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Abstract
Research has established the calming effect orrmadigcent on newborn infants; however, little
research has been done to investigate these olfaesponses outside this sensitive period follgwin
birth. Additionally, no research has investigatesvtscent impacts the cry and sleep behavior witien
day care setting, an environment of increasingseglee for child development. In this vein, thisdstu
examined the effects of maternal scent on the rdysteep behavior of infants within the Dutch and
Chilean day care settings. During the morning map,tthe cry and sleep behavior of 26 infants betwe
the ages 4-9 month was observed via video recordidgr three different conditions: Own mother scent
Other mother scent, and Neutral scent. Resultsatelithat infants exposed to Other mother scerlessy
than those exposed to both own mother and newgat.sAdditionally, no effects were found for the
amount of hours that the infants spent in day pareveek. However, an exploratory analysis between
the Dutch and Chilean infants revealed differergasy behavior. Namely, Chilean infants cried lgss
both own mother and other mother conditions tharhtch infants. These findings provide preliminary
evidence for the continued calming effect of maaeodor, but suggest that as infants develop, ¢ney
no longer calmed by the scent of their own motRarther investigation of such effects could prove
fruitful in the development of effective sleep audishin the day care setting.

Keywords:infant, olfaction, day care, cry, sleep, crosstoalt
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1. Introduction

It is a well-established notion that children’selpment is largely shaped by the environment in
which they are raised, and nowadays, a child’srenment oftentimes extends beyond the home. In
families with working parents, children may spenarentime with extended family, with professional
caregivers, or within a day care setting. Spedificaarly exposure to the day care environmentheen
shown to have a long-lasting effect on childrethay enter school and begin to perform in an academ
setting (National Institute of Child Health and HamDevelopment [NICHD], 2005). Through a 2005
longitudinal study into the long-term effects oflgahild care, the NICHD Early Child Care Research
Network has shown that the higher number of hopestsin day care in the first few years of life tzad
negative impact on both the social skills and agadevork habits of third-graders (NICHD, 2005). As
this study illustrates, the potential impact of tfag care environment on a child’s future makethéur
research imperative in modern society. Furtherntbeeinfluence of the day care environment becomes
especially pertinent when one takes into accounstitietal tendencies in many modern cultures.
Namely, the number of women entering the workfasdacreasing throughout the modern world. As
such, working mothers are becoming the norm, anc imfants are exposed to a day care environment.
Specifically, studies need to investigate the digtmechanisms that have the most impact on a'shild
development as well as the potential ways that sedative consequences of day care attendancescan b
curbed in the future.

In this vein, the following study examined twofdient populations, the Netherlands and Chile,
in order to determine whether the scent of the eradiffects the sleep and cry behavior of 4-8 madh-
infants. Both countries are striking examples efiticrease in day care attendance in recent decades
Because female labor force in Chile is one of @veelst of the Organization for Economic Cooperation
and Development (OECD) countries, strong polictiatives have been applied in order to foster femal
labor participation; such initiative is seen in fevernment actions increasing access to publicees
centers (OECD, 2011). In fact, the number of puttiig care centers increased by 240% between 2005
and 2007 (Medrano, 2009). However, Chile still mgh ground to cover in bridging the gap of female
labor participation, as demonstrated in its congmerito a country such as the Netherlands, in wihieh
number of women in the Dutch workforce increasedhfB1% in 1975 to 69% in 2006 (Euwals, Knoef,
& van Vuuren, 2011). It should be noted, howeveat the Netherlands leads OECD countries in female
part-time employment, making infant day care attewe part-time as well. This phenomenon of
increased female labor participation is obviouakirig a strong hold in both countries of interést.

therefore, raises many questions and concernsdiagao the role of the day care environment and
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whether such an environment has a positive or hegahpact on an infant’s development. Furthermore,
guestions arise as to whether the increase in ifpaas taken a toll on the quality of the carevted
(Vermeer et al., 2005; Villalon, Suzuki, HerreraMathiesen, 2002). Chilean day care centers haaue se
an increased momentum at improving the qualityanfyseducation; such focus is seen in initiativks |
Junta Nacional de Jardines Infantiles (JUNJI), #e@h state funded program offering full-day ediaat
and care for 0-5 year old children living in poyef¥illalon et al., 2002). In fact, the quality UNJI

day care centers showed a quality level similah&d of Austria, the country with highest standafd
European countries as assessed by the Europeah@zing¢ and Education (ECCE) study (Villalon et al.,
2002). In this way, the JUNJI day cares are higbiyparable to Dutch day care centers, and the
inclusion of these day cares in our study provalésoader range of hours spent in day care for
investigation.

In this context, this study investigates a spe@fament of the infant’'s day care experience,
which could have a potential influence on the skaeg cry behavior: the scent of the mother. Through
experiments carried out in day care centers imghpective countries, this study examines the mgrni
naps of participating infants to determine whetgrosure to the scent of the mother increases staep
and decreases the amount of crying/fussing. Thdsni® by exposing each infant to three different
stimuli: the scent of own mother, the scent of haptnother, and a neutral scent. In observing thaw t
scent of the mother during sleep exposure poténiidluences the sleep and cry behavior of infatitis
study will not only contribute to the knowledge thie olfactory systems of infant, but it will alsepéore
how an evolutionary strategy, such as olfactoryscaan be a viable solution for improving the gyabif

infant sleep experience in the day care setting.

1.1. Smell and Infant Behavior

Olfactory recognition has been proven to be angtevolutionary mechanism for mammalian
species (Halpin, 1991). According to kin selectiogory, as a way to increase reproductive fitness,
organisms should exhibit more favor toward moreelp related kin in comparison to more distant kin
(Hamilton, 1964). In fact, a study conducted by BsiiHeijkoop, and van Aken (2009) revealed that
parents reported a closer bond and more investimehildren whose scent they were able to accuyratel
identify. This suggests that olfactory cues mayaut, be so influential that they direct parental
investment in children. Whether animal or humafanibor adult, olfactory cues have been show teeser
an evolutionary strategy for mammals to easily iifeclosely related kin, and this olfactory mecksan

has been shown to be especially pertinent andtsen&illowing birth (Balogh & Porter, 1986; Nishiti



MATERNAL SCENT IN THE DAY CARE SETTING 7

et al., 2009; Romantshik, Porter, Tillmann, & Vaiend, 2007; Sullivan & Toubas, 1998; Winberg &
Porter, 1998;). This can be attributed to the wahaity of infants and, therefore the evolutionary
incentive to be in close contact with and well ddi@ by a parent. Additionally, olfactory recogait in
infants is thought specifically to aid in guidariowvard the nipple during breast-feeding and, more
generally, to assist in a smooth transition inf@ ¢iutside of the womb (Varendi, Porter, & Winberg,
1994). Research has established that scent hemng sffect on the behavior of infants; namelyt tha
smells can influence the facial expressions, rasipim, crying/fussing, sucking, and general bodyvag.

In fact, studies have even revealed that famitants, whether or not they were maternal, havenaing
effect on infants (Goubet, Rattaz, Pierrat, Bukingk Lequien, 2003; Goubet, Strasbaugh, & Chesney,
2007; Nishitani et al,. 2009; Rattaz, Goubet, &IBigler, 2005; Sullivan & Toubas, 1998). For exaepl
a study by Lucassen, Assendelft, Gubbels, van EijRpuwes (2000) showed that exposure to whey
hydrolysate formula (a bovine milk-derived produeluced the crying duration by 63 minutes per day
in colicky infants.

However, research has not only established sudffactory sensitivity among newborns shortly
after birth, but has also shown that infants dermatesa specific olfactory sensitivity to their et
(Romantshik et al., 2007; Sarnat, 1978; Sullivafidbas 1998). In studies that examine the effafcts
maternally infused stimuli rather than the effaafta familiar scent, it has been established tretemal
odors have a calming effect on the pain resporfsiedl-eerm infants (Goubet et al., 2003; Rattaakt
2005; Goubet et al., 2007; Nishitani et al., 2008uch studies help to illustrate the effectiveradss
maternal odor specifically in clinical settingsowever, in what ways can the maternal scent have an
impact in other settings? While some research daggthe scent of the mother has been conducttdeein
home setting (Burnham, Goodlin-Jones, Gaylor, & énsg2002), very few environments outside of the
clinical setting have been considered in reseddekurally, a baby’s environment is much more comple
than simply the home and clinical setting, and,itlherefore, important for future research to take
account the variety of consistent settings thah&mt will encounter in its development. In thespect,
the current study will consider the day care emument, an environment that is of ever-increasing
importance for a baby and for society as a whdleil&ly, surprisingly few studies on infant resgsento
maternal scent have been tested outside of théigernseriod following birth. Through this studyo
infants from 4-8 months of age, we examine whetheresponse period to a maternal scent extends

beyond the time soon after birth and into lateanmady.
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1.2. Infant Sleep and Maternal Scent

As previously mentioned, a vast amount of resehashbeen conducted on infant olfactory cues.
Similarly, much research has also been conductedfant sleep (Anders & Keener 1985; Sadeh, Acebo,
Seifer, Aytur, & Carskadon, 1995adeh & Anders, 1993; Thoman, 1990). Howeveleligsearch has
been performed on how such olfactory cues influgheeyuality of sleep in infants. A study execubgd
Burnham, Goodlin-Jones, Gaylor, & Anders (2002)meixeed the longitudinal night-time sleep patterns
of infants and orientation to sleep aids infusethwhe mother’s scent. While this study
yielded no results in regards to preference fegskds infused with maternal odor, this may betdue
methodological issues regarding how the scent mfased with the sleep aid, namely that maternaitsce
was not refreshed throughout the course of theitietigal study. Therefore, it is important to cone
research of this nature using various methodolagielvarious sleep settings.

The significance of studying infant sleep becoess more apparent when one considers the
major role of sleep in learning and developmenithdugh the precise role of sleep in cerebral
development has not yet been clearly identifiegkslis thought to be an interaction between biokdgi
and socio-emotional regulation that helps infaotsyanage the major developments and adaptations tha
occur in infancy (Scher, 2001). Although only dam&d in animal studies, it is thought that sle&gyp a
major role in synaptic plasticity and brain devetmmt early in life (Frank, Issa, Stryker, & Keck(®#;
Macquet, Stickgold, & Smith, 2003). Research Has astablished that sleep disruptions and fatigue
infants results in an increase in emotional reégtand a decrease in mature emotional regulatRws$
& Karraker, 1999). In addition to emotional regida, Freudigman and Thoman (1993) showed that
sleep-wake state organization in the neonatalsgeated to cognitive function in the future; thdig so
by proving that sleep qualities of infants in ttassl following birth were predictive of Bayley scerat 6
months. In particular, nap periods have been préwde a facilitator of cognitive and, more conelg
language development in infants (Gomez, BootziiNa&el, 2006). Through this current study, we hope
to not only expand on research concerning theantem of scent and sleep, but also to take a clos&

at the nap-time as a specific period of the sl¢afe s
1.3.Infants in the Day Care Environment
As previously mentioned, infant sleep has beermesl and examined in various settings, most

notably, home and clinical; however, little pri@search has developed upon infant sleep within the

daycare environment. Through this research, we topevelop understanding of infant sleep in iafat
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to the sleep environment. In this way, this stueyognizes that sleep, itself, is not only a majement
of infant development, but that the environmenwirich the children sleep is also a vital elemerte
higher quality of daycare environment has been shiowesult in higher cognitive and academic
achievement while higher quantity of hours sperttag care predict greater risk-taking and imputgivi
in teenagers (Vandell, Belsky, Burchinal, Steinb&dandergrift, 2010). Since prior research has
established that experience within day care hasypact on future child development, it is of great
interest to investigate specific elements of theahre experience. In this vein, if quality of dare has
an impact on child development and if naptime igl@ment of daycare, then examining the quality of
nap time deserves a more serious and in-depthtigaéen.

A highly relevant aspect of day care is the qualftcare provided to the children in attendance.
The quality of care involves a number of factorstsas child-to-caregiver ratio, as the more chiicae
single caregiver is responsible for, potentiallyslguality of interaction exists. Additionally, ttraining
of the caregivers, the sensitivity of caregivee thental health/state of mind of caregivers, inftesure
of the day care, and quality of the day care itagdfall factors to be taken into account. Simjlatlis
important to account for variables involving théaim; for example, the number of hours the infant
spends in day care, the age of enroliment, chitdtadteristics, maternal employment, parent-child
relationships, and social and family factors. Far purpose of our study, we look to investigatpexsic
guality of the day care environment: the qualityhed naptime. The quality of the naptime can, afrse,
be affected by various aspects of the overall guafithe day care. In fact, researchers in théndidinds
have reported a significant decline in the qualitgay care environment, as assessed in a 200% lsyud
Vermeer, van IJzendoorn, de Kruif, Fukkink, TaveccRiksen-Walraven, and van Zeijl. This Dutch
study established that the most evident declinesyncare were in the features of space and fungsh
personal care routines, and activities (Vermeeat.e2005). Two of these three features may imgaet
quality of the sleep experience for the infant, ebmthe quality of the space in which the infdeeps as
well as the routine used by the caregiver. Theusioh of the Chilean sample in our research not onl
integrates a country with a similar rapid increaseeen in the Netherlands, but it allows for the
incorporation of a country with infants who attedey care full-time. In this way, by broadening the
range of quantity of care, this study makes it flmsdo investigate how the number of hours maydotp

infant’s reaction to maternal scent during naptime.
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1.4. Research Questions and Hypothesis

This Master’s project aims to investigate the @Hef a mother’s scent on the sleep/cry behavior
of her infant within the daycare setting. Througheriments carried out in day care centers in bath
Netherlands and Chile, this study poses two maeaeh questions and one exploratory questiorst, Fir
do the various scents influence the naptime wafidef infants? In this investigation, we defingohme
well-being in relation to three parameters: totabant of crying, total amount of sleeping time, atekp
ratio. As such, a low amount of crying and a higloant of sleeping are considered indicators oa hi
quality of naptime well-being, while high cryingditow sleeping would be indicators of low qualify o
sleep. Additionally, a high sleep ratio (proportimfitime asleep in relation to time in bed) will be
indicative of high quality of naptime well-beingy Bombining the two samples, this study will pravia
broad range in the number of hours that the infapénd in day care. We will examine how such effect
may vary based on differing hours spent in day.CHnés leads us into our second research questiitin:
the number of hours that the infants spend in dag bave an impact on the naptime well-being of the
infants? It has been found in various studiestti@nhumber of hours spent in day care can have long
lasting impact on a child’s later development (Bnaf) Wessels, Lamb, & Hwang, 1997; NICHD, 2005).
In a similar manner, we examine how the numbetroofr$in day care may have a more proximate effect
on an infant’s cry and sleep behavior. Finally,mese the following question for exploratory anaysi
will the Chilean sample experience greater naptiral-being than the Dutch sample? The basis far thi
guestion is on an assumption that differences letdlee two samples may extend beyond number of
hours spent in day care. In essence, we look tlmexpow potential variations in cultural contexayn
have an impact on the sleep/cry behavior of theninf

We propose three hypotheses to the aforementi@sedrch questions. Firstly, it is expected that
the cry and sleep times of the infants will diffettg affected by the three stimuli. More specifigaive
expect that the mothers scent will result in highegotime quality (longer sleeping and lower cryitiggn
the other two scents. Secondly, we hypothesizettleatumber of hours spent in day care will have an
influence on the infants’ reactions to the sleepdiiions. Namely, we expect that infants who spand
high amount of time in day care will have a betpeality of naptime well-being than those infantsowh
spend fewer hours in day care. We expect this lsecadfiants who spend more time in day care are
potentially more adapted to the daycare settingwtdtherefore, experience a higher amount oégle
time and a lower amount of cry time. And, lastly,part of our cross-cultural analysis, we explore

whether there are differences in quality of naptimedi-being between the Dutch and Chilean samples.
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2. Methods
2.1. Dutch Sample

2.1.1. Participants.Twenty-four mothers were recruited along with tf&B-month-old infants
from the Leiden area of the Netherlands for pgréiton in this study. Mother-infant dyads were
recruited through their day care centers. Daycargers within the Leiden area of the Netherlanesew
initially approached for participation in this sjudifter expressing interest in participation i tstudy,
day cares were subsequently asked to distribubennative material regarding this study to motheith w
infants in the specified age range and who wesgtandance of daycare for at least two days pekwee
Interested mothers then filled out and returnediegiions forms for participation in the study. er'h
application form included consent to join the stadywell as basic information regarding the infant’
daycare attendance schedule and best days for ntothe contacted.

Three infants were excluded from the study becatigeconsistency of data collection. In one
case, the infant fell asleep in the arms of thegiaer, in the second case, the appropriate T-slistnot
brought to the observation period, and in the thasge, complete data was not obtained from the
guestionnaire. Additionally, the inclusion critariavas extended to infants who were in attendance to
daycare for less than two days per week. Thisekte resulted in the inclusion of two infants who
attended daycare only one day per week. In theZhohfants were included in the study (14 male an
female). The mean age of the infants was 5.52 Inso8D = 1.03) and the mean age of the mothers was
33.67 years of ag&&P= 2.78). Infants spent an average of 22.19 hpersveek in day car&D= 7.36).

Nineteen of the 21 mother-infant dyads were of Butationality while two were reported as other.

2.1.2. Materials.

Stimuli. In order to assess the sleep and cry behaviofafts, observation of infants sleep in
the daycare setting were carried out during exmoguthree distinct stimuli. Specifically, infamere
exposed to a T-shirt worn by its own mother, a iftstorn by another mother, and a neutral T-shirt.
Each mother participating in the study was askeddar T-shirts on two separate occasions. TherT-sh
wearing procedure was similar to that of Porter lsladre (1981) and was as follows: mothers were
asked to wear each T-shirt for three consecutigbtei Each night that the T-shirt was worn, mather
were asked to shower before bed without the usbarhpoos, soaps, or perfumes. Each morning the
mother was asked to place the T-shirt in a plagtidock, as to preserve her scent from the
contamination of household smells. After threentégpf consecutive use, the T-shirt was used in the

morning nap time at the day care, following thé taght of wear. Additionally, mothers were asked
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complete a questionnaire regarding the conditiodeuwhich the mother wore each T-shirt. Questions
included whether the mother or infant were sickimythe time the mother wore the T-shirt, whether t
mother had worn perfume in the days in which sheewioe T-shirt, and, lastly, whether the mother had
successfully worn the T-shirt for three consecutiights after taking a shower without soap or shamp
The mother repeated the procedure twice, oncesmith her own infant, and once for use with aaoth
infant. The third smell stimulus was the neutrahirt, which was a T-shirt which had been wasimedl i
non-scented laundry detergent and stored in aiplaat). Exposure to T-shirts was counterbalanced

within the sample.

Recording instruments. As mentioned previously, the sleep and cry behasfiamfants was
comprised of two determinants: sleep time andchgffiissing time. Digital camera recordings were
employed during the naptimes to observe these lmmisavThis is a common method in studies carrying
out infant observation (Nishitani et al., 2009; Rontshik et al., 2007; Sullivan & Toubas, 1998). ih\s
similar studies conducting infant observation (Rattt al., 2005), the camera was mounted on adtripo
and positioned in front of the baby'’s crib, so@bé¢ sure that the infant’s face and body werdhsiln

this regard, the camera was also set to a nigitrvigetting, as sleep rooms were often dark.

2.1.3. ProcedureEach infant was observed during the morning naptigieg the
aforementioned recording devices. Infants weredd under three different conditions: with T-shirt
worn by own mother, with T-shirt worn by anothertirer, and with a neutral T-shirt. All filming
procedures were carried out by one of three traiaséarch interns, all implementing the same paobtoc
Upon the day of each observation the designatdurTvsas either brought to the day care along with
infant or was brought along by the researcher tleéras; this would depend on whether the infant was
exposed to its own mother’s scent, another motlseest, or a neutral scent on the day of the
observation. In the case that the T-shirt had me@n by the mother, the T-shirt was brought alaiidy
the infant when dropped off by parent; in the dase the T-shirt was worn by another mother, thehirt
was picked up by the researcher on the same ding abservation; lastly, if the T-shirt was neutital
was brought along with the researcher.

Upon arrival at the daycare center, the reseaffoteat the video camera in front of the crib so
that the infant was easily visible during sleepetinThe designated T-shirt was placed around the
mattress on which the baby would sleep; the T-sfad always placed with the front of the T-shirttba
top of the mattress. Researchers made notes negahe condition of the sleep room as well as the

health status of the infant. When the infant vessly for sleep (determined by daycare providee), th



MATERNAL SCENT IN THE DAY CARE SETTING 13

camera was switched on for observation. The cagegias asked to place the infant in the crib, lativ
point the researcher noted the start time of sléeplowing the waking of the infant, the caregiveas
asked to take the infant out of the crib, afterchithe video camera was turned off and the T-shirt

removed from the mattress. The research notedimedf the nap.

2.1.4. Coding.Five coders analyzed video footage of infants dunaptime. Coders analyzed
video in terms of various sleep behavior parametisved from various infant sleep studies (Andirs
Keener, 1985; Nishitani et al., 2009). The slea@meters taken from these studies include: Begl tim
Sleep time and Crying/Fussing. Coders receivedabant training and instruction regarding each
component. The first item coded was the totalibexlbf the infant, namely, the second the infang wa
placed in crib to the second the infant was remdkaa crib. The second item coded was the totss!
time. This was observed in terms of seconds tliahirwas asleep, with no distinction between goiiet
active sleep. As seen in similar studies (Nishigtral., 2009), crying/fussing was coded second-to
second when the infant cried or fussed for longants seconds in an attempt to gain the attenfitimeo
caregiver. Similarly, a crying/fussing period wady scored coded to be over after the infant heabed
with crying and fussing for a period longer thasegonds. Inter-rater reliability for the codingtioé

Dutch sample wag = 1.00 for total bed timey, = .93 for crying/fussingy = .99 for sleep time.

2.2. Chilean Sample

2.2.1. Participants. Six mothers and their 4-9 month-old infants (4 naald 2 female) were
recruited from the Temuco region of Chile. Reengiht procedure in the Chilean study differed fromn t
Dutch sample, as Chilean daycares were recruited vegional meeting with all daycares from the
Temuco region. This meeting was comprised of JUNDHycares which expressed interest in the study at
the time of the aforementioned meeting were sémfalrmative material to be distributed among the
mothers with infants in the proper age range. Mrghvho wished to participate in the study complete
consent and application form and were later coathby research assistants to establish datesgbirT -
wear by the mother and observation days for infants

The mean age of the participating infants was b8ths of ageSD= 2.01), and the age of the
participating mothers was quite young comparethédiutch sample=22.00,SD= 2.19). On average,
infants spent 41.67 hours per week in day c8<8.17). Five of the six infants were identifiezl a
Chilean and one as Mapuche (an indigenous gro@hiile) while four of the mothers identified

themselves as Chilean and two as Mapuche. Recmitreention was a challenge in the Chilean sample
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because many children had passed the maximumragevinen experiments commenced, or the infants

had changed day care centers, or because thesihédiritl.

2.2.2. Materials.

Stimuli. The stimuli were the same in this study as in thécb study. Mothers were asked to
follow the same T-shirt wearing procedure, weatimg separate T-shirts on two separate occasioms, on
for use with own infant and one for use with anoih&ant. Additionally, following the completiornf @ -
shirt wear, the mother answered a Spanish vergitrecsame questionnaire regarding conditions under
which the T-shirt was worn (i.e. showering, siclg)e=ic.). Mothers were instructed to bring therwbr

shirt after duration of maternal exposure to thgcdee when dropping off their infant.

Recording instruments. The same recording instrument (digital camera) agzsl in this study;
specifically, observations were made using the sdigital camera in the same manner as in the Dutch
study. The only two exceptions were that 1) theexas were not set in night vision, as was dortkdn
Dutch study. This was because sleeping rooms wardank in the Chilean day cares, making night
vision unnecessary. And 2) cameras were oftenthettie researcher as the sleep environment was much
busier for the Chilean sample. Chilean researchiers trained in the use of the instrument by a

supervisor who had taken part in the study conduict¢he Netherlands.

2.2.3. ProcedureThe procedure in Chile differed slightly from thetth study. In the Chilean
study, infants were also observed during the mgrnagptime at the day care. However, in the Chilean
sample five trained researchers were assignectod@ particular baby in the daycare. Like thedDut
study, the Chilean infants were filmed under ttdigerent conditions: T-shirt worn by own mother, T
shirt worn by another mother, and a neutral T-shipgon the day of each observation the T-shirt was
either brought to the daycare by the mother whovarh in the preceding three nights or, if neutral
condition, was brought by the researcher. Upowarat the daycare center, the researcher seteup th
video in close proximity to the infant’s sleep ldoa, in such a way that the infant’s face and boeg
visible. However, the procedure was adapted to#peroutine of the Chilean day care, as it diffdreth
that of the Dutch day cares. In the Dutch day ¢areidren were always put to sleep in a crib, il
the Chilean sample, it was the norm for an infartake its morning nap in an infant bouncing chair.
Additionally, it is typical in a Chilean day carerfthe caregiver to intervene until the infant faten
asleep. This intervention oftentimes involved thfamt's removal from the crib by the caregiver.

Researchers, therefore, adapted the procedurethe fChilean norm by fitting the T-shirt to theumzing
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chair with the front of the T-shirt facing the infaAdditionally, infants were often within a buayea

with other children playing in the room; and soanmecessary, researchers held the camera while
filming the infant, as to avoid any damage to tamera. When the infant was ready for sleep (detesthi
by daycare provider), the camera and decibel metee switch on for observation. The caregiver was
asked to place the infant in the crib, at whicmpthe researcher noted the time of sleep. Babéze w
then filmed in their bouncing chair and during ay-of-crib time with the caregiver. Researcheesien
notes regarding the condition of the sleep roomvelsas the health status of the infant. Followihg
waking of the infant, the camera was turned off #iedcaregiver was asked to remove the infant. The

research noted end time of the nap.

2.2.4. Coding.Video footage was analyzed by two of the five redaers who coded the videos
from the Dutch sample. Coders followed the sanidgjimes for observation as they did in the Dutch
study. Researchers accounted for the differen&hilean nap routine (i.e. more frequent caregiver
interventions) by coding for out-of-crib time analyecaregiver intervention occurring at the begigrn
throughout the filming. Inter-rater reliability foéhe coding of the Chilean sample wes.99 for total bed

time, a = .96 for crying and fussing, amd= .99 for sleep time.

2.3.Reliability for both samples

The reliability of the coders was calculated focleaample independently, and both resulted in
high inter-rater reliabilities. The same held fataulation of reliability of the combined sampldtiw

inter-rater reliability ofu = .99 for total bed timey = .95 for crying/fussing, and= .99 for sleep time.

2.4 Statistical Analysis

Our statistical analysis started with recodingribenber of hours infants spend in day care per
week into two categories by using a median sptitpdure: low (less than 25 hours per week) and high
(more than 25 hours per week). An nearly equal rerrobinfants were in each group (n= 14; n=12), in
this way we are able to examine how infants wheedrpced a high versus low amount of day care are
affected by the various scents. Additionally, weated a new variable that will be used in analykis
guality of sleep. This variable will be called Seeercentage and is comprised of the total number o
sleep in proportion to the total bed time. Thiglgtwas a within subject design, in which the same

participants were exposed to the different condgiof the study. In our case, this involved thedithons
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of the own mother T-shirt (MT), other mother T-$i{®T), and neutral T-shirt (NT). For each of the
three research questions, we will run a repeatessare analysis of variance (ANOVA) in regards ® th
three parameters stipulated for quality of naptmed-being: Cry time, Sleep time, and the Sleep
percentage. However, for the latter two of the aede questions posed in this study, we will conduct
separate factorial repeated-measure ANOVAs incatpw the Hours in day care and Country of the
study as between subject factors in the analysesarkalyses in which the assumption of spherisity i
violated, we will use the more conservative GreemskoGeisser correction, which corrects for the
violation by adjusting the degree of freedom, thgraltering the F-ratio. All statistical analysigasv

carried out using the statistical software, PAS\WiStics 18.

3. Results
3.1.Preparatory Analysis

An initial data inspection revealed a normal disttion for all of our response variables, namely,
Cry time, Sleep time, and Sleep percentage ithedetconditions: maternal T-shirt (MT), other matiie
shirt (OT), and the neutral T-shirt (NT). Howeveata inspection revealed very high standard dewiati
(SD) scores for all sleep parameters; these SD semasnearly the same as the mean scores. To correct
for such high variability, we performed a log triommation on the variables. Following log
transformation, SDs normalized. We, therefore iedrout the subsequent analyses with the log
transformed variables. In order to identify ousieZ-scores were calculated. An outlier was defiaed
any score higher than 3.29 and lower than - 3@8e extreme outlier was identified in the datsaset
was subsequently removed due to its extreme clesustats. This outlier could potentially skew the
distribution of the data as well as bias the resofithe study. We, therefore, concluded to exeltd
from further analysis.

Table 1 provides a descriptive analysis followihg temoval of the outliers. With regards to Cry
behavior, the mean was 2.1200= .98) when exposed to Maternal T-shirt (MT), 1(3®= 1.02) when
exposed to Other mother’s T-shirt (OT), and 25¥1€.79) when exposed to the Neutral T-shirt (NT).
With regard to sleep behavidhe mean was 3.5GD=.27) when exposed to MT, 3.430= .23) when
exposed to OT, and 3.38D = .72) when exposed to NT. Lastly, mean sleepgmdage was 1.8G6D =
.13) for infants who were exposed to the MT, wd51SD = .11) for those exposed to OT, and was 1.77
(SD=.38) for infants exposed to NT.
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Table 1.
Descriptives for parameters of naptime well-beimg aonditions
Nap Parameter Maternal (MT) Other mother (OT REUINT)

N M SD M SD M SD
Cry Behavior 26 2.12 .98 1.74 1.02 2.31 .79
Sleep Behavior 26 3.50 .27 3.47 .23 3.34 72
Sleep Ratio 26 1.80 A3 1.85 A1 1.77 .38

3.2.Effects of T-shirt Conditions on Quality of Naptime Well-being

Our first hypothesis stated that infants wouldcctehifferently to the conditions that they were
exposed to (MT, OT, and NT). More specificallywias expected that infants would cry less and sleep
more when exposed to their own mother’s scentrderto test this hypothesis, we analyze each

parameter of naptime well-being in order to deteemwhether infants react differently to the stimuli

3.2.1. Cry behavior. A repeated-measure ANOVA was conducted to compereffect of T-
shirt scent on the cry behavior of the infants.uResndicated that there was indeed a signifiedigct of
T-shirt on the cry behavior, F (2, 50) = 3.44, ©5,0? = .12. We see in the profile plot for cry belwavi
in Figure 1that infants in MT and the NT condition cry signdntly more than in the OT condition.

Furthermore, the results yielded a medium effexd &r these results.
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Figure.Profile Plot: Cry Behavior

3.2.2. Sleep behaviorSimilarly, a repeated-measure ANOVA with a GreerdesGeisser
correction was conducted to compare the effectsiift scent on the sleep behavior of the infaiisis
test indicated that infant’s sleep is not signffiita affected by the T-shirt they are exposed t@l.23,
30.63) =.92, p > .0m2 = .03. More specifically, this shows that infastept for a similar duration of

time in all three conditions.

3.2.3. Sleep ratioLastly, a repeated-measure ANOVA with Greenhousis<ge correction was
conducted to compare the effect of T-shirt scerthersleep percentage of the infants. Results ledea
that the T-shirt condition also did not significigraffect the percentage of sleep, F (1.16, 288808, p
> 05,02 = .031. Namely, the percentage of sleep doesargtbased on the conditions of MT, OT, or

NT.
3.3.Role of hours of day care attendance on responses
The second research question posed in this stvegtigated whether the influence of scent on

the naptime well-being of the infant depends omtin@ber of hours that the infant is in day careoritter

to investigate this question, we ran a factoripksted-measure ANOVA on each sleep parameter (Cry
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behavior, Sleep time, and Sleep percentage) irdsda the three T-shirt conditions with between-

subject factor, Hours in daycare.

3.3.1. Cry behavior. Cry behavior was examined using a factorial regkateasure ANOVA
with within subject factor of scents and betweenjestt factor of Hours in day care (low and high). A
main effect was found for T-shirt condition on &ghavior, F (2, 48) = 3.20, p < .Gk = .12. However,
the interaction of T-shirt condition and Hours mydcare did not have a significant effect on crigaheor,
F (2,48) =1.21, p > .0%? = .05. Namely, infants who had a high day careklyeattendance did not

differ in responses to scents as compared to thatsiwho had a low day care weekly attendance.

3.3.2. Sleep behaviorA second factorial repeated-measure ANOVA in regaodSleep
behavior, with within subject factor of T-shirt aitions and between subject factor of hours. This
analysis was carried out with a Greenhouse-Gegggegction and revealed no main effect for T-shirt
condition on sleep behavior, F = (1.24, 29.70) % 7> .05w? = .03, as well as no significant interaction

between T-shirt condition and Hours on Sleep beinafd (1.24, 29.70) = 1.21, p > .Q& = .05.

3.3.3. Sleep ratioThe same factorial repeated-measure ANOVA waseazhout but with
regards to Sleep percentage. We also conductedrhlysis with Greenhouse-Geisser correction and
results show that there was no main effect for ift-sbndition on Sleep percentage, F (1.16, 27:93)
.71, p > .05w2 = .03. Additionally, the impact of Hours was sanificantly with respect to the infant
Sleep percentages within the three conditions, ¥6(27.93) = .1.27, p > .0®2 = .05.

3.4. Influence of Country on Naptime Well-being and olactory response

Our third and largely exploratory research queséiwamined whether the influence of scent on
the naptime well-being of the infant depends oncitientry in which the study took place. In order to
investigate this question, we again ran factogpkated-measure ANOVA on each sleep parameter (Cry
behavior, Sleep time, and Sleep percentage); hawierdahe subsequent analyses, we used the Country

in which the study took place as the between-stifgetor.

3.4.1. Cry behavior.First, we examined the influence of Country ondhebehavior of the
infants when exposed to the three different condliti Results from the factorial repeated-measure
ANOVA (see Table 2) show that the T-shirt conditteas a main effect F (2, 48) = 6.72, p < &5+
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.22. Similarly, there was also a significant int¢i@n of Country by T-shirt condition on Cry behawi

F (2, 48) = 3.48, p < .0%? = .13. Namely, Chilean infants have different lsghavior responses to the
conditions than the Dutch infants do. In examirtimg profile plot in Figure 2, we see that Chilean
infants seem to cry less than the Dutch sample welposed to the conditions of MT or OT.

Country of study
2757 e NETHERLANDS
= CHILE
2,50
o
E
£~}
> 225
[ & ]
c
©
@O
=
2.00
1.754
T T T
MT o7 NT

Tshirt Condition

Figure 2.Profile plot of cry behavior in terms of country.

3.4.2. Sleep behaviomext, Sleep behavior was also examined using time sapeated-measure
ANOVA with between-subject factor of country. Tlaigalysis again revealed via the Greenhouse-Geisser
correction that Sleep behavior was not signifigaaffected by the T-shirt conditions, F (1.26, 3).3
3.57, p > .05p2 = .01. As seen in Table 2, there was a nearhjiftignt interaction between T-shirt
condition and Country on the Sleep behavior, F§13D.30) = 3.72, p = .054? = .13.
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Table 2.Repeated measure analysis of variance for T-shimttion and country on sleep behavior.

Effect df F w? p
T-shirt 1.26 3.57 13 .060
T-shirt*Country 1.26 3.72 13 .054
Error 30.30

Note: Significant at p < .05 level.

3.4.3. Sleep ratioThe final analysis we ran in order to examine wlethe impact of the three
conditions on naptime well-being is dependent onrdy was in regards to Sleep percentage. Using the
Greenhouse-Geisser correction, this factorial neggemeasure ANOVA indicated that T-conditions does
not significantly affect the Sleep percentage efitifants, F (1.18, 28.32) = 2.69, p > .8%=.101, and
also found no interaction between T-shirt conditama Country on the Sleep percentage, F (1.18228.3

=3.52, p > .05¢% = .13.

4. Discussion

In this study we tested three different hypothesgarding the influence of maternal scent on the
naptime well-being of infants in the day care settiThe first hypothesis was that infants would
experience a higher quality of naptime well-beirttew exposed to maternal scent as compared to the
other two conditions (Other mother T-shirt and Malut-shirt). Our second hypothesis was that irfant
who spend a high amount of time in day care wileha higher quality of naptime well-being than #os
who spend fewer hours in day care, as they are awmlanated to the day care environment. Our last
guestion explored any cross-cultural variationthantwo samples that were included in this study.

In regards to the first hypothesis, results indidahat the naptime well-being of the infants only
differed significantly between the three conditiofibese results show that infants cry the leastato
when exposed to the other mother scent (OT). Astudly defined high quality of naptime well-beirgy a
low cry time, high sleep time, and high sleep ratiese results do not support our formulated Hygsis
that maternal scent would increase naptime weltdneDne explanation of this unexpected resultas th
infants in the day care setting may be beyond areagvhich they are comforted by their maternahsce
Studies with newborns have quite firmly establistreicomforting and calming effect of familiar and

maternal smells (whether own or another) on newbdemts (Goubet, Rattaz, Pierrat, Bullinger, &
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Lequien, 2003; Goubet, Strasbaugh, & Chesney, 20@Hhjtani et al., 2009; Rattaz, Goubet, &
Bullinger, 2005; Sullivan & Toubas, 1998). As dissad in the introduction, few studies have
investigated the calming influence of such odortside of this sensitive period after birth. It issgible
that as infants age and begin to form an attachnedationship with their mother (Bowlby, 1969), the
scent of their own mother evokes aversive reaciiotise infants, such as crying, especially when
separated from the mother at day care. This becames striking when one considers that the infant
cries the least amount when exposed to the condfithe other mother’s condition as compared ¢o th
neutral condition, indicating that maternal scenitber mother results in less cry time. This iraplthat
the other mother’s scent has a calming effectgangs to cry behavior, and that infants are stilined
by maternal scent, just not their own, both at sitége of development and in this sleep settirghduld
also be noted that infants do not respond difféyentthe three conditions in regards to the othey
naptime well-being parameters, sleep time and ském Although sleep percentage was not
significantly affected by T-shirt condition in oanalysis, it is possible that a study conductedti wit
larger sample size would increase the power cbbservation and confirm this pattern.

Secondly, our hypothesis regarding the role of f@uday care on infant response to the scent
condition was not supported by the analysis. Altfforesults yielded no significant results for the
influence of hours on naptime well-being, this cblk due to the small sample size. However, as
illuminated through our third hypothesis, this stalbes more than just provide insight into how iirtéa
react to distinct olfactory stimuli and how thesactions may be impacted by the amount of hounstspe
in day care. Additionally, this study presents &ua opportunity to carry out an exploratory
investigation of any differences that arise betwienDutch and the Chilean samples. Our results
indicate that infants’ response to the scent camditwas not dependent on the country from whieh th
infant was from. As previously stated, the Chil@zants spend a relatively larger amount of timelay
care than the Dutch samples. This is in part dube fact that Dutch mothers work part time, dreirt
infants, therefore, are only in part-time attendaotcdaycare (Euwals et al., 2011). However, ine
accordance with the JUNJI program, Chilean infattisnd the public day care full-time, as to pro\ae
enriching environment for the infants as well asteourage mothers to participate in their own
education or in the workforce. This distinction tegn well accounted for in our analysis by conidgct
a separate analysis for hours in day care. Howegahe analyses for hours revealed no results for
influence on infant response to conditions, thiplies that there may be differences between the
countries that fall outside the scope of hoursan care.

One such difference between the Dutch and Chileampke is the socio-economic status (SES) of

the participants. The JUNJI program targets pomilfas, and, as is common with poverty stricken
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samples, there is often a combination of risk fisctbat can contribute to aspects of child develpm
(Bradley & Corwyn, 2002). For example, the motharthe Chilean sample are much younger than the
Dutch sample, and research has established thatithan association between young mothers an
additional risk for adverse development for théitdren (Fraser, Brockert, & Ward, 1995). Additidiga
the home environment, which is often a reflectibthe low SES can have a negative effect on infant
development, and, quite possibly, sleep and craWieh Additionally, cultural factors such as nigime
sleeping arrangements could also have an influentke day care nap behavior. More specificallg, th
fact that co-sleeping is much more common in Ciign in the Netherlands could influence the
responses of the infants to maternal scent withalhesample. Lastly, there are also cultural vammstin
naptime routine that could create differences betwhe two samples. While this study looked to
normalize the nap routine through its proceduradsuees, there were some striking differences in nap
routine in each sample. Specifically, in the Dutiely care, it is customary for infants to be put ddor a
nap in their own crib in a room with other sleepinfants, separate from the rest of the day care.
Furthermore, infants are typically left to fall @sp without their caregiver. On the other hand Qhiéean
day cares tend to allow the infants to fall asleep bouncy chair within a common room of the dasec
environment. Additionally, it is common practicatltaregivers stay to comfort or hold the infarit i
crying or fussing. In fact, in our study it was tigucommon for caregivers to stay with the infartilun

fell asleep. Clearly, there are various aspeceaoh culture that could results in differing resgemto the
conditions, and although our study did not yielgh#ficant results, incorporating a larger sampke si
could contribute to uncovering the impact of theramentioned differences.

This study was also limited in various ways. Thistfand most obvious limitation of this study is
the small sample size. While significant resultsevevealed between infant cry reactions to theuar
conditions, the study failed to yield any resuéigarding sleep reactions of the infants. The seaatiple
size reduces the power of the statistical teseted any significant difference. It is, therefquessible
that the various conditions have an influence eesbehavior as well as cry behavior, but wereddon
be insignificant due to the low predictive powersath a small sample size. Secondly, this studyaid
fully account for the condition of the infant oretday of the filming. More specifically, there was
assessment of the infant’s quality of sleep omibbts prior to naptime observation in the day cAe
this is a condition that could vary on each daglugervation, it is possible that an infant had arpo
night's sleep prior to the filming of a particultsshirt and would, therefore, cry less and sleepemio
this way, it could skew the results of the studigif unaccounted for. Additionally, this study washject
to various limitation associated with a replicatgindy. Although the procedure with the Chilean jglam

was a replication of the procedure carried ouhaNetherlands, there were some inconsistencies in
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procedure that should be noted. Namely, becausgatheares and sleeping arrangements were much
busier in Chile, it was at times necessary forasdeers to hold the camera during the observation o
sleep. As such, researchers were sometimes ilotine with the infant as it slept. Therefore, it aspible
that the presence of the researcher had an efigbieanfant’s behavior during the filming, whiclew
cannot control for. Additionally, this brings in tuestion the integration of the two samples as agel
the generalizability of the results.

This investigation into the effects of maternalrggan infant behavior has many strengths, both
in its design and in its application. First, byangorating the Dutch and the Chilean sample, theyst
provides a broad range of day care attendance hoaisng generalizability of the results more va(f
course, as previously discussed, it is also impottaaccount for any cultural factors that may
differentiate the samples. Second, there was aihighrater reliability for coding of sleep and
cry/fussing time, establishing a very strong religbof the measurement instrument. Thirdly, by
carrying out a within-subject design, in which #zane infants are exposed to different conditioresare
able to control for individual variations regardioiy and sleep behavior. Furthermore, the useeof th
three particular stimuli of this within-subject dgsis also a strength, as it allows us to compane the
infants respond in a condition with no scent (reulrshirt), how the infants respond to the famitiaent
(maternal T-shirt), and how an infant respondstaamiliar smell (other mother T-shirt). Additilty,
the incorporation of these three stimuli effectydllilds on prior olfactory recognition research in
infants. A possible departure for future researohld be to investigate infant sleep and cry respaas
non-human, unfamiliar smells or to examine a faanitiuman scent that is not the mother (for example,
father, sibling, etc.). As mentioned in the introtion, very little research has been conductedtants
sleep within the day care setting. Therefore, tivestigation into this unexplored sleep settingrsfa
glimpse into an environment that is of growing #igance to infant development. Similarly, relaiy
few studies have been conducted using olfactoyoreses of infants beyond the sensitive period
following birth. In this way, this study also proes an additional strength by investigating a oo
time in infancy that is under researched in regévdsactions to smells.

As this study has established, infants cry moreméxposed to their own mother’s scent and less
when exposed to another mother’s smell. Additignaliis study provided a preliminary exploratiotoin
the cross-cultural variation between the Nethedaamtd Chile in regards to infant responses to tlfgic
stimuli in the day care setting. These prelimindigcoveries deserve deeper investigation in oler t
determine the specific factors contributing to sdifference between the two countries. Furthermore,
these results have potential implications botlpfaictical application in day care settings as asglfor

future research. First, further research could edpgpon the role of stress reactivity in expression
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physiological responses, such as cortisol. Inueis, Vermeer and van 1Jzendoorn (2006) conducted a
meta-analysis on children’s intra-individual difaces in cortisol level across day care and home
environment. Results from this study revealed ¢hdtiren had higher levels of cortisol at day case
compared to their home setting; furthermore, tesult was most prominent for children younger tBé&n
months of age (Vermeer & van 1Jzendoorn, 2006thisiway, the current study could be expanded upon
by incorporating cortisol assessment before aret afiptime. Similarly, it would be of additionatenest

to examine how infants who are in part-time dayaitendance react differently during their naptimme
the conditions, dependent upon whether they anerat or in the day care. Lastly, the integration of
measures of attachment into the research desigllwatao bridge a gap between research into daygcare
research into sleep quality, and research intésobrteactivity. Studies have established thachitnent
classification has an impact on sleep behavionfaints (McNamara, Belsky, & Fearon, 2003; Scher,
2001). Additionally, as stated, research has atabished a relationship between cortisol andithe

care environment (Vermeer & van ljzendoorn, 2006it&%hura, Sebanc, & Gunnar, 2002). Lastly,
studies have investigated the interaction of stpeglity and cortisol in toddlers (Scher, Hall, Zaah-

Zait, &Weinberg, 2009). Future research shouldamby aim to bridge this gap but also look to
implement findings within the day care setting aseans of improving the well-being and development

of children in day care centers.
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