructed of four cellular layers: supporting
cells, olfactory receptor cells, basal cells, angsh cells. The first layer of the olfactory
membrane is constructed of the supporting cells¢hvare long columnar cells that provide
physical support and produces a mucus layer betthegnselves and the open nasal cavity so
that items entering the nasal cavity first comeantact with the mucus layer and not the
supporting cells. Embedded between the supporgiig are the olfactory receptor cells, which
are actually bipolar neurons whose dendrites araéal within the mucus layer and whose axons
project through a sheet of bone called the cribmifplate into the olfactory bulb. Located above
the olfactory neurons are the basal cells, thesa stlls produce new olfactory receptor cells as
the olfactory neurons are generally short livede Tihal cellular layer is constructed of the brush
cells, the function of these cells is poorly untlesd but it has been proposed that they might
regulate neurogenesis (Brescia & Seiden, 2009).

The second structure in the olfactory pathwatésolfactory bulb, which receives
incoming information from the olfactory receptotlseThe olfactory bulb is composed of five
distinct lamina or cellular layers: the glomerukyer, external plexiform layer, mitral layer,
internal plexiform layer, and the granule cell lay&he glomerular layer is comprised of
olfactory cells known as glomeruli, which are stuwes where synapses between the terminals
of the olfactory neurons and the dendrites of tliteatrcells and tufted cells form. The next
cellular layer is the external plexiform layer wihnis comprised of mitral cell dendrites
proceeding towards the glomerular layer. Mitral@&®rm the succeeding layer, this layer is
comprised of mitral cell bodies whose dendritespaiogecting towards the glomerular layer and
whose axons are project into the olfactory corfée final layer in the olfactory bulb structure is
the granule cell layer. Granule cells are interaaarthat form dendrodendritic synapses with
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mitral cells; the function of these cells is to nage lateral inhibition of the mitral cells (Bartet
Barman, Boitano, & Brooks, 2009).

The mitral cell axons leaving the olfactory bésibm the olfactory tract which bypasses
the thalamus and projects directly to the antegifactory nucleus, olfactory tubercle, piriform
cortex, amygdala, and entorhinal cortex which itectively called the olfactory cortex (Barrett,
Barman, Boitano, & Brooks, 2009). The structures tonstitute the olfactory cortex are all
believed to play significant roles in the procegswf olfactory information, but the exact role of
each structure is not yet fully understood. Thecfiom of the anterior olfactory nucleus is
unknown, but it is believed to project to the cafdteral olfactory bulb (Barrett, Barman,
Boitano, & Brooks, 2009). The olfactory tubercldaieved to be associated with the
integration of olfactory and other sensory inforimat specifically with regards to the perception
of odors (Zelano et al., 2009), and has projecttorisoth the frontal cortex and thalamus
(Barrett, Barman, Boitano, & Brooks, 2009).

The amygdala has been shown to play criticakroiéhe processing of emotions and
memories, and has projections to the frontal coatek hypothalamus (Barrett, Barman, Boitano,
& Brooks, 2009). The entorhinal cortex is consideagransfer station between the hippocampus
and neocortex and is involved with memory proceaseisin the olfactory system projects to the
thalamus and the hippocampus (Brescia & Seiderf)20We final structure of the olfactory
cortex is known as the piriform cortex. This sture is believed to be involved in odor
discrimination and higher order processing (Steern2012), and projects to the orbitofrontal

cortex, thalamus, and frontal cortex (Brescia &igai 2009).



Olfactory Transduction

The term olfactory transduction refers to the sege of events in which volatile
chemicals are processed by the olfactory systenpesdlice the perception of an odor (Wilson
& Stevenson, 2006).

The process begins when odor molecules which@egile chemical molecules, travel
up the nasal passageway and become embeddednuthus of the olfactory membrane. Once
embedded in the mucus membrane these volatile ch&bind to olfactory receptor sites
located on the dendrites of olfactory neurons,al@factory receptors are a type of G-protein-
coupled receptors. These receptors operate wheda@ammolecule known as a ligand binds to a
receptor site and activates a specific G protels G protein in turn activates the enzyme
adenylate cyclase which acts as a catalysis toazbadenosine triphosphate into cyclic AMP.
Cyclic AMP then binds to cyclic nucleotide-gated ichannels. The cyclic nucleotide-gated ion
channels open as a result and Na+ and Ca2+ ioestéetcell depolarizing the cell. The
increase of Ca2+ ions within the cell then actisa@@2+ dependent chloride channels which
cause Cl- ions within the cell to flow out of thelcincreasing the depolarizing and producing
an action potential (Ma, 2007). In humans eachabdiry neuron expresses only one type of
olfactory receptor and thusly binds to only onestyh molecule. However, because most odors
are composed of multiple molecules it has beengseq that each olfactory receptor responds to
a specific element of the odor molecules and presian action potential signaling the presence
of that element. These action potentials if suneshatould then produce a set of features which
would describe the odorant (Wilson & Stevenson,6200

The action potentials resulting from the bindafgdor molecule components to specific
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olfactory receptors proceed down the axons of tfaetory neurons and terminate in glomeruli,
structures located in the glomerular layer of tHaatory bulb (Wilson & Stevenson, 2006).
Glomeruli vary in size; however, each structuretaoms several thousand olfactory neurons
axons all of which express the same receptor géardtt, Barman, Boitano, & Brooks, 2009).
This means that each glomerulus contains the axosesveral thousand olfactory neurons all of
which only respond to the presence of a specifeyabal molecule. This produces glomerulus
cell specific activity within the glomerular layemd because odors are composed of multiple
molecules when these molecules bind to olfactorgptors and produce action potentials, only
specific glomeruli cells will display activity. Thiproduces a spatial pattern consisting of active
and non-active glomeruli cells (Wilson & StevensB006). This spatial pattern is then
communicated to the olfactory cortex along the axainthe mitral cells (Barrett, Barman,
Boitano, & Brooks, 2009).

While we are aware of what structures receivesfiaial activation pattern produced at
the olfactory bulb, the exact processes each steicindergoes in regards to olfactory
information processing is not yet known, but a celiipg amount of research has been

conducted and is presented below.

Theorized Cognitive Processes of the Olfactory €ort

Of all the structures which comprise the olfagtoortex the most studied and best
understood is the piriform cortex. This structigdelieved to be the location where three
instances of olfactory information processing esertcur.

The first processing event is the discriminatdiwdorant input pertaining to a specific
source from that resulting from the environmentnasimpler terms the separation of
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environmental odors and non-environmental odotse gdiriform cortex has been shown to have
the capacity to rapidly adapt to the regular prestem of the same odorant (Sobel et al., 2000).
It is believed that this rapid adaptation allowsrecognition of new olfactory information
independently from the competing environmentalaitiay information (Stevenson & Wilson,
2007). Without the ability to rapidly adapt to gheesentation of the same odorant our olfactory
system would have a diminished capacity to idemtdw odors as the identifying characteristics
of each odor would be diluted by the competing emmental olfactory information.

The second processing event that occurs in tifenon cortex is the loss of information
regarding the structure and composition of the axiorit is well documented that odorants with
similar chemical structures do not produce sinoldor qualities (Stevenson, 2012).
Neuroimaging has shown that information regardimgdhemical structure of an odor is
managed by the anterior piriform cortex, and thatligative information regarding an odor is
managed by the posterior piriform cortex (Gottfrig¢inston, & Dolan, 2006). Neuroimaging
has also found that odor quality ratings were nimgély correlated with activity in the posterior
piriform cortex (Howard, Plailly, Grueschow, Hayné&sGottfried, 2009). This process provides
an explanation as to why chemically similar odosar&n produce dissimilar odor perceptions.
The information regarding the chemical structurambdorant is not incorporated in perceiving
odor quality and therefore the information is cdesed lost.

The third and final processing event in the pimf cortex is the “capacity to learn new
input patterns and to match inputs to stored patgiStevenson, 2012, p76). Kadoshisa and
Wilson (2006) found that neuronal responses reguftiom exposure to odorant mixtures
become increasingly more unique with each repeatpdsure. The capacity to match input
patterns to stored input patterns is necessaristoighinate whether an odor has previously been
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encountered. Evidence supportive of the concegtttte piriform cortex is involved in odor
discrimination can be found in studies involvingiinduals who underwent ablative brain
surgery. The best example of this is the individuedwn as HM. HM “received a bilateral
temporal lobotomy for intractable epilepsy, whidiménated nearly all of both piriform

cortexes” (Stevenson, 2012, p83). A study of Ifesctory abilities found that HM performed at
chance for tasks of discrimination when asked $oritninate between two different odors, but
was able to discriminate between the same odoepted at differing concentrations
(Eichenbaum, Morton, Potter, & Corkin, 1983). Thetfthat HM was showing only deficits in
odor discrimination but not in threshold perceptsuggests that the areas of the piriform cortex
are influential in discrimination but not threshalétection ability.

After the piriform cortex the second most studi#fdctory cortex structure is the
amygdala, however, the role this structure playsf@ctory processing is not well understood. It
has been demonstrated in lesion studies invohatgjthat the destruction of the anterior
amygdala produced no effect on the learning ontite of olfactory information on tasks of
discrimination (Slotnik, 1985). Ablation studievatving primates in which only the amygdala
or parts of the amygdala is removed do not reportadterations to olfaction (Narabayashi,
1977).

As detection and identification deficits are nbserved in individuals who have all or
part of their amygdala removed, it is not belietlest these processes rely specifically on this
structure. Instead, because the primary role oathggdala is thought to be the processing of
memory and emotional reactions (Hughes, 2004 )dleeof the amygdala in the olfactory
system is believed to be related to the processiag odors hedonic tone. Imaging studies have
supported this belief, finding that highly aversoadors produce increases in cerebral blood flow
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to the amygdala (Zald & Pardo, 1997), and thatitiaseased blood flow is a reflection of the
amygdala pairing emotional activation with olfagtarformation (Zald & Pardo, 2000).

Almost no research exists regarding the roldb@blfactory tubercle and anterior
olfactory nucleus in olfactory information procesgiand is an area of interest that future science

hopes to elaborate upon.

Historical Perspective of Olfactory Memory

Compared to the other sensory modality memoryesyst our knowledge of how
olfactory memory processes operate is extremelgdanIn addition one of the least understood
areas of olfactory memory is olfactory working mewno

The terms short-term memory and working memoeyrat interchangeable as they refer
to two different memory systems. Short-term memsmhe capacity to hold limited amounts of
information for a short period of time and is a gmment of working memory. While working
memory is a cognitive system which temporarily neiims information through mental
representations and is active during tasks whighire monitoring or manipulation of
information. Working memory is necessary to perféasks that require integration of old and
new information. As stated previously, one of thaskt understood areas of olfactory information
processing is olfactory working memory. This untemdable when one considers that the
concept of olfactory short-term memory, a fundaraecdomponent of olfactory working
memory, was only accepted within the past twengry€White, 2012).

The results of early studies found that olfacthgrt-term memory behaved so
differently from other known sensory memory systehag the existence of olfactory short-term
memory was heavily debated. One of the ways treetlfy system differs in memory
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performance from other sensory systems is thatatteeof learning olfactory information is

below that of other sensory systems such as v{tiawless, 1978). A potential explanation for
this is that olfactory information is encoded wighw features in comparison with visual
information which is encoded with many featuresg&m Gilmore, & Mair, 1991). Another way
the olfactory system differs from other sensorytays in terms of memory is in the rate of
forgetting. Early studies found that olfactory infation retention was the relatively unaltered at
periods of 30 seconds (Engen, Kuisma, & Eimas, 18¥3 months (Engen & Ross, 1973).
While at the time it was believed that no othemsii could produce a similar retention rate, it
has since been shown that simple visual forms (&ssyl1978), and voices (Legge, Grossman, &
Peiper, 1984) produce similar retention rates. Adidally, memory in the olfactory system is
guite inaccurate, with the ability to accuratelgntify a common odor by name under 50%
(Hertz, 2012). Finally, unlike visual or verbal mem which shows serial position effects
reliably, serial position effects are not reliablyserved in olfactory memory (Gabassi &
Zanuttini, 1983; Lawless & Cain, 1975) and whenatgrosition effects do occur the shape of
the curve produced is not consistent (Miles & Hagd@0805; Reed, 2000; White & Treisman,
1997).

The olfactory system differs not only in memomgrformance from other sensory systems
but also in neural architecture. In contrast witheo sensory systems such as the visual system
which has only one method to receive input toateptors, the olfactory system has two
methods. Input can be received orthonasally byisgifvith the nose (Mainland & Sobel, 2006),
or retronasally by inhaling with the mouth (Pie&é&lalpern, 1996). Unlike other sensory
systems the receptors in the olfactory system prgpsilaterally, meaning that an odorant which
enters the left nostril will be processed by tifelHemisphere. While an odorant which enters the
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right nostril will be processed by the right henhisge. In contrast to the ipsilateral nature of the
olfactory system is the visual system which prgexntralaterally, meaning that information
entering the right eye is processed by the leftisghere and information entering the left eye is
processed by the right hemisphere (Homewood & &g 2010). The most unique aspect of
the olfactory system when compared to the othes@grsystems is the lack of processing
conducted by the thalamus. In vision for examgie,thalamus conducts information processing
functions as well as information relaying functiamisich is known as thalamic relay. Unlike all
other sensory systems, the primary olfactory sygiathways do not include a thalamic relay.
The significance of this is that for all other seryssystems some degree of information
processing occurs in the thalamus (Shepard, 20@%ever in the olfactory system processing
occurs at non-thalamic locations like the olfactbwb, and the piriform cortex.

The unique neural architecture of the olfacwygtem is purported to be responsible for
the differences in memory performance when comperether sensory systems. Intuitively this
is very logical, other sensory systems such asgitwal system or the auditory system display
similarities in neural design and these similasitiesult in similar cognitive and memory
processes. The olfactory system is very differemtaural design and as a result is very different
in cognitive and memory processes (White, 2012pp8tt for the existence of short-term
olfactory memory store came with the understanthag olfaction memory is processed in a
serial method (Engen et al., 1991), meaning tHatnmation is dealt with sequentially. Because
olfactory memory utilizes serial processing any pamson between two odors requires that
information about one odor must be maintainedtenaporary memory store while information
regarding the other odor is being processed.

With the acceptance that short-term olfactory mgnexists, the concept of olfactory
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working memory began to be addressed. While newaging studies support the existence of a
temporary olfactory memory system (Rolls, Grabetddsrgot, Da Silva, & Velazco, 2008)
evidence at the experimental level is somewhatsistent. A requirement of working memory
is that the temporary representation of informatiarst be manipulated in some way. In the
visual system primacy serial positioning effects laeld to indicate manipulation has occurred.
However, in the olfactory system primacy serialiposing effects are not readily observable,
but recency serial positioning effects have beesenked (Miles & Hodder, 2005). The strongest
evidence that olfactory memory has a working mencomponent comes from studies which
utilize a two-back task (White, 2012). A two-baekk is a task of working memory in which
participants “have to determine whether a targshits the same as a comparison item that was
presented two trials before. Because the compaitisonis constantly changing, the information
in working memory must be continually manipulat€d@hite, 2012, p143). Olfactory memory
performance on two-back tasks involving familiapoglis found to be similar to that of visual
memory performance (Dade, Zatoree, Evans, & Jormsi&h, 2001). As a whole these studies

provide support for the existence of working memiarthe olfactory system.

Nameability

Odor nameability is defined as the ability to lgglabel to a given odor; accuracy is
assessed on terms of how close the given labehesitbe actual label. The ability to accurately
provide an odor label is limited, with unaided odtentification performance commonly
reported to be between 40 to 50% (Schab, 1991)eTdre several theories that have been
developed to explain why accurate label performdocedors remains so low. One of the most
cited theories it the poor link view (Hertz, 20Bthab, 1991). The poor link view relies on the
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fact that the olfactory system developed in mammaty to the development of language
centers and because of this, the connections betiheelfactory system and the language areas
of the brain have sparse and weak connectionstimiunicate poorly (Engen, 1987) and that
this poor communication results in low odor labetwacy performance.

Another theory is that odor naming, that is cotiseidentifying an odorant with a verbal
label is not important and this results in poorrodlaming performance (Engen, 1987). This
concept is better understood when one considersvihaccepted functions of the olfactory
system are in ingestive and social behavior. Theabthe olfactory system in ingestive
behavior is to identify food stuffs which shouldgbrould not be consumed, in simpler terms the
olfactory system allows us to determine which fe@donsume and which food to avoid. This
behavior does not require language, and for tlasae this might explain why odor naming
performance is so poor (Schab, 1991). Another fancif the olfactory system is in social
behavior, specifically in selection of social casl(Wilson & Stevenson, 2006), this task as with
ingestive behavior does not require a specificlagg component and therefor may also explain
why odor identification performance remains poor.

Lastly accurate odor naming performance may be mlsenced by the fact that odors
are experienced and learned in different circunt&sufior every individual and that this creates
odor names which vary for each individual. This ngethat two individuals may smell lavender
and each individual attributes a different nametti@rsame odor, and it is this non-consensual

naming of odors that may decrease olfactory nampérgprmance (Engen, 1982).

Multi-Component Model of Memory
The most widely utilized model of working memonypéied to the senses is the multi-
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component model of memory (Baddeley & Hitch, 1974jis model initially developed to
explain visual and auditory memory systems, typyoabnsists of five separate components
arranged in a hierarchical master/slave strucftine.master component is called the executive
function, and is responsible for receiving incominfgrmation and communicating this
information to the slave components. In the mo@ektbped for the visual system, the slave
components consist of: a visuospatial sketchpadmwilsiresponsible for holding information
within working memory through visual and symbolkepresentations, a phonological loop which
holds information within working memory through astic or verbal representations, and an
episodic buffer which integrates information frowthothe phonological loop and the
visuospatial sketchpad. The arrangement of theariaktve system is such that the slave
components cannot communicate to the master compuaminout first being activated by the
master component. This means that the phonololgiocplcomponent will not communicate to
the central executive without first being activabgdthe central executive. In this system the
central executive is first provided sensory inpungl then determines which slave component to
activate. The component the central executive atds/is then provided the sensory input
information. So when the central executive receavpattern of sensory input which is
represented in an acoustic form this pattern issmamcated to the phonological loop
component, which then holds the acoustic repregentaithin its temporary store and
compares the pattern of this representation tp#terns stored in long-term memory (Repovs
& Baddeley, 2006). If the pattern of the acoustipresentation is the same as one previously
committed to memory and residing within long-terramory, the phonological loop component
then communicates this finding to the central exeewand the sensory input is recognized. If
the pattern of the acoustic representation is iffefrom all the patterns stored within long-term
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memory, them the phonological loop component comaates this finding to the central
executive and the sensory input is determined toelve (Repovs & Baddeley, 2006).

While the overall structural organization and mgpen of the master/slave system for the
multi-component model of memory applied to the cif@y system is the same, the model
employed in olfactory memory research differs mg of the slave components. Unlike visual
and auditory sensory systems, the olfactory syste@es not appear to utilize spatial
representations (Zelano et al., 2009). Insteadnmédion in olfactory working memory appears
to be represented verbally and perceptually (Yashet al., 2008). In a neuroimaging study
Zelano et al. (2009), measured the activity ofipgrdnts remembering odors that they could
name and thus were highly nameable and odors vth&hcould not name and thus were poorly
nameable. Remembering the highly nameable odoutedsn sustained activation of areas
associated with language information, while remenniggooorly nameable odors resulted in
sustained activation in the piriform cortex. Théadings were interpreted to indicate two
important concepts regarding olfactory working meyné&irst, the activation of language areas
signified the verbal representation component faabbry working memory, and that the
activation of the piriform cortex signified the peptual representation component of olfactory
working memory. The component of olfactory workimgmory that performed the verbal
representation was believed to be the phonolo@pog component which is present in other
sensory models of the multi-component model of mgmbhe component of olfactory working
memory that performed the perceptual represenwati@s believed to be a novel olfactory
memory buffer (Zelano et al., 2009). The second,ranst important concept to the present
study, is that odorants are processed and repessdifterently in working memory as a
function of the ability to name the odorant.
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The olfactory buffer presented by Zelano et2000) as an additional slave component
to the multi-component model of memory has notbgstn thoroughly evaluated; however, at
this current time the evidence presented does suftpexistence of this component. This
component may or may not operate by the same aslése other slave components whose rules
were developed based on sensory modalities whoseiseinput include a thalamic processing
which the olfactory system performs independerslygpard, 2005). In the visual system
sensory information is relayed from receptors tttalamus which performs both information
processing functions as well as information relgyfumctions (Shepard, 2005), however in the
olfactory system processing occurs at non-thaldoaiations like the olfactory bulb and the
piriform cortex (White, 2012). In the traditionaloatel, the slave components communicate only
when activated by the central executive, and tieestomponents not directly accessed remain
dormant. The olfactory model of the multi-componeradel may violate this rule because
olfactory information will always first be process® some degree within the piriform cortex,
which is the theorized location of the olfactoryffeu (Zelano et al., 2009). The olfactory
information processed at the piriform cortex igtielayed to the orbitofrontal cortex, thalamus,
frontal cortex, and prefrontal cortex; which is theorized location of the phonological loop
(Repovs & Baddeley, 2006; Yeshurun et al., 2008aze et al., 2009). Due to the direction of
information processing which occurs in the olfagteystem, the olfactory buffer component
provides the information necessary for the phonobdidoop component.

The direction of communication indicates thas ipossible that olfactory memory does
not follow the traditional arrangement of the mastave system depicted by the multi-
component model (See Figure 1). With sensory itaweling directly to the piriform cortex
which compares a perceptual representation padgaimst the patterns stored in long-term
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memory, and then automatically communicates tH@mnation to a central executive. The

central executive would then activate the phonalalgoop component to determine if the

pattern can produce a verbal representation.

Sensory Olfactory Buffer
Input (Piriform Cortex)

!

Executive

function

Phonological
Loop
(Prefrontal
Cortex)

!

LONG-TERM MEMORY STORE

Figure 1 Non-traditional Multi-Component Model off&tory Working Memory

However, it may be possible that in the multi-cam@nt model of olfactory memory

does not violate the traditional rules of the mdstave system (See Figure 2); the central

executive first communicates olfactory informatiara perceptual representation pattern which

the olfactory buffer compares to perceptual pastérld within long-term memory. Then if the

pattern is recognized, this information is commated back to the central executive which then

activates the phonological loop component to dateznt the pattern can produce a verbal

representation.
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Figure 2 Tradition Multi-Component Model of OlfacgoNorking Memory

The Biological and Cognitive Processes of Percgian Odor:

The biological and cognitive processes that agewithin olfactory memory have been

described thus far as working independently. Taatisn will demonstrate how these two

processes operate concurrently when perceivinglan o

When an individual smells an apple, the scetihatf apple would be the result of
perceiving the volatile chemicals being naturaligquced by the biochemical process of that
fruit ripening. These volatile chemicals travellhgth nasal cavities and become embedded in
the mucus layer of the olfactory membrane. Onchiwithe membrane, the volatile chemical
molecules produced by the apple would bind to tdfigcreceptors. The multiple molecules

which compose the odor of an apple would be reaaghby multiple receptor neurons, each
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binding to a unique feature of a particular chetmealecule (Wilson & Stevenson, 2006). The
olfactory receptors which the apple odor molecbiesl and successfully depolarize the cells to
threshold would then produce and action poteniliails action potential would then travel out of
the olfactory membrane and into the olfactory bMiithin the olfactory bulb, these action
potentials would produce site specific activatith each area that becomes activated
representing a specific odor feature. Collectivéls activation produces a spatial pattern which
represents all the features of the apple scentspagal pattern representing all the features of
the aroma of an apple is then projected from thectary bulb to the olfactory cortex (Barrett,
Barman, Boitano, & Brooks, 2009).

The axons of the mitral cells exiting the olfagtbulb form the olfactory tract carry the
spatial pattern representing the aroma of an dpfiehe piriform cortex. Here the piriform
cortex separates the spatial pattern associatddatcompeting environmental odors, and
isolates the spatial pattern associated with teatsaf the apple. Once isolated, the olfactory
buffer which resides in the piriform cortex attesfd match the input pattern of the apple aroma
to stored patterns (Stevenson, 2012; Zelano €2@09). Assuming that the individual has a
stored pattern representing the aroma of an aph@egiriform cortex identifies the odor as
having been experienced before and projects infoomaegarding the odors qualities to higher
order brain areas like the orbitofrontal cortexgl#imus, and frontal cortex (Homewood &
Stevenson, 2006). At the point when the piriformeo matches the input pattern of the apple
aroma with a stored pattern, the individual is calyare that they have smelled this odor before.
The memory processes occurring at this locationldvonly be able to provide an individual
with a sense of how familiar they are with the qdt not be able to provide an accurate verbal
label.
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The spatial pattern representing the aroma oéfipde would also be projected into the
amygdala. At this location the role of the spapiaitern is most likely related to evaluating the
hedonic tone of the odor; that is information comimated to this structure would be likely used
to determine if the odor is pleasing or displeagngtionally (Hughes, 2004).

The apple aroma olfactory information that prégecfrom the olfactory cortex proceeds
into the orbitofrontal cortex and frontal cortexdaconnects with the prefrontal language areas
located in the left hemi-sphere of the brain. As$ fbcation the pattern representing the apple
aroma is attempted to be matched to a stored pattéong-term memory by the phonological
loop which resides in the prefrontal language afBapovs & Baddeley, 2006; Zelano et al.,
2009). Assuming a stored input pattern represerttiagaroma for an apple exists, the individual
would at this point be able to provide a verbaklab the odor. That is at this point the

individual would be able to say, this smells likeapple.

The Present Study

The purpose of this research study is to determimether or not odor name-ability is the
mechanism behind selecting how an odor is repredantworking memory. In the present study
participants will be divided into 3 conditions aexbosed to sets of odorants. During exposure to
the first odorant set (Time 1) participants willdsked to generate odorant labels and provide
ratings of perceived odorant name-ability for 1&yue odorants. The second odorant set (Time
2 which occurs 45 minutes after being exposeddditht set of 12 odorants) participants are
exposed to will consist of 6 odorants from thetfatsmulus set and 6 new odor stimuli. The 6
odorants which the participant will encounter twizié be the odorants they rated as being the
most nameable and the least nameable. For eadtipent the 3 odorants with the highest
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perceived name-ability ratings and the 3 odorarits the lowest perceived name-ability ratings
will be incorporated into the second stimulus Betring exposure to the second stimulus set
participants will be asked to discriminate if arocaht is new or old, and generate an identifying
label. In the first condition participants will ubeth nostrils (birhinal) in acquisition,
discrimination, and naming of nameable and unnafeeators. In the second condition
participants will use only the left nostril (monaral) in acquisition, discrimination, and naming
of nameable and unnameable odors. In the thirditongarticipants will use only the right
nostril (monorhinal) in acquisition, discriminaticand naming of nameable and unnameable
odors.

This study utilizes several measures relatedaxkivg memory. The first measure is that
of odorant discrimination. Odor discrimination edion matching input patterns to stored
patterns, as odor familiarity increases the disitreaess of input patterns associated with a given
odor also increases. Highly distinct input pattenmse accurately matched to stored patterns
compared to less distinct input patterns. Odorrairenation accuracy will be scored as correctly
or incorrectly discriminated.

The second measure is odor name-ability. It le@s proposed that the perceived name-
ability of an odor determines whether the odor Wélrepresented verbally or perceptually in
working memory. Nameable odorants are believecteepresented verbally, while unnameable
odorants are believed to be represented percept@abrant name-ability will be assessed on a
1-7 scale.

The final measure is that of odor identificationodor naming. Odor naming is thought
to occur in the prefrontal language areas of tiandocated in the left-hemisphere and is
associated with nameable odorants. Two judges erdmtly categorized the quality of
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generated labels as: (1) blank or no label, (3)lotvrong, (3) somewhat accurate label, and (4)
completely accurate. An accurate label refers éddbel provided by the participant during the
first presentation phase. A somewhat accurate labels to an incorrect label, but is precise and
can be readily confusable with the stimuli, for e raspberry for strawberry. A totally wrong
label refers to a clearly inappropriate name, f@maple, soy sauce for coffee. The inter-rater

reliability equaled .95.

Hypotheses
If nameable odorants are represented verbaltyyarbal representation can only occur
in the left hemisphere due to the lateralizatiofaafjuage, then due to the ipsilateral nature of
the olfactory system correct labeling of nameallerants should be highest in left nostril and
both nostrils conditions as these are the only itmmd which allow left hemispheric processing.
If unnameable odorants are represented percgpaual not verbally, then correct

labeling of unnameable odorants should be equakaall conditions.
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CHAPTERIII

METHODOLOGY

Method
Participants

The sample pool for this study consisted of 108augraduate students from the
University of Tennessee at Chattanooga. The ppatnts ranged in age from 18 to 44 years
(Mage = 21.57,9D = 3.83), and the sample was 81.5% female and 1&&%. The racial
composition of the same was 62% White, 12% Blaék,Mixed Racial Background, 1%
Hispanic, and 1% Asian. The average level of nesagestion reported by the participants was

approximately 20%MN congestior= 2.02,SD = 2.08).

Materials

Odorants

The stimulus set consisted of 18 different micr@gstilated scented labels purchased from
Print-a-scent inc. a nationally recognized scefdbdl manufacturer. The odorants used in this
study were selected because they were shown teebmast realistic in accurately recreating the
desired scent. After consulting with Print-a-saest employees and sampling several hundred
odorants, 40 odorants were identified as possit#ats for this study. These scents were then
explored extensively through repeated pilot testingll 18 scents were identified as being the

most accurate and effective. Pilot testing was ootedl using undergraduate psychology
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students studying at the University of Tennesséeéhattanooga. A total of four pilot tests were
conducted. The first pilot test performed deterrditiee appropriate inter-stimulus timing
interval that would be used in the final study. Beeond pilot test reduced the number of
possible odors that would be used in the study fadwtal of forty to a total of thirty. Two
additional pilot tests were conducted from whichst8nts were identified as being common
odors of a limited cognitive load and were accura@esentations of real life odors. The odor
labels consist of concentrated fragrance oil wrdppe polymeric shell attached to an adhesive
backing. The scent is released when the shelbisdor. The items in the stimulus set meet the
criteria of being generally regarded as safe byul# Food and Drug Administration. All the
scented labels appeared identical in appearantteasparticipants were unable to determine the
identity of the odor by visual means. The scenédells were attached to the front of standard
size white note card. The front of these cardsrtatharkings and appeared completely
nondescript, so that the participants were unabtietermine the identity of the odor by visual
means. The back of the business cards were marile@ wpecific number identifying which
odor the scented label represents. The note catdghe affixed scented labels were then be
stapled front side facing up to the response packetthat the participants could not determine
the identity of the odor by visual means. The segtdbels were be used once per participant
and the scented labels were never to be reusedslitiscovered during pilot testing that the
odorant material contained within the scent stiskeould transfer to whatever object was used
to break the microencapsulation. If that object W reused on another scent sticker, the
odorant material from the first sticker would thesnsfer to the second sticker creating altering
how the sticker would smell. This was correcteghyviding participants with 24 toothpicks to
use on the scent stickers. Participants were icigttiuto use only one toothpick per scent sticker
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and then dispose of the item. This way each sc¢ihkies would remain uncontaminated during

testing.

Scales

During presentation of the first odorant set (Tilneeach participant first provided a
label for each odorant. The participant then raétedodorant label on a perceived name-ability
scale ranging from 1 to 7, where a value of 7 iatdis that the label is a very accurate
description of the odor, a value of 4 indicateg tha label somewhat accurately describes the
odorant, and a value of 1 indicates that the ldbek not describe the odorant at all.

The participant then rated how familiar they pereehe odor to be on a scale ranging
from 1 to 7, where a value of 7 indicates thatdter is a very familiar, a value of 4 indicates
that the odor somewhat is somewhat familiar, andlae of 1 indicates that the odor is not

familiar at all.

Response Packet

Participants were provided with two response p&KT he first response packet was
provided prior to exposure of the first stimulus (&ee Appendix C). For this response packet
participants were asked to provide a label for emtdrant and to complete the aforementioned
name-ability scale for each of the 12 odors.

The second response packet was provided prignetenting the second stimulus set (See
Appendix D). For this response packet participarese asked to report whether an odorant was
new or old, and to generate an identifying odoelab

The response packets were printed on differelor gaper so that participants would be
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constantly aware of what condition they were intiE@ants in the left nostril condition were
given lime green packets, participants in the rigbgtril condition were given red packets and

participants in the both nostril condition wereagwvhite packets.

Procedure

The data was collected in a large auditoriumestyhss room. The study has three
conditions. The first condition had participantsefirodorants with both nostrils, and examined
how nameable and unnameable odorants are représenterking memory under normal
conditions. The second condition had participarglsodorants with only their left nostril, and
examined if the lateralization of language influesprocessing nameable and unnameable
odorants in working memory. The third condition fpadticipants smell odorant with only their
right nostril and examined how the nameable odsrare represented when access to the verbal
processing is inhibited.

Participants were screened prior to the testhragp for food allergies, asthma, epilepsy,
and pregnancy during the informed consent procedpeevented from participating in the
experiment if they indicated they had any of theseditions.

Participants in the both nostrils condition wigrgtructed to inhale through both nostrils.
Participants in left nostril condition were instted to block their right nostril with their non-
dominant hand by pressing their index finger todige of their nostril and inhaling with their
left nostril. Participants in the right nostril aiihon were instructed to block their left nostril
with their non-dominant hand by pressing their m@iager to the side of their nostril and inhale

with their right nostril.
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Participants were then instructed that they wereplicate, to the best of their ability,
the same smelling technique for each odor. Aftiepatdticipants were done sniffing and rating all
12 odorants, the experimenter left the testing rawstructing the participants that he would be
returning with the second portion of the experimént that this time was necessary for them to
cleanse their nasal palates. The true reasonddntrmission was to allow the experimenter to
create the packet used in Time 2 testing. Duriegrtermission between Time 1 and Time 2,
the experimenter reviewed each participant’s respg@acket and identified for each individual
the three odorants the participant rated as mgsiynnameable and the three odorants the
participant rated as least nameable. The experanémn included the six identified odorants
(three most nameable and three least nameabled sa&bof six new odorants for each
participant. When the second stimulus set was dsséiithe experimenter returned to the
testing room for the final part of the experiment.

Participants were informed that they were toXy@eed to a second set of odorant
stimuli that may or may not include odorants frdma previous set. Participants were then
instructed to perform the same procedure they pedd during the previous odor set, with the
exception that they will no longer be providingmgs of perceived odorant name-ability. Instead
for the second odorant set participants were askeulicate whether an odorant is new or old
and to generate a label identifying the odorant.

Demographic data collected for this study inctljcege, gender, class year, smoking

habits, degree of current nasal congestion, arel rac
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Research Design

The design was a 2 (nostril condition) x 2 (perediodorant name-ability) mixed model
design. Nostril presentation was a between subyectable with 2 levels (single nostril, or both
nostrils) and odorant name-ability was a withinjeats variable with 2 levels (nameable or
unnameable). Nameable and unnameable odorantdefned as those rated most nameable
and least nameable based on the perceived odoraldifitg scale given at time one. The first
dependent variable was discrimination, definechasability to distinguish an odorant as old or
new during the presentation of the second stimsgtisAn old odorant would be an odorant
which the participant experienced in the first stins set, a new odorant would be an odorant
which the participant is experiencing for the fiiste in the second stimulus set. The second
dependent variable was the accuracy of odor lgiveldded. Accuracy was defined by scoring
the odor label given during the second stimulussdieing accurate, somewhat accurate, totally
wrong, or no answer/blank as determined by twogsdgho achieved an inter-rater agreement
of .95. Participants were assigned by row to leftnl presentation only, right nostril

presentation only, or both nostril presentationditbons.
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CHAPTER 11

RESULTS

Odor Label Accuracy at Time 1

Each participant was given an odor identifica@g@curacy score based on his or her
labeling each of the 12 odorants presented at Tinféne accuracy of identifying each odorant
was done using a three point scale ranging frolav) to 3 (high) accuracy. A total accuracy
score was generated by adding the participants@cggcore across the 12 odorants.

Of the odors presented at Time 1, the threephdicipants were most accurate in
identifying were Baby powdeM = 2.392,3 = .836), followed by Lemonad&i(= 2.368,SD =
.820), and then PlayDolV(=2.352,SD = .879). The three odors that participants weastle
accurate in identifying were Strawberi € 1.295,SD = .619), followed by Root beekM(=

1.152,SD = .533), and then Cherril(= 1.104,SD = .389).
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Table 1Comparison of Mean Label Accuracy Scores Of All @iinOdorants

Odor Label Mean Std. Deviation Accuracy
Root beer 1.152 .533 7.6%
Lemonade 2.368 .820 68.4%
Cherry 1.104 .389 5.2%
Strawberry 1.295 .619 14.75%
Baby powder 2.392 .836 69.6%
Popcorn 1.598 .856 29.9%
Fresh Cut Wood 1.729 .937 36.45%
PlayDoh 2.352 .879 67.6%
Coconut 1.368 122 18.4%
Pineapple 1.821 .614 41.05%
Soap 1.625 .766 31.25%
Grape 1.682 72 34.1%

Note. Accuracy Label Scores are mean scores across all groups. Accuracy label scores ranged
from: (1) Wrong or Blank Label, (2) Somewhat Accurate Label, (3) Accurate Label.

To test the first hypothesis, that participantghie both nostril condition would have
significantly higher odor label accuracy scores@®pared with participants in the single nostril
conditions, a multivariate analysis of variance wadormed using total label accuracy as the
dependent variable, and nostril condition as thependent variable. In this analysis the
experimental conditions of right nostril and leftstril were combined to form the single nostril

condition discussed in this analysis. The resudlthis analysis found a main effect of nostril
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conditionF(1,82) = 5.035,p = .028, indicating that participants in the botstnil conditions
were superior in odor label accuracy than participan the single nostril conditions.

A second multivariate analysis of variance wasqgoeed using total label accuracy of
each individual odor as the dependent variableshasttil condition as the independent variable.
In this analysis the experimental conditions ohtigostril and left nostril were combined to
form the single nostril condition discussed in #analysis. The results of this analysis found a
main effect of nostril condition for only the odoirbaby powderk(1,82) = 5.374p=.033,
indicating that participants in the both nostrihddions were superior in accurately labeling the

scent of baby powder than participants in the simgistril conditions.

Discrimination: Identifying an Odor as Old versusNew at Time 2

The second hypothesis was that odors describeiffi@sltito identify would not vary by
nostril condition in terms of recognition accuraejpwever, odors described as easy to identify
would be more likely to be accurately identifiedodd versus new as function of nostril
condition. Specifically, with odors that are easydentify, participants in the both condition
should have had higher recognition accuracy sabis participants in the single nostril
conditions. Each participant was asked to identfgate the difficulty in identifying each odor
on a seven point scale where 1 = highly un-namdbtesomewhat nameable, 7 = very namable.
To capture the total variance in the nameabilitings, a regression analysis was conducted
where the main effect of nostril condition, naméahiand the interaction term was regressed on
discrimination of the odorant or the ability to ndéy each odorant as old or new at Time 2. The
hypotheses were that 1) the discrimination scor@sdwnot vary by nostril condition for odors
that were identified as difficult to name, 2) disanation scores would be higher for odors

32



described by participants as easy versus difftouttame, and 3) discrimination scores would
vary by nostril condition for odors that were idéatl as easy versus difficult to name.
Specifically, for easily identified odors, discrimation accuracy was hypothesized to be higher
in the single nostril condition than the both nibstwnditions. The results of the analysis
indicated no significant main effect of nostril clion (F (1, 66) = .413p> .05), odor label
accuracy [ (28, 66) = 1.029p>.05), and no significant interaction between ddbel accuracy

and nostril condition on discrimination accuraEy({2, 66) = 1.280p> .05).
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CHAPTER IV

GENERAL DISCUSSION AND CONCLUSION

The results of this study do support the belief tha left hemi-sphere is the location of
the phonological loop component of olfactory wotkmemory. The findings of this study
showed only a significant main effect in which papants in the both nostril condition out-
performed participants in the single nostril comh$ in terms of accurately labeling odorants.
The participants in the both nostril condition webserved to have greater accuracy in naming
odors than individuals in the single nostril coradit this finding supports the stated theory that
the left hemisphere in right-handed individuals rbaythe location of the phonological loop
component of olfactory working memory. The advagstafithe both nostril condition
outperforming the single nostril condition may he tesult of many different factors. First as no
different was observed between highly nameablehggidy unnamable odors the both nostril
condition advantage may be the result of the twsims processing the olfactory information
with both the olfactory buffer and the phonologilcedp components. As both the right and left
hemisphere would be active in receiving the olfactoformation in the both nostril condition
this may have increased the cognitive memory corapisithe participant could activate during
the task increasing his or her ability to identtig odors. This capacity to draw upon two
components compared to one may have been the rdegdhe performance of the both nostril
condition was significantly better in odor namirggaracy than the performance observed by the
single nostril conditions.
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The single nostril conditions were found to h#twe lowest mean odor accuracy scores
compared to the both nostril conditions. Zelanale€2009) hypothesized that the right
hemisphere did not house the phonological loop whepresents information temporarily as a
verbal representation. Due to the lack of verbatesentation the right hemisphere was
hypothesized to be less effective in providing aateiodor labels. This hypothesis was
supported by the data which found that single iasinditions showed a significantly lower
mean accuracy labeling score compared to the hasttrihcondition.

Nameability and familiarity ratings were foundtho be significant for overall odor
identification. This result may be indicative oflagk of involvement of perceived odor
nameability in olfactory memory which would contictdhe findings of Zelano et al. (2009), but
more likely is that there was not enough variapitietween odor nameability and familiarity
scores for any significant finding to be detected.

The analysis of variance using nostril condit@@the independent variable and
individual odor label accuracy as the dependengakbe found only one significant finding for
all the twelve odors used in Time 1. The only oithatt was observed to have a significant effect
was the scent of Baby powder. Baby powder was faaradmain effect of nostril condition on
label accuracy with the both nostril condition hmeya greater label accuracy score when
compared to single nostril conditions. There mayndtiple factors why Baby powder was most
accurately labeled by participants in the both miostndition. One possible explanation for this
result was that the both nostril condition hasdagacity to draw upon both the phonological
component as well as the olfactory buffer compoménth may have resulted in a more
complete and accurate memory representation usdénafy the odor. Overall Baby powder
was shown to be the most accurately identified @dooss all groups, therefor it is not
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unexpected that Baby powder label accuracy wouldidgigest in the nostril condition that allows
the greatest level of cognitive processing.

The second hypothesis was that odors describdiff@slt to identify would not vary by
nostril condition in terms of recognition accuraegs not supported. As no significant results
were observed this finding can be interpreted vess different ways. One interpretation of
these results is that discrimination did not vayadunction of nameability, indicating that odor
discriminative ability did not operate as a funotjgerceived nameability. Another finding was
that discriminative ability did not show a mainesft of label identification, this finding was
surprising as identification ability is theoretigaimited by the ability to accurately discrimimat
an odor (Hertz, 2012). Additionally there was ngn#icant interaction observed between label
accuracy and nameability. These findings were tilasliy the result of a lack of variability
among the nameability and discrimination scoresntep by the participants.

There are several possible reasons that the résartisthis study may not be truly
indicative of how olfactory working memory operat&se key limiting factor in this study is
that the testing environment was not kept odorma¢uthe testing environment was intended to
remain odorless or as close to odor neutral aslgeskowever, participants were not screened
to determine if they were odor-less. This lack artcol allowed additional odors that were not
introduced by the experimenter into the testingmodhese additional odors would have created
competing olfactory information that the participamould have had to separate from those odors
being presented to them in the response packeadlufian to this for future experiments would
be to run participants individually and screen thedividually to assure that the testing
environment remains odor neutral.

An additional limitation of this study was thekaof control regarding how participants
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performed the procedure. In this task participargse instructed how to perform the experiment
through oral instruction. Due to the large siz¢haf testing environment some participants may

not have accurately heard the directions on hopetform the experiment. This limitation

would be better controlled if participants werdeeson an individual basis, allowing for greater

instruction and the ability to monitor the partigigs for errors while performing the task.

One factor that was not addressed during thystvas the effect of nasal cycling on the
participant’s performance on tasks of olfactory kweg memory. It has been shown that nasal
cycling may impact olfactory memory performanceas nostril will demonstrate a greater
airflow rate. Several methods have been developeeétermine which nostril is displaying
airflow dominance; the currently most widely useethod is to use an anemometer which is a
device specifically designed to measure nasabaifStudies have found that nasal airflow
dominance occurs in an ultradian rhythm (Searlerdannung, Stien & Brzuskiewicz, 2005),
therefore it is not known what nostril was dominatt¢he time the participants performed this
experiment. In a study by Searleman, Horgun, Si@&rzuskiewicz (2005), it was observed that
handedness was related to nostril dominance. Isttigy it was found that nostril dominance
was correlated with handedness such that the deenmesstril occurred on the same side as ones
dominant hand 60% of the time. This means thathisrstudy, which utilized only right handed
individuals, the dominate nostril would have beaa tight nostril at least 60% of the time. This
may have affected the results of this study botat not have had a significant impact on the
results as well. The impact of nasal cycling onrgsilts of this study may have been minimized
because individuals in the single nostril conditieere instructed to block one nostril. This
would have created force airflow in one nostritifeially creating a dominate nostril.

The last limitation of the study that will be dissed was participant fatigue. In Time 2
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of the experiment, the interval between Time 1 @imde 2 was approximately 45 minutes. This
intermission was used by the experimenters to lWhédoarticipant response packets used in
Time 2 of the experiment. The time required to dhtile participant packets was underestimated
and additional time was necessary to completeatle This resulted in the administration of the
testing phase at Time 2 to occur 10 minutes laten the participants had been instructed. This
may have resulted in the participants becomingdi@tl and disinterested in the task at hand. The
consequence of this may have been that participenksnger performed to the best of their
ability and this may have contaminated the results.

The directions for which future research couldgaed from this study are limited. The
lack of any significant findings should not be mpieeted to mean that the concepts and beliefs of
which this study hoped to explore are incorrebilleve that, had the environment remained
odor neutral and if there had been more stringentrols, that the results of this study would
have been much different and would have suppohtedindings of previous studies that
olfactory working memory utilizes both perceptuatlaverbal representations in working
memory. Future research should focus on findinth&revidence of the olfactory buffer and
phonological loop components of working memory argdloring what the role of perceived

odor name-ability is within olfactory memory.

Conclusion

The main finding of this study was that odor laheturacy was highest for participants
in the both nostril condition when compared to $hegle nostril condition. A possible
explanation for this is that the both nostril cdrmh allowed the activation of both the olfactory
buffer and the phonological loop components ofattfey working memory.
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A secondary finding of this study was that thees no observed significant relationship
between odor name-ability and the ability to actlydabel an odor or the ability to
discriminate between new and previously experiemmcknts. This finding does not support the
previous findings of Zelano et al. (2009) whichriduthat perceived nameability was the major
determiner of what component was active in proogssifactory working memory information.
The data collected in this study was gathereddordaminated testing environment and
produced contaminated data. This present studstiidites the need to conduct more controlled
and in-depth research on how the olfactory memppgrates and displays how sensitive the

olfactory system is and the need for a controléedihg environment.
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INFORMED CONSENT
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INFORMED CONSENT FORM

PROTOCOL TITLE: OLFACTORY WORKING MEMORY: THE ROLBF PERCEIVED
ODOR NAMEABILITY.

UNIVERSITY OF TENNESSEE AT CHATTANOOGA

Please read this consent document carefully bgfmuedecide to participate in this study. This
research has been approved by the University utisiital Review Board.

Purpose of the research study:
The purpose of this study is to examine factorsdiig olfactory working memory.

What you will be asked to do in the study:

A brief screening and questionnaire will be adniarisd first. Following the screening and
guestionnaire you will be asked to smell a largeofedorants and provide information about
the odors. You will then briefly leave the testmogm and then return and smell a second set of
odorants and provide information about the odors.

Time required
1 hour

Risks and Benefits

You may be exposed to odors you find undesirabexperience. You will be excluded from the
study if you have asthma, allergies, epilepsypaegnant. Additionally, we do not anticipate
that you will benefit directly by participating this experiment.

Confidentiality:

Your identity will be kept confidential to the exteprovided by law. Your information will be
assigned a code number. The list connecting yomerta this number will be kept in a locked
file in my faculty supervisor's office. When thedy is completed and the data have been
analyzed, the list will be destroyed. Your namd wnat be used in any report.

Voluntary participation
Your participation in this study is completely votary. There is no penalty for not participating.

46



Right to withdraw from the study:
You have the right to withdraw from the study ay @#me without consequence.

Whom to contact if you have questions about thdystu
Student Researcher: Spencer MacAdams
spencer-macadams@utc.edu

Faculty Advisor: Dr. David Ross
david-ross@utc.edu

Agreement:
| have read the procedure described above. | valiypagree to participate in the procedure and
| have received a copy of this description.

Participant: ate:D

If you have any questions about your rights asbgest/participant in this research, or if you feel
you have been placed at risk, you can contact Bwt Beathington, Chair of the Institutional
Review Board, at 423-425-4289. Additional contafirmation is available atww.utc.edu/irb
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APPENDIX B

DEMOGRAPHICS QUESTIONNAIRE
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Name:

Age:

Gender:

Race:

Class Year:

How many cigarettes do you smoke a day?:

How would you rate the congestion are your nasss@geways on a scale of 0-10, with O

indicating no congestion and 10 indication compjetengested:

49




APPENDIX C

TIME 1 RESPONSE PACKETS
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Name:

Condition:BOTH NOSTRILS

(s »)

Odor Identification: Please write in the space provided below whathalieve the name of the odor is.

Odor Label:

Odor Name-ability: Please circle the response on the scale below that indicates how accurately your
label describes the odor.

(1 =Notatall) (4 = somewhat accurately) (7 = Very Accurately)

c 0 0 O 0 0 O

1 i 3 L 2 b 7

Odor Familiarity: Please circle the response on the scale below that indicates how familiar the odor is.

(1 =Notatall) (4 = somewhat familiar) (7 = Very familiar)

c 0 0 O 0 0 O

1 i 3 L 2 b 7




Name:

Condition:LEFT NOSTRIL

(s »)

Odor Identification: Please write in the space provided below whathalieve the name of the odor is.

Odor Label:

Odor Name-ability: Please circle the response on the scale below that indicates how accurately your

label describes the odor.

(1 =Notatall) (4 = somewhat accurately) (7 = Very Accurately)
©c 0 0 0 0 0 O
1 i 3 d 3 b Fi

Odor Familiarity: Please circle the response on the scale below that indicates how familiar the odor is.

(1 =Notatall) (4 = somewhat familiar) (7 = Very familiar)

c 0 0 O 0 0 O

1 i 3 L 2 b 7




Name:

Condition:RIGHT NOSTRIL

(s »)

Odor Identification: Please write in the space provided below whathalieve the name of the odor is.

Odor Label:

Odor Name-ability: Please circle the response on the scale below that indicates how accurately your

label describes the odor.

(1 =Notatall) (4 = somewhat accurately) (7 = Very Accurately)
©c 0 0 0 0 0 O
1 i 3 d 3 b Fi

Odor Familiarity: Please circle the response on the scale below that indicates how the odor is.

(1 =Notatall) (4 = somewhat familiar) (7 = Very familiar)

c 0 0 O 0 0 O

1 i 3 2 2 b J
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TIME 2 RESPONSE PACKET

54



Name:

Condition:BOTH NOSTRILS

(= »)

Instructions:
Please indicate if this odor is Old meaning youlgdehis odor previously in this experiment,

or if the odor is New meaning that you have notlidehis odor in this experiment previously

OoLD NEW

Odor Identification: Please write in the space provided below whathalieve the name of the odor is

Odor Label:
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Name:

Condition:RIGHT NOSTRIL

(= »)

Instructions:
Please indicate if this odor is Old meaning youlgdehis odor previously in this experiment,

or if the odor is New meaning that you have notlidehis odor in this experiment previously

OoLD NEW

Odor Identification: Please write in the space provided below whathalieve the name of the odor is

Odor Label:
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Name:

Condition:LEFT NOSTRIL

(s »)

Instructions:
Please indicate if this odor is Old meaning youlgdehis odor previously in this experiment,

or if the odor is New meaning that you have notlgdehis odor in this experiment previously

OLD NEW

Odor Identification: Please write in the space provided below whathalieve the name of the odor is

Odor Label:
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MEMORANDUM

TO: Spencer MacAdams IRB # 12- 158
Dr. David Ross

FROM: Lindsay Pardue, Director of Research Integrity
Dr. Bart Weathington, IRB Committee Chair
DATE: October 31, 2012
SUBJECT: IRB # 12-158: Olfactory Working Memory: The Role of Odor Name-ability.

The Institutional Review Board has reviewed and approved your application and assigned you the IRB
number listed above. You must include the following approval statement on research materials seen by
participants and used in research reports:

The Institutional Review Board of the University of Tennessee at Chattanooga (FWA00004149) has
approved this research project #12-158.

Please remember that you must complete a Certification for Changes, Annual Review, or Project
Termination/Completion Form when the project is completed or provide an annual report if the project
takes over one year to complete. The IRB Committee will make every effort to remind you prior to your
anniversary date; however, it is your responsibility to ensure that this additional step is satisfied.

Please remember to contact the IRB Committee immediately and submit a new project proposal for
review if significant changes occur in your research design or in any instruments used in conducting the
study. You should also contact the IRB Committee immediately if you encounter any adverse effects
during your project that pose a risk to your subjects.

For any additional information, please consult our web page http://www.utc.edu/irb or email

instrbo@utc.edu

Best wishes for a successful research project.
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Spencer MacAdams is a Connecticut native who camgbleis Bachelor of Science
degree at Stetson University of Florida in Psychgld\fter graduation he attended the
University of Tennessee at Chattanooga to compist&laster’s degree in Research Psychology
under the supervision of Dr. David Ross. His ind&se@re a combination of biological

psychology and pharmacology.
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