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Abstract
Olfactory training (OT), smelling odours, twice per day for an extended period, can improve the olfactory function in adults. The
aim of the current study was to investigate whether OT can improve the olfactory function of children aged 8 years old. Odour
thresholds and odour identification ability were compared between two groups across three separate testing sessions (baseline, 6-
week post-baseline, 12-week post-baseline). After the baseline test, the control group (n = 21) completed 6 weeks of bi-daily OT
with odourless stimuli, whereas the experiment group (n = 20) completed 6 weeks of bi-daily OT, smelling four different odours
(eucalyptus, lemon, clove, rose). A repeated measure analysis of variance was used to test for group differences across the three
testing sessions. Six weeks after OT had been completed, participants in the experiment group demonstrated a significant increase in
odour identification scores (9.95 to 11.20), compared to the control group who demonstrated no increase (10.48 to 10.48). No group
differences in odour threshold ability were found.

Conclusion: Six weeks of OT enhances odour identification ability, but not odour thresholds, in 8-year-old children.

What is Known:
• Smell loss and dysfunction are associated with negative health

outcomes such as depression and increased risk of consuming
contaminated food.

• Olfactory training can improve sense of smell in adults.

What is New:
• Olfactory training improves odour identification ability in 8-year-olds.
• Olfactory training does not appear to enhance odour acuity in

8-year-olds.

Keywords Olfactory training . Children . Smell . Odour
recognition . Olfactory function
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OT Olfactory training
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Introduction

Comprehensive assessments of olfactory function across the
human lifespan generally indicates that our ability to detect,
discriminate and identify odours increases, then decreases
with age [1, 2]. Specifically, from the ages of 5–30 years, there
is a steady increase in olfactory function and from 31 years
onward; there is a steady decline [2].

Despite the decrease in olfactory ability with age, our sense
of smell can be improved with olfactory training (OT) [3, 4].
The most commonly used form of OT involves smelling four
different odours (eucalyptus, lemon, cloves, rose), twice per
day, for 3 months [5]. However, even 2 weeks of OT can
significantly improve olfactory ability [4]. OT has been shown
to improve olfactory ability not only to those healthy people
[3] but also to those who have experienced olfactory loss due
to infection [6], Parkinson’s disease [7] and head trauma [8].

Whilst research findings consistently demonstrate that OT
improves the olfactory ability of adults with and without ol-
factory dysfunction, only one study has investigated whether
OT can improve the olfactory ability of people under the age
of 18 years. In this study, children with a mean age 12 years
(range 9 to 15 years) smelled four different odours, twice per
day for 3 months [9]. The results demonstrated that OT sig-
nificantly improved odour identification (as measured by the
Sniffin’ Sticks) and odour thresholds score compared to those
who did not engage in OT [9].

Given the significant changes in cognitive development
between the ages of 9 and 15 years [10], odour identification
[11] and odour discrimination ability in 11 years old are sig-
nificantly better than that of 6 years old [12] a limitation of the
only OT with children [9] was averaging the findings of chil-
dren across a wide age-range. Therefore, the aim of the current
study was to investigate whether children at the same chrono-
logical age would demonstrate an increase in olfactory ability
after 6 weeks of OT. A shorter OT period was selected due to
the young age of the participants and because OT occurred
whilst at school where terms are shorter than the standard
duration of OT. Specifically, this study examined whether 8-
year-old children who engaged in OT that involved smelling
four different odours, twice a day for 6 weeks, would experi-
ence an increase in olfactory ability (i.e., odour identification
and thresholds) compared to a control group who completed
odourless OT. This was the first study where the control group
engaged in odourless OT.

Methods

Participants

A total of 41 children (22 females, 19 males) completed the
current study. All participants were 8 years of age and in

second grade of an urban primary school in Poland. Note that
three male participants did not complete the entire study so
their data were not included in the analyses. Participants were
assigned to the OT (13 females, 7 males) or control group (9
females, 12 males) in a randomised manner. Participants were
interviewed regarding their health history with respect to in-
juries and diseases that may affect their sense of smell but
none were reported [13]. Parents provided written informed
consent before the beginning of the study at the school and
children’s oral consent was obtained before inclusion in the
sample. Ethics approval for the current study was received
from Wroclaw University’s ethics committee.

Olfactory testing procedure

Every participants’ olfactory ability was measured three times;
first at the start of the study (baseline), then again 6 weeks later
(test 2) and a third time, 12 weeks after baseline (test 3). Each
participant was tested individually by one investigator in the
participant’s classroom after classes had ended for the day.
Two olfactory tests, odour thresholds and odour identification
(described below), were conducted during each of the three
test sessions. In total, each testing session took approximately
30 min. The OT and testing took place at the participants’
primary school.

Olfactory testing–odour threshold

The odour detection threshold was assessed with the
Threshold subtest from the ‘Sniffin’ Sticks’ battery [14].
Participants were presented with three pen-like odour dis-
pensers; one containing an odorant and two with an odourless
solvent. The task was to indicate which of the dispensers
contained the target odorant (PEA). A single staircase method
with five reversals was employed and the mean of the last four
reversal points was the detection threshold. Note that the stan-
dard administration of the threshold test uses seven reversals;
however, due the attention span of the participants and time
restraints, we reduced the number of reversals to five. The
lowest possible score was 1 and highest possible score was 16.

Olfactory testing–odour identification

An international identification test designed for children called
‘U-Sniff’ [15] consisting of 12 universally recognised odours
(e.g., apple, banana, cut grass, flower) was used to assess each
participants’ odour identification ability. Participants were
presented the odours in a randomised order and asked to iden-
tify the presented odour from one of four descriptors (one
target and three distractors). The sum of correct identifications
was taken as the result of this test. The lowest possible score
was zero and the highest possible score was 12.
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Olfactory training

Participants in the OT group received instructions on how to
complete the training in the first part of the study. Participants
received four ‘Sniffin’ Sticks’ pens as odour dispensers. Each
pen contained one of four odours (i.e., ‘eucalyptus’, ‘cloves’,
‘rose’ and ‘lemon’). The control group received odourless
pens containing solvent propylene glycol. Participants in the
control group were told that they may not perceive an odour,
but that is because the concentration is very low. Participants
trained bi-daily (before and after class) for 6 weeks under
supervision of their school teacher, who gave them training
‘Sniffin’ Sticks’ at the beginning of the OT, instructed them
during the OT and collected the pens after OT was completed.
This approached ensured maximal compliance with the OT
protocol. During the weekends, OT was not performed to
prevent losing OT sets by the children who would have to
take it home and bring it back to school after the weekend.
After the 6 weeks of OT, the pens remained at the school;
participants did not take the pens home.

Statistical analyses

The data were analysed using SPSS (Statistical Packages for
Social Sciences, version 25, SPSS Inc., Chicago, IL, USA). A
repeated measures analyses of variance (ANOVA) was con-
ducted to compare the mean scores on the ‘Sniffin’ Sticks’,
before and after olfactory training. Group (OT training vs
control) was included as the between-subjects factor. The al-
pha level was set at .05.

Results

The repeated measures ANOVA results for the odour thresh-
olds scores demonstrated that all participants, regardless of
group, had lower scores in test 3, compared to baseline (F(2,
78) = 6.70, p = .002, partial-eta = .147, observed power =
.905). However, there were no group differences in odour
thresholds (F(1, 39) < 1) or an interaction effect (F(2, 78) <
1). See Table 1.

The repeated ANOVA results for the odour identifica-
tion scores demonstrated a significant Group by testing
session interaction (F(2, 78) = 3.53, p = .034, partial-eta
= .083, observed power = .641). Post hoc contrast testing
revealed that the interaction effect was driven by the group
differences at test 3. Specifically, whilst there were no
group differences at baseline and test 2, at test 3, partici-
pants in the OT training group had significantly higher
odour identification scores than those in the control group
(t(39) = 2.28, p = .028). See Fig. 1.

Discussion

The results revealed that 6 weeks of twice-daily OT improved
the odour identification ability of 8-year-old children.
Although the current study employed the ‘U-Sniff’ for odour
identification test and the only previous OT study [9] with
children employed the ‘Sniffin’ Sticks’, the findings both
demonstrated OT significantly increased odour identification
ability. This finding is consistent with previous OT studies
using adult samples that have also demonstrated OT improves
odour identification ability [5].

Interestingly, the effect of OT on odour identification abil-
ity did not manifest immediately after OT completion (test 2)
but emerged later (test 3). It is possible that engaging in the OT
and testing sessions increased children’s interest in and explo-
ration of odours in their environment. A hypothesis for future
studies is whether odour awareness mediates the impact of OT
and subsequently odour identification ability.

However, unlike the only previous OT study with children
[9], we found OT did not enhance odour threshold ability.
There are a number of reasons as to why our odour threshold
findings are inconsistent the previous OT study with children
9, the first being differences in methodology. For example,
participants in the current study were all 8 years old whereas
the mean age of participants in the Mori and colleagues’ study
[9] was approximately 12 years old, with the eldest partici-
pants aged 15. The age difference between studies may be the
largest driver of the inconsistent findings across studies be-
cause major developmental changes occur between the ages of
8 to 12 years. For example, cognitive improvements in vocab-
ulary, memory and attention significantly improve between
the ages of 8 and 12 years old [10] Finally, an MRI study with
children aged 1 to 17 years old demonstrated that olfactory
ability is positively correlated with olfactory bulb volume and
that both increase with age [16] further evidence that the age
differences between participants in the current and previous
OT study with children [9] are responsible for the inconsistent
findings.

Another methodological difference was the number of
staircase reversals used in the odour thresholds test.
Specifically, Mori and colleagues [9] used the standard seven
reversals whilst the current study used five, in order to reduce
testing time. It is possible that reducing the testing duration
reduced stimulus habituation [17], thereby increasing odour
sensitivity and ultimately the odour threshold score. Reducing
the number of turning points may compromise test-retest reli-
ability of the olfactory threshold test [14]; however, the test-
retest reliability in the current study was satisfactory (r=.65).
A third methodological difference is the duration of OT; 6
weeks in the current study and 12 weeks in the Mori and
colleagues’ study [9]. It is likely that our participants complet-
ed 12 weeks of OT; the group that engaged in OT would have
also demonstrated a significant improvement in odour
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thresholds ability (not just odour identification). However, for
practical and developmental reasons, a 12-week period of OT
was not possible.

A fourth difference between the two OT studies with chil-
dren is the sex composition of the samples. With respect to
participant sex, although both studies had more males than
females in the non-OT group and more females than males
in the OT group, this distribution was disproportionately larg-
er in the Mori and colleagues’ study [9]. Specifically, Mori
and colleagues [9] had approximately 50% more males in their
control group and approximately 50% more females in their
OT group. The impact of the sex distribution differences in the
control and OT groups within and between studies may have
exaggerated group differences in odour identification perfor-
mance within each study and underestimated differences be-
tween studies.

In terms of the current study’s limitations, the conditions of
testing were not optimal. For example, at times, three
experimenter-participant dyads were present in the same room
meaning participants could see and (partially) hear each other.
To minimise interference and facilitation between partici-
pants, each testing dyad were at least 5 m away from each
and the odour identification test was administered in a
randomised order to test. However, it remains possible that

participants heard the responses of each other and this facili-
tated the selection of the correct response/s. An optimal testing
condition would require separate rooms for each
experimenter-participants dyad, something that was not pos-
sible in the school we conducted our study in. We also rec-
ommended that future research employ a longer delay in the
follow-up measurements whilst controlling for verbal fluency
because the rapid lexical development that occurs during
childhood may co-vary with the development of olfactory
ability [11, 18].

Another limitation was the relatively small sample size,
although given the repeated testing; we had sufficient sta-
tistical power to detect significant differences between
groups. A larger sample size may have allowed us to further
explore the reasons for the differences between the control
and OT groups. Finally, another limitation was the slightly
skewed number of males and females in the control and OT
groups. Having a balanced sex-distribution across both
groups would have allowed us to more definitively deter-
mine the degree to which our findings were attributable to
OT and sex differences. It is worth noting that conducting
studies with young children in just one session is difficult
but we were able to test a stable number of children, three
times, half of whom did daily OT, one of the main strengths
of the current study. Future studies investigating the impact
of OT on children’s olfactory ability should employ partic-
ipants who are of the same or very similar age to minimise
the influence of developmental changes across the
childhood.
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Table 1 Mean and standard deviations (SD) for all three olfactory tests, by group (control, olfactory training)

Olfactory test Control group (n = 21) Olfactory training group (n = 20)

Baseline mean (SD) Test 2 mean (SD) Test 3 mean (SD) Baseline mean (SD) Test 2 mean (SD) Test 3 mean (SD)

Odour threshold 8.42 (3.24) 8.21 (2.36) 7.18 (2.98) 8.99 (3.64) 7.89 (2.74) 6.96 (2.87)

Odour identification 10.48 (.98) 10.86 (1.11) 10.48 (1.03) 9.95 (1.91) 10.80 (1.24) 11.20 (1.01)

Fig. 1 Odour identification scores at baseline, 6 and 12 weeks after
olfactory training, by group (control, olfactory training). Error bars
reflect standard error of the mean
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Abstract
Emotion knowledge involves the ability to recognize and express emotions and

understand emotional processes. The neural substrates of emotion knowledge

include i.a. the amygdala, orbitofrontal cortex, and anterior cingulate cortex. These

structures are also involved in processing olfactory stimuli and their volume and func-

tional activity have been shown to increase after a period of regular olfactory stimu-

lation (olfactory training, OT). We verified if OT will improve one aspect of emotion

knowledge — the ability to match emotional facial expressions. Eighty-three children

(39 boys) aged 6–9 years were randomly assigned either to an OT group (OTG) that

smelled a set of four odors (lemon, cloves, eucalyptus, rose) twice a day for 12 weeks

or to a placebo group that performed the training with odorless stimuli. Children in

the OTG (n = 40) matched emotional facial expressions significantly better after OT

as compared with their baseline score. This effect was not present in the placebo

group (n = 43) whose scores remained the same after OT.

Practical applications
This novel finding suggests the potential of olfactory stimulation in supporting emo-

tion knowledge in children and bridges recent findings in sensory studies, psycho-

physiology, and emotional development. Further studies are necessary to delineate

which aspects of emotion knowledge might be enhanced by OT. In future, OT might

be potentially included in programs designed for groups with specific emotion knowl-

edge deficits.

1 | INTRODUCTION

Emotion knowledge is the ability to recognize, name, and predict the

emotional expressions of others. Specifically, emotion knowledge

comprises three components: recognizing the emotions of others

(receptive), labeling emotional expressions (expressing), and under-

standing emotional processes in the psychosocial context (emotion

situation knowledge) (Morgan et al., 2010). These components com-

prising emotion knowledge are correlated (Heinze et al., 2015; Lugo-

Candelas et al., 2017; Salmon et al., 2013), however, they differ in

their dependence on perceptual and verbal skills (Hariri et al., 2000;

Herba et al., 2006). For instance, recognizing emotions of others reliesMichal Pieniak and Marta Rokosz contributed equally to this study.
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