
https://doi.org/10.1007/s12078-021-09291-6

A New Method for a Shorter and Valid Assessment of Olfactory 
Threshold in Repeated Measurement Designs Based on the Sniffin’ 
Sticks Test

Sarah Beutler1 · Liliana R. Ladner1,2 · Thomas Hummel3 · Ilona Croy1,4

Received: 6 December 2020 / Accepted: 6 September 2021 
© The Author(s) 2021

Abstract
Introduction The Sniffin’ Sticks threshold test is widely used to assess olfactory threshold due to its high reliability and 
validity. Nevertheless, this test procedure is quite long with an average duration of 10 to 20 min. In study designs that 
require multiple olfactory threshold tests on short intervals, this could exhaust participants. To counteract this limitation, we 
developed the informed-four-reversal (INFOUR) short version of the Sniffin’ Sticks threshold test for repeated measurement 
designs and piloted it in a sample of normosmic participants.
Methods Forty-two participants performed the original Sniffin’ Sticks version before being assigned either to the control 
group that repeated the original version or to the test group that conducted the INFOUR short version.
Results The correlation between the original version at T1 and INFOUR at T2 was r = .75 and did not differ significantly from 
the retest reliability of the original version. Compared to the original version, the INFOUR took 42% less time to perform.
Conclusion The INFOUR leads to a significant time saving, while maintaining good validity.
Implications Therefore, this approach has the potential to be a useful tool for study protocols with repeated olfactory thresh-
old measurements. In particular, when research protocols are time intensive or testing needs to the shortened, because the 
interventional effects are short or subtle.
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Introduction

Smelling often plays part in experimental settings, e.g., after 
emotion induction (Chan et al. 2020; Flohr et al. 2017; Pollatos  
et al. 2007) or stress induction (Pacharra et al. 2016). For such  
designs, it is important to assess olfactory performance as 
precisely as possible. Varieties of methods have been used 

for this assessment. The University of Pennsylvania Smell 
Identification Test (UPSIT) is the most widely used olfac-
tion test in North America (Doty et al. 1995), whereas the 
TT olfactometer is frequently used in Japan (Kondo et al. 
1998). Another tool often used in Europe is the Sniffin’ 
Sticks test, which allows differentiated testing of olfactory 
identification, discrimination, and threshold (Hummel et al. 
1997). This test has been validated in hyposmic and anosmic 
patients with normative data collected in over 9000 individu-
als (Oleszkiewicz et al. 2019). The test–retest reliability of 
this instrument is r = 0.61–0.84, when tests are several days 
apart (Croy et al. 2009; Hummel et al. 1997). However, a 
much weaker test–retest reliability of r = 0.31 was observed 
in another study, what indicates fluctuations of threshold 
measurement (Oleszkiewicz et al. 2017).

The original threshold test of the Sniffin’ Stick battery is 
performed as follows (Fig. 1a): The participant is asked to 
close eyes to avoid visual distraction. A group of three pens 
(triplet) is consecutively presented beneath the participant’s 
nostrils with approximately 20 s between triplets to avoid 
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adaptation. The triplet consists of one odorized target pen 
and two blanks. The participant is asked to detect the odor-
ized target in an alternative forced-choice paradigm. The 
whole test battery consists of 16 triplets, representing differ-
ent concentrations of the target with a higher triplet number 
indicating lower concentration. The triplets are presented in 
a single-staircase method (Ehrenstein and Ehrenstein 1999): 
The first triplets are given in ascending order, starting at the 
lowest concentration until the participant correctly detects 
the target twice in a row. This correct detection triggers a 
reversal of triplet presentation—towards lower concentra-
tions—until odor detection fails (1 up 2 down stopping rule). 
The procedure stops when seven reversals are obtained. The 
mean score of the last four reversal points represents the 
participant’s odor threshold.

However, the test procedure for assessing the olfactory 
threshold is relatively long, lasting 10 to 20 min (Besser 
et al. 2019; Hummel et al. 1997). This length is problematic 
in study designs where the threshold needs to be measured 
repeatedly or where participants are vulnerable to exhaus-
tion, like patients with mental disorders. In these cases, the 
relatively long procedure can lead to fatigue, diminished 
attention or frustration, and therefore bias olfactory test 
results.

In order to tackle this issue, shorter versions of the olfac-
tory threshold test have already been developed. One short-
ened approach is the ascending limits procedure (Sijben 
et al. 2017, compare Fig. 1b). Similar to the original proce-
dure, this shortened version starts with the triplet containing 
the lowest concentration, and the concentration is increased 
after every incorrect answer. Unlike the original version, 
this ascending procedure stops after the participant correctly 

detects the odor in four consecutive triplets. This leads to 
an average time reduction of around 30% compared to the 
original method. The outcome of the ascending limits pro-
cedure correlates to the original threshold test with r = 0.59.

Using a small sample of n = 20 young subjects Pössel and 
colleagues (2020) developed a brief ascending procedure 
(compare Fig. 1c), which is comparable to the ascending 
limits procedures, but each triplet is only presented once. 
The procedure stops when five triplets in a row are success-
fully detected, resulting in a very conservative approach, 
which biases subjects towards detecting relatively higher 
concentrations. This results in a promising time reduction of 
51% with a correlation of r = 0.76 to original Sniffin’ Sticks 
threshold test and retest-reliability of r = 0.68 within one 
week. Additionally, Pössel et al. (2020) simulated another 
shortened threshold score test. The authors performed the 
original Sniffin’ Sticks threshold test with seven reversals, 
but calculated the score by the last two out of the previ-
ous five reversals. Therefore, this procedure correlated high 
with the original procedure r = 0.98 and was 26% shorter 
in duration.

Another approach is the wide steps method (Croy et al. 
2009, compare Fig. 1d). In contrast to the original version, 
only eight concentrations (every second concentration from 
the original version) are presented to the participants. This 
procedure leads to a time reduction of 18% with a retest 
reliability of r = 0.84. The correlation to the original Sniffin’ 
Sticks version is r = 0.88.

Although all shortened versions show benefits in duration 
and good reliability, these brief olfactory threshold tests are 
limited due to a poorer resolution compared to the origi-
nal version. Therefore, the use of such brief procedures is 

Fig. 1  Example of the testing protocol for a) the original Sniffin’ 
Stick threshold assessment, b) the ascending limits procedure (ALP, 
Sijben et  al.  2017), c) the brief ascending procedure (BAP, Pössel 
et al. 2020), and d) the wide steps method (WSM, Croy et al. 2009). 

An X indicates a correct detected target pen in a triplet, a minus indi-
cates an incorrect detected target pen; arrows pointing up and down 
refer to steps in higher or lower directions; red dashed circles mark 
the trials that are included in the score calculation
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recommended when larger group differences are expected 
(Pössel et al. 2020). This is a potential disadvantage for 
repeated measurement designs if only subtle effects are of 
interest. Another approach worth mentioning is the method 
of constant stimuli, where triplets of all levels of concen-
tration are presented only once and in randomized order 
(Lötsch et al. 2004). Threshold scores are obtained by logis-
tic regression, according to the assumption that the prob-
ability of correct detection is high, when the odor is actually 
perceived compared to a chance level probability when the 
odor is not perceived. While the advantage of this procedure 
is that the number of triplets remains constant, it yet again is 
limited in its resolution, as subjects are either extremely sen-
sitive (scoring very high) or insensitive (scoring very low).

We therefore aimed to develop another short version 
of the Sniffin’ Sticks threshold test, which can be used in 
consecutive olfactory threshold measurements. This proce-
dure utilizes an informed four-reversal-threshold approach 
(INFOUR). The INFOUR starts with determination of the 
olfactory threshold score by conducting the original ver-
sion. This threshold forms the starting point of the INFOUR 
(first concentration presented), which is set to the original 
threshold result minus three concentration steps (Fig. 2). 
This conservatively chosen informed starting point allows 
a time-efficient approach to the expected threshold value, 
and at the same time prevents a possible underestimation of 
the resulting threshold value. With this starting point, the 
INFOUR is in principal performed like the original Sniffin’ 
Sticks threshold, but only with four instead of seven reversal 
points. The final test score is then calculated out of the last 

three reversal points by summing up all correctly detected 
targets. After the odor is detected twice in a row, the sum of 
all subsequent triplets containing higher odor concentration 
is multiplied by two and added to the result. The first rever-
sal score is not included in the calculation to allow some 
time for adaptation.

We hypothesized that the olfactory threshold measured 
by the INFOUR shows high validity, operationalized by the 
correlation to the original version (H1). We further hypoth-
esized that the INFOUR requires less time than the origi-
nal version (H2). As a good testing procedure should not 
have interventional aspects, we tested whether the INFOUR 
impairs mood (H3).

Materials and Methods

Participants

Forty-two participants (28 females) aged 20.8–68.4 years 
(mean = 30.7 years ± 11.7 years SD) took part in the study. 
Exclusion criteria were self-reported olfactory impairments 
and self-reported health impairments that are associated 
with disorders of olfactory function (e.g., sinonasal disor-
ders, Parkinson’s disease, renal insufficiency).

Participants were instructed not to eat, smoke or drink 
anything other than water 1 h prior to testing. Participants 
were pseudo-randomized into two equal groups based on sex 
and age similarity, as age and sex can affect performance in 
the Sniffin’ Sticks test (Hummel et al. 2007).

Fig. 2  Example of a testing protocol according to the INFOUR pro-
cedure, while a) T1 corresponds to the original Sniffin’ Sticks assess-
ment, the score from this test is used to calculate the start point (gray 
shaded) for b) the shortened INFOUR at T2. All correct detected 
targets are counted, with the assumption that if the odor is detected 
twice in a row, the participants can detect all subsequent dilutions 
of higher odor concentrations. For this, only the last three reversals 

of the original version and of the INFOUR are used, instead of the 
last four reversals of the original version and all INFOUR reversals. 
According to this, three reversals with 16 dilutions, where each dilu-
tion is detected correctly twice, result in a sum score of 96, which 
equals a 100% threshold; red dashed circles mark the trials that are 
included in the score calculation
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The ethics committee of the University of Dresden 
approved the conduction of the study (EK 229062018), 
which is in accordance with the “World Medical Associa-
tion’s Declaration of Helsinki”. Written informed consent 
was obtain from all participants.

Sample Size Estimation

To a priori determine the minimum number of participants 
required, we used G*Power software (Faul et al. 2007). 
Informed by previous results (Croy et  al. 2009; Pössel 
et al. 2020), we set the expected correlations of the original 
threshold with our INFOUR procedure to r = 0.70, which is 
considered as large effect size according to the classifica-
tion of Cohen (1988). The optimal sample size to statisti-
cally ensure a high effect with α = 0.05 and 1-β = 0.80 is 
calculated to n = 11 participants. For group comparisons at 
T1 and T2 with α = 0.05 and 1-β = 0.80, a total number of 
n = 42 participants needs to be tested, to statistically ensure 
differences of high effect sizes (d = 0.80).

Testing Procedure

In a repeated measurements between-subject design, par-
ticipants were tested twice for olfactory function. Both tests 
were separated by a short break in which participants filled 
out the Positive and Negative Affect Schedule (PANAS; 
Watson et al. 1988). This reliable and valid 20-item self-
report measure assesses positive and negative affect on two 
scales. In the PANAS, respondents rate the extent to which 
they have experienced a certain mood within a specified 
period, based on a 5-point scale (from 1 “not at all” to 5 
“extremely”). In our experiment, we asked participants to 
“rank how you feel right now”. In a non-clinical sample 
(N = 1003) the mean score for positive affect (PA) is 31.31 
(SD = 7.65) and for negative affect (NA) 16.00 (SD = 5.9) 
(Crawford and Henry 2004).

After reading the study information, all participants per-
formed the original version of the Sniffin’ Sticks threshold 
test (Hummel et al. 1997) as explained in the introduction. In 
each triplet of the Sniffin’ Sticks markers, one stick is filled 
with the odorant target (phenyl ethyl alcohol in aqua con-
servans) while the others contain aqua conservans only. Pens 
are color-coded to enable the experimenter to distinguish 
between target pen and blanks. The pen with the highest 
concentration contains 4% of the odorant and subsequent 
levels are diluted by a ratio from 1:2 in a geometric series. 
The pen was held approximately 2 cm in front and beneath 
the nostrils. In deviation from the original testing protocol, 
participants were instructed to leave their eyes open and 
focus the wall in front of them. We chose this modification to 
make the test design more flexible for variable testing envi-
ronments, for example for experiments with simultaneous 

olfactory and visual stimulation. The experimenter sat 
directly beside the participant to avoid possible hints by the 
experimenter’s facial expressions. A box covered the testing 
battery to ensure that the color codes on the sticks were not 
visible to the participant.

For the second trial, one group repeated the original ver-
sion (group 1) again while the other received the INFOUR 
version as outlined in the introduction (group 2). The break 
in between was set to 15 min, which was in line with (Sij-
ben et al. 2017) or even longer than previous related study 
designs (Besser et al. 2019; Pössel et al. 2020).

For all threshold tests, we recorded the duration via 
stopwatch and counted all the triplets required to reach the 
threshold. Immediately after the second olfactory threshold 
test, participants filled out the PANAS a second time. At 
the end of the experiment, we debriefed all participants and 
provided feedback on their olfactory threshold.

Statistical Analysis

We calculated threshold percentage scores of the last three 
reversals as previously described. Therefore, our threshold 
equals a ratio of all correctly detected target pens to all poten-
tial targets, which ensures a higher resolution of the INFOUR 
score than an average score of the last three reversals. To keep 
data comparable, we used this calculation for all threshold 
scores (original version at T1 and T2 and INFOUR at T2).

We excluded one male participant, who was originally 
assigned to group 2 from analysis, because his olfactory score 
with a value of one was identified as outlier via box plot test. 
This strongly deviating score would lead to an overestimation 
of the correlation between T1 and T2 for threshold scores.

We used the IBM SPSS Statistics software version 25 
(IBM Corp Released 2017) for all data analysis, except for 
Bayesian statistics, which were performed using the open-
source statistic package JASP (JASP Team 2019).

In order to test hypothesis 1, we compared the outcome 
of the original Sniffin’ Sticks between groups at T1 and we 
compared the outcome of the original Sniffin’ Sticks and the 
INFOUR at T2 via T tests for independent samples. In the 
next step, we analyzed the relationship between thresholds at 
T1 and T2 for each group using Pearson’s product-moment 
correlations. In alignment with the method described by Eid 
et al. (2013) we calculated whether the correlation coeffi-
cients between both groups differed significantly.

Additionally, we ran both analyses with the Bayesian 
statistics approach. The advantage in Bayesian statistics is 
the ability to test the considered likelihood of an outcome 
through a null and alternative hypothesis, while common 
statistics only allows testing the null hypothesis. Bayes 
factor (BF) of > 1 reflects evidence for the null hypothesis 
and values < 1 for the alternative hypothesis. The classifi-
cation scheme of Lee and Wagenmakers (2014) was used 
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to interpret the BF with descriptive labels. Based on prior 
specification for Bayesian analytics, we used the default 
Cauchy distribution of r = 0.707 (Jeffreys 1961), which is 
recommended if parameters are unconstrained because it is 
similar to the normal distribution but has less central mass 
by wider tails (Quintana and Williams 2018).

In order to test hypothesis 2, we performed group com-
parisons at T1 and T2 for the minutes and triplets needed to 
perform the procedures. Non-parametric tests for independ-
ent samples were chosen as the Shapiro–Wilk test indicated 
violations of the assumption of normal distribution. Addi-
tionally, we run both analyses with the Bayesian statistics 
approach as outlined above.

In order to test hypothesis 3, we performed a two-way 
(“Procedure”) × 2 (“Time”) repeated measures analysis of 
variance (rm-ANOVA) for measurement of mood impair-
ments. As the negative subscale of the PANAS was not 
normally distributed, we additionally controlled our results 
with non-parametric tests, and we reached the same result 
in principle. Because of the relative robustness of the rm-
ANOVA against deviations of assumptions of normal dis-
tribution, we report the rm-ANOVA results. Additionally, 
we ran a Bayesian rm-ANOVA for positive and negative 
affect scores separately to report outcomes under null and 
alternative hypothesis.

Results

Threshold

Mean threshold scores are presented in Table 1 and Fig. 3. In 
addition, all reversal points for each individual are presented 
in Fig. 4. Visual inspection of this figure shows that there are 

no major adaptation or sensitization effects, but the threshold 
remains fairly stable. Threshold of groups differed neither 
significantly at T1 (t(39) =  − 1.076, p = 0.289, d =  − 0.366), 
where both groups performed the original version, nor at T2 
(t(39) =  − 1.032, p = 0.309, d =  − 0.322), where one group 
performed the INFOUR. A Bayes factor of  BF01 = 2.064 at 
T1 indicates that the data is 2.1 times more likely to occur 
under the null hypothesis (no group differences) than under 
the alternative hypothesis. Group comparison at T2 revealed 
a Bayes factor of  BF01 = 2.141, again indicating that the data 
is also 2.1 times more likely to occur under the null than 
under the alternative hypothesis.

Olfactory thresholds at T1 and T2 correlated with r = 0.74 
(p < 0.001) in group 1 and with r = 0.75 (p < 0.001) in group 
2 (Fig.  3a). The Bayesian Pearson Correlation showed 
extreme evidence in favor of the alternative hypothesis (out-
comes at T1 and T2 are correlated) for both groups (original 
version at T2:  BF01 = 0.004, INFOUR at T2:  BF01 = 0.005). 
The correlation coefficients did not differ significantly 
between both groups (z =  − 0.04, p = 0.484).

Duration

At T1, when the test procedure was the same for both groups 
(compare Table 1 and Fig. 3c), we found neither a robust 
group difference for the test time (z =  − 0.835, p = 0.404, 
 BF01 = 2.866) nor for the number of triplets (z =  − 0.616, 
p = 0.616,  BF01 = 3.034). At T2, the INFOUR group was on 
average 4 min 53 s faster and required 10 fewer triplets than 
the other group (see Table 1, Fig. 3b). This represents a time 
reduction of 42%. Statistical testing indicates that this group 
difference at T2 is substantial for both test time (z =  − 4.565, 
p < 0.000,  BF01 = 0.009) and number of triplets (z =  − 4.947, 
p < 0.000,  BF01 = 0.004). Both Bayes factors provide high 

Table 1  Age, sex thresholds, 
duration, and mood ratings for 
group 1 and group 2 at T1 and 
T2

Note. Group 1 performed the original version at T1 and T2, while group 2 performed the original version at 
T1 and the INFOUR at T2

Group 1 (N = 21) Group 2 (N = 20)

Age M (SD) 30.2 (11.7) 29.9 (10.4)
Sex N Female 14 14

Male 7 6
Threshold in Percentage M (SD) T1 52.3 (20.3) 58.8 (18.0)

T2 54.1 (22.0) 61.1 (21.0)
Duration in Min M (SD) T1 12.26 (3.61) 11.44 (3.20)

T2 11.31 (2.80) 6.55 (1.96)
Duration in Triplets M (SD) T1 24.10 (5.74) 22.95 (4.76)

T2 23.05 (4.72) 13.10 (3.55)
PA (PANAS) M (SD) T1 28.91 (5.30) 27.65 (5.85)

T2 27.76 (5.94) 27.65 (7.17)
NA (PANAS) M (SD) T1 12.86 (3.32) 13.90 (5.68)

T2 11.95 (3.14) 12.75 (5.12)

30 Chemosensory Perception  (2022) 15:26–34

1 3



Fig. 3  a) Correlation of olfactory threshold of T1 and T2, separated 
by groups (yellow for the group 1, which repeated the original Snif-
fin’ Sticks threshold test a second time and green for group 2, which 
performed the INFOUR at T2). b) Threshold and c) duration in min-

utes and in triplets at T1 and T2, error bars indicate standard devia-
tions. Note that both groups (original vs. INFOUR) performed the 
original version at T1

Fig. 4  Single reversal points per 
participant of group 2, where 
a) the original Sniffin’ Sticks 
threshold test was performed 
at T1 and b) the INFOUR at 
T2. Gray areas mark reversals, 
which are not included in score 
calculation; the thick red line 
marks the overall mean score
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evidence in favor of the alternative hypothesis over the null 
hypothesis.

Mood

We found a significant difference in mood across testing, 
but only for negative mood (main effect “Time”: df = 1; 
F = 14.25, p < 0.001) indicating that negative mood dimin-
ished during the experiment independent of group assign-
ment. All other effects on negative mood (main effect 
“Procedure” and interaction effect) were non-significant. 
Bayesian rm-ANOVA showed very strong evidence in favor 
of the main effect “Time”  (BF01 = 0.019). Comparison of 
the null hypothesis with the main effect “Procedure”, reveals 
anecdotal evidence for null hypothesis  (BF01 = 1.561).

There was neither a significant main nor interaction effect 
for positive mood. Bayesian rm-ANOVA showed for posi-
tive affect, there is moderate evidence in favor of the null 
hypothesis versus the interaction “Time” × “Procedure” 
 (BF01 = 4.219), anecdotal evidence, that the null hypothesis 
is more favored than main effect “Time”  (BF01 = 2.510), and 
anecdotal evidence in favor of the null hypothesis versus 
the main effect “Procedure”  (BF01 = 1.802). Mean PANAS 
scores are presented in Table 1 and Fig. 5.

Discussion

The aim of the study was to develop a short version of the 
Sniffin’ Sticks threshold test, which has a better resolution 
than previously proposed short versions, and a high validity, 
but takes significantly less time than the original version. 
Based on our results, the INFOUR seems to fulfill these 
requirements. The olfactory threshold obtained in the origi-
nal version was highly correlated to the threshold obtained 
by the INFOUR procedure, indicating that the INFOUR is a 
valid measurement of olfactory threshold. According to this, 
the alignment of thresholds between short and original ver-
sion did not differ significantly from the retest reliability of 
the original version. It should be noted that the reliability of 
the original version in our study falls slightly behind previ-
ous results of comparable intervals between two tests, with 
r = 0.74. Indeed, the original Sniffin’ Sticks threshold has 
shown satisfying retest reliabilities between r = 0.82–0.85 
in healthy participants, when the test is repeated several 
minutes later (Albrecht et al. 2008). However, when the test 
was assessed on different days, reliability is more dispersed 
between r = 0.31–0.85 (Croy et al. 2009; Hummel et al. 
1997; Oleszkiewicz et al. 2017), indicating that there are 
individual fluctuations in olfactory ability across days.

Additionally, we modified the calculation of the thresh-
old score. We used only the last three instead of the last 
four reversals. We did this because the first reversal of the 
INFOUR is based on the informed starting point (origi-
nal threshold result minus three concentration steps). 

Fig. 5  Average score of the 
PANAS subscales positive 
affect (PA) and negative affect 
(NA) immediately after the first 
olfaction test (T1) and after the 
second (T2), for both groups, 
error bars indicate standard 
deviations
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Including this reversal into calculation would increase 
the risk for false negative results and lead to threshold 
overestimation.

The calculation of the olfactory threshold out of only 
three reversal steps comes at costs. First, this approach 
leaves only one step for adaptation, making the INFOUR 
also potentially prone to threshold overestimation. However, 
our data suggests that this is not a major issue and we found 
no indication for a need of longer adaptation. However, the 
INFOUR is not conceived as a standalone threshold meas-
urement but rather as a continuation of threshold assessment 
in repeated measurement. Thus, performing the INFOUR 
after a complete original Sniffin’ Sticks threshold test could 
shorten the time it takes to get used to the procedure or the 
smell and at the same time, this method makes advantage 
of the warm-up effect (O’Mahony et al. 1988) – at least for 
designs where measurements are performed within one day.

Second, the reduced number of reversal steps can lead 
to a higher rate of false positive results and this limitation 
should be considered in the decision of whether one uses 
the INFOUR for repeated measurement designs or the full 
Sniffin’ Sticks threshold test. Still, false positive rates are 
influenced by the number of presentations (Running 2015).

To not diminish resolution by dividing sum scores by 
three instead of four, we used percentage scores in contrast 
to the original average threshold score. To keep results com-
parable, we calculated threshold scores along this approach 
for the original version (at T1 and T2) as well as for the 
INFOUR. We tested for correlations with non-modified 
threshold scores and found highly satisfying correlations 
of r = 0.93–0.99 for the original version at T1 and T2 and 
r = 0.99 for the INFOUR at T2.

The main advantage of the INFOUR is its significant time 
saving. This is achieved by the beginning at an informed 
starting point – which is especially pronounced in individu-
als with lower sensitivity – as well as a shortened number of 
reversals. The INFOUR took 42% (approximately 5 min or 
10 triplets) less time than the repeated performance of the 
original version. This is practically relevant and exceeds the 
time improvement obtained by the ascending limits proce-
dure (Sijben et al. 2017) and the wide steps method (Croy 
et al. 2009). Therefore, the INFOUR is a useful tool in cer-
tain fields of application, but requires further validation for 
other purposes such as longer time intervals between testing.

We conclude that the shortened version is suited for 
experimental designs where olfactory threshold is assessed 
multiple times, such as intervention studies or provocation 
designs (e.g., effects of mood or stress induction on olfac-
tion). Furthermore, we are confident that the INFOUR can 
be used for studies with a longer time scale, e.g., for study-
ing potential differences of olfactory perception related to 
menstruation cycle or before versus after nasal surgeries, 
but further tests for reliability are recommended. However, 

it should be noted that our results are derived from a nor-
mosmic sample.

Nevertheless, the strength of the INFOUR is that test-
ing procedure is faster than the repetition of the original 
version while maintaining good validity. This provides 
great advantage in testing procedures where research pro-
tocols are time intensive, or if the effect of an interven-
tion (e.g., mood induction) is short and hence tests need 
to provide more immediate results. The longer a test lasts, 
the more likely it is that compliance will decrease, and 
the test subjects will become tired, bored, or exhausted. 
Although we did not find a significant effect on mood, we  
suspect benefits for multiple measurements with the INFOUR.
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