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Abstract

Introduction A great degree of interindividual variability has
been reported in measures of psychophysical olfactory perfor-
mance and odor awareness in both children and adults.
Previous studies have suggested the possibility that one of
the factors that might contribute to this variability could be
the degree of odor exposure experienced in everyday contexts.
Aim In the present study, we hypothesized that children ex-
posed to a greater variety of odors on a more frequent basis
exhibit higher odor identification, discrimination, and odor
awareness Scores.

Results We have found an effect of odor exposure on one aspect
of the children’s olfactory knowledge as reflected in their reports
of olfactory behavior, but not olfactory abilities. In so doing, we
have replicated some of the previous findings in the literature of
the female advantage in the olfactory domain. Namely, we re-
port that girls showed a more profound metacognitive under-
standing of their sense of smell and a greater degree of olfaction-
oriented behavior, which was not accounted for by a gender
difference in verbal fluency. Nevertheless, girls did not outper-
form boys on any of the olfactory tests.

Conclusion Semi-longitudinal and longitudinal studies in ver-
bally proficient children, employing both self- and parental
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reports of children’s odor exposure and repeated olfactory
testing, may provide insight into whether children exposed
more frequently to a greater variety of odors over the longer
term come to exhibit greater odor awareness and superior
performance in olfactory tests.

Keywords Children - Odor awareness - Odor exposure -
Olfactory abilities - Parental report - Self-report - Smell

Introduction

A great degree of variability has been established in the three
most widely used measures of psychophysical olfactory per-
formance, namely, odor identification, discrimination, and the
olfactory threshold in both adults and children (e.g., Hummel
et al. 2007b; Sorokowska et al. 2015). Also, considerable var-
iability exists in self-reported odor awareness, which can be
assessed with various metacognitive measures. These help
researchers understand how individuals interact with their ol-
factory environments, which cannot be reproduced within lab-
oratory settings. These measures include, for example, Odor
Awareness Scale (OAS; Smeets et al. 2008) in adults and
Children’s Olfactory Behaviors in Everyday Life
Questionnaire (COBEL; Ferdenzi et al. 2008a) in children.
Studies in which these and similar measures have been
employed reveal that while some people are readily aware of
odors surrounding them in specific contexts and spontaneous-
ly point out to others their presence, others will only notice
smells after they have been brought to their attention. Whereas
some people let their attitudes and behaviors be affected by
olfactory perceptions, others do not. Also, pleasant olfactory
stimuli are sought more actively and unwanted, potentially
disturbing odors are controlled more carefully by some indi-
viduals than by others. People exhibiting the former
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characteristics can be referred to as highly olfaction-oriented
individuals.

Among the demographic factors which have been found to
influence both olfactory performance and self-reported odor
awareness, gender is the second most important one after age
(for review, see Brand and Millot 2001). From an evolutionary
point of view, it has been proposed that the female olfactory
superiority has been selected specifically in the context of mate
choice, but it appears that women also attach greater impor-
tance to olfactory cues than men in contexts unrelated to sexual
behavior (e.g., Dematte et al. 2011). Furthermore, it seems to
emerge relatively early in ontogeny, when the context of mate
choice is far from relevant (Ferdenzi et al. 2008a, b; Monnery-
Patris et al. 2009; Richman et al. 1992), although some studies
have reported no gender differences in odor identification
(Cameron and Doty 2013; Saxton et al. 2014; Schriever et al.
2014). Authors of these studies nevertheless concede that this
might well be due to the relatively small sample size and thus
insufficient statistical power. Females’ greater odor awareness
and use of odor cues has also been reported in both adults
(Buron et al. 2011; Dematte et al. 2011; Sucker et al. 2010)
and children (Ferdenzi et al. 2008a, b; Saxton et al. 2014).
Specifically, girls seem to report greater awareness than boys
to social and environmental odors, but not food odors
(Ferdenzi et al. 2008a; Saxton et al. 2014).

Explanations for such variability in both olfactory abilities
and odor awareness remain incomplete. One of the potential
sources, originally proposed by Brand and Millot (2001),
could be olfactory experience. In their review, the authors
hypothesize that women may in general encounter olfactory
stimuli more often than men, and thus they could have greater
experience with a wider variety of odors. In western industri-
alized societies at least, this might result from women’s long-
term greater odor exposure within specific contexts, which
possibly starts as early as during childhood. These contexts
include cooking, use of cosmetic products, or housework
(Bianchi et al. 2000; Coltrane 2000; Fuwa and Cohen 2007).
Indeed, gender stereotyping of activities seems to be encour-
aged from very early in ontogeny. For instance, girls but not
boys as young as 2 years of age show some knowledge of
gender stereotyping of household chores (Poulin-Dubois
et al. 2002).

Several studies have suggested a link between olfactory
stimulation in everyday contexts, odor awareness, and olfac-
tory performance. For example, in the study by Arshamian
et al. (2011), adults exhibiting a high degree of odor aware-
ness, assessed by means of self-reported presence of olfactory
dreams, high olfactory imagery capacity, and olfactory inter-
ests, performed better than their lower-scoring counterparts on
the test of free odor identification (also referred to as odor
naming), but not cued odor identification. According to the
authors, this was because the former had acquired a more
elaborated olfactory knowledge base that supports

spontaneous verbal retrieval of olfactory information.
Recently, Novakova et al. (2014) have shown a positive asso-
ciation between odor identification and the composite olfac-
tory score (comprised of odor identification, discrimination,
and threshold) on the one hand and odor awareness on the
other. More importantly, the authors have demonstrated that
self-reported exposure to a greater variety of potentially intense
or novel food odors and flavors in both childhood and adult-
hood was positively linked to both greater odor awareness and
better odor identification. There was also a positive link be-
tween female-stereotyped activities in childhood and odor
awareness. Hence, in adults there is some evidence that long-
term everyday experience with odors may be linked to a better
ability of odor identification and greater odor awareness. In
children, the results have been mixed so far. Whereas in the
original use of the COBEL instrument Ferdenzi et al. (2008b)
have found no difference in odor identification performance
between 7 to 10-year-olds scoring the highest and the lowest
on COBEL, Saxton et al. (2014) have reported a positive cor-
relation between COBEL scores and odor identification in the
sample of Czech children aged 811 years, but not Namibian
ones (9—15-year-olds). In the latter study, Namibian partici-
pants had also been interviewed about their olfactory environ-
ment, which, however, seemed to have no effect on the chil-
dren’s odor identification ability or COBEL scores.

Thus, the aim of the present study was to investigate wheth-
er children’s olfactory abilities of odor identification and dis-
crimination and COBEL scores could be predicted by parental
reports of children’s odor exposure in everyday contexts. We
hypothesized that children exposed to a greater variety of
odors on a more frequent basis would exhibit higher odor
identification and COBEL scores.

Materials and Methods
Participants

The participants were 129 children of Czech origin (62 boys,
mean age 6.84+0.41 years, range 6.11-8.26 years), who were
first-graders from six mixed-sex general education elementary
schools in Prague and its suburbs. School principals had been
contacted via telephone and e-mail to inform them about the
planned study. Those who had provided permission to per-
form the study on the school’s premises were asked to pass
the information on to the teachers who distributed leaflets to
children, who, in turn, handed them over to their parents. Girls
and boys did not differ in terms of mean age or age distribu-
tion, boys=6.89+0.45 years, range 6.11-7.93 years,
girls=6.80+0.38 years, range 6.28-8.26 years, respectively,
Kolmogorov-Smirnov Z=0.93, p=0.36. According to paren-
tal reports, 12 children suffered from various allergies, chronic
asthma, or other chronic conditions, and three have sustained
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concussion with loss of consciousness. However, as the data
obtained from these children did not manifest themselves as
outliers, they have not been excluded from the analyses. Thus,
the two identification tests and the discrimination one, the
interview based on the Children’s Olfactory Behaviors in
Everyday Life Questionnaire (Ferdenzi et al. 2008a), and the
verbal fluency task have been completed by 129 children. The
complete descriptive data are given in Table 1.

Furthermore, 30 preschool children (15 boys, mean age
5.99+0.43 years, range 5.25-6.75 years), all residents of
Prague and its suburbs, have participated in a pilot study. It
was conducted primarily in order to guide selection of pictures
to be employed in the identification test and to verify they
were understood correctly. Its other purpose was to assess
children’s understanding of the questions asked in the inter-
view based on the COBEL (Ferdenzi et al. 2008a) and to
compare performance on the three verbal fluency tests. The
children have been recruited in the same manner as those
participating in the main study.

All procedures followed were in accordance with the ethi-
cal standards of the responsible committee on human experi-
mentation (institutional and national) and with the Helsinki
Declaration of 1975, as revised in 2008 (5). The study has
been approved by the IRB of the Charles University
(Approval Number 2015/11). Written informed consent has
been obtained from the children’s parents and oral informed
consent has been provided by the children in the presence of a
teacher employed by the school. The child-parent pairs each
received 300 CZK (approx. 11 EUR or 12 USD) in
compensation.

Table 1 Mean+ SD, their respective 95 % bias corrected and
accelerated bootstrap confidence intervals (in brackets), and range for
age, verbal fluency, olfactory measures, COBEL scores (total and food,

Questionnaires
Odor Exposure Inventory

Parents (N=134, 124 mothers, mean age 37.30+4.11 years,
range 27-50 years) were asked to complete an inventory re-
garding their children’s exposure to odors in various everyday
contexts. It was based on the Olfactory Diversity
Questionnaire (ODQ); Ferdenzi 2007), which provides paren-
tal reports of children’s odor exposure and lists items involv-
ing activities potentially rich in olfactory stimulation. It has
been reported to exhibit a moderate to strong association with
children’s both free and cued Sniffin’ Sticks odor identifica-
tion scores (Ferdenzi 2007). Items include, for instance, rais-
ing the child’s awareness of the surrounding odors, child’s
exposure to exotic foods and a variety of herbs and spices,
use of various scented products, presence of natural sources of
odor (e.g., animals) in the household, smoking, or air pollution
in the neighborhood. Response categories provided for items:
Naming, Fragrance, Home fragrance, Car, Essential oils,
Toys, Attention, Unusual and exotic foods, Seasoning, and
Travel were “never” (1), “rarely” (2), “sometimes” (3),
“often” (4), “very often” (5). For items: Scented cosmetic
products, Scented household products, Odor impregnation,
Breastfeeding, Smoking at home, and Smoking elsewhere,
the response categories were a “yes” (2) or “no” (1). For
items: Pets, Fragrant plants, and Environment, the original
response format was a free answer. The complete list of the
items is given in Table 2.

social, and environmental component), and the three components of odor
exposure in boys and girls

Boys (N=62) Girls (N=67)

Mean SD Range Mean SD Range
Age (months) 82.21 5.03 73.30-95.00  81.78 4.55 75.30-99.10
Verbal fluency 12.76 [11.68; 13.94]  4.37[3.49;5.20]  5.00-27.00 13.90 [13.00; 14.87]  4.02 [3.24;4.66]  7.00-27.00
Identification “blue” 7.82 [7.43; 8.24] 1.63[1.38; 1.82]  4.00-11.00 7.81[7.42; 8.20] 1.53[1.34;1.70]  4.00-10.00
Identification “purple” 7.53[6.97; 8.05] 2.15[1.80;2.52]  1.00-12.00 7.94 [7.54; 8.35] 1.721.51; 1.90]  4.00-11.00
Identification total 15.35[14.58; 16.13]  3.19[2.76; 3.56]  8.00-22.00 15.75[15.08; 16.40]  2.57[2.17;2.95]  9.00-20.00
Discrimination 8.19[7.36; 9.03] 336[2.81;3.84] 2.00-16.00 9.07 [8.46; 9.67] 2.66 [2.24;3.01]  4.00-15.00
COBEL total 5.60 [5.08; 6.12] 245[2.11;2.71]  1.50-11.00 6.75[6.27; 7.25] 2.02[1.88;2.46] 2.50-11.50
COBEL food 1.27 [1.08; 1.46] 0.79 [0.69; 0.87]  0-3.00 1.47 [1.30; 1.64] 0.68[0.59; 0.75]  0-3.00
COBEL social 1.25[1.03; 1.47] 0.97[0.86; 1.05]  0-3.50 1.70 [1.47; 1.92] 0.97[0.85; 1.06]  0-3.50
COBEL environmental 3.07 [2.78; 3.38] 1.32[1.13; 1.49]  0.50-6.50 3.58[3.31; 3.84] 1.27[1.08; 1.43]  1.00-6.00
Odor control and naming ~ —0.13 [-0.39; 0.12] 1.01 [.85; 1.13] —2.14-2.44 0.12 [-0.10; 0.33] 0.991[0.87; 1.07] —1.86-2.48
Food 0.01 [-0.23; 0.24] 1.02[0.88; 1.14] —1.95-2.16 —0.01 [-0.23; 0.24] 0.99[0.86; 1.10] —2.20-2.44
Environmental odors —0.08 [-0.29; 0.15] 0.90[0.76; 1.02] —2.52-1.76 0.07 [-0.21; 0.33] 1.10[0.95; 1.20]  —2.49-1.89

Please note that Item 3 (comprising the environmental component) has been removed from the COBEL-based interview. Also, both identification tests

were only comprised of 12 instead of the original 16 items
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Table 2 An overview of the components (percentage of total variance), items, their wording, response format, and loadings
Component Item Wording Response format Loading
Odor control and Home fragrance Please rate how often you odorize your home with Never (1) to 0.654
naming (21.88 %) scented candles, sticks, diffusers, air fresheners, very often (5)
Papier d’Arménie, Potpourri, etc.
Essential oils Please rate how often you use essential oils or Never (1) to very 0.630
products containing essential oils. often (5)
Car Please rate how often you use air freshener in Never (1) to very 0.577
your car. often (5)
Fragrance Please rate how often you wear cologne, eau de Never (1) to very 0.570
toilette, eau de parfum, or perfume. often (5); recoded
to three categories
Naming Please rate how often you teach your child to Never (1) to very 0.568
recognize and name various odors and their often (5); recoded
sources. to three categories
Scented cosmetic products/ Do you prefer to purchase (1) cosmetic and Yes/no; recoded to 0.426
Scented household products (2) household products which are richly both (3), either (2),
(merged into Fragrant scented? (merged variable) neither (1)
purchases)
Food (11.54 %) Unusual and exotic foods Please rate how often you let your child try Never (1) to very often  0.615
unusual or exotic foods or dishes. (5); recoded to three
categories
Seasoning Please rate how often you use various spices and Never (1) to very often  0.514
herbs to season your home-cooked meals. (5); recoded to three
categories
Attention Please rate how often you draw your child’s Never (1) to very often  0.430
attention to odors, pleasant or otherwise, of (5); recoded to
people, things, or places. three categories
Environmental Environment Are there any objects in the vicinity of your home List all that apply; 0.560
odors (9.93 %) which are, even occasionally, a source of strong recoded to yes
odor, whether pleasant or not (busy road, (2)mo (1)
industrial or agricultural facility, dumping ground,
restaurant, etc.)?
Travel Please rate how often you take your child on trips Never (1) to very often  —0.533
outside Europe. (5); recoded to yes
(2)mo (1)
Pets Do you keep any pets at home? List all that apply; 0.434
recoded to yes
(2)no (1)
Toys Please rate how often your child plays with toys Never (1) to very often  0.221
which have an odor. (5); recoded to yes
2yno (1)
Items with low Odor impregnation Do you sometimes come home impregnated with Yes (2)/no (1) N/A
variability (not used) odor, whether due to your profession or leisure
activities?
Breastfeeding Has your child been breastfed (for a minimum of 2 Yes (2)/no (1) N/A
months)?
Smoking at home Do you or a family member smoke at home? Yes (2)/no (1) N/A
Smoking elsewhere Are there any places your child visits often where he  Yes (2)/no (1) N/A
or she becomes exposed to cigarette smoke?
Fragrant plants Do you grow fragrant plants or herbs at home? List all that apply N/A

Items with weak loadings (<0.512) are given in italics at the component on which their loadings have been the highest. Items with low variability and,
therefore, not used in categorical PCA are given at the bottom

N/A not available

Visual exploration of bar charts showed that responses to
items Odor impregnation, Smoking at home, Smoking else-
where, Breastfeeding, and Fragrant plants exhibited very
small variability, with the most frequent response being
never/no or no answer given in over 85 % of cases, with the

exception of Breastfeeding, to which 88 % of the parents
responded in the affirmative. Therefore, responses to these
questions have been excluded from the analysis.
Furthermore, due to low frequencies of responses (N<5) in
the “never” and “very often” categories, the 5-category
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response format had to be recoded to a 3-category format,
merging the “never” and “rarely” categories on the one hand
and “often” and “very often” on the other for some frequency
questions. Specifically, this recoding pertained to Attention,
Fragrance, Naming, Seasoning, and Unusual and exotic foods.
Toys and Travel, due to their low frequencies in both the
“often” and “very often” categories, still resulting in N<5 in
the merged category, were recoded to a “yes/no” response
format (“never” ="“no”, other responses =“yes”). Also, since
the items Scented cosmetic products and Scented household
products were highly correlated, A=0.633, p<0.001, they
have been merged into a single variable (Fragrant purchases)
and coded so that a 3 denoted a preference for fragrance in
both cosmetic and household products, 2 in either and 1 in
neither. Finally, since 75 % of the 64 % of families who had
pets reported keeping multiple animal species, responses have
been recoded as “yes/no”. The same applied to item
Environment, with the answer “busy road” given in over
75 % of responses.

To identify the components underlying the reports of odor
exposure and to obtain component scores to be used in the
subsequent analyses, we performed a categorical principal
component analysis (PCA) using the IBM SPSS categorical
PCA (CATPCA) Optimal Scaling option. Given the low var-
iability in some items as mentioned above, of the original 19
items, 13 variables including one merged were entered in the
analysis. The assumptions of the analysis were met, since an
exploration of correlations between the variables showed that
extreme multicollinearity (>0.9) or singularity (=0.0) were not
a problem, and all the data were positive integer. The
CATPCA settings involved discretizing the ordinal variables
by means of ranking and the nominal ones by grouping, and
selecting variable principal as the normalization method.
Dimensions in solution were determined upon several trials
in order to obtain the most interpretable structure of loadings.
Specifically, eigenvalues were used as an indication of how
many dimensions were needed, following the general rule
which states that the eigenvalue for a dimension should be
larger than 1 when all variables are either single nominal,
ordinal, or numerical. Joint plots of the category points
showed that the categories of variables were separated by
the categorical principal components analysis clearly enough
as could be expected when the level is truly ordinal. The plot
of the object scores revealed no outliers. The recommendation
of Stevens (2009:332) on component loadings with respect to
sample size was followed, and component loadings greater
than 0.512 for N ranging between 100 and 140 at x=0.01
were considered statistically significant. Also, it has been sug-
gested that of these, only loadings sharing at least 15 % of
their variance with the components (i.e., loadings of about
0.40 or greater) should be considered practically significant
and useful for interpretation purposes (Stevens 2009:332).
This rule of thumb, in the present case, was overridden by
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the previous recommendation. The CATPCA yielded three
components: (i) Odor control and naming, (ii) Food, and (iii)
Environmental odors. The resulting components, the individ-
ual items and their wording, response format, and loadings are
given in Table 2.

Children’s Olfactory Behaviors in Everyday Life
Questionnaire (COBEL)

Having been developed with six to 10-year-olds, COBEL
(Ferdenzi et al. 2008a) consists of 16 questions designed to
evaluate self-reported awareness and reactivity to odors in
significant everyday contexts. The questions fall into three
categories: Food (for instance, whether children try to guess
what they will eat for dinner from cooking smells), Social (for
instance, whether children realize that people have a natural
odor), and Environmental (for instance, whether children seek
out smells when they are feeling sad). The question format
varies, including multiple choice, rating, and open-ended
questions. Each item was coded on a 3-point scale, rating
the behavior as poorly (0), moderately (0.5), or highly (1)
olfaction-oriented in the given situation. Although it had been
used in a previous study with slightly older Czech children
(Saxton et al. 2014), a pilot study (N=30) has revealed that
most children were unfamiliar with the rating format of Item 3
(“Senses in nature”), which involved ranking the following
activities in order of preference: touching, smelling, watching,
listening. Therefore, the item has been excluded from the in-
terview. Thus, the total COBEL score, computed as a sum of
the 15 items, ranged from 0 to 15. In addition to the total score,
component scores for food, social, and environmental odors
were computed following previous usage of COBEL
(Ferdenzi et al. 2008a, b; Saxton et al. 2014), ranging from 0
to 3, 0 to 4, and O to &, respectively. For the sake of compar-
ison with previous studies (Ferdenzi et al. 2008a; Saxton et al.
2014), Cronbach’s alpha coefficients were calculated on the
basis of the inter-item gamma correlation matrix following
Ferdenzi et al. (2008a) using SPSS Crosstabs option. These
results are shown in Table 3.

Olfactory Measures

The Sniffin’ Sticks test (Hummel et al. 1997), manufactured
by Burghart Messtechnik GmbH, was used to obtain odor
identification and discrimination. This is one of the most
widely used tests of olfactory performance, based on pen-
like odor dispensing devices. Odor threshold has not been
tested because used as is, in this age group it only appears to
place excessive demands on the attentional capacity of the
younger children and prolong the testing time (e.g., Hummel
et al. 2007a). The Sniffin’ Sticks test has been widely used by
clinicians and researchers across Europe to test olfactory abil-
ities in adults (Hummel et al. 2007b) and children (Ferdenzi
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Table 3  Cronbach’s alpha and inter-item gamma correlations for the COBEL scores and the COBEL components

Overall COBEL

Food component

Social component Environmental component

Cronbach’s alpha 0.687 0.086

Inter-item gamma Range  —0.308 [-0.655; 0.072]
correlation range to 0.599 [0.321; 0.826]
Mean  0.224 [0.190; 0.258]

—0.113 [-0.373; 0.142]
to 0.343 [0.089; 0.557]

0.054 [-0.105; 0.206]

0.562

0.245 [-0.038; 0.479]
to 0.464 [0.187; 0.677]

0.366 [0.317; 0.415]

0.523

—0.164 [-0.592; 0.570]
t0 0.599 [0.321; 0.826]

0.234 [0.164; 0.300]

95 % bias corrected and accelerated bootstrap confidence intervals are given in brackets. Please note that Item 3 (comprising the environmental

component) has been excluded

et al. 2008b; Renner et al. 2009; Sorokowska et al. 2015),
including Czech ones (Dudova et al. 2011; Hrdlicka et al.
2011; Martinec Novakova et al. 2015; Saxton et al. 2014).
The two 16-item identification tests (“blue” and “purple”)
both consist of odorants familiar to the general European pop-
ulation, such as orange, rose, garlic, and fish. The rationale
behind the use of two identification tests instead of one was to
prevent the possible ceiling effect. Cued identification is
employed, in which participants select the name of the target
odor from a candidate list of four. The resulting score is the
sum of correct answers. Since most children were only begin-
ning to learn reading, both the target descriptors and the three
alternatives were presented as pictures instead of verbal labels.
Selection of pictures was based on a pilot study (N=30) car-
ried out in two sessions. In the first session, children were
interviewed about their understanding of the individual verbal
descriptors, both the targets and the distractors. Prompted by
the question “What do you think ... is, when or where can you
smell it?,” children were encouraged to share their notions of
the nature of the odor represented by the given source name.
Based on these accounts, images depicting items most fre-
quently associated with the given verbal label were selected.
For instance, since the majority of children tended to associate
“mint” with chewing gum and mints, a picture of confection-
ery was used instead (see Bastos et al. 2015 for a similar
approach). These interviews had also revealed that a majority
of children expressed uncertainty about what most of the
spices, menthol, and turpentine were, looked, smelled like,
and in which edibles or products they could be found.
Therefore, items 3, 8, 12, and 15 (cinnamon, turpentine, clove,
and anise) of the “blue” set and 7, 8, 9, and 16 (eucalyptus,
ginger, coconut, and onion) of the “purple” set were
discarded. In the next session of the pilot study, four color
pictures arranged in a 2 x 2 square on an A4 page were pre-
sented. The researcher pointed at each of them, asking “Do
you know what this is?” and noted down the child’s answers.
Having thus verified correct understanding of the selected
images, the same sets of pictures have been employed in the
study (see Online Resource 1 and 2). Understanding what
each image depicted was always ensured prior to the identifi-
cation task itself, which consisted in sequential presentations
of each odor in the order recommended by Hummel et al.

(1997), upon which the child chose a picture by pointing at
it. Given the exclusion of four items from each set of odorants,
the maximum score was 12 instead of 16 for both tests.
Percentages of correct identifications for the individual items
are shown in Table 4. No alterations had to be made to the
discrimination test. Data collection took place between April
and June 2015, therefore possible seasonal effects on olfactory
performance have not been taken into account. The two iden-
tification tests only showed a weak correlation, Kendall’s
T=0.260 [0.132; 0.362], p<0.001, Cohen’s d=0.87.

Table4 Percentages of correct identifications of the individual items of
the “blue” and “purple” Sniffin’ Sticks identification tests

Item Percent identified (%)
“Blue” set Orange 90.15
Leather 22.73
Mint 96.97
Banana 78.03
Lemon 46.21
Liquorice 64.39
Garlic 52.27
Coffee 84.85
Apple 34.09
Pineapple 70.45
Rose 46.97
Fish 90.15
“Purple” set Pear 36.36
Cola 62.12
Lilac 78.79
Grapefruit 72.73
Grass 53.03
Raspberry 64.39
Lavender 83.83
Melon 43.94
Peach 60.61
Mushroom 82.58
Smoked meat 30.30
Caramel 95.45
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Verbal Fluency

Verbal fluency, which is known to modulate both odor
identification (e.g., Larsson et al. 2000) and COBEL
scores (Ferdenzi et al. 2008a) was tested using a Czech
version of the category verbal fluency test adapted for use
with children (Preiss 1997). First, variability of responses
to the three categories (animals, fruits, and things that can
be bought in a supermarket) had been explored in a pilot
study. The animal category, which showed the greatest
response variability (8.17+2.10 compared to 7.47+1.70
and 8.77+1.85 for fruits and supermarket, respectively),
has been selected. During the testing session itself, a train-
ing trial was conducted using the transport category, in
which a child was asked to name as many means of
transport as he or she could think of. Understanding was
ensured by asking the child whether he or she knew what
transport meant and by giving an example (e.g., a car).
Next, the child was encouraged to name as many animals
as he or she could think of in 60 s, while the answers
were being immediately written down by the researcher.

Procedure

Parents had been instructed to only encourage their children
to attend the testing sessions when in good respiratory
health. The children participated in individual testing ses-
sions, which were always scheduled after school dinners at
a time between 12:30 p.m. and 3 p.m. (i.e., a time when
most children attend after-school care centre in the school
premises). Testing took place in a secluded, well-ventilated
room without strong ambient odors. At the beginning of the
session, the researcher briefly familiarized the child with the
tasks, presenting them as a game, and ensured him or her
that he or she could stop or quit whenever he or she felt like
it. Then the child was interviewed about his or her odor
awareness based on the COBEL questionnaire. Next, the
two identification tests (“blue” and “purple”) followed in a
randomized order. Within each set, the stimuli were present-
ed in the order recommended by Hummel et al. (1997).
After that, the odor discrimination test was administered.
Finally, verbal fluency was assessed with the animal catego-
ry verbal fluency test. The entire session took, in most par-
ticipants, 30—40 min.

The pilot study consisted of two sessions. During the
first one, children’s understanding was assessed of the in-
dividual verbal descriptors of the two identification tests
and of the questions asked during the interview based on
COBEL. The second session consisted of verification of
correct understanding of the selected pictures and the three
category fluency tests. The order of the tasks within both
the sessions was randomized.

@ Springer

Statistical Analysis

All analyses were carried out with IBM SPSS 22.0. Normality
of the raw data was checked, firstly, by visually examining the
individual histograms of all relevant variables, secondly, by
producing skewness and kurtosis values and their respective
standard errors, from which z scores were computed and com-
pared to the value of 1.96, as suggested by Field (2005:72),
and, thirdly, with multiple Shapiro-Wilk’s W tests. Since de-
parture from normality in nearly all variables was detected,
nonparametric tests have been used where possible.

Exploratory Kendall’s rank correlations T, given in Table 5,
revealed that in the total sample, neither verbal fluency nor age
was associated with either olfactory abilities or COBEL
scores, with the exception of an association between verbal
fluency and the Food component of COBEL, Kendall’s
T=0.152 [0.004; 0.302], p<0.05, Cohen’s d=0.49. As ex-
pected, age was significantly associated with verbal fluency,
Kendall’s t=0.167 [0.031; 0.307], p<0.01, Cohen’s d=0.54.
Furthermore, separate Kendall’s rank correlations T for boys
and girls showed that age and verbal fluency were associated
with olfactory abilities and COBEL scores in girls, but not
boys (except for a link between age and odor discrimination).

Therefore, in addition to the overall nonparametric cat-
egorical regression (CATREG) analysis run with the SPSS
Optimal Scaling option, separate analyses have been car-
ried out for both genders. Thus, in boys, multiple
CATREG analyses were run with the three components
of odor exposure as independent variables in each case
and the three olfactory measures (the two identification
scores and the discrimination one) and COBEL scores
(total and food, social, and environmental components)
as dependent ones. Moreover, age, which had been previ-
ously found to correlate with odor discrimination in boys,
was included in the regression of odor discrimination on
the components of odor exposure. In girls, age and verbal
fluency were included in the analyses regressing variables
with which they had been found to correlate. Preliminary
correlations between the three components showed that
multicollinearity was not a problem. All variables have
been scaled as numeric and discretized by ranking. A
numerical initial configuration was selected, leaving all
other settings to default. Group comparisons were comput-
ed using Mann—Whitney U tests.

95 % bias corrected and accelerated bootstrap confidence
intervals are given in square brackets. Even though Kendall’s
T itself is an effect size measure, for convenience, it has been
converted to Cohen’s d after Walker (2003). For Mann—
Whitney U tests, » has been computed after Field (2013:227)
and then converted to Cohen’s d after Rosenthal (1994:239).
Although R? and adjusted R” themselves represent measures of
effect size, as do betas, for convenience, adjusted R’s have been
converted to Cohen’s /* after Cohen (1988).
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COBEL total COBEL food COBEL social COBEL
environmental

Verbal
fluency

Age

Components of odor exposure

Table 5 (continued)
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Environmental

odors

Food

Odor control and

naming

0.281%* (0.94) 0.278%* (0.93)

0.699%* (3.91)

0.205* (0.67) 0.186* (0.60)

0.060

-0.077

0.065 [-0.137; 0.252]

COBEL environmental

[0.096; 0.450]

0.004

[0.077; 0.465]

0.139

[0.586; 0.795]

0.065

[0.040; 0.343]

[-0.132; 0.236] [0.027; 0.392]
0.032 ~0.011

0.052

[-0.249; 0.107]

0.067

0.012

0.070

Identification “blue”

[-0.174; 0.200]

[-0.169; 0.181]

[-0.115; 0.248] [-0.059; 0.329]

[-0.185; 0.179]

[-0.141; 0.219]

[-0.145; 0.271] [-0.143; 0.261]
0.195% (0.63)

[0.108; 0.248]

0.129

Identification “purple”

[-0.165; 0.245]

[~0.085; 0.328]

0.104

[-0.110; 0.268]

0.128

[-0.079; 0.337]

[0.018; 0.376] [~0.068; 0.300]
0.164 0.140

~0.072; 0.267]

[-0.094; 0.265]

[-0.041; 0.314]

0.110

Identification total

[-0.124; 0.279]

—0.138

[~0.094; 0.308]

0.094

[-0.071; 0.331]

—0.026

[~0.044; 0.346]

—0.039

[-0.084; 0.269]

[~0.010; 0.337]
0.018 ~0.084

—0.064; 0.306]

0

[-0.095; 0.245]

0.006

[-0.071; 0.288]

0.183* (0.59)

0.0

Discrimination

[-0.278; 0.022]

[-0.238; 0.088] [-0.203; 0.134] [-0.213; 0.163] [-0.079; 0.282]

[-0.184; 0.210]

—0.180; 0.194]

[=0.167; 0.174]

[-0.018; 0.368]

95 % bias corrected and accelerated bootstrap confidence intervals and Cohen’s d for significant results are given in square brackets and parentheses, respectively. Significant correlations are given in italics.

*p<005, >l<=i<p<0017 ***p<01

Results

Regressions of Olfactory Abilities and COBEL
on Components of Odor Exposure in the Total Sample

Overall CATREG analyses performed on boys and girls to-
gether showed that the component Odor control and naming
predicted the total COBEL score, 3=0.245, F(1)=9.322,
p<0.01. The model was significant, explaining 6.2 % of var-
iability in the total COBEL scores in the present sample and an
estimated 4 % in the population, R*=0.062, adjusted
R*=0.040, F(3, 128)=2.839, p<0.05, /*=0.066. It also pre-
dicted the social component score of COBEL, 3=0.231, F
(1)=7.768, p<0.01; with the model being significant and
explaining 8.1 % of variability in the COBEL’s social compo-
nent score in the present sample and an estimated 5.2 % in the
population, R*=0.081, adjusted R*=0.052, F(3, 128)=2.789,
p<0.05, £=0.088.

Gender-Specific Regressions of Olfactory Abilities
and COBEL on Components of Odor Exposure

Separate analyses in boys have yielded null results, with none
of the three components predicting either olfactory abilities or
COBEL scores. In contrast, in girls, the total COBEL scores
were predicted by component Odor control and naming,
3=0.242,F(1)=4.113, p<0.05, as well as by verbal fluency,
3=0.246, F(1)=7.004, p<0.05. The model was significant,
explaining 13.9 % of variability in the COBEL scores in the
present sample and an estimated 8.3 % in the population,
R*=0.139, adjusted R*=0.083, F(5, 61)=2.495, p<0.05,
F=0.16. Also, the COBEL’s social component was predicted
by Odor control and naming, 3 =0.306, F(1)=7.390, p<0.01,
with the model being significant and explaining 15.6 % of
variability in the COBEL’s social component in the present
sample and an estimated 10.1 % in the population, R*=0.156,
adjusted R*=0.101, F(4,62)=2.854, p<0.01, £#=0.19.

Between-Gender Variability in Olfactory Abilities,
COBEL Scores, and Odor Exposure

Girls did not outperform boys on either of the two identifica-
tion tests or on the discrimination one. Girls only
outperformed boys on the identification of rose at p<0.01
(“blue” set), lilac at p<0.01, and mushroom at p <0.05 (both
from the “purple” set). Girls, however, exhibited higher
COBEL scores, namely the total score and its social and en-
vironmental components, Mann—Whitney U=1485.5,
1551.0, and 1624.0, respectively, all ps<0.05. Cohen’s ds
were 0.52, 0.45, and 0.39, respectively. As verbal fluency
had been previously found to correlate with the social compo-
nent, additionally, an ANCOVA has been run with gender as
an independent variable, the social component of COBEL as a
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dependent variable, and verbal fluency as a covariate, yielding
similar results. Parental reports of odor exposure did not differ
depending on whether the child was a boy or a girl.

Link Between Olfactory Abilities and COBEL Scores

Olfactory abilities were not systematically related to COBEL
scores in the total sample or in girls, whereas in boys there
were negative associations between COBEL scores and odor
identification (purple) on the one hand, and sum of the two
identification scores on the other, Kendall’s T=-0.25 and
—0.24, respectively, both ps<0.05, Cohen’s d=-0.82 and
—0.78, respectively. Significant results of similar effect sizes
have also been found for the food and environmental compo-
nent of COBEL. Complete results are shown in Table 5.

Discussion

The aim of the present study was to investigate whether chil-
dren’s odor exposure in everyday contexts, as reported by
their parents, could predict their olfactory abilities and odor
awareness, as measured by an interview based on the COBEL
questionnaire. As expected, parental reports of the children’s
odor exposure predicted odor awareness in the total sample.
This is in line with the findings reported by Novékova et al.
(2014) in adults, although in the present study reports have
been provided by parents, not the participants themselves, and
given the different demographics a different measure of odor
awareness has been employed, namely, the Odor Awareness
Scale (OAS) by Smeets et al. (2008). Specifically, children
whose parents reported more frequent use of various scented
products in the household and teaching their children to rec-
ognize and name various odors and their sources scored
higher on the COBEL measure than those whose parents in-
dicated a lesser degree of olfactory stimulation. On the other
hand, in the study by Saxton et al. (2014), Namibian children
who, according to their own words, had more siblings, kept
more animals in the household or reported more frequent
cooking had not attained higher COBEL scores. However,
as the authors note, more sensitive measures of individual
differences in odor exposure were possibly needed. Besides,
a word of caution should be sounded about the effect sizes:
both the adjusted R* and f coefficients in the present study rep-
resent what has been referred to as a “recommended minimum
effect size for representing a ‘practically’ significant effect for
social science data” (Ferguson 2009).

As regards regressions of odor identification and discrimi-
nation scores on parental reports in the total sample, these
yielded non-significant results, which corroborates the find-
ings of Saxton et al. (2014). Since Novakova et al. (2014) did
find an association between retrospective self-reports and odor
identification in adults, it may be argued that such experience

needs a longer time to exert any effect on olfactory perfor-
mance and hence is not yet seen in children. Another possible
explanation is that parents with olfactory interests or those
who care about the impression they and their children give
about socially desirable behaviors, such as control of unwant-
ed odors, may, if unknowingly, exaggerate their responses and
encourage their children to do the same. Even though parents
or other caregivers have not been present during the interview,
children who (begin to) realize that (de)odorization is widely
encouraged within the Western sociocultural context (e.g.,
MacPhee 1992) may be eager to share this knowledge with
the interviewer and, at the same time, will likely live in a
household in which odors are controlled more vigorously.
Thus, they may not necessarily live in an environment which
is richer in olfactory stimuli, it might be as well that their
parents are very careful about their image in this respect and,
if unconsciously, pass this message onto their children. Other
pieces of evidence that would favor this explanation include
the fact that COBEL scores were only predicted by the com-
ponent Odor control and naming, but not by the other two
components (Food and Environmental odors). Also, odor
identification and discrimination scores, which, in contrast to
COBEL scores, are unlikely to be thus affected, showed no
association with parental reports of odor exposure.

When boys’ and girls’ data have been analyzed separately,
there were no significant regression models in boys but in girls
the component Odor control and naming predicted total
COBEL scores and the social component of COBEL. This
finding may be interpreted in terms of girls being more
“social” than boys, and thus more sensitive to social cues
and reinforcement. This assertion is supported by a fair body
of evidence in children as young as of preschool age (e.g.,
Haun and Tomasello 2011). Gender-specific correlations also
revealed several negative correlations between COBEL and
identification scores in boys. Although these analyses were
purely exploratory, this somewhat unexpected finding might
perhaps be attributed to a greater fluctuation in attention during
the session in boys (Groot et al. 2004; Pascualvaca et al.
1997).

Whereas parental reports of children’s odor exposure did not
differ depending on whether the child was a boy or a girl,
children’s own reports in the COBEL-based interview did show
a gender difference. This is in line with the findings reported
by Saxton et al. (2014), even in terms of the individual COBEL
components: in both the studies, girls tended to be more orient-
ed towards olfactory stimuli in the social and environmental
contexts. It is nevertheless possible that the higher COBEL
scores are a by-product of girls’ generally greater social com-
petence because verbal fluency, which has been controlled for
in the present study, is only one of the theoretically and empir-
ically supported mediators of social competence (Nigg et al.
1999; Riggs et al. 2003). Finally, no gender difference has been
found in the olfactory tasks, also consistent with the results
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obtained by Saxton et al. (2014), albeit in a group of slightly
older children. Other recent studies on this topic (e.g., Cameron
and Doty 2013; Schriever et al. 2014) seem to challenge the
view held by some researchers that the sex/gender difference in
olfaction is a robust phenomenon that can be considered an
inborn sexually dimorphic trait (Doty 1992).

COBEL scores and olfactory performance were not related
in the present study, consistent with the findings reported by
Ferdenzi et al. (2008b) in the original use of the instrument.
On the other hand, Saxton et al. (2014) had reported a positive
correlation between COBEL scores and odor identification in
the sample of Czech children aged 811 years, but not in
Namibian ones (9-15-year-olds). It could be argued that olfac-
tory knowledge only tends to manifest itself in performance on
olfactory tasks and metacognitive measures in a systematic way
from a certain age on. However, in the previous studies with
adults no systematic relationship between odor identification
and odor awareness has emerged. For instance, Smeets et al.
(2008) reported that individuals scoring high on OAS did not
outperform the low-scoring ones on the test of odor
identification, and the results of the study by Dematte et al.
(2011) yielded no association between the participants’ self-
reported odor awareness and odor identification performance.
Novakova et al. (2014) do report positive correlations between
OAS scores on the one hand and odor identification and the
composite olfactory score (TDI) on the other, yet after control-
ling for the effect of age on both the OAS and odor identification
scores the association marginally missed significance. The an-
swer may lie in whether the olfactory measures used are cued or
not: in the study by Arshamian et al. (2011), adults who were
highly oriented towards olfactory stimuli performed better than
those who were not on the test of free odor identification, but not
cued odor identification. Future studies should therefore employ
both cued and free odor identification for the sake of
comparison.

Although the cued Sniffin’ Sticks identification test
employed in the present study has been successfully used with
children before, more specifically the “blue” one, with perfor-
mance above chance level in children aged 6 years and over
(e.g., Hummel et al. 2007a), in the present study the use of
pictures instead of verbal labels has been necessitated by the
fact that the majority of children were only beginning to learn
to read. Even so, the pilot study revealed children’s uncertainty
about what most of the spices were, smelled like, and in which
edibles or products they could be found, which was also the
case with menthol and turpentine. As a result, four items had to
be excluded from each set. In the previous studies with a similar
demographic or still younger children, some researchers have
used the Sniffin’ Sticks test in its entirety, employing the stan-
dard verbal descriptors (e.g., Hummel et al. 2011;
Konstantinidis et al. 2005; Romanos et al. 2008).
Nevertheless, this approach is far from optimal and has proved
rather challenging due to children’s limited attention span and
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odor experience, among other things. Lesser familiarity with
some of the odors and descriptors may lead, for instance, to
children’s reliance on the use of an exclusion heuristic and loss
of motivation. To deal with these challenges, various pediatric
odor identification tests have been devised (e.g., Cameron and
Doty 2013; Renner et al. 2009) but there have also been efforts
to adapt the existing tests for use with children (e.g., Bastos
et al. 2015; Monnery-Patris et al. 2009; Schriever et al. 2014).
These efforts have all been of relatively recent date and the
studies available highlight the need for cultural adaptations of
the most widely used odor identification tests such as the
Sniffin’ Sticks to multiple subadult age groups. Children fre-
quently tend to be treated as a single age category, e.g., indi-
viduals under 18 years of age, even though there is a robust
body of literature showing marked developmental changes in
odor identification across childhood and adolescence (e.g.,
Cameron and Doty 2013; Schriever et al. 2014). Particularly
in the youngest children, the use of pictures instead of verbal
labels may greatly aid understanding and correct identification,
as evidenced by the comparison of the present data given in
Table 4 with those previously reported for Czech children aged
811 years (Martinec Novakova et al. 2015). Despite the 2- to
5-year age advantage, the older children have been
outperformed by the younger ones on the identification of apple,
fish, and orange at »p<0.001 and lemon, mint, and pineapple at
p<0.05, which might be, partly at least, attributed to the use of
pictures instead of verbal labels with the younger group.
However, this approach poses several challenges, such as those
reported in the present study and by Bastos et al. (2015). These
include, for instance, the identification of foods, products, ob-
jects etc., strongly associated with a given verbal label and
more familiar to children than the original item itself (e.g.,
association of “mint” with chewing gum) and their visual rep-
resentation in a readily comprehensible way, as well as other
issues discussed by Martinec Novakova et al. (2015), which are
likely to be age- and culture-specific.

Finally, although there is a fair body of evidence suggesting
that verbal fluency modulates both odor identification (e.g.,
Larsson et al. 2000) and COBEL scores (Ferdenzi et al.
2008a), no such effect has been found in the present study in
the total sample. Separate analyses in boys and girls revealed a
link between verbal fluency and COBEL scores, both total and
the social and environmental components, in girls only. Since
verbal fluency is associated with age (e.g., Brocki and Bohlin
2004), as was the case in the present study, although the corre-
lation was rather weak, the absence of the effect might be
attributed to the low variability in age in the present sample.

Conclusion

The present study addressed the research question of whether
parental reports of children’s odor exposure in everyday
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contexts may predict the children’s olfactory abilities and self-
reports of odor awareness. Our predictions have been only part-
ly supported, as we have found an effect of odor exposure on
one aspect of the children’s olfactory knowledge as reflected in
their reports of olfactory behavior, but not olfactory abilities. In
so doing, we replicated some of the previous findings in the
literature of the female advantage in the olfactory domain.
Namely, we have found that girls showed greater metacognitive
knowledge of their sense of smell and a greater degree of
olfaction-oriented behavior, which was not accounted for by a
gender difference in verbal fluency. This was especially the
case as regards items focused on social and environmental odor
sources. Nevertheless, girls did not outperform boys on any of
the measures of olfactory performance. Semi-longitudinal and
longitudinal studies in verbally proficient children, employing
both self- and parental reports of children’s odor exposure and
repeated olfactory testing might provide insight into whether
children exposed more frequently to a greater variety of odors
over the longer term come to exhibit greater odor awareness
and superior performance in some olfactory abilities. Better yet,
answers to this question might come from studies employing
olfactory games to provide children with olfactory training over
the longer term in a playful, ecologically valid way.
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Abstract

Introduction A body of research predominantly in young
adults has suggested a link between olfactory perception, es-
pecially sensitivity, and personality characteristics, particular-
ly neuroticism. Nevertheless, it is not clear whether these as-
sociations are present outside this particular age range and
whether they involve other olfactory abilities, such as odor
identification and discrimination, and temperamental differ-
ences in reactivity and self-regulation. On the one hand, ex-
trapolating from studies with adults to children, participants
scoring high on negative affectivity, which broadly maps onto
neuroticism, should outperform the low-scoring ones. On the
other hand, well-developed self-regulatory processes, referred
to as effortful control, which modulate the expression of such
tendencies, might also contribute to better olfactory
performance.

Aim Thus, the aim of the present study was to investigate the
effect of the temperamental factors on olfactory performance.
Namely, we hypothesized that superior olfactory performance
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(doi:10.1007/s12078-016-9216-0) contains supplementary material,
which is available to authorized users.
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would be delivered by children scoring relatively higher on
negative affectivity but also by those perceived as exhibiting
greater self-regulation.

Methods Odor identification and discrimination in 143 chil-
dren (72 boys) aged 6 to 8 years were assessed with the
Sniffin® Sticks, controlling for verbal fluency. Parents provid-
ed reports of their children‘s temperament by means of a short
form of the Children‘s Behavior Questionnaire. The potential
influence of parental responsiveness and demands on temper-
amental attributions was controlled for with hypothetical vi-
gnettes representing parenting styles.

Results There was an effect of effortful control (but not neg-
ative affectivity) on the total identification (but not discrimi-
nation) scores. Namely, children who were perceived as more
capable of self-regulation exhibited higher odor identification
scores. Girls did not outperform boys on either of the olfactory
tests, but they were deemed by their parents to show greater
self-regulation.

Conclusion Our findings indirectly point to the effect of
self-regulatory tendencies on odor identification in young
children. However, they did not corroborate the idea that
children varying in negative affectivity (underlying neu-
roticism) differ in terms of olfactory performance. Given
the narrow age range of children recruited in the present
study, further studies with preadolescent and adolescent
participants are needed to gain more insight into the
nature of these relationships.

Keywords Big five - Children - Cognitive control -
Conscientiousness - Extraversion - Gender differences -
Identification - Olfaction - Olfactory abilities - Negative
affectivity - Neuroticism - Parenting styles - Personality -
Psychophysics - Smell - Sniffin’ sticks - Surgency -
Temperament - Verbal fluency

@ Springer


http://dx.doi.org/10.1007/s12078-016-9216-0
http://crossmark.crossref.org/dialog/?doi=10.1007/s12078-016-9216-0&domain=pdf

154

Chem. Percept. (2016) 9:153-173

Introduction

Links Between Olfactory Perception and Personality
in Adults

A body of literature has been devoted to investigations of links
between olfactory perception and personality in adults and
adolescents. Personality manifests itself in sensory processing
and cognitive styles (e.g. Aron and Aron 1997; Isaksen et al.
2003; Riding and Wigley 1997; Smolewska et al. 2006;
Soubelet and Salthouse 2011), including olfactory abilities,
which represent a special case of cognitive abilities
(Flanagan and Harrison 2012:132). The focus has been
especially on olfactory sensitivity, which can be expected to
correlate with a characteristic referred to as sensory-
processing sensitivity. This characteristic has been proposed
to underlie differences in strategies employed in the face of
novel stimulation in general, i.e. exploration or quiet vigilance
(Aron and Aron 1997). Having been extensively investigated
in humans as well as in other species, the latter strategy is
linked to what is termed “introversion” in adults (e.g.
Eysenck 1991), “inhibitedness” in children (e.g. Kagan
1994), or “innate shyness” in both (e.g. Daniels and Plomin
1985; Cheek and Buss 1981). One of the first attempts to
conceptualize this trait was Eysenck’s (1957) theory of intro-
version-extraversion, which was seen as a matter of balance
between cortical excitation and inhibition and later revised in
terms of cortical arousal (Eysenck 1967). His three-
dimensional personality model of extraversion, neuroticism,
and psychoticism had inspired researchers in the field of
chemosensory perception to seek associations between olfac-
tory sensitivity on the one hand and extraversion and neurot-
icism on the other (Koelega 1970, 1994). Specifically,
Eysenck’s theory predicted that introverts should exhibit
higher sensory sensitivity (i.e. lower thresholds) than extra-
verts, but these early studies have lent little support to this
hypothesis. As can be seen from Table 1, in more recent stud-
ies (e.g. Croy et al. 2011; Havlic¢ek et al. 2012; Larsson et al.
2000), Eysenck’s model and its modification by Gray (1972)
have been completely superseded by the five-factor personal-
ity model (“Big Five”; Costa and McCrae 1992). Moreover, in
addition to olfactory sensitivity, researchers have come to in-
clude odor identification, discrimination, and odor detection
response times as measures of olfactory performance. Table 1
also reveals that of particular interest in this research area has
been the effect of neuroticism and, more specifically, its facet
(trait) anxiety on olfactory perception. The rationale behind
such studies is that amygdala and hippocampus, which are
involved in both olfactory (e.g. Zald and Pardo 2000) and
emotional processing (e.g. Phelps and LeDoux 2005;
Richardson et al. 2004), exhibit structural and functional
changes in anxious persons (Bremner 2004; Milad et al.
2006), with possible implications for the olfactory domain.

@ Springer

The findings of the more recent studies seem to tentatively
point to variability in olfactory perception on the behavioral
level with respect to neuroticism or anxiety. On the whole,
even though Table 1 presents some evidence that highly neu-
rotic individuals may be more sensitive to certain odors, and
identify and discriminate them more easily, many questions
arise. For instance, it is not clear whether individuals scoring
high on this personality characteristic as a rule perform better
than the low-scoring ones on any olfactory test. Rather, the
significance and direction of the association appears to depend
on the difficulty and nature of the task (e.g. Eysenck and
Calvo 1992).

As the bulk of research has focused on olfactory sensitivity,
more studies employing other olfactory measures, such as
odor identification and discrimination, are needed. Also, par-
ticipants in the absolute majority of the studies were young
adults, predominantly university students, raising the question
as to whether the links between personality and olfaction exist
outside this particular age range and social background. Since
the cumulative, potentially much stronger effects of physio-
logical aging, lifestyle, medical history, and environmental
exposure on chemosensory perception are likely to obscure
this relationship in older adults, a somewhat more attractive
idea is to turn to children. Such a research topic is justified by
the fact that associations between alterations of the limbic
system and trait anxiety and fearfulness have also been
observed in young healthy children (Qin et al. 2014;
Tottenham et al. 2010; van der Plas et al. 2010). If these
changes have implications for emotional as well as olfactory
processing, one might expect to see differences in olfactory
performance among children with varying levels of tempera-
mental anxiety. Moreover, this approach also allows testing of
the implicit assumption that the links between personality and
olfaction are generalizable. If that should be so, they should
already be detectable in young children and stem from gener-
al, constitutionally based tendencies to react in a certain way,
which (unlike personality) can be assessed at a very young
age. Such tendencies may be subsumed under the term
temperament.

Temperamental Assessment in Children

As indicated above, in children of preschool and school age
the more viable approach is to focus on temperament instead
of personality, which, in the present study, was defined as the
constitutionally based individual differences in reactivity and
self-regulation that represent the initial state from which adult
personality eventually arises (Rothbart 2007; Rothbart et al.
2000). In this definition, the term constitutional basis refers to
the individual’s biological make-up that is shaped over time
by interactions of genetic endowment, maturation, and expe-
rience. Reactivity is the arousability of motor, affective, and
sensory response systems, whilst self-regulation is the process
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which modulates reactivity, including attentional focusing and
inhibitory control (Rothbart et al. 2001). From the first months
of age, infants exhibit marked interindividual differences in
their interactions with the environment (Rothbart 1981),
namely variability in emotional, motor, and attentional reac-
tivity measured by latency, intensity, and recovery of re-
sponse, and in self-regulation processes such as effortful con-
trol that modulate reactivity (Rothbart and Derryberry 1981).

Investigations of links between temperament and olfactory
performance in childhood pose several challenges. Firstly,
temperamental assessments in childhood are made difficult
by the fact that temperament is undergoing developmental
changes and behaviors indicative of a certain trait in younger
children may not be equally informative for measuring the
same trait in older ones. This is overcome by employing
age-specific instruments to assess temperament across infancy
and childhood (Capaldi and Rothbart 1992; Putnam et al.
2006; Rothbart 1981; Rothbart et al. 2001). Nevertheless, de-
spite developmental changes, temperament also shows rela-
tive stability and heterotypic continuity (i.e. relations between
different sets of behavior across different ages) (e.g. Durbin
et al. 2007; Shoda et al. 1990) and predicts personality in
young adulthood (e.g. Caspi and Silva 1995). Secondly, adult
data are based on self-reports, whilst a similar approach is
clearly not viable in young children. Assessment of child tem-
perament is thus dependent on other-reports, especially by
parents and teachers. There seems to be reasonable consisten-
cy between parental reports and indicators of temperament
that are based on both home and laboratory observations
(Kochanska et al. 1996; Schaughency and Fagot 1993).
Also, self-reports and parental reports using measures for
which both the child and parent forms are available show
significant correlations on most of the scales (e.g. Capaldi
and Rothbart 1992). Therefore, use of parental assessment of

Table 2 Mean £ SD, their respective 95 % bias corrected and
accelerated bootstrap confidence intervals (in square brackets), and
range for age, verbal fluency, olfactory measures, and temperamental
factors in boys (V = 62) and girls (N = 67). Note that for temperament-

child temperament seems an acceptable trade-off between the
opportunity to address this research question in the youngest
cohorts and precision of measurement. Given the conceptual
and empirical links between temperament and personality, es-
pecially the Big Five model, extrapolation of hypotheses from
adults to children is possible.

Mappings Between Temperament and Personality

In order to be able to discuss the links between temperament
and olfaction in the context of previous research, mappings
between temperament and personality, particularly within the
Big Five framework, must be considered. As mentioned
above, of particular interest has been the dimension of neurot-
icism (also termed anxiety). The underlying set of tempera-
mental traits, referred to as negative affectivity, reflects sensi-
tivity to cues of punishment, frustrative nonreward, and novel
stimuli or, in general, threat sensitivity with accompanying
negative affect. Behaviorally, it is manifested in anxious and
fearful reactions, inhibition of ongoing behavior, increased
readiness for action, and heightened attention to environmen-
tal stimuli (Halverson et al. 2014). The set of temperamental
traits underlying extraversion, termed surgency, encompasses
sensitivity to signals of reward and an active engagement with
the surrounding world. It is manifested behaviorally through
sociability, impulsivity, sensation seeking, and activity level,
and partly also via intensity of affective response, in particular
positive affect (Halverson et al. 2014). Negative affectivity
and surgency seem to map fairly well onto the Big Five
(Costa and McCrae 1992) dimension of neuroticism and ex-
traversion, respectively (for review see Rothbart and Posner
20006), although the authors show that the expression of both is
substantially modulated by self-regulatory processes sub-
sumed under effortful control. This refers to a self-regulatory

related descriptive statistics, the sample size is 72 and 71 for boys and
gitls, respectively. Both the identification tests were only comprised of 12
instead of the original 16 items

Boys Girls

Mean SD Range Mean SD Range
Age (months) 82.21 5.03 73.30-95.00 81.78 4.55 75.30-99.10
Verbal fluency 12.76 [11.68; 13.94] 4.37[3.49; 5.20] 5.00-27.00 13.90 [13.00; 14.87] 4.02 [3.24; 4.66] 7.00-27.00
Identification blue 7.82[7.43; 8.24] 1.63 [1.38; 1.82] 4.00-11.00 7.81[7.42; 8.20] 1.53[1.34; 1.70] 4.00-10.00
Identification purple 7.53[6.97; 8.05] 2.15[1.80; 2.52] 1.00-12.00 7.94 [7.54; 8.35] 1.72 [1.51; 1.90] 4.00-11.00
Identification total 15.35[14.58; 16.13] 3.19 [2.76; 3.56] 8.00-22.00 15.75 [15.08; 16.40] 2.57[2.17;2.95] 9.00-20.00
Discrimination 8.19 [7.36; 9.03] 336 [2.81;3.84] 2.00-16.00 9.07 [8.46; 9.67] 2.66 [2.24; 3.01] 4.00-15.00
Surgency 4.56 [4.35;4.79] 0.90 [0.76; 1.02] 2.08-6.22 4.38 [4.18; 4.58] 0.90 [0.76; 1.03] 2.04-6.14
Negative affectivity 3.94 [3.77; 4.11] 0.73 [0.62; 0.81] 2.35-5.49 3.92 [3.77; 4.06] 0.71 [0.60; 0.81] 2.66-5.92
Effortful control 4.94 [4.78; 5.10] 0.67 [0.58; 0.75] 3.36-6.74 5.43 [5.30; 5.57] 0.55 [0.46; 0.64] 3.92-6.61

@ Springer



Chem. Percept. (2016) 9:153-173

163

system superordinate to the other two that manifests itself in
the ability to voluntarily sustain focus on a task, shift attention
from one task to another, initiate action, and inhibit it (for
review see Ahadi and Rothbart 2014). More recent studies
with preschool children in which temperamental as well as
various personality measures within the Big Five framework
were used reported moderate to high correlations between
negative affectivity and neuroticism on the one hand and ex-
traversion and surgency on the other (e.g. Grist and McCord
2010).

Potential Modulators of Links Between Temperament
and Olfaction

Among the potential modulators of the links between temper-
ament and olfaction the most important ones to consider are
age and verbal fluency. Odor identification scores in children
have been found to improve with age (e.g. Cameron and Doty
2013; Ferdenzi et al. 2008b), but see, for instance, Martinec
Novakova and VojtuSova Mrzilkova (2016); Saxton et al.
(2014) for conflicting results in prepubertal children. Verbal
fluency, which is itself influenced by age (e.g. Ferdenzi et al.
2008a), has been found to affect semantic tasks such as odor
identification (e.g. Hedner et al. 2010; Larsson et al. 2000).
Hence, despite using age-specific measures of temperamental
dispositions, age as well as verbal fluency need to be con-
trolled for. Finally, complex interactions have been found be-
tween parental perceptions of their children’s temperament
and the parenting style employed, i.e. the emotional atmo-
sphere created by the parent at home (for review see
Rothbart and Bates 2006; Rothbart and Posner 2006).
Importantly, perceptions of a child’s temperament, parenting
style, and their mutual interactions tend to differ depending on
the child’s gender (for review see Putnam et al. 2002). In
assessments of children’s temperament it is thus crucial to
control for the effect of parenting style separately in boys
and girls.

Rationale and Hypotheses

A body of research predominantly in young adults (especially
university students) has suggested a link between olfactory
perception, mainly sensitivity, and personality characteristics,
particularly neuroticism. Nevertheless, it is not clear whether
the associations between personality and olfaction are present
outside this particular age range and whether they involve
other olfactory abilities, such as odor identification and dis-
crimination. Also, the implicit assumption that such associa-
tions are generalizable needs to be addressed. If that should be
so, they should already be evident in children and involve
general, constitutionally based tendencies to react in a certain
manner which can be observed and assessed at a very young
age. Mappings between temperament and personality on the

one hand and correlations between self-reports and parental
reports of temperament on the other allow extrapolation of
hypotheses previously formulated in studies with adults to
children. On the one hand, evidence from such studies sug-
gests that individuals scoring high on temperamental traits
underlying neuroticism should outperform the low-scoring
ones. On the other hand, well-developed self-regulatory pro-
cesses, which modulate the expression of anxiety-related ten-
dencies and manifest themselves in the ability to voluntarily
sustain focus on a task, shift attention from one task to another,
initiate action and inhibit it, might also contribute to better
olfactory performance. Thus, the aim of the present study
was to investigate the effect of the individual temperamental
factors on olfactory performance. Namely, we hypothesized
that superior olfactory performance would be delivered by
children relatively higher on negative affectivity (which
broadly maps onto neuroticism) as well as those exhibiting
greater self-regulation (effortful control).

Materials and Methods
Participants

The participants were 143 children of Czech origin (72
boys, mean age 6.84 + 0.41 years, range 6.11-8.26 years)
and their parents (124 mothers). The children were first-
graders from six public mixed-sex general education ele-
mentary schools in Prague, Czech Republic, and its sub-
urbs. The schools were attended by children from varied
social backgrounds. School principals were contacted via
telephone and e-mail to inform them about the planned
study. Those who had provided permission to perform the
study on the school’s premises were asked to pass the in-
formation on to the teachers. They distributed leaflets to
children, who, in turn, handed them over to their parents.
Girls and boys did not differ in terms of mean age or age
distribution, boys = 6.89 £ 0.45 years, range 6.11-
7.93 years, girls = 6.80 £ 0.38 years, range 6.28—8.26 years,
respectively, Kolmogorov-Smirnov Z = 0.93, p = .36.
According to parental reports, 12 children suffered from
various allergies, chronic asthma, or other chronic condi-
tions, and three had sustained concussion with loss of con-
sciousness. However, as the data obtained from these chil-
dren did not manifest themselves as outliers, they were not
excluded from the analyses. In 10 boys and 4 girls some of
the demographic data, verbal fluency, or olfactory measures
were missing, resulting in N = 129 (62 boys) with the com-
plete set of data, whilst parental reports of children’s tem-
perament were available for the total of 143 children (72
boys). Therefore, the descriptive statistics of age, verbal
fluency, olfactory measures, and correlations involving
these variables are given for N = 129, whilst the
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temperament-related descriptives are shown for N = 143.
The descriptive data are given in Table 2. Furthermore, 30
preschool children (15 boys, mean age 5.99 + 0.43 years,
range 5.25-6.75 years), all resident in Prague,
Czech Republic, and its suburbs, participated in a pilot
study, which has been described in full detail in Martinec
Novakova and Vojtusova Mrzilkova (2016).

All procedures followed were in accordance with the ethi-
cal standards of the responsible committee on human experi-
mentation (institutional and national) and with the Helsinki
Declaration of 1975, as revised in 2008 (5). The study has
been approved by the IRB of the Charles University
(Approval Number 2015/11). Written informed consent was
obtained from the children’s parents, and oral informed con-
sent was provided by the children in the presence of a teacher
employed by the school. The children-parents pairs each re-
ceived 300 CZK (approximately 11 EUR or 12 USD) in
compensation.

Olfactory Measures
General Considerations

The Sniffin’ Sticks test (Hummel et al. 1997), manufactured
by Burghart Messtechnik GmbH, was used to assess odor
identification and discrimination. This is one of the most
widely used tests of olfactory performance, based on pen-
like odor dispensing devices. Odor threshold was not tested
because used as is, in this age group it only appears to place
excessive demands on the attentional capacity of the younger
children and prolong testing time (e.g. Hummel et al. 2007a).
The Sniffin’ Sticks test has been widely used by clinicians and
researchers across Europe to test olfactory abilities in adults
(Hummel et al. 2007b) and children (Ferdenzi et al. 2008b;
Renner et al. 2009; Sorokowska et al. 2015), including Czech
ones (Dudova et al. 2011; Hrdlicka et al. 2011; Martinec
Novakova et al. 2015; Saxton et al. 2014). Olfactory data
collection for the present study took place between April
and June 2015, meaning that possible seasonal effects on ol-
factory performance did not need to be taken into account.
Since this study was part of a larger project, descriptive data
concerning olfactory measures in the present sample and anal-
yses of gender differences in olfactory performance (which
were nonexistent) have previously been published elsewhere
(Martinec Novakova and Vojtusova Mrzilkova 2016).

Odor Identification

The two 16-item identification tests (“blue” and “purple”, as
they are referred to by the manufacturer) both consist of odor-
ants familiar to the general European population, such as or-
ange, rose, garlic, and fish. To the best of our knowledge, the
“purple” identification set has not been validated yet. The

@ Springer

rationale behind the use of two identification tests instead of
one was to prevent the possible ceiling effect. In the original
version of the tests cued identification is employed, in which
participants select the verbal label of the target odor from a
candidate list of four alternatives. The resulting score is the
sum of correct answers. In the present study, both the tests
were adapted to children who were only beginning to learn
reading. This was done by presenting both the targets and
distractors in the form of color pictures instead of verbal la-
bels. The process of adaptation of the tests has been described
in full detail in Martinec Novakova and Vojtusova Mrzilkova
(2016). In short, children had been interviewed about their
understanding of both the target and distractor odor sources,
upon which images depicting items most frequently associat-
ed with the given verbal label were selected. These interviews
had also revealed that most children were rather unfamiliar
with most of the spices (anise, cinnamon, clove, ginger, nut-
meg, vanilla), eucalyptus, menthol, and turpentine. Thus,
items involving these odor sources either as a target or
distractor were excluded, resulting in the maximum score of
12 for each of the identification tests. During testing, under-
standing what each image depicted had always been checked
prior to the identification task itself. Odor presentation was
carried out in a manner recommended by Hummel et al.
(1997). The scores on both the tests were added together to
produce the total identification score with a maximum of 24.

Odor Discrimination

No alterations had to be made to the discrimination test. The
test of odor discrimination assesses the degree to which an
individual can differentiate between odors in suprathreshold
concentrations. The set comprises 16 triplets of odorized pens,
of which two are identical, and the participant is asked to
indicate the odd one. The odorants used in the test are given
in Hummel et al. (1997). The score is the total of correct trials
(0-16), with higher scores indicating a better ability of odor
discrimination.

Temperamental Assessment: Short Form of the Children’s
Behavior Questionnaire (CBQ-SF)

Being widely used in developmental research, the Children’s
Behavior Questionnaire (CBQ; Rothbart et al. 2001) affords a
highly differentiated caregiver report assessment of tempera-
ment in 3- to 8-year-olds. It is grounded in a definition of
temperament as constitutionally based individual differences
in reactivity and self-regulation that are influenced by heredity
and experience (Rothbart and Derryberry 1981). Domains
covered by the instrument include positive and negative emo-
tion, motivation, activity level, and attention. The standard
195-item form is comprised of 15 scales of 12 to 14 items
each (activity level, anger/frustration, approach/positive
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Table3  Spearman’s rank correlational analyses of age, verbal fluency, olfactory measures (total odor identification and odor discrimination), and the
three temperamental factors (surgency, negative affectivity, and effortful control) in the total sample (N = 129)

Age Verbal fluency  Identification total Discrimination — Surgency Negative affectivity Effortful control

Age 0.232%%* 0.115 0.154+ —0.027 0.218* —0.045
[0.055;0.389] [-0.057; 0.264] [-0.027;0.331] [~0.244;0.179] [0.042; 0.367] [-0.220; 0.111]

Verbal fluency 0.232%* 0.001 —0.083 0.119 —0.065 0.134

[0.055; 0.389] [-0.162; 0.163] [-0.255; 0.081] [~0.094;0.301] [—0.247;0.108] [-0.040; 0.303]
Identification total 0.115 0.001 0.170t 0.020 —0.055 0.216%*

[-0.057; 0.264] [-0.162; 0.163] [-0.014;0.336] [-0.166;0.187] [-0.238;0.130] [0.045; 0.390]
Discrimination 0.154% —0.083 0.170% -0.118 -0.028 0.138

[-0.027; 0.331] [-0.255;0.081] [-0.014; 0.336]

[-0.300; 0.077] [-0.204;0.140]  [-0.045;0.300]

Values of 95 % bias corrected and accelerated bootstrap confidence intervals are given in square brackets. Significant correlations are given in ifalics

*p <.05, ¥*< .01, T trend atp < .1

anticipation, attentional control, discomfort, falling reactivity/
soothability, fear, high intensity pleasure, impulsivity, inhibi-
tory control, low intensity pleasure, perceptual sensitivity, sad-
ness, smiling and laughter, and shyness). In the present study a
short, 94-item form consisting of these 15 scales of six to eight
items each (CBQ-SF; Putnam and Rothbart 2006) was used.
Both the instruments give statements describing a child’s be-
havior in various everyday situations, e.g. “Seems always in a
big hurry to get from one place to another” (activity level),
“Will move from one task to another without completing any
of them” (attentional focusing), or “Has temper tantrums
when (s)he does not get what (s)he wants” (anger/frustration).
Both are used in such a way that parents rate their child on a
seven-point scale ranging from 1 (extremely untrue of the
child) to 7 (extremely true of him or her). If a child has not
been observed in the given situation by the responding person,
a “not applicable” response category is selected. Thus, the
minimum score for the individual scales is 6 to 8 and the
maximum is 42 to 56, depending on the number of items.
Based on the recommendations of Rothbart et al. (1994), the
score for surgency was computed as the average of the scale
scores for activity level, high intensity pleasure, impulsivity,
and the reversed shyness score. The negative affectivity score
was calculated according to these authors by averaging the
scale scores for anger, discomfort, fear, sadness, and the re-
versed soothability score. Finally, the effortful control score
was computed as the average of attention focusing, inhibitory
control, low intensity pleasure, and perceptual sensitivity. The
questionnaire was translated to Czech and a back translation
was produced by Jitka Lindova and Jan Havlicek. The indi-
vidual CBQ-SF scales and the three broader factors along with
their definitions and descriptive statistics are listed in Online
Resource 1.

Parenting Styles

Having been outlined in the seminal work of Baumrind
(1971), parenting styles refer to the emotional atmosphere

created by parents at home (Darling and Steinberg 1993).
They can be classified into the following three categories:
authoritative (responsiveness towards children combined with
demands), authoritarian (demanding but not very responsive),
and permissive (high in responsiveness and low in demands).
They were briefly assessed using hypothetical vignettes after
Barnhart et al. (2013). These include descriptions of three
hypothetical interpersonal situations between a parent and
his or her two children (son and daughter) aged 7 and
11 years, respectively, in which the response of the parent
to the situation represents one of the three parenting
styles. For instance, in the hypothetical vignette
representing the permissive parenting style, the mother
believes that children should be free to do what they
want, and so when the children want to go outside to
play without having done their homework before, she
nevertheless lets them go outside for as long as they
want. The parents were asked to indicate the degree to
which they associated themselves with the hypothetical
parent’s response to the given situation on a 10-cm visual
analog scale. The rating for each vignette was obtained
by measuring the distance in millimeters between zero
and the marked point on the line.

Verbal Fluency

Verbal fluency is known to modulate odor identification, with
individuals who exhibit greater verbal fluency outperforming
the low-scoring ones (e.g. Larsson et al. 2000), and to corre-
late with some personality traits, e.g. extraversion (Burton and
Henninger 2013). It was tested using a Czech version of the
category verbal fluency test adapted to children Preiss (1997).
First, variability of responses to the three categories (animals,
fruits, and things that can be bought in a supermarket) had
been explored in a pilot study described in full detail in
Martinec Novakova and Vojtusova Mrzilkova (2016). The
most variable results were obtained for animals, which were
chosen as the test category. During the testing session itself, a
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Fig.1 Comparison of surgency, negative affectivity, and effortful control
and their subscales in boys and girls. Whiskers indicate minimum and
maximum, respectively. *p < .05, **p < .01, ***p < .001

training trial was conducted using the transport category, on
which a child was asked to name as many means of transport
as possible. Understanding was assured by asking the child
what transport meant and by giving an example (e.g. a car).
Next, the child was encouraged to name as many animals as
possible in 60 s, whilst the answers were being immediately
written down by the researcher.

@ Springer

Procedure

Parents were instructed to only encourage their children to
attend the testing sessions when in good respiratory health.
The children participated in individual testing sessions, which
were always scheduled after school dinners at a time between
12:30 p.m. and 3 p.m. (i.e. a time when most children attend
after-school care centre in the school premises). Testing took
place in a secluded, well-ventilated room without strong am-
bient odors. At the beginning of the session, children were
briefly familiarized with the tasks, which were presented as
a game, and ensured that they could stop or quit at any time.
Since the present study was part of a larger project, at the
beginning of the session, children were first interviewed about
their odor awareness (see Martinec Novakova and VojtuSova
Mrzilkova 2016 for results). Next, the two identification tests
(“blue” and “purple”) followed in a randomized order. Within
each set, the stimuli were presented in the order recommended
by Hummel et al. (1997). After that, the odor discrimination
test was administered. Finally, verbal fluency was assessed
with the animal category verbal fluency test. The entire ses-
sion took, in most participants, 30—40 min. Parents completed
the CBQ-SF and provided ratings of the hypothetical vignettes
at home via a web-based survey tool, Qualtrics (Qualtrics,
Provo, UT). They were never present in the room during the
session.

Statistical Analysis

All analyses were carried out with IBM SPSS 22.0. Normality
of the raw data was checked, firstly, by visually examining the
individual histograms of all relevant variables, secondly, by
producing skewness and kurtosis values and their respective
standard errors, from which z-scores were computed and com-
pared to the value of 1.96, as suggested by Field (2005:72),
and, thirdly, with multiple Shapiro-Wilk’s W tests. Since de-
parture from normality in nearly all variables was detected,
nonparametric tests were used where possible.

Gender differences were analyzed using Mann-Whitney U
tests, and correlations were performed with Spearman’s rank
correlations. A general linear model (GLM) was produced
with gender as a factor, surgency, negative affectivity, and
effortful control as covariates (that is, independent variables,
1Vs), and the total identification score and the discrimination
score as multiple dependent variables (DVs). Besides the main
effects of gender and the three temperamental factors, interac-
tions between the former and the latter were included in the
model. To further explore the contribution of the individual
scales of effortful control to the effect on odor identification
scores, another GLM model was run with the scales (atten-
tional focusing, inhibitory control, low intensity pleasure, and
perceptual sensitivity) as IVs and identification as a DV, with
the model only testing the main effects. The values 95 % bias
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corrected and accelerated bootstrap confidence intervals, 95 %
BCa ClIs, are given in brackets.

Results
Exploratory Correlations

Exploratory Spearman’s rank correlations involving age,
verbal fluency, and olfactory measures on the one hand
and the three temperamental factors or the 15 temperamen-
tal scales on the other are given in Table 3 and Online
Resource 2, respectively. For correlations involving the
temperamental scales, a Bonferroni correction was
employed, with o level set to 0.05/105 = 0.0005. In the
total sample, neither verbal fluency nor age was associated
with olfactory abilities. As expected, age was significantly
associated with verbal fluency, Spearman’s p = 0.232,
p =.008 [0.072; 0.399]. In the total sample, surgency
and negative affectivity were both correlated with effortful
control, Spearman’s p=—0.212, p =.012 [-0.387;-0.027]
and p = —0.210, p = .012 [-0.358; —0.029], respectively.
When analyzed separately, in boys the correlations
reflected those found in the total sample, whilst in girls
effortful control was only associated with surgency.
Parenting styles were not significantly associated with
any of the three broad temperamental factors in the total
sample, boys, or girls.

Effect of Temperamental Factors on Olfactory Measures

Multivariate tests of the general linear model (GLM) revealed
a significant effect of effortful control on the olfactory mea-
sures, Pillai’s trace = 0.052, F(2,120) = 3.323, p = .039.
Between-subject tests showed that children’s total identifica-
tion scores (but not discrimination ones) differed with respect
to effortful control, F(1,121) =5.512, p =.021. To be specific,
children reported by their parents to exhibit greater effortful
control had higher total identification scores, Spearman’s
p = 0.216, p = .014 [0.047; 0.388]. There was no effect of
gender or the other two temperamental factors on odor iden-
tification or discrimination. However, it should be noted that
the model for identification only explained 7.5 % of variation
in identification performance in the present sample, with an
estimated 2.1 % in the population, R* = 0.075, adjusted
R*=0.021.

Effect of Effortful Control Scales on Odor Identification

Subsequently, the potential effect of the individual scales
constituting effortful control on odor identification was
examined. Perceptual sensitivity was associated with the
vignette representing the authoritative style, Spearman’s

p = 0.192, p = .025 [0.020; 0.340]. The effect of the
authoritative parenting style on perceptual sensitivity
was controlled for in a semi-partial (part) correlation,
from which residuals were obtained, interpreted as “the
part of perceptual sensitivity that was not due to the child
being perceived as such by a parent with an authoritative
style”. Next, two GLM models with effortful control con-
stituent scales as Vs and the identification score as a DV
were run, one on the raw values of perceptual sensitivity
and the other on the residuals. Similar results were ob-
tained in both cases, with no effect of any of the scales on
odor identification performance.

Between-Gender Variation in Olfactory Abilities,
Temperament, Parenting Styles, and Verbal Fluency

There were no gender differences in odor identification or
discrimination. Girls only were more likely to correctly iden-
tify the floral odors of rose and lilac (both ps < .01) and
mushroom (p < .05). Boys and girls significantly differed in
the temperamental factor of effortful control, Mann-Whitney
U = 1386, p = .0001, as well as all the four of its constituent
scales, and four other scales, namely anger, approach, sadness,
and smiling and laughter, as shown in Fig. 1. Ratings of agree-
ment with the hypothetical responses portrayed by the vi-
gnettes representing parenting styles did not differ depending
on whether the child was a boy or a girl. Finally, as for verbal
fluency, girls and boys did not produce significantly different
words counts per minute.

Discussion

A body of research has suggested that highly neurotic
individuals may tend to exhibit greater sensitivity to cer-
tain odorants, better odor discrimination, and identifica-
tion. However, it is not clear whether these links between
personality and olfaction can be generalized beyond
young adults. If that should be so, they should already
be present at younger ages and involve individually spe-
cific tendencies towards reactivity and self-regulation
which give rise to personality. The aim of the present
study was to investigate the effect of the individual tem-
peramental factors on olfactory performance. Namely, we
hypothesized that superior olfactory performance would
be delivered by children relatively higher on negative af-
fectivity (which broadly maps onto neuroticism) as well as
those exhibiting greater self-regulation (effortful control).
These predictions have been only partly supported by the
present data: there was an effect of effortful control (but
not negative affectivity) on odor identification (but not
discrimination) scores. Specifically, children who were
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deemed by their parents to be more capable of self-
regulation scored higher on odor identification.

The present pattern of findings with respect to the influence
of self-regulatory processes seems perfectly understandable in
children: the construct of effortful control (cognitive control,
persistence) substantially overlaps with the construct of be-
havioral inhibition, also encompassing working memory and
the ability to carry out decisions under highly salient emotion-
al situations. It is related to the development of executive
attention (for review see Posner and Fan 2008), which is itself
linked to olfaction. Namely, olfactory input activates brain
regions (midfrontal, orbital frontal, and cingulate cortical
areas) that are also involved in executive attention (Li et al.
2010; Plailly et al. 2008). Children perceived by their parents
as better able to ignore irrelevant stimuli, withhold prohibited
responses, and activate required ones exhibited higher odor
identification scores.

Although there was no effect of the individual scales of
effortful control on odor identification, it correlated with at-
tentional focusing and inhibitory control. Executive functions
(i.e. the capacity to control and coordinate one’s thoughts and
behavior) are available to young children, but they continue to
develop well into adulthood (e.g. De Luca et al. 2003), ac-
companied by structural changes in both grey and white brain
matter (Blakemore and Choudhury 2006). The ongoing devel-
opment of the frontal lobes has implications for executive
functions which rely heavily on this brain region, such as
selective attention and response inhibition skills (Blakemore
and Choudhury 2006), and also odor memory (Pirogovsky
et al. 2006). Odor identification is one of the primary tasks
used in the study of odor memory; the other is odor recogni-
tion (Schab 1991). Thus, driven by the developmental chang-
es in the brain, concurrent improvements in these executive as
well as olfactory functions can be expected, possibly
explaining the association reported in the present study. A
robust body of evidence suggests an age-related improvement
in odor identification scores (e.g. Ferdenzi et al. 2008b;
Monnery-Patris et al. 2009; Richman et al. 1995), with excep-
tions (e.g. Martinec Novakova and Vojtusova Mrzilkova
2016; Saxton et al. 2014) possibly being attributable to a lack
of statistical power. Likewise, the various capacities subsumed
under effortful control begin to increase markedly in the pre-
school years (e.g. Carlson 2005; Leon-Carrion et al. 2004;
Williams et al. 1999). However, in the present study neither
effortful control nor odor identification was associated with
age, perhaps due to the low variability in age in the present
sample. Still, an alternative explanation is simply that some of
the behaviors may be more readily accessible to observation
and assessment by parents. Indeed, one can relatively easily
tell whether a child is able to focus attention or suppress in-
appropriate behaviors, whereas evaluations of the amount of a
child’s enjoyment derived from low intensity stimuli or ability
to detect them require somewhat more insight.
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Presumably, some of these capacities may thus enhance
performance on olfactory tests and could be expected to
contribute, at least to a certain degree, to girls’ olfactory
superiority over boys in the younger age categories and
especially on tests not adapted to children. Reported to be
present from preschool years (Ferdenzi et al. 2008a;
Monnery-Patris et al. 2009; Richman et al. 1992), in the
younger children, gender differences in olfaction could be
at least partly driven by differential self-regulatory capaci-
ties of girls and boys, although this was not the case in the
present study. Here girls tended to be perceived by their
parents as more capable of cognitive control in all of its
aspects but did not outperform boys on any of the olfactory
tests. Nevertheless, it should be noted that odor identifica-
tion employed in the present study had been adapted to
children, reducing the possible variation in olfactory perfor-
mance, perhaps including gender differences. Still, if differ-
ences in self-regulation between boys and girls were to be
an explanatory factor for between-gender variation in olfac-
tion, in the present study, one would expect girls to outper-
form boys on odor discrimination which had not been
adapted to children. However, this was not the case.

Parental reports of girls’ greater self-regulatory capacities
could be interpreted in two ways, which, however, are not
mutually exclusive. It may be that girls, on average, really
exhibited greater persistence tendencies than boys. However,
the possibility of parents’ differential approach to tempera-
mental assessment depending on whether the child was a
boy or a girl must also be taken into account. Differential
beliefs of parents about the acceptability and desirability of
temperamental attributes for girls and boys have been exten-
sively researched. For instance, greater parental acceptance of
shyness in girls and of irritability in boys has been reported
(for review see Putnam et al. 2002), which might have mod-
ulated parental responses in the present study. Parental percep-
tions of children’s temperament also tend to differ depending
on the gender of the parent, which nevertheless did not play a
major role in the present study since in 87 % of cases the
questionnaires had been completed by mothers.

A further alternative explanation to consider involves a
phenomenon known as “self-fulfilling prophecy” whereby
beliefs and expectations create social reality. Although an in-
dividual may have self-imposed expectations of himself or
herself, in young children, the more likely scenario is that
these expectations are generated from external sources, partic-
ularly by parents and teachers. For example, it has been shown
that parental and teachers’ expectations predict students’
achievement and academic competence, partly because of
their general accuracy but also due to small self-fulfilling
prophecies and biases (for review see Jussim and Harber
2005). Importantly, parental and teachers’ beliefs about chil-
dren’s abilities in turn relate to these children’s self-
perceptions of capacity and competence (e.g. Rubie-Davies
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2006; Tiedemann 2000). Other diverse instances include chil-
dren’s self-fulfilling effect on their mothers’ hostility (Madon
et al. 2004), postoperative pain experience (Logan and Rose
2005), or associations of parental expectations with children’s
subsequent alcohol (Madon et al. 2006) and marijuana use
(Lamb and Crano 2014). Thus, in the present study, children
more capable of self-regulation might exhibit superior
olfactory performance simply because they were expected to
do so by their parents, as reflected by the temperamental
assessments. At least as far as academic performance is con-
cerned, expectancy effects seem to be more powerful
among girls (e.g. Jussim and Harber 2005). Our results
are in line with such findings as separate analyses in girls
and boys revealed that the effect of effortful control was
only evident in girls’ (but not boys’) olfactory perfor-
mance. As parental and teacher’s beliefs and expectations
predict children’s cognitive performance, an interesting
research topic would be to examine to what extent they
affect children’s scores on olfactory tasks relative to their
school performance.

As summarized in the introduction, studies in young adults
have suggested a link between olfactory performance and
neuroticism, or, more specifically, anxiety (e.g. Havlicek
et al. 2012; La Buissonniere-Ariza et al. 2013). Leaving now
aside the extent to which the present findings obtained for
temperament are actually comparable with the previous re-
search on links between olfaction and personality traits, they
only provide little support for such a relationship in children.
Namely, there was no association of either of the olfactory
measures with either the whole factor of negative affectivity
or its constituting scales. The present study has not produced
any significant results involving negative affectivity, the tem-
peramental trait underlying neuroticism. Hence, our findings
failed to lend support to the assumption that neuroticism and
olfactory perception are linked, at least to a certain degree,
over a wider age span. This link tends to be explained in terms
of structural and functional changes to amygdala and hippo-
campus in anxious persons, which manifest themselves in
both olfactory (e.g. Zald and Pardo 2000) and emotional pro-
cessing (e.g. Phelps and LeDoux 2005). In pediatric literature,
there is a fair body of evidence of alteration in the structure
and function of the limbic system (particularly amygdala) in
conjunction with increased anxiety and poorer emotional reg-
ulation in children who have experienced early adversity such
as maternal anxiety and stress, particularly in early gestation
(Buss et al. 2012), or poor caregiving during the first years of
life (Tottenham et al. 2010). These links have been observed
even in children with trait anxiety and fearfulness who did not
meet criteria for a psychiatric disorder (Qin et al. 2014;
Tottenham et al. 2010; van der Plas et al. 2010). Indeed, dif-
ferences in amygdalar volume between children with high and
low anxiety levels did not seem to be driven by the presence of
an anxiety disorder (Tottenham et al. 2010).

Given the evidence presented above, one would expect to
see differences in olfactory performance in healthy young
children with varying levels of temperamental traits underly-
ing neuroticism or, specifically, anxiety. The failure to do so in
the present study could possibly be attributed to the use of
olfactory or temperamental measures which might not have
been sensitive enough. For instance, parental assessments of
their children’s negative affectivity might not effectively dis-
criminate among children in the present sample. However,
studies on comparable samples reported similar amounts of
variability in this temperamental factor (e.g. DeThome et al.
2011; Grist and McCord 2010; Mullineaux et al. 2009) and
our olfactory data did not exhibit insufficient variability, ei-
ther. An alternative explanation involves the possibility of
overregulation of anxiety-related tendencies, referred to as
repressive style (for review see Weinberger 1990). In short,
repressors are identified as individuals who report very low
susceptibility to negative affect and marked tendencies to-
wards behaviors that are socially desirable but are improbable
of occurrence. Notably, some studies suggest that repressors
may be even more stressed than low-anxious individuals de-
spite their claims of lower trait anxiety (e.g. Weinberger et al.
1979). Their outward behaviors are nevertheless such that
they may even be rated by other people as showing low levels
of anxiety. Whilst it is impossible to tell whether any of the
children in the present study exhibited such tendencies, cer-
tainly some parents might want to create a favorable impres-
sion of their child. However, exploration of individual tem-
peramental scores did not reveal any parental tendencies to-
wards underestimating children’s negative affectivity or
overestimating effortful control and they were comparable to
those obtained by other researchers (DeThorne et al. 2011;
Grist and McCord 2010; Mullineaux et al. 2009). Hence, the
most likely interpretation of the present pattern of results is
that the link between olfactory performance and neuroticism
(or the underlying set of temperamental traits) may not yet be
present in middle childhood.

In the previous research, personality was linked not only to
the olfactory measures themselves but also to variables which
affect performance on olfactory tests. For instance, Burton and
Henninger (2013) reported that extraversion, which is known
to predict odor identification (Larsson et al. 2004, 2005), was
correlated with verbal fluency in both men and women. In
addition, in men, verbal fluency was also positively associated
with agreeableness, whilst in women there was a link with
openness to experience and conscientiousness. Links of verbal
fluency with temperament were also found in the present
study, namely with impulsivity, low intensity pleasure, and
smiling and laughter. This finding seems in line with the
above-mentioned study, since there are conceptual and empir-
ical links between impulsivity (constituting surgency) and low
intensity pleasure (comprising effortful control) on the one
hand and extraversion and conscientiousness on the other,
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respectively (Rothbart et al. 2000). However, it must be noted
that they turned nonsignificant after Bonferroni correction was
applied.

Despite some parallels between the present study and those
on links between personality and olfaction in adults, they are
not directly comparable. The reasons include, besides the ob-
vious fact that the participants here were children, use of pa-
rental report, which is, as has been outlined above, subject to
various influences that were not controlled for in the present
study, except for parenting styles. Also, temperament does not
directly translate into personality and vice versa. Besides, in
the present study, the individual scales did not correlate with
the broad temperamental factors as neatly as reported, for
instance, by Ahadi et al. (1993). Half of the scales correlated
with surgency or negative affectivity on the one hand and
effortful control on the other. A full third of them correlated
with surgency and negative affectivity at the same time. Since
the factors were computed as recommended by Rothbart et al.
(1994), the factors in the present study were not as clearly
defined as in the original research.

Conclusions

The present study addressed the research question of whether
young children’s olfactory performance is affected by temper-
amental influences. Our assumptions have been only partly
supported, as there was an effect of the factor of effortful
control (but not negative affectivity) on the total identification
(but not discrimination) scores, with children deemed by their
parents to be more capable of self-regulation scoring higher on
odor identification. Our findings thus indirectly point to the
effect of self-regulatory processes on odor identification in
young children. Since negative affectivity did not influence
olfactory scores, the present study did not corroborate the idea
that individuals varying in neuroticism differ in terms of ol-
factory performance. Given the narrow age range of the chil-
dren recruited in the present study, further studies with pread-
olescent and adolescent participants are needed to gain more
insight into the nature of these relationships.
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Gender differences in influences
of temperament on olfactory
reactivity and awareness
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Published online: 21 August 2017 . Children’s olfactory performance is associated with temperament but whether there is a link with

olfactory reactivity and awareness is not known. In adults negative affectivity is linked to reactivity

to environmental odours but it is not clear whether these associations extend to children. We aimed

to investigate the effect of temperamental factors on olfactory reactivity and awareness. In so doing,
we controlled for the effect of parenting styles on temperamental assessment and of verbal fluency

on children’s olfactory reactivity and awareness. We hypothesised that children with a high degree of
negative affectivity would show greater olfactory reactivity and awareness. 129 children (62 boys, mean
age 6.83 1-0.40 years) were interviewed about their olfactory reactivity and awareness in everyday
life using the established Children’s Olfactory Behavior in Everyday Life questionnaire (COBEL).
Parents assessed their child’s temperament using the 94-item short form of the Children’s Behavior
Questionnaire. We found that the relationship between negative affectivity and total COBEL scores
varied between the genders: there was a positive, medium to large effect in boys and a negative, small
one in girls. Future studies could include behavioural observations of temperament and olfactory
reactivity and awareness.

A high degree of interindividual variability in olfactory perception has been reported, particularly in olfactory
abilities! and various olfaction-related metacognitive measures?®. The latter lend insight into people’s interactions
with their everyday olfactory environments, which are not directly observable or reproducible in the laboratory.
Termed “odour awareness™? or “olfactory reactivity and awareness™* >, this metacognitive aspect of olfactory
perception encompasses the degree to which individuals pick up olfactory stimuli in their vicinity, let them affect
their attitudes and behaviours, seek pleasant olfactory stimulation and avoid unpleasant, potentially disturbing or
offensive odours. Differences in olfactory reactivity and awareness are apparent from a young age* ®7.

Variability in the ways in which olfactory environment is experienced has been related to various between-
and within-gender differences®8-1°. One of the probably relatively less influential factors in general, which
nevertheless deserves attention, is personality or temperament. Links have been sought particularly with the
personality trait of neuroticism or its subscale, anxiety, for an overview see Martinec Novakova and Vojtusova
Mrzilkova''. The rationale behind such studies is that amygdala and hippocampus, which are involved in both
olfactory'? and emotional processing'?, exhibit structural and functional changes in anxious persons', with pos-
sible implications for the olfactory domain. The evidence available indeed seems to suggest differences in olfac-
tory performance in people relatively higher on neuroticism and anxiety, see'! for an overview of adult literature.
However, little is known about whether such effects also pertain to the metacognitive aspects of olfaction, namely
olfactory reactivity and awareness. Smeets, et al.? reported that awareness of odours to be avoided was linked
to experiencing health effects attributed to environmental odours, which, in turn, was associated with negative
affectivity. Negative affectivity appears to influence reactivity to environmental odours and reports of subjectively
assessed exposure-related olfactory and respiratory symptoms'>'6. In line with this is the finding that highly neu-
rotic individuals respond more negatively to environmental odours'”. Buron et al.!® also reported a link between
the Relational Scale of Olfaction (EROL) and anxiety. On the other hand, Seo, et al.’® did not show any associa-
tions between neuroticism and attitudes towards olfaction.

Another research gap is the lack of studies in individuals of a wider age range. As can be seen from the over-
view of literature on links between personality and olfaction!!, participants in most of the studies were young
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Mean £ SD

boys girls total Mann-Whitney U | p r(d)
Age 6.85+0.42 6.814+0.38 6.83400.40 | 1938.50 0.514 | —0.06 (—0.12)
Verbal fluency 1276 +4.37 | 13.904+4.02 13354421 | 2427.50 0.097 | —0.14(—0.28)
COBEL total 5.60+2.45 6.75+2.20 6204239 | 1485.50 0.005 | —0.25(—0.52)
COBEL food component 1.27+0.79 1.47+0.68 1384074 | 1798.50 0.181 | —0.12(—0.24)
COBEL social component 1.25+0.97 1.70+0.97 1.48+0.99 | 1551.00 0.012 | —0.22(—0.45)
COBEL environmental 3.07+1.32 3584127 3344132 | 1624.00 0.032 | —0.19(—0.39)
component
Surgency 4574093 4374091 4464092 | 1822.50 0230 | —0.11(—0.22)
Negative affectivity 3.9740.73 3.88£0.70 3924072 | 1850.50 0286 | —0.09 (—0.18)
Effortful control 4.9440.66 5.42+0.56 5194065 | 1188.50 <0.001 | —0.37 (—0.80)
Parenting style - Authoritarian | 54.00432.11 | 55.51+27.49 54.78-£29.69 | 2056.00 0921 | —0.01(—0.02)
Parenting style - Permissive 11.90+14.12 | 16.784+23.85 14.43+19.86 | 2044.50 0.877 | —0.01(—0.02)
Parenting style - Authoritative | 76.78 £29.67 | 83.37+25.20 80.20+£27.53 | 1815.50 0.196 —0.11 (—0.22)

Table 1. Descriptive statistics for boys, girls, and the total sample, Mann-Whitney U for differences between
boys and girls, p value, and effect size r, which was converted to Cohen’s d.

adults, predominantly university students, which raises the question as to whether the links between personality
and olfaction exist outside this particular age range and social background. Due to the cumulative, potentially
much stronger effects of physiological aging, lifestyle, medical history, and environmental exposure on chem-
osensory perception, which are likely to obscure the effect of personality and temperament in adults, a somewhat
more attractive idea is to turn to children. As in adults, in children such a research topic is justified by the fact
that associations between alterations of the limbic system and trait anxiety and fearfulness have been observed
in young healthy children®. One would expect that if these changes have implications for emotional as well as
olfactory processing, differences in olfaction among children with varying levels of anxiety should be seen. They
should stem from general, constitutionally based tendencies to react in a certain way, which (unlike personality)
can be assessed at a very young age. Such tendencies may be subsumed under the term temperament.

Indeed, in adults, individual differences have generally been conceptualized in terms of personality theory and
traits, whilst in young children, temperamental measures have been employed. Since personality is formed grad-
ually through experience as the child gets older, there is little consensus as to whether it is meaningful to measure
personality in young children. Related to this, no single model of personality has been established as the most
useful one in young children thus far, even though some researchers report that there are correlations between
temperament and personality in children?!. Their findings are, in general, in line with mappings between tem-
perament and personality in adults. In short, the set of temperamental traits underlying neuroticism, referred to
as negative affectivity, reflects, in general, threat sensitivity with accompanying negative affect. Behaviourally it is
manifested in anxious and fearful reactions, inhibition of ongoing behaviour, increased readiness for action, and
heightened attention to environmental stimuli*?. Although the factor of negative affectivity seems to map fairly
well onto the Big Five?® dimension of neuroticism?, its expression is substantially modulated by self-regulatory
processes subsumed under effortful control. This refers to a self-regulatory system superordinate to it that man-
ifests itself in the ability to voluntarily sustain focus on a task, shift attention from one task to another, initiate
action, and inhibit it**. The set of temperamental traits underlying extraversion, termed surgency, encompasses
sensitivity to signals of reward and active engagement with the surrounding world. It is manifested behaviourally
through sociability, impulsivity, sensation seeking, and activity level, and partly also via intensity of affective
response, in particular positive affect’?. Surgency maps quite well onto extraversion, with its expression also being
modulated by effortful control*.

Research in adults has suggested a link between olfactory perception and personality. However, it is not clear
whether these relationships extend beyond this particular age group and whether they involve olfactory reactivity
and awareness. The aim of the study was to investigate the effect of temperamental factors on olfactory reactivity
and awareness in children. In so doing, we controlled for the effect of parenting styles on temperamental assess-
ment by parents and of verbal fluency on children’s olfactory reactivity and awareness. To be specific, since neu-
roticism and negative affectivity (which maps broadly onto neuroticism) appear to heighten olfactory reactivity
and awareness in adults, we hypothesized that children deemed to exhibit a high degree of negative affectivity
would show greater olfactory reactivity and awareness. Furthermore, since children’s olfactory reactivity and
awareness have been shown to differ in boys and girls*, as a subsidiary aim, we tested for gender differences.

Results

Exploratory Correlations. Descriptive statistics are shown in Table 1 and exploratory Spearman’s p rank
correlations are given in Supplementary Table S1. Children’s total COBEL scores were not significantly linked to
any of the temperamental factors, but the social component of COBEL correlated with effortful control, p=0.198,
p=0.02, Cohen’s d=0.46, and the environmental component was associated with negative affectivity, p=0.176,
p =0.047, Cohen’s d = 0.40. The latter was also found in boys, p=0.264, p=0.038, Cohen’s d =0.63, but not
in girls. Children’s olfactory reactivity and awareness did not vary with respect to their age or verbal fluency,
p=0.08, p=0.35, Cohen’s d=0.12, and p=0.15, p=0.10, Cohen’s d = 0.12, respectively. Parenting styles were
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Model1 | Model 2 | Model 3 | Model 4
R? 0.043 0.084 0.145 0.156
R? (adj.) 0.020 0.055 0.096 0.085
0.04 0.09 0.17 0.18
F 1.875 2.859 2.933 2.185
P 0.137 0.026 0.007 0.023
AR? 0.043 0.041 0.061 0.011
p 0.020 0.039 0.674
Surgency 0.110 0.104 0.424 0.525
P 0.215 0.257 0.114 0.114
Negative affectivity 0.144 0.141 —0.491 | —0.492
p 0.174 0.188 0.100 0.163
Effortful control 0.201 0.118 0.204 0.211
P 0.022 0.233 0.476 0.512
Gender 0.219 0.213 0.217
p 0.021 0.025 0.028
Gender*Surgency —0.314 | —0.436
p 0.270 0.198
Gender*Negative Affectivity 0.669 0.650
p 0.034 0.076
Gender*Effortful Control —0.059 | —0.082
p 0.849 0.798
Surgency*Negative Affectivity 0.093
P 0.358
Surgency*Effortful Control —0.037
p 0.717
Negative Affectivity*Effortful Control —0.024
p 0.834

Table 2. Categorical regression (CATREG) models in the total sample regressing the total COBEL scores on the
three temperamental factors (Model 1), gender (Model 2), interaction of temperament and gender (Model 3),
and interactions among the temperamental factors (Model 4). Gender is coded as 0 =boy and 1 =girl. The
predictor-related values represent (3s. Significant effects to be interpreted are highlighted in bold. The model that
seems to provide the best explanation is Model 3.

not significantly associated with any of the three broad temperamental factors (ps ranging between —0.140 and
0.133, ps > 0.1). Therefore, only the effects of temperament, gender, and their interactions on total COBEL scores
were modelled in the following analyses.

Influence of Temperament on Children’s Olfactory Reactivity and Awareness. As can be seen
from Table 2, showing categorical regressions on the total sample, Model 1 containing only the three tempera-
mental factors was not statistically significant. Inclusion of gender and interactions thereof with each of the tem-
peramental factors yielded significant models (Model 2 and 3), with significant R? change (AR?) indicating the
inclusion significantly improved the prediction. However, this was not the case with Model 4. Therefore, Model
3 was chosen as the most suitable one. It explained 14.5% of variation in olfactory reactivity and awareness in the
present sample, with an estimated 9.6% in the population, which is slightly above the recommended minimum
effect size for representing a “practically” significant effect for social science data®®. Most importantly, it showed
that although there was no main effect of any of the three temperamental factors, the interaction variable of gen-
der*negative affectivity was a significant predictor of total COBEL scores. That is, the effect of negative affectivity
on total COBEL scores varied between the genders, 3 =0.669, p =0.034.

As can be seen from Supplementary Table 1, in boys the link between negative affectivity and olfactory reactiv-
ity and awareness was positive, although marginally significant, Spearman’s p =0.247, p=10.053, Cohen’s d = 0.62.
This represents a medium to large effect and can be interpreted in two ways. According to Cohen?, an effect size
of 0.6 indicates that the mean olfactory reactivity and awareness of boys high on negative affectivity was at about
the 73" percentile of those low on the trait. Alternatively, it suggests that there was about a 38% non-overlap in
the distribution of COBEL scores of boys high and low on negative affectivity, respectively. On the other hand, in
girls the association was negative and non-significant, p=—0.018, p =0.887, Cohen’s d = —0.18, indicating that
the mean olfactory reactivity and awareness of girls low on negative affectivity was at about the 58" percentile of
those high on the trait. Alternatively, the non-overlap between the distributions of COBEL scores was only about
15% in girls. When the total COBEL scores were then regressed on temperamental measures in boys and girls,
respectively (see Table 3), it transpired that in boys, the model explained 10.8% of variation in olfactory reactivity
and awareness in boys, with an estimated 6.2% in the population, although it missed significance at p = 0.083.
Again, this effect size represents a “practically” significant effect for social science data?. However, this was not
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Boys (Model 5) Girls (Model 6)
R? 0.108 0.055
R? (adj.) 0.062 0.01
£ 0.12 0.06
F(df,df,) 2.339 (3,58) 1.225(3,63)
P 0.083 0.308
Surgency 0.034 0.225
P 0.821 0.078
Negative Affectivity 0.353 —0.055
p 0.027 0.690
Effortful Control 0.152 0.125
p 0.294 0.298

Table 3. CATREG models in boys (Model 5) and girls (Model 6) regressing the total COBEL scores on the
three temperamental factors. Df; and df, denote regression and residual degrees of freedom, respectively. The
predictor-related values represent (3s.

the case in girls, as there were only 5.5% of variation in olfactory reactivity and awareness explained by the model,
with an estimated 1% in the population (p =0.308). In sum, the effect size of the relationship between negative
affectivity and olfactory awareness and reactivity seemed relatively larger in boys than in girls and of “practical”
relevance in the former but not in the latter, although, with the present sample size, p-values well below the con-
ventional 0.05 level were not seen.

Between-Gender Variation in Temperament, Verbal Fluency, and Parenting Styles. As can be
seen from Table 1, girls and boys did not produce significantly different words counts per minute. Girls were
thought to exhibit greater effortful control, but not negative affectivity or surgency. As reported previously'!, they
were rated higher on all of the constituent subscales of effortful control. Furthermore, girls were more likely than
boys to exhibit sadness, whilst boys showed a greater degree of anger and frustration'!. Ratings of agreement with
the hypothetical responses portrayed by the vignettes representing parenting styles did not differ depending on
whether the child was a boy or a girl.

Discussion

The aim of the present study was to investigate the influence of parental assessments of children’s temperament
on their self-reported olfactory reactivity and awareness, operationalized in terms of COBEL scores. We hypoth-
esised that children deemed by their parents to show a greater degree of negative affectivity would show greater
olfactory reactivity and awareness. We found that the effect of negative affectivity on total COBEL scores varied
between the genders. Overall, it transpired that the effect size of the relationship between negative affectivity and
olfactory awareness and reactivity was relatively larger in boys than in girls and of “practical” relevance in the
former but not in the latter, even though, with the present sample size, statistical significance in the conventional
terms of p < 0.05 was not obtained. As statistical significance largely depends on sample size, e.g. Cumming?,
here we focus on interpretation of the effect sizes found. First of all, the findings in boys are partly in line with the
findings reported by Smeets, et al., who found a link in adults between awareness of odours (specifically those
to be avoided) and experiencing health effects attributed to environmental odours, which was linked to negative
affectivity. Dalton also® describes the results of several studies**—* investigating the effects of negative affectivity
on perception of and reaction to ambient exposures to acetone and isopropyl alcohol (IPA; rubbing alcohol). For
instance, when exposed to acetone at concentrations well within exposure limits, individuals exhibiting greater
negative affectivity reported significantly higher levels of alleged health symptoms such as sensory irritation com-
pared to participants relatively lower on this temperamental/personality characteristic. Also, participants show-
ing greater negative affectivity rated IPA as more unhealthy, hazardous, and annoying (but not more intense or
unpleasant) than those with low negative affectivity levels. The former group reported increased health symptoms
as well. Another evidence that negative affectivity influences olfactory reactivity comes from Ihrig, et al.’°. The
authors found that individuals with high negative affectivity levels reported significantly more alleged olfactory
and respiratory symptoms upon exposure to ammonia. Finally, highly neurotic individuals respond more nega-
tively to environmental odours'’. Altogether these studies suggest that negative affectivity seems to play a role in
the way individuals experience their olfactory environment. Our results in boys are, to some extent, in line with
those previously reported in adults, including the finding that the effect sizes found in them were relatively mod-
est but still of practical significance. It is difficult to tell what effect sizes to expect based on the previous studies
in adults, but, for instance, converting correlation coefficients to R* would give an effect size ranging between
0.005 and 0.14 for links between negative affectivity and irritative, respiratory, and olfactory symptoms in Ihrig'.
If the same is done with Spearman’s p for the link between boys’ negative affectivity and self-reported olfactory
reactivity and awareness, an R of 0.06 is obtained, which places the effect found in the present study well in the
middle of the range reported in adults. Even though direct comparison of R? and R,? coefficients is not possible
and different designs and methods were used in the studies, clearly the amount of variance shared by olfactory
reactivity and awareness on the one hand and temperament on the other only reaches about 15% at maximum.
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Secondly, it is difficult to tell what the cause of different effect sizes in boys and girls, respectively, might have
been. As seen in adult research not only on negative affectivity, but also anxiety and neuroticism, it is possible that
the sought effect indeed is stronger in one gender than in the other, e.g.** 3, although the causes for this are not
known. An alternative explanation might be that in boys, reports of disturbing, unpleasant odours might have
primarily contributed to higher COBEL scores, whilst girls might have reported pleasant and unpleasant odours
in equal parts or focus on the former. Since individuals with high negative affectivity levels are more likely to
report adverse effects of unpleasant odours on their well-being® !¢ 3032, this might have led to the positive effect
found in boys, but not in girls. Since use of the COBEL questionnaire does not allow further quantitative analysis
of reports of pleasant and unpleasant odours, we have no evidence to support this idea and we present it as a sug-
gestion for further research. On the other hand, ruled out as a potential cause can be characteristics of the present
sample, such as gender differences in variation in negative affectivity or in olfactory reactivity and awareness.

Children’s olfactory reactivity and awareness showed a gender difference in favour of girls, which is in line
with the study by Saxton, et al.*. However, one of the key issues when interviewing children is that they can
interpret the researcher’s questions as a search for the “right answer” and thus may say what they believe he or she
wants to hear. This is the case particularly in contexts in which the researcher is perceived as a person in author-
ity and the interview is conducted at school®*. With girls being in general more sensitive to the presence of a
researcher, their superior performance on the interview might have been a by-product of their greater tendency
to “please” the researcher. To counteract such effects, researchers may want to exclude the children’s first answers
as they may represent a response that the children believe is expected, desirable, or appropriate’”. However, the
research protocol in the present study did not allow for such an approach. Importantly, contrary to what had
been proposed in the previous studies™’, gender differences in olfactory reactivity and awareness did not seem an
expression of variability in verbal fluency in the present study. Girls, who have been reported to outperform boys
on measures of verbal fluency®® ¥, did not produce significantly more words per minute and, moreover, verbal
fluency was not linked to olfactory reactivity and awareness.

Girls and boys were also found to differ on several temperamental traits. As discussed at length earlier'!, such
differences may possibly be a result of parents’ different approach to assessment of boys’ and girls’ temperament*.
Parental assessments of children’s temperament may also vary depending on whether the responses are provided
by the child’s mother or father*’. This, however, did not play a major role in the present study, with 88% of temper-
amental assessments having been provided by mothers.

Children’s olfactory reactivity and awareness did not vary with respect to their age or verbal fluency, which
were correlated, as could be expected?!. In previous studies, children’s olfactory reactivity and awareness were
found to increase with age* >7, which was ascribable to the children’s progressively better memory and verbal
fluency. The absence of such links in the present study could be attributed to the low variability in age. Parenting
styles were not significantly associated with any of the three broad temperamental factors in the total sample. As
complex interactions tend to be found between parental perceptions of their children’s temperament and the par-
enting style employed* *2, the possible explanation is that the brief assessment using hypothetical vignettes was
not sensitive enough. To the best of our knowledge, at present there are only two previous studies which used this
approach to assess parenting styles: the original paper by Barnhart et al.** and the study by Martinec Novékova
and VojtuSové Mrzilkova!!, in which no effect on the temperamental measures was found. Thus, there are no data
available on the reliability and validity of the tool.

Finally, there are several challenges when investigating links between olfactory metacognition and temper-
ament in children. First and foremost, both undergo developmental changes so that behaviours indicative of a
certain temperamental trait or a level of olfactory awareness in younger children may not be equally informative,
reliable, or valid in the older ones. In the present study, this has been overcome by employing age-specific instru-
ments to assess temperament and olfactory metacognition> *%. In spite of developmental changes, temperament
is relatively stable and heterotypically continuous in that there are relations between different sets of behaviour
across different ages*>*° and it predicts personality in young adulthood?’. Also, assessment of child temperament
is largely dependent on other-reports, especially parental or those by teachers, which is the least time-consuming
method. However, there is reasonable consistency between assessments based on home and laboratory observa-
tions on the one hand and parental reports on the other one*®*. There are also significant correlations for most of
the scales of self- and parental reports where both of these are available*’. Therefore, use of other-report measures,
such as parental assessment, of child temperament appears an acceptable trade-off between the opportunity to
address this research question in the youngest cohorts and precision of measurement. On the other hand, to the
best of our knowledge, there are no published instruments for parents or teachers with which to assess children’s
olfaction-related behaviours. While correlating children’s self-reports® with parental or teacher’s assessments on
the one hand reduces the possibility of obtaining significant results merely due to the fact that the questionnaires
have been completed by a single person, on the other their responses may be subject to bias mentioned above.

The present study addressed the research question of the effect of temperament on children’s olfactory reac-
tivity and awareness. We hypothesised that children deemed by their parents to show a greater degree of negative
affectivity would exhibit greater olfactory reactivity and awareness. We found that the effect of negative affectivity
on total COBEL scores varied between the genders. The effect size of the relationship between negative affectivity
and olfactory awareness and reactivity was relatively larger in boys than in girls and of “practical” relevance in
the former but not in the latter. As the effect of negative affectivity on how olfactory environment is experienced
seems to be mediated by the perceived characteristics of odours, future studies should investigate whether this
temperamental trait affects specifically reactivity to and awareness of potentially disturbing or harmful odours.
Even though parental (and teacher) assessments are largely consistent with behavioural observations of temper-
ament, the latter could also be included in future studies. Also, given the narrow age range of children recruited
in the present study, more studies with preadolescent and adolescent participants are needed to gain more insight
into the nature of these relationships.
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Materials and Methods

Participants. The participants were 129 children of Czech origin (62 boys, mean age 6.83 - 0.40 years, range
6.11-8.25 years) and their parents (113 mothers). The children were first-graders from six public mixed-sex gen-
eral education elementary schools in Prague and its suburbs. The schools were attended by children from varied
social backgrounds. School principals were contacted via telephone and e-mail to inform them about the planned
study. Those who had provided permission to perform the study on the school’s premises were asked to pass the
information on to the teachers. They distributed leaflets to children, who, in turn, handed them over to their par-
ents. As shown in Table 1, girls and boys did not differ in terms of age.

Ethics Statement. Al procedures followed were in accordance with the ethical standards of the responsible
committee on human experimentation (institutional and national) and with the Helsinki Declaration of 1975, as
revised in 2008 (5). The study was approved by the IRB of the Faculty of Science, Charles University (Approval
Number 2015/11). Written informed consent was obtained from the children’s parents, and oral informed consent
was provided by the children in the presence of a teacher employed by the school. The children-parents pairs each
received 300 CZK (approx. 11 EUR or 12 USD) in compensation.

Questionnaires. Children’s Olfactory Behaviors in Everyday Life Questionnaire (COBEL).  Olfactory reac-
tivity and awareness was assessed by means of an interview based on the COBEL questionnaire®. Having been
originally developed with 6- to 10-year-olds, it consists of 16 questions designed to evaluate self-reported aware-
ness and reactivity to odours in significant everyday contexts, i.e. food, social, and environmental. Each item
was coded on a 3-point scale, rating the child as poorly (0), moderately (0.5), or highly (1) olfaction-oriented
in the given situation. Although it was used in a previous study with slightly older Czech children?, a pilot study
(N'=30) described in detail elsewhere® revealed that most children were unfamiliar with the rating format of Item
3 (“Senses in nature”), which involved ranking the following activities in order of preference: touching, smelling,
watching, listening. Therefore, the item was excluded from the interview. Thus, the total COBEL score, computed
as a sum of the 15 items, ranged from 0 to 15. In addition to the total score, component scores for food, social,
and environmental odours were computed following previous usage of COBEL*>7, ranging from 0 to 3, 0 to 4,
and 0 to 8, respectively.

Short Form of the Children’s Behavior Questionnaire (CBQ-SF). Being widely used in developmental research,
the Children’s Behavior Questionnaire CBQ®'; affords a highly differentiated caregiver report assessment of tem-
perament in three- to eight-year-olds. Domains covered by the instrument include positive and negative emo-
tion, motivation, activity level, and attention. The short, 94-item form CBQ-SF*, is comprised of 15 scales of
six to eight items each comprising three temperamental factors, i.e. surgency, negative affectivity, and effortful
control. Parents rate their child on a seven-point scale ranging from one (extremely untrue of the child) to seven
(extremely true of him or her). Temperamental factor scores were computed after Rothbart, et al.>2. The question-
naire was translated to Czech by LMN and a back-translation was produced by Jitka Lindova and Jan Havli¢ek.
The individual CBQ-SF scales and the three broader factors along with their definitions and descriptive statistics
are listed in Martinec Novékova and Vojtu$ova Mrzilkova!l.

Parenting Styles.  Parenting styles were briefly assessed to control for the influence of parental responsiveness
and demands on temperamental attributions. Having been outlined in the seminal work of Baumrind®, par-
enting styles refer to the emotional atmosphere created by parents at home**. They can be classified into the fol-
lowing three categories: authoritative (responsiveness towards children combined with demands), authoritarian
(demanding but not very responsive), and permissive (high in responsiveness and low in demands). They were
briefly assessed using hypothetical vignettes after Barnhart, et al.**. These include descriptions of three hypo-
thetical interpersonal situations between a parent and his or her two children (son and daughter) aged 7 and
11 years, respectively, in which the response of the parent to the situation represents one of the three parenting
styles. For instance, in the hypothetical vignette representing the permissive parenting style, the mother believes
that children should be free to do what they want, and so when the children want to go outside to play without
having done their homework before, she nevertheless lets them go outside for as long as they want. The parents
were asked to indicate the degree to which they associated themselves with the hypothetical parent’s response to
the given situation on a 10 cm visual analogue scale. The rating for each vignette was obtained by measuring the
distance in mm between zero and the marked point on the line.

Verbal fluency. In general, interview techniques are highly dependent on the child’s verbal skills*> and ver-
bal fluency has been found to be an important modulator of olfactory reactivity and awareness when using the
COBEL*>7. This is due to the fact that some of its items are open-ended questions requiring spontaneous reports
of some activity, e.g. “Imagine your parents present you with a dish you do not know: will you do something
before putting it in your mouth? What do you do?”, while others rely on the child’s naming ability, e.g. “Do you
remember odours you smelled yesterday? Which ones?”, which is virtually analogous to measures of verbal flu-
ency. It was tested using a Czech version of the category verbal fluency test adapted to children®. First, variability
of responses to the three categories (animals, fruits, and things that can be bought in a supermarket) had been
explored in a pilot study described in full detail elsewhere®. Most variable results were obtained for animals,
which were chosen as the test category. During the testing session itself, a training trial was conducted using the
transport category, on which a child was asked to name as many means of transport as possible. Understanding
was assured by asking the child what transport meant and by giving an example (e.g. a car). Next, the child was
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encouraged to name as many animals as possible in 60 seconds, while the answers were being immediately written
down by the researcher.

Procedure. The children participated in individual sessions, which were always scheduled after school din-
ners at a time between 12:30 p.m. and 3 p.m. (i.e. a time when most children attend after-school care centre on the
school premises). Parents completed the CBQ-SF and provided ratings of the hypothetical vignettes at home via a
web-based survey tool, Qualtrics (Qualtrics, Provo, UT). They were never present in the room during the session.

Statistical Analysis.  All analyses were carried out with IBM SPSS 22.0. Non-parametric analyses were pre-
ferred since some of the data (COBEL scores, parenting styles) were not normal. Gender differences were ana-
lysed using the Mann-Whitney U test and associations were tested with Spearman’s p rank correlations. Effect
sizes for the Mann-Whitney U test were computed after Rosenthal®” as follows: r = -2 and then converted to

Cohen’s d after Rosenthal®®. Spearman’s p rank correlations were converted to Coher's d after Walker™. To test
both the main effects of the temperamental variables and gender and their interactions, categorical regressions
(CATREG) were run. Thanks to its optimal scaling option, this type of analysis allows exploration of the data in
any way that makes sense and makes interpretation easier, regardless of their level of measurement®. Since the
minimum scores achievable for each of the temperamental variables were greater than 0, for the purposes of
meaningful interpretation of the CATREG including the intercept, the continuous variables of surgency (SY),
negative affect (NA), and effortful control (EC) were centered first. This was done by subtracting the given varia-
ble’s mean from the individual values. Then, interaction variables were created by multiplying the centered tem-
peramental variables with one another or with the dummy variable of gender. Next, a CATREG was run using the
SPSS Optimal Scaling option. The assumptions of the test were met since the number of valid cases exceeded the
number of predictor variables plus one. Scale variables were treated as numeric and were discretized by multiply-
ing, nominal variables were treated as such. A random initial configuration was selected, as reccommended when
at least one variable is treated as nominal®'. Perfect multicollinearity (intercorrelations >0.9) did not appear a
serious problem, which was further supported by reviewing the variance inflation factors (VIF), which were
nowhere near the value of 10, and the average VIF was not greater than 1, as reccommended e.g. by Field*2. The
models tested were as follows: in Model 1, the total COBEL score was regressed on SY, NA, and EC; in Model 2,
gender was included; in Model 3, interaction variables of SY*gender, NA*gender, and EC*gender were included,
and, finally, in Model 4, interaction variables of SY*NA, SY*EC, and NA*EC were added. As for Model 4, even
though both SY and NA correlated with EC (—0.5 and —0.4, respectively), as can be seen from Supplementary
Table 1, multicollinearity did not seem an issue. An additional analysis to which ridge regression was applied
yielded very similar results. As Model 3, which seemed to provide the best explanation of the relationship between
temperament, gender, and olfactory awareness and reactivity, showed that the effect of negative affectivity on total
COBEL scores varied between genders, it was followed with two other models in boys and girls, respectively.
Specifically, in Models 5 (for boys) and 6 (for girls), the total COBEL score was regressed on SY, NA, and EC. The
settings was the same as for the models run on the total sample, with the only exception that a numerical initial
configuration was selected, as recommended when all variables are treated as numeric. Significance of R? change
across the models (AR?) was computed after Field®2. Although R? and adjusted R? themselves represent measures
of effect size, as do betas, for convenience, R2s were converted to Cohen’s f2 after Cohen?”.
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