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Abstract 25 

Olfactory training (OT), smelling odours, twice per day for an extended period can improve 26 

the olfactory function in adults. The aim of the current study was to investigate whether OT 27 

can improve the olfactory function of children aged 8-years-old. Odour thresholds and odour 28 

identification ability was compared between two groups across three separate testing sessions 29 

(baseline, six weeks post-baseline, 12 weeks post-baseline). After the baseline test, the control 30 

group (n = 21) completed six weeks of bi-daily OT with odorless stimuli, whereas the 31 

experiment group (n = 20) completed six weeks of bi-daily OT, smelling four different odours 32 

(eucalyptus, lemon, clove, rose). A repeated measures analysis of variance was used to test for 33 

group differences across the three testing sessions. Six weeks after OT had been completed, 34 

participants in the experiment group demonstrated a significant increase in odour 35 

identification scores (9.95 to 11.20), compared to the control group who demonstrated no 36 

increase (10.48 to 10.48). No group differences in odour threshold ability were found. 37 

Conclusion: Six weeks of OT enhances odour identification ability, but not odour thresholds, 38 

in 8-year-old children. 39 

Keywords: olfactory training; children; smell; odour recognition; olfactory function. 40 

Abbreviations: OT Olfactory Training  41 

What is known: 42 

• Smell loss and dysfunction is associated with negative health outcomes such as depression 43 

and increased risk of consuming contaminated food. 44 

• Olfactory training can improve sense of smell in adults. 45 
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What is new: 46 

• Olfactory training improves odour identification ability in 8-year-olds. 47 

• Olfactory training does not appear to enhance odour acuity in 8-year-olds. 48 
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Introduction 68 

Comprehensive assessments of olfactory function across the human lifespan generally indicates 69 

that our ability to detect, discriminate and identify odours increases, then decreases with age 70 

[1,2]. Specifically, from the ages of 5 – 30 years, there is a steady increase in olfactory function 71 

and from 31 years onward; there is a steady decline [2].  72 

Despite the decrease in olfactory ability with age, our sense of smell can be improved with 73 

olfactory training (OT) [3,4]. The most commonly used form of OT involves smelling four 74 

different odours (eucalyptus, lemon, cloves, rose), twice per day, for three months [5]. 75 

However, even two weeks of OT can significantly improve olfactory ability [4]. OT has been 76 

shown to not only improve olfactory ability of healthy people [3], but also those who have 77 

experienced olfactory loss due to infection [6], Parkinson’s disease [7] and head trauma [8]. 78 

While research findings consistently demonstrate that OT improves the olfactory ability of 79 

adults with and without olfactory dysfunction, only one study has investigated whether OT can 80 

improve the olfactory ability of people under the age of 18 years. In this study, children with a 81 

mean age 12 years (range 9 to 15 years) smelled four different odours, twice per day for three 82 

months [9]. The results demonstrated that OT significantly improved odour identification (as 83 

measured by the Sniffin’ Sticks) and odour thresholds score compared to those who did not 84 

engage in OT [9]. 85 

Given the significant changes in cognitive developmental between the ages of 9 and 15 years 86 

[10], odour identification [11], and odour discrimination ability in 11 year-olds is significantly 87 

better than that of 6 year-olds [12] a limitation of the only OT with children [9] was averaging 88 

the findings of children across a wide age-range. Therefore, the aim of the current study was 89 

to investigate whether children at the same chronological age would demonstrate an increase 90 

in olfactory ability after six weeks of OT. A shorter OT period was selected due to the young 91 
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age of the participants and because OT occurred while at school where terms are shorter than 92 

the standard duration of OT. Specifically, this study examined whether 8-year-old children 93 

who engaged in OT that involved smelling four different odours, twice a day for six weeks, 94 

would experience an increase in olfactory ability (i.e., odour identification and thresholds) 95 

compared to a control group who completed odorless OT. This was the first study where the 96 

control group engaged in odorless OT. 97 

 98 

Methods 99 

Participants 100 

A total of 41 children (22 females, 19 males) completed the current study. All participants 101 

were 8 years of age and in second grade of an urban primary school in Poland. Note that three 102 

male participants did not complete the entire study so their data were not included in the 103 

analyses. Participants were assigned to the OT (13 females, 7 males) or control group (9 104 

females, 12 males) in a randomized manner. Participants were interviewed regarding their 105 

health history with respect to injuries and diseases that may affect their sense of smell but 106 

none were reported [13]. Parents provided written informed consent before the beginning of 107 

the study at the school and children’s oral consent was obtained before inclusion in the 108 

sample. Ethics approval for the current study was received from Wroclaw University’s ethics 109 

committee.  110 

 111 

Olfactory testing procedure 112 

Every participants’ olfactory ability was measured three times; first at the start of the study 113 

(Baseline), then again six weeks later (Test 2) and a third time, 12 weeks after Baseline (Test 114 
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3). Each participant was tested individually by one investigator in the participant’s classroom 115 

after classes had ended for the day. Two olfactory tests, odour thresholds and odour 116 

identification (described below) were conducted during each of the three test sessions. In 117 

total, each testing session took approximately 30 minutes. The OT and testing took place at 118 

the participants’ primary school. 119 

 120 

Olfactory testing – odour threshold  121 

The odour detection threshold was assessed with the Threshold subtest from the “Sniffin’ 122 

Sticks” battery [14]. Participants were presented with three pen-like odour dispensers; one 123 

containing an odorant and two with an odorless solvent. The task was to indicate which of the 124 

dispensers contained the target odorant (PEA). A single staircase method with five reversals 125 

was employed and the mean of the last four reversal points was the detection threshold. Note 126 

that the standard administration of the threshold test uses seven reversals, however, due the 127 

attention span of the participants and time restraints, we reduced the number of reversals to five. 128 

The lowest possible score was 1 and highest possible score was 16. 129 

 130 

Olfactory testing – odour identification 131 

An international identification test designed for children called “U-Sniff” [15] consisting of 12 132 

universally-recognized odours (e.g., apple, banana, cut grass, flower) was used to assess each 133 

participants’ odour identification ability. Participants were presented the odours in a 134 

randomized order and asked to identify the presented odour from one of four descriptors (one 135 

target and three distractors). The sum of correct identifications was taken as the result of this 136 

test. The lowest possible score was zero and highest possible score was 12. 137 
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 138 

Olfactory training 139 

Participants in the OT group received instructions on how to complete the training in the first 140 

part of the study. Participants received four “Sniffin’ Sticks” pens as odour dispensers. Each 141 

pen contained one of four odours (i.e., “eucalyptus”, “cloves”, “rose”, and “lemon”). The 142 

control group received odorless pens containing solvent propylene glycol. Participants in the 143 

control group were told that they may not perceive an odour, but that is because the 144 

concentration is very low. Participants trained bi-daily (before and after class) for six weeks 145 

under supervision of their school teacher, who gave them training “Sniffin’ Sticks” at the 146 

beginning of the OT, instructed them during the OT and collected the pens after OT was 147 

completed. This approached ensured maximal compliance with the OT protocol. During the 148 

weekends OT was not performed to prevent losing OT sets by the children who would have to 149 

take it home and bring it back to school after the weekend. After the six weeks of OT, the 150 

pens remained at the school; participants did not take the pens home. 151 

 152 

Statistical Analyses 153 

The data were analyzed using SPSS (Statistical Packages for Social Sciences, version 25, 154 

SPSS Inc, Chicago, IL, USA). A repeated measures analyses of variance (ANOVA) was 155 

conducted to compare the mean scores on the “Sniffin’ Sticks”, before and after olfactory 156 

training. Group (OT training vs control) was included as the between-subjects factor. The 157 

alpha level was set at .05. 158 

 159 

Results 160 
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The repeated measures ANOVA results for the odour thresholds scores demonstrated that all 161 

participants, regardless of group, had lower scores in Test 3, compared to baseline (F(2, 78) = 162 

6.70, p = .002, partial-eta = .147, observed power = .905). However, there were no group 163 

differences in odour thresholds F(1, 39) < 1) or an interaction effect (F(2, 78) < 1). See Table 164 

1. 165 

Table 1. Mean and standard deviations (SD) for all three olfactory tests, by Group (control, 166 

olfactory training). 167 

 Control Group (n = 21) Olfactory Training Group (n = 20) 

Olfactory Test 
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) 

 168 

The repeated ANOVA results for the odour identification scores demonstrated a significant 169 

Group by testing session interaction (F(2, 78) = 3.53, p = .034, partial-eta = .083, observed 170 

power = .641). Post-hoc contrast testing revealed that the interaction effect was driven by the 171 

group differences at Test 3. Specifically, while there were no group differences at Baseline 172 

and Test 2, at Test 3, participants in the OT training group had significantly higher odour 173 

identification scores than those in the control group (t(39) = 2.28, p = .028). See Figure 1. 174 

 175 

 176 



9 
 

 177 

Fig. 1 Odour identification scores at baseline, 6, and 12 weeks after olfactory training, by 178 

group (control, olfactory training). Error bars reflect standard error of the mean 179 

 180 

Discussion 181 

The results revealed that six weeks of twice-daily OT improved the odour identification 182 

ability of 8-year-old children. Although the current study employed the “U-Sniff” for odour 183 

identification test and the only previous OT study [9] with children employed the “Sniffin’ 184 

Sticks”, the findings both demonstrated OT significantly increased odour identification 185 

ability. This finding is consistent with previous OT studies using adult samples that have also 186 

demonstrated OT improves odour identification ability [5]. 187 

Interestingly, the effect of OT on odour identification ability did not manifest immediately 188 

after OT completion (Test 2) but emerged later (Test 3). It is possible that engaging in the OT 189 
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and testing sessions increased children’s interest in and exploration of odours in their 190 

environment. A hypothesis for future studies is whether odour awareness mediates the impact 191 

of OT and subsequently odour identification ability.  192 

However, unlike the only previous OT study with children [9], we found OT did not enhance 193 

odour threshold ability. There are a number of reasons as to why our odour threshold findings 194 

are inconsistent the previous OT study with children 9, the first being differences in 195 

methodology. For example, participants in the current study were all 8-years-old whereas the 196 

mean age of participants in the Mori and colleagues’ study [9] was approximately 12-years-197 

old, with the eldest participants aged 15. The age difference between studies may be the 198 

largest driver of the inconsistent findings across studies because major developmental changes 199 

occur between the ages of 8 to 12 years. For example, cognitive improvements in vocabulary, 200 

memory and attention significantly improve between the ages of 8- and 12-years-old [10] 201 

Finally, an MRI study with children aged 1- to 17-years-old demonstrated that olfactory 202 

ability is positively correlated with olfactory bulb volume and that both increase with age [16] 203 

further evidence that the age differences between participants in the current and previous OT 204 

study with children [9] is responsible for the inconsistent findings. 205 

Another methodological difference was the number of staircase reversals used in the odour 206 

thresholds test. Specifically, Mori and colleagues [9] used the standard seven reversals while 207 

the current study used five, in order to reduce testing time. It is possible that reducing the 208 

testing duration reduced stimulus habituation [17], thereby increasing odour sensitivity and 209 

ultimately the odour threshold score. Reducing the number of turning points may compromise 210 

test-retest reliability of the olfactory threshold test [14], however, the test-retest reliability in 211 

the current study was satisfactory (r=.65).  A third methodological difference is the duration 212 

of OT; six weeks in the current study and 12 weeks in the Mori and colleagues’ study [9]. It is 213 

likely that had our participants completed 12 weeks of OT, the group that engaged in OT 214 
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would have also demonstrated a significant improvement in odour thresholds ability (not just 215 

odour identification). However, for practical and developmental reasons, a 12-week period of 216 

OT was not possible. 217 

A fourth difference between the two OT studies with children is the sex composition of the 218 

samples. With respect to participant sex, although both studies had more males than females 219 

in the non-OT group and more females than males in the OT group, this distribution was 220 

disproportionately larger in the Mori and colleagues’ study [9]. Specifically, Mori and 221 

colleagues [9] had approximately 50% more males in their control group and approximately 222 

50% more females in their OT group. The impact of the sex distribution differences in the 223 

control and OT groups within and between studies may have exaggerated group differences in 224 

odour identification performance within each study and underestimated differences between 225 

studies. 226 

In terms of the current study’s limitations, the conditions of testing were not optimal. 227 

For example, at times, three experimenter-participant dyads were present in the same room 228 

meaning participants could see and (partially) hear each other. To minimise interference and 229 

facilitation between participants, each testing dyad were at least 5 metres away from each and 230 

the odour identification test was administered in a randomized order to test. However, it 231 

remains possible that participants heard the responses of each other and this facilitated the 232 

selection of the correct response/s. An optimal testing condition would require separate rooms 233 

for each experimenter-participants dyad, something that was not possible in the school we 234 

conducted our study in. We also recommended that future research employ a longer delay in 235 

the follow-up measurements while controlling for verbal fluency because the rapid lexical 236 

development that occurs during childhood may co-vary with the development of olfactory 237 

ability [11, 18].  238 



12 
 

Another limitation was the relatively small sample size, although given the repeated 239 

testing; we had sufficient statistical power to detect significant differences between groups. A 240 

larger sample size may have allowed us to further explore the reasons for the differences 241 

between the control and OT groups. Finally, another limitation was the slightly skewed 242 

number of males and females in the control and OT groups. Having a balanced sex-243 

distribution across both groups would have allowed us to more definitively determine the 244 

degree to which our findings were attributable to OT and sex differences. It is worth noting 245 

that conducting studies with young children in just one session is difficult but we were able to 246 

test a stable number of children, three times, half of whom did daily OT, one of the main 247 

strengths of the current study. Future studies investigating the impact of OT on children’s 248 

olfactory ability should employ participants who are of the same or very similar age to 249 

minimise the influence of developmental changes across the childhood. 250 

 251 
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