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Objective: Olfactory preference emerges very early in life, and the sense of smell in children rapidly develops until
the second decade of life. It is still unclear whether hedonic perception of odors is shared in children inhabiting
different regions of the globe.
Methods: Five-hundred ten healthy children (N = 510; ngirls = 256; nboys = 254) aged from 5 to 8 years from 18
countries rated the pleasantness of 17 odors.
Results: The hedonic perception of odors in children aged between 5 and 8 years was rather consistent across 18
countries and mainly driven by the qualities of an odor and the overall ability of children to label odorants.
Conclusion: Conclusions from this study, being a secondary analysis, are limited to the presented set of odors that
were initially selected for the development of U-Sniff test and present null findings for the cross-cultural vari
ability in hedonic perception of odors across 18 countries. These two major issues should be addressed in the
future to either contradict or replicate the results presented herewith. This research lays fundament for posing
further research questions about the developmental aspects of hedonic perception of odors and opens a new door
for investigating cross-cultural differences in chemosensory perception of children.

while gaining olfactory experience remains open. Mechanisms for both
universality and individualization are in place, yet the extent of indi
vidual differences in hedonic perception of odors in childhood has not
been quantified as yet. The current state of the art justifies this question
by providing evidence for the physiological capacity to shape odor
preference; however, the variability in hedonic perception of odors and
descriptive knowledge about odor preferences in children is yet to be
unraveled. During the development of the Universal Sniff Test for chil
dren (“U-Sniff”) [24] we collected data on the hedonic value of 17
different odors in children in 18 different countries. Thus, we created an
excellent opportunity to take a closer look at the cross-cultural and de
mographic perspective on identification and hedonic perception of a
wide array of familiar odors. The aim of this study was to examine the
pleasantness of different odors in relation to odor identification ability
and home country in children.

List of abbreviation
U-Sniff Universal Sniff for children
TU Dresden Technical University Dresden
IBM
International Business Machines Corporation
SPSS
Statistical Package für Social Sciences
AIC
Akaike’s Information Criterion
ICC
intraclass correlation coefficient
N
number of participants
SD
Standard Deviation
Min
Minimum
Max
Maximum
SE
Standard Error

2. Material and methods
2.1. Ethical considerations
1. Introduction

Subjects provided written informed consent prior to their partici
pation in the study. The investigation was conducted in accordance with
the Declaration of Helsinki on Biomedical Studies Involving Human
Subjects. The Ethics Committee at the University Hospital Carl Gustav
Carus in Dresden approved its protocol (EK number 302072016). If
required, local ethics approval was obtained by the research partners.
Participation of the children was voluntary, with oral consent of their
caretaker, and participation could be withdrawn at any time, with no
reason asked. All data were recorded anonymously.

Odors impact many dimensions of human life including nutrition [1,
2], interpersonal attraction [3–5] safety and the quality of life [6,7]. One
of the key dimensions of odor perception that influences behavior is
pleasantness. In relation to this, the hedonic perception of odors has
been thoroughly studied in adults. Still, it remains poorly understood
how the hedonic perception of odors is shaped throughout life. Hedonic
perception of social odors is of key importance for newborns to recog
nize familiar and unfamiliar others and kin recognition [8]. Factors
underlying odors pleasantness include the molecular structure of the
odorant [9,10], arguing in favor of the low cross-cultural variability in
the hedonic perception of odors [11]. This notion was corroborated by a
cross-species study showing similar olfactory preferences in humans and
mice [12]. Yet, other studies show that whether an odor is pleasant or
not also depends on familiarity [13,14] or dietary habits [15] leading to
the further conclusion that cultural experience shapes olfactory prefer
ences. (Cameron 2018).
Despite the evident olfactory preference observed very early in life
(Schaal, 2000, 1988) and the rapid development of olfactory abilities
from childhood to adolescence [16–19] we still do not know how he
donic perception of odors is shaped in childhood. Children below age of
5 years were shown not to differentiate odors as pleasant or unpleasant
[20,21]. Starting from the age of 7 years, children’s hedonic perception
of odors starts to resemble adults’ preferences, yet remains less consis
tent [22]. However, another study has demonstrated a pattern of af
fective odor responses to nine odors in children as young as 3 years,
addressing several limitations of the previous studies by designing an
age-relevant discriminative task and formulating questions resistant to
the response bias [23].
The fascinating question about the universality of olfactory prefer
ence for certain odors versus individualization of olfactory preference

2.2. Participants
Five-hundred ten healthy children from 18 countries participated in
this study. All children inhabited urban areas. The distribution of sex
was balanced in the total sample (χ2(17) = 2.9, p = 1) and within each
country as indicated by one-sample t-tests comparing sex ratio (sex
coded as 0-females; 1-males) with the hypothetical value of an even
distribution 0.5 (all ts<1.1, ps>.28). All participants were pre-pubertal
children, aged between five and eight years. Because of violated
assumption of equal variances between the countries (Levene’s test p <
.001), we compared the distribution of age with a Kruskal-Wallis test
that determined the existence of significant differences (H(17) = 196.7,
p < .001), suggesting significant differences between the populations.
Thus, we controlled age in the subsequent statistical analyses. Descrip
tive statistics for age in each country are summarized in Table 1.
2.3. Procedure
Olfactory testing was carried out with a four-alternative forcedchoice 17-item odor identification test, which was a part of the project
aimed to develop the 12-item odor identification test called “U-Sniff”.
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to assess if adding predictors would improve the overall model fitness of
the data. For this purpose, we used the change in minus twice the loglikelihood of the deviance between the tested model and the observed
data (Δ-2LL), and the change in Akaike’s Information Criterion (ΔAIC).
The smaller the value of -2LL the better model fits the data. AIC
(Akaike’s Information Criterion) is derived from -2LL but adjusted to the
complexity of the model by considering the number of predictors
included in the model. To compare the models in terms of their fitness to
the data we performed a chi-square test of the difference between
-2LLC/AIC of each pair of the models (i.e. Δ-2LL and ΔAIC for Model 1Model2; Model 1-Model3 and Model2-Model3 pairs). For the model with
the best fit to the data, we estimated variance explained by each of the
predictors. The intraclass correlation coefficient (ICC) was calculated for
Model 1 as the ratio of the between-country variance to the total
variance.

Table 1
Descriptive statistics for age across the 18 countries.
Country

N

Meanage

SDage

Minage

Maxage

% Females

Canada
Chile
Czech Republic
Egypt
Finland
Germany
Greece
India
Israel
Italy
Japan
Mexico
Poland
Spain
Sweden
Switzerland
Turkey
USA
Total

30
30
15
30
27
30
22
30
30
30
30
30
30
30
30
30
26
30
510

6.27
6.47
5.87
6.00
6.30
6.50
6.00
7.10
6.90
5.33
6.30
6.00
6.00
6.00
6.70
6.20
6.00
6.23
6.25

.45
.51
.92
.37
.72
.57
0
.71
.80
.48
.47
0
0
0
.47
.41
.00
.73
.64

6
6
5
5
5
5
6
6
6
5
6
6
6
6
6
6
6
5
5

7
7
8
7
8
7
6
8
8
6
7
6
6
6
7
7
6
7
8

50
46.7
53.3
53.3
44.4
40
68.2
50
53.3
46.7
50
53.3
50
50
50
43.3
57.7
50
50.2

3. Results
In general, the predefined set of 17 odors was perceived as rather
pleasant in the whole population (M = .52 ± 1.5). Mean pleasantness
ratings across countries are visualized in Fig. 1.
Despite the overall perception of odors as pleasant, several odorants
were rated as unpleasant irrespective of country. For instance, fish and
onion were rated as rather unpleasant (mean ratings below 0) in all
countries except Chile and Italy that rated these odors as neutral. Biscuit
and flower odors, together with fruity odors of apple, banana, straw
berry, peach and orange were rated as pleasant (mean ratings above 0)
across all the participating countries (Fig. 2).
The intraclass correlation coefficient (ICC) indicated that the pro
portion of variation in hedonic perception of odors across countries is
approximately 4.4%. As illustrated by -2LL and AIC parameters, Model 2
(Δ-2LL = 2886, p < .001, ΔAIC = 2854, p < .001) and Model 3 (Δ-2LL =
2911, p < .001, ΔAIC = 2873, p < .001) presented a significantly better
fit to the data than Model 1. Model 2 and Model 3 similarly fit the data
(Δ-2LL = 25, p = .30, ΔAIC = 19, p = .65). The hedonic perception of
odors was robustly predicted by the quality of the odors with the
exception of coffee (B = .04, SE = .08, p = .61). Neither sex nor age
significantly predicted the hedonic perception of odors. The odor iden
tification score was a significant predictor of hedonic ratings (B = .03,
SE = .01, p < .001). The odors and their correct identification accounted
for an additional 1.8% of explained variance. All statistical coefficients
for the tested multilevel models are presented in Table 2.

Abbreviations: N – number of participants; SD – Standard Deviation; Min –
Minimum; Max - Maximum.

Data on children’s olfactory identification scores were published before
[24] and here we use them in a secondary analysis to predict the hedonic
valence of odors, collected at the same occasion. The set of 17 odors
included 5 additional odors: chocolate, tomato, cheese, biscuit, honey
(not included in the final version of the “U-Sniff” due to the relatively
low identification rates) to introduce variance in odor identification as a
predictor of hedonic valence. Following a standard odor identification
test procedure [25] three distractors and the target answer were pre
sented to the children in pictures and words at the same time, prior to
the presentation of an odor. Whenever a participant was not able to read
the labels below the pictures the examiner read them out loud. Odors
were presented using “Sniffin’ Sticks”, which are felt tip pens containing
odors. Each odor was presented for approximately 3s to both nostrils.
After this, children were asked to label the presented odor by choosing
one out of four alternative visual descriptors with additional word labels
(forced-choice identification). If children were unsure, they were
allowed to smell the odor again. Participants were not informed whether
their choice was correct or incorrect. Right after identification of each
odor, children were asked how pleasant the odor was. Ratings of
pleasantness for each odor were recorded on a five-point scale ranging
from “+2” (very pleasant) through “0” (neutral) to “-2” (very unpleas
ant). To assure comprehension of the anchors, the scale had graphical
representation in the form of the smileys ranging from smiling face
(“+2”) to sad face (“-2”). Individual understanding of the scale was
verified by asking about the most and the least favorite food. After the
scale had been presented to the child, they used it to rate the food they
mentioned before. If the child rated the food correctly, presentation of
the “Sniffin’ Sticks” begun. If the child did not understand the scale,
explanation of the scale was given again. None of the participants
dropped out during the study procedure.

4. Discussion
The hedonic perception of odors in children aged between 5 and 8
years was rather consistent across 18 countries and mainly driven by the
qualities of an odor and the overall ability of children to label odorants.
The country of origin only accounted for approximately 6.2% of the
variance, after the residual variance in the model was significantly
limited by including odors as predictors, corroborating previous reports
on the predictive value of the odor quality for [23]. Children across the
globe similarly enjoyed the fruit odors of orange, peach, and strawberry
but were not pleased to smell onion, fish, or butter, reflecting previously
reported preference in Czech children [26]. Further extension of the
models with sex, age and odor identification abilities did not signifi
cantly improve our predictions but yielded a significant effect of the
latter, suggesting that accurate labeling of odors entails the hedonic
perception of an odor. Despite the relatively low cross-country vari
ability of the hedonic perception of odors in children that we report,
some odors were slightly differently rated within certain countries (see
Figs. 1 and 2). This is likely to be caused, at least in part, by prenatal and
environmental experience of children (e.g. local flora, cuisine or hygiene
customs) or odor perception (e.g., correct identification). Thus, it ap
pears logical to design follow up studies including contrasting samples in
terms of such experience in order to observe variance in hedonic

2.4. Statistical analyses
Statistical analysis was performed using IBM SPSS version 25 with
the level of significance set to α = .05. We examined three multilevel
linear models in a stepwise logic to estimate the proportion of the
variance in the hedonic perception of odors as a function of geographical
location (Model 1). Further, to the Model 1 we added odor as a fixed
effect to estimate the proportion of variance in pleasantness as a func
tion of olfactory stimuli (Model 2). Finally, we included individual level
predictors (sex + age + olfactory identification score) to determine how
much of the variation in the olfactory hedonic perception was explained
by individual characteristics (Model 3). We compared the three models
3
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Fig. 1. Mean hedonic perception of odors. Green color indicates higher scores. (For interpretation of the references to colour in this figure legend, the reader is
referred to the Web version of this article.)

Fig. 2. Mean pleasantness for 17 individual odors plotted for 18 countries in alphabetical order. Green colour denotes more pleasant ratings and red colour less
pleasant ratings. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

perception of odors and gather additional information in their
explanation.
The lack of predictive value of sex further suggests a universal ol
factory preference in boys and girls in their early childhood. This
conclusion contrasts with the formerly reported small yet consistent
advantage of girls over boys in terms of olfactory performance [17,
27–30,32] that some studies attributed to verbal fluency [16,19] and
motivation [33]. The discrepancy of our findings and the consistently
reported sex-related difference in olfactory performance suggests that
complex verbal olfactory performance does not immediately translate to
hedonic perception of odors in childhood. On the other hand, there is
scarce evidence showing that sex-related differences in odor preferences
may already emerge in fetal life. It has been found that female neonates
more readily exhibit a preference for the odor of their mother than male
neonates [34]. Thus, it seems justified to pose further research questions
about the emergence of sex-related differences in hedonic perception of
odors in childhood.
The current study has certain limitations that need to be emphasized

here to serve as a guideline for future research in this field. The selection
of 17 odors that we have used served the primary purpose of designing
odor identification test for children in different corners of the world.
Therefore, odors we have used were rather pleasant, had low trigeminal
component, but foremost these odors were thought to be familiar to
children as the U-Sniff test is a screening method for olfactory impair
ment in children. Another important methodological flaw that should be
avoided in the future is identification of odors prior to their hedonic
assessment. Verbal cues can modulate hedonic perception of odors in 5year old children, pointing to the role of cognitive-chemosensory
interaction in shaping the early memorization and categorization of
odors [35]. Cross-cultural studies with adult subjects showed that odor
categorization is driven by perceptual similarities rather than semantic
cues [36,37] further suggesting the role of chemosensory experience in
building cognitive representations of odors. This could help improve the
predictive value of our statistical model, if verbal performance of the
subjects was controlled [16,19].
Another potential refinement of our study would be a detailed
4
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Table 2
Multilevel linear model regression coefficients for the hedonic perception of
odors.
Odor pleasantness

Predictors
Fixed effects
Intercept
Apple
Banana
Cheese
Butter
Chocolate
Biscuit
Coffee
Cut grass
Fish
Flower
Honey
Lemon
Onion
Orange
Peach
Strawberry
Tomato
Sex (0-male; 1female)
Age
Olfactory
identification
score
Variance parameters
Country-level
variance
Residual variance
Model properties
-2LL
AIC
R2

Model 1
(baseline)

Model 2
(odor)

Model 3 (odor +
individual-level
predictors)

B (SE)

B (SE)

B (SE)

.52(.08)***

.14(.08)
.98(.08)***
.97(.08)***
-.43.(08)***
-.45(.08)***
.88(.08)***
1.05(.08)***
.04(.08)
-.31(.08)***
− 1.07(.08)
***
.67(.08)***
.38(.08)***
1.05(.08)***
-.95(.08)***
1.23(.08)***
1.27(.08)***
1.12(.08)***
a

-.12(.19)
.98(.08)***
.97(.08)***
-.43.(08)***
-.45(.08)***
.88(.08)***
1.05(.08)***
.04(.08)
-.31(.08)***
− 1.07(.08)***
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CC, GF, MG, NG, RK, AK, IK, BL, ML, JNL, AM, FM-S, EM, JM, VP, EJP,
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.67(.08)***
.38(.08)***
1.05(.08)***
-.95(.08)***
1.23(.08)***
1.27(.08)***
1.12(.08)***
a
-.01(.03)
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-.01(.03)
.03(.01)***

0.096862

0.09796

0.098172
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28062.6
28106.6
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control of ethnic variability of our sample. Here mainly children from
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Rich, and Democratic) were examined. In such cultures, the olfactory
and dietary experience of children may be convergent (e.g. consumption
of similar products, similar perfumes worn) and similarly influence
chemosensory perception [38]. We encourage the extension of the
current findings with children coming from non-westernized or less
industrialized countries to further challenge the conclusion about the
low influence of geographical location on the variability of olfactory
preferences. A few reports in adults from indigenous tribes suggest that
the wide variability in olfactory performance [39–41] is due to various
factors, including exposure to air pollution [42,43].
In summary, this research opens a new door for investigating crosscultural hedonic perception of odors in children. Conclusions from this
study, being a secondary analysis, are limited to the presented set of
odors that were initially selected for the development of U-Sniff test [24]
and present null findings for the cross-cultural variability in hedonic
perception of odors across 18 countries. Yet, this null result can be a
product of homogenously pleasant set of odors or semantic categoriza
tion of odors prior to hedonic ratings. These two major issues should be
addressed in the future to either contradict or replicate the results pre
sented herewith.
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representation: a cross-cultural study, Chem. Senses 30 (2005) 37–49.
[38] R.J. Stevenson, R.A. Boakes, M.J. Oaten, et al., Chemosensory abilities in
consumers of a western-style diet, Chem. Senses 41 (2016) 505–513.
[39] A. Sorokowska, P. Sorokowski, T. Hummel, Cross-cultural administration of an
odor discrimination test, Chemosensory Percep. 7 (2014) 85–90.
[40] A. Sorokowska, P. Sorokowski, T. Frackowiak, Determinants of human olfactory
performance: a cross-cultural study, Sci. Total Environ. 506–507 (2015) 196–200.
[41] A. Sorokowska, P. Sorokowski, T. Hummel, et al., Olfaction and environment:
tsimane’ of Bolivian rainforest have lower threshold of odor detection than
industrialized German people, PLoS One 8 (2013), e69203.
[42] M. Guarneros, N. Ortiz-Romo, M. Alcaraz-Zubeldia, et al., Nonoccupational
environmental exposure to manganese is linked to deficits in peripheral and central
olfactory function, Chem. Senses 38 (2013) 783–791.
[43] M. Guarneros, T. Hummel, M. Martínez-Gómez, et al., Mexico City air pollution
adversely affects olfactory function and intranasal trigeminal sensitivity, Chem.
Senses 34 (2009) 819–826.

[13] S. Delplanque, D. Grandjean, C. Chrea, et al., Emotional processing of odors:
evidence for a nonlinear relation between pleasantness and familiarity evaluations,
Chem. Senses 33 (2008) 469–479.
[14] C. Ferdenzi, S.C. Roberts, A. Schirmer, et al., Variability of affective responses to
odors: culture, gender, and olfactory knowledge, Chem. Senses 38 (2013) 175–186.
[15] S. Ayabe-Kanamura, S. Saito, H. Distel, et al., Differences and similarities in the
perception of everyday odors. A Japanese-German cross-cultural study, Ann. N. Y.
Acad. Sci. 855 (1998) 694–700.
[16] S. Monnery-Patris, C. Rouby, S. Nicklaus, et al., Development of olfactory ability in
children: sensitivity and identification, Dev. Psychobiol. 51 (2009) 268–276.
[17] A. Oleszkiewicz, V.A. Schriever, I. Croy, et al., Updated Sniffin’ Sticks Normative
Data Based on an Extended Sample of 9139 Subjects, vol. 15, European Archives of
Oto-Rhino-Laryngology, December, 2019, pp. 719–728.
[18] A. Sorokowska, V.A. Schriever, V. Gudziol, et al., Changes of Olfactory Abilities in
Relation to Age: Odor Identification in More than 1400 People Aged 4 to 80 Years,
vol. 272, European Archives of Oto-Rhino-Laryngology, 2015, pp. 1937–1944.
[19] A. Oleszkiewicz, U. Walliczek-Dworschak, P. Klötze, et al., Developmental changes
in adolescents’ olfactory performance and significance of olfaction, PLoS One 11
(2016), https://doi.org/10.1371/journal.pone.0157560. Epub ahead of print.
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