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Abstract
Background: This study aimed to develop a simple and one-off olfactory screening test, the sni�ng bead
system, for general clinical use in older adults.

Methods: In this cross-sectional study, geriatric subjects (aged > 50 years) who underwent neurocognitive
and olfactory function tests were included. Overall, 137 subjects were enrolled, and the study was
conducted at Chung-Ang University, Seoul, Korea. Olfactory function was measured by obtaining the
scores of the sni�ng bead system using 2-phenylethyl alcohol, n-butanol, and the YSK olfactory function
test. Time taken for each olfactory function test was also measured.

Results: The score of the 2-phenylethyl alcohol sni�ng bead test was 2.58 ± 1.52, which was signi�cantly
associated with the YSK_threshold (2.41 ± 1.79) (p < 0.001, Pearson's correlation coe�cient = 0.429),
YSK_identi�cation (8.93 ± 3.25) (p = 0.014, Pearson's correlation coe�cient = 0.208) and YSK_threshold-
discrimination-identi�cation (17.46 ± 5.49) (p < 0.001, Pearson's correlation coe�cient = 0.316) test
scores. In the normal cognitive function group, YSK_threshold (p < 0.001, Pearson's correlation coe�cient
= 0.479), YSK_identi�cation (p = 0.003, Pearson's correlation coe�cient = 0.316), and YSK_threshold-
discrimination-identi�cation (p < 0.001, Pearson's correlation coe�cient = 0.429) were signi�cantly
correlated with the scores of the 2-phenylethyl alcohol sni�ng bead system. In the impaired cognitive
function group, the YSK_threshold (p = 0.002, Pearson's correlation coe�cient = 0.415) and YSK_
threshold-discrimination-identi�cation (p = 0.004, Pearson's correlation coe�cient = 0.385) were
signi�cantly correlated with the scores of the 2-phenylethyl alcohol sni�ng bead system. Time taken for
the 2-phenylethyl alcohol sni�ng bead system was 5.00 ± 1.51 min, which was signi�cantly lower than
that for the YSK_threshold-discrimination-identi�cation (20.43 ± 5.29 min) (p < 0.001). The scores of the
2-phenylethyl alcohol sni�ng bead system were signi�cantly correlated with those of the n-butanol
sni�ng bead system (3.50 ± 1.21) (p < 0.001, Pearson's correlation coe�cient = 0.315).

Conclusions: This sni�ng bead system was speci�cally designed for screening olfactory function in
older adults, and it may allow for the rapid and accurate assessment of olfactory dysfunction.

Background
Olfactory dysfunction may occur during the natural aging process, and its overall prevalence is estimated
at approximately 5% in the general population [1]. In the geriatric population, olfactory dysfunction
affects critical functions such as nutrition, immunity, mood, and behaviour [2,3]. More recently, olfactory
dysfunction has been shown to be signi�cantly associated with multiple neurodegenerative disorders.
The pathology and development of Alzheimer’s disease (AD) and Parkinson’s disease (PD) are associated
with olfactory impairment [4], and importantly, olfactory dysfunction occurs during the prodromal stage
of these neurodegenerative diseases. Therefore, screening for olfactory dysfunction may be a key factor
in early diagnosis in the early stages of AD [5]. Similarly, olfactory function can be deteriorated in drug-
naïve PD subjects with mild cognitive impairment [6]. With the increasing prevalence of
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neurodegenerative diseases, their social impact is also growing, resulting in the need for olfactory
dysfunction screening not only in ear-nose throat (ENT) clinics, but also in general clinical settings,
especially when treating geriatric subjects.

Various olfactory tests have been developed, such as the Connecticut Chemosensory Clinical Research
Center test, the University of Pennsylvania Smell Identi�cation Test, and the Korean Version of the Sni�n’
Sticks (KVSS II) test. Although these tests are useful in evaluating olfactory function, they each require
more than 20 minutes to complete. These tests’ durations, as well as their complexity, make them tedious
for use as screening tests [7]. Furthermore, for geriatric subjects, especially those suspected to have
impaired cognitive function, the relatively long test duration is a barrier to patient compliance. Therefore,
there is a need for an accurate, simple, and rapid test to screen for olfactory function in geriatric subjects.

Oh et al. reported that the �rst detectable n-butanol concentration, a measure obtained at the beginning of
the threshold detection test during conventional olfactory testing, was signi�cantly correlated with the
overall result of the full olfactory test battery [8]. A signi�cant design limitation of current olfactory test
kits is the use of odor-impregnated felt-tip pens, which lose their strength over time due to repeated
testing, thus limiting their reliability. Additionally, these felt-tip pens are not available for purchase
individually, and the total cost of the testing kit can be prohibitively expensive. Therefore, we aimed to
develop a simple, easy-to-use screening tool for olfactory dysfunction. We developed the sni�ng bead
system, which makes use of a uniquely designed odor-packed bead that is directly released at the nostrils
of the subject and enables simple and easy screening for olfactory function in various clinical settings.

Methods
Participant recruitment

Patients who visited the neuropsychiatric department of our institute with a pre-existing mild cognitive
impairment (MCI) or dementia diagnosis, individuals on their �rst visit for cognitive assessment, and
individuals who responded to a hospital bulletin advertisement were enrolled. Patients who agreed to
undergo both cognitive function testing and olfactory function testing between August 2018 and May
2019 were enrolled in this study. The inclusion criteria were (a) age > 50 years, and (b) being capable of
complying with the study protocol. On the other hand, the exclusion criteria were as follows: (a) any past
or current diagnosis of brain tumor, epilepsy, PD, major depressive disorder, bipolar disorder, or
schizophrenia disease; (b) history of head trauma or stroke; (c) diagnosis of allergic rhinitis,
acute/chronic rhinosinusitis, or a history of nasal surgery; (d) communication di�culties from severe
hearing impairment or aphasia; and (e) failure to understand the study protocol and objectives.
Information about the presence of the exclusion criteria was obtained through self-reporting by the
enrolled subjects. Data on the demographic and clinical characteristics, including age, sex, smoking
status, and diagnosis of AD or vascular dementia, were obtained from all the subjects. All experimental
protocols were approved by the Institutional Review Board of the Chung-Ang University Hospital, and
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written informed consent was obtained from each participant and their caregiver (e.g., spouse or adult
child).

Development of the sni�ng bead system

The sni�ng bead system was composed of several small beads (7 mm in diameter) and a handpiece
(Additional �le 1: Figure 1, Additional �le 2: Video clip 1). The beads were designed such that any odor
can be used. The beads containing the odorants are prepared beforehand, and the smell of the odorants
can be maintained for more than six months if the beads are sealed. All the beads are only for a single-
time use. In this study, we prepared beads packed with 2-phenylethyl alcohol (PEA), and beads with
distilled water served as negative controls.

For the PEA beads, which have a rose-like smell widely used in olfactory testing [9], eight beads
corresponding to eight different concentrations of PEA were used. PEA concentration was diluted in
distilled water at a ratio of 1:2 (from 10–0.078%). The lowest concentration at which the subject detected
the PEA odorant was scored as the PEA threshold score (scores: 1 [highest concentration] to 8 [lowest
concentration], and 0 [not detected]).

To evaluate the generalizability of PEA sni�ng bead system, n-butanol beads were prepared. For the n-
butanol beads, which have an odor also commonly used for olfactory testing in the Korean population [8],
eight beads corresponding to eight different concentrations of n-butanol were used. The n-butanol was
diluted in distilled water at a ratio of 1:2 (from 4–0.0312%), with distilled water used as a negative
control. The lowest concentration at which the subjects detected the n-butanol odorant was scored as the
n-butanol threshold score (scores: 1 [highest concentration] to 8 [lowest concentration], and 0 [not
detected]). The handpiece was composed of two parts: a plastic capsule and an aluminum body. The
capsule could release the odor after bead insertion.

Olfactory threshold testing using the sni�ng bead system

All olfactory function testing procedures were performed by two trained technicians in a well-ventilated
laboratory lacking other scents, odors, or air currents. At the start of the test, the technician inserted only
the bead containing distilled water into the handpiece and burst the bead 2 cm from the front of both
nostrils. The patient was then asked if he/she recognized its odor. If the patient answered that he/she did
not recognize any scent, the bead containing the fourth-strongest concentration (0.248% for PEA; 0.499%
for n-butanol) was used. If the patient still did not recognize the scent, a higher concentration bead was
used. Conversely, if the patient recognized the scent, a lower concentration bead was used. The lowest
concentration at which the patient recognized the scent was recorded as the threshold for the PEA
sni�ng bead system. The time taken for each test was measured from the beginning to the end of the
test by the technician.

YSK olfactory function testing
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The YSK olfactory function test (RHICO Medical Co., Seoul, Korea) [10] is an olfactory testing instrument
designed speci�cally with odors that are familiar to Koreans. It was used as the comparative standard
olfactory function test in this study. The test battery included three subsets (i.e., threshold, discrimination,
and identi�cation tests). The test was performed in the same manner as the KVSS II [11]. In brief, the
detection threshold was de�ned as the concentration at which the PEA (highest concentration: 10%, 1:2
serial dilutions to 12 steps) was correctly identi�ed four times in a row. The test was performed using a
triple-forced-choice paradigm and a seven-reversal initially ascending single-staircase procedure as
described by Doty et al. [12]. For the discrimination test, triplets of odorants—two identical, one different—
were presented, and subjects were asked to choose the odd, i.e., different odorant. Twelve pen triplets
were presented to the subjects. The identi�cation test involved a multiple forced choice from four
descriptors. The sum of the three test scores was calculated as the threshold-discrimination-identi�cation
(TDI) score. The score of each test ranged from 1 to 12 for the threshold test, 0 to 12 for the
discrimination test, and 0 to 12 for the identi�cation test. The combined TDI score ranged from 1 to 36.
Olfactory functions of the enrolled subjects were grouped as normosmia, hyposmia, and anosmia based
on TDI score of the YSK test. The time taken for each test was measured from the beginning to the end of
the test.

Neurocognitive testing

Two psychiatrists evaluated all the subjects for cognitive function and major neurocognitive disorders
using the Structured Clinical Interview for DSM-5 Disorders—Clinician version (SCID-5-CV) [13]. The
Korean version of the Consortium to Establish a Registry for Alzheimer’s Disease-Korean version
assessment packet (CERAD-K) [14] and the Korean version of the Mini-Mental State Examination [15]
were also administered to all the subjects. The CERAD-K consists of the following items: Verbal Fluency,
Modi�ed Boston Naming, Mini-Mental State Examination, Word List Memory, Constructional Praxis, Word
List Recall, Word List Recognition, Constructional Praxis Recall, Trail Making Test, and Stroop Test. We
obtained each participant’s sub-scores, total score (from 0 to 100), and three cognitive function levels
after adjusting for age and sex (normal range, signi�cant decline but not dementia level, or impaired
performance comparable to dementia). The subjects were divided into two groups based on the results of
the CERAD-K examinations: subjects with normal cognitive function and those with impaired cognitive
function [14,16].

Statistical analyses

All the statistical analyses were performed using SPSS version 19.0 (IBM Corp., Armonk, NY, USA).
Descriptive data were presented as means ± standard deviations and categorical data as frequencies (n)
and percentages (%). The Pearson’s correlation coe�cient was used to evaluate the association between
two variables of interest. Differences between two groups were evaluated using the independent t-test. To
test for differences among the three groups, a one-way Analysis of variance (ANOVA) was used with a
Bonferroni post-hoc test. A p-value < 0.05 was considered statistically signi�cant.
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Results
The demographic and clinical characteristics of the subjects are summarized in Table 1. Of the 137
subjects, 28 (20.4%) were men and 109 (79.6%) were women, with the mean age being 71.60 ± 7.56
years. The mean combined TDI score, based on the YSK olfactory function test, was 17.46 ± 5.49. The
mean score of the PEA and n-butanol sni�ng bead systems butanol are 2.58 ± 1.52 and 3.07 ± 1.50.

Table 1 Characteristics of the enrolled subjects

Variables Number

Number 137

Sex  

Male: female 28:109

Age (years)  

Mean ± SD 71.60 ± 7.56

Range 58–92

Smoking   

Non-smoker, n (%) 134 (98.5%)

Smoker, n (%) 3 (1.5%)

Number of subjects with AD (%) 38 (28.1%)

Number of subjects with VD (%) 7 (5.2%)

MMSE-K 22.08 ± 6.56

CERAD-K 60.05 ± 22.72

YSK_threshold   2.41 ± 1.79

YSK_discrimination 6.11 ± 2.07

.

YSK_identification 8.93 ± 3.25

YSK_TDI 17.46 ± 5.49

Mean score of PEA sniffing bead system 2.58 ± 1.52

Mean score of n-butanol sniffing bead system 3.07 ± 1.50

AD, Alzheimer’s disease; CERAD-K, Consortium to Establish a Registry for Alzheimer’s Disease-

Korean version; MMSE-K, Mini-Mental State Examination-Korean version; PEA,  2-phenylethyl



Page 7/16

alcohol; SD, standard deviation;  VD, vascular dementia; YSK_TDI, YSK_threshold-

discrimination-identification

The correlation between the results of YSK olfactory function test, i.e. standard testing, and the scores of
PEA sni�ng bead system was evaluated. The threshold and identi�cation scores of the YSK olfactory
function test were positively correlated (YSK_threshold: p < 0.001, Pearson’s correlation coe�cient =
0.429 and YSK_identi�cation: p = 0.014, Pearson’s correlation coe�cient = 0.208, respectively) with the
scores of PEA sni�ng bead system. However, the discrimination component of the YSK olfactory
function test was not signi�cantly correlated with the PEA sni�ng bead test scores (YSK_discrimination:
p = 0.101, Pearson’s correlation coe�cient = 0.140) (Fig. 1A–C). The combined TDI score of the YSK
olfactory function test was also positively correlated with the scores of PEA sni�ng bead system
(YSK_TDI: p < 0.001, Pearson’s correlation coe�cient = 0.316) (Fig. 1D). When the scores of PEA sni�ng
bead system were compared according to olfactory function, the mean score was 4.74 ± 1.59 in subjects
with normosmia, 4.05 ± 1.25 in subjects with hyposmia, and 3.62 ± 1.94 in subjects with anosmia. The
difference between the subjects with normosmia and anosmia was statistically signi�cant (p = 0.012)
(Fig. 1E).

Subsequently, subjects were divided into groups based on cognitive function. Eighty-four subjects were
classi�ed as having normal cognitive function and 53 were classi�ed as having impaired cognitive
function. In the normal cognitive function group, the YSK_threshold (p < 0.001, Pearson’s correlation
coe�cient = 0.479), YSK_identi�cation (p = 0.003, Pearson’s correlation coe�cient = 0.316), and YSK_TDI
(p < 0.001, Pearson's correlation coe�cient = 0.429) values were signi�cantly correlated with the scores
of the PEA sni�ng bead system. In the impaired cognitive function group, the YSK_threshold (p = 0.002,
Pearson's correlation coe�cient = 0.415) and YSK_TDI (p =0.004, Pearson's correlation coe�cient =
0.385) values were signi�cantly correlated with the scores of the PEA sni�ng bead system (Table 2,
Supplementary Figure 2). The scores of the PEA sni�ng bead system were not signi�cantly different
between the subjects with normal (3.98 ± 1.43) and decreased cognitive function (4.39 ± 1.89) (p =
0.336) (Supplementary Figure 3).

Table 2  Correlation between each component of the olfactory function test (YSK) and the

scores of the PEA sniffing bead system in subjects with and without cognitive impairment 
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  Normal Cognitive impairment Total

  Coefficient p Coefficient p Coefficient p

YSK_threshold

 

0.479 < 0.001 0.415 0.002 0.429 < 0.001

YSK_discrimination 0.195 0.074 0.185 0.183 0.140 0.101

YSK_identification 0.316 0.003 0.257 0.068 0.208

0.

0.014

YSK_TDI 0.429 < 0.001 0.385 0.004 0.316 < 0.001

Coefficient, Pearson’s correlation coefficient; YSK_TDI, YSK_threshold-discrimination-
identification

Next, we evaluated the time required to conduct each olfactory test. The mean duration of the
YSK_threshold test was 6.41 ± 2.71 min for all subjects, with a mean test duration of 6.35 ± 2.40 min and
6.51 ± 3.17 min in subjects with normal and impaired cognitive function, respectively. The mean duration
of the YSK_discrimination test was 7.62 ± 2.23 min for all the subjects, with a mean test duration of 7.50
± 1.96 min and 7.83 ± 2.61 min in subjects with normal and impaired cognitive function, respectively. The
mean duration of the YSK_identi�cation test was 6.43 ± 1.96 min for all the subjects, with a mean test
duration of 6.20 ± 1.65 min and 6.79 ± 2.35 min in subjects with normal and impaired cognitive function,
respectively. The mean duration of the complete YSK olfactory function test battery was 20.43 ± 5.29 min
in all the subjects, with a mean test duration of 20.05 ± 5.01 min and 21.01 ± 5.72 min in those with
normal and impaired cognitive function, respectively. In contrast, the mean test duration of the PEA
sni�ng bead system was 5.00 ± 1.51 min for all subjects, with a mean test duration of 4.87 ± 1.36 and
5.01 ± 1.44 min in the normal and impaired cognitive functioning groups, respectively. The mean test
duration of the PEA sni�ng bead system (5.00 ± 1.51 min) was signi�cantly shorter than that of the
YSK_threshold (6.41 ± 2.71 min), YSK_discrimination (7.62 ± 2.23 min), YSK_identi�cation (6.43 ± 1.96
min), and YSK_TDI tests (20.43 ± 5.29 min) (Fig. 2).

Finally, the generalizability of the sni�ng bead system to other odors was evaluated. The scores of the
PEA and n-butanol sni�ng bead systems were signi�cantly correlated (p < 0.001, Pearson’s correlation
coe�cient = 0.315) (Fig. 3A). The scores of the n-butanol sni�ng bead system were signi�cantly
correlated with YSK_threshold scores (p < 0.001, Pearson’s correlation coe�cient = 0.525),
YSK_discrimination (p = 0.004, Pearson’s correlation coe�cient = 0.239), YSK_identi�cation (p = 0.001,
Pearson’s correlation coe�cient = 0.271), and YSK_TDI (p < 0.001, Pearson’s correlation coe�cient =
0.422) (Fig. 3B–E).
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Discussion
Summary

The development and validation of a novel screening tool for olfactory dysfunction that speci�cally
developed for older adults was reported in this study. The mean total score of the conventional olfactory
test (YSK, which was composed of three subsets of threshold, discrimination, and identi�cation) was
17.46 ± 5.49. The mean total score of YSK was signi�cantly correlated with the scores of the PEA sni�ng
bead system in subjects with both normal and impaired cognitive function. Regarding each subset of the
conventional olfactory test, the scores of the PEA sni�ng bead system was signi�cantly associated with
the threshold and identi�cation scores in the normal cognitive function group, while only the threshold
score was associated with the scores of the PEA sni�ng bead system in the impaired cognitive function
group. When we grouped subjects into normosmia, hyposmia, and anosmia based on total score of YSK,
the score of PEA sni�ng bead system was signi�cantly different between groups.

Comparison with the existing literature

If the ability to discriminate or identify an odor is diminished, an impairment of the central nervous
system may be suspected, whereas isolated threshold de�cits may suggest peripheral damage [17]. A
marked decrease in the olfactory identi�cation scores was apparent in subjects with dementia, and a loss
of odor identi�cation had been proposed as a predictive marker of the transition from mild cognitive
impairment to AD [9].  As PEA sni�ng bead system is based on odor recognition threshold, it is possible
that the score of PEA sni�ng bead system does not directly accord with the identi�cation score. The
correlation between scores of the PEA sni�ng bead system and identi�cation scores, as seen in subjects
with normal cognitive function, was not found in subjects with impaired cognitive function. In subjects
with impaired cognitive function, who particularly has declined odor identi�cation (among three subsets
(threshold, detection, and identi�cation) of olfactory function), the reliability of PEA sni�ng bead system
could be decreased.

A marked bene�t of this novel olfactory testing system was the ability to use different odors within the
same system. Odor identi�cation tests have cultural biases, and the current conventional olfactory tests
are not applicable across all ages and cultures [18,19]. Modi�cation of an odor is necessary for a test to
be of use cross-culturally. The results of our sni�ng bead system using both n-butanol bead and PEA as
odors were compared and it was found that the results of the two odors were signi�cantly correlated.
Thus, the system can be applied using other novel odors that are culturally appropriate.

To date, several olfactory tests have been developed speci�cally for use in Korea. The KVSS and the YSK
olfactory function tests are both composed of three subsets, and the summation of the total threshold,
discrimination, and identi�cation scores is used in ENT clinics. In this study, the focus was on geriatric
subjects who required olfactory screening in diverse clinical settings, including neurology, internal
medicine, and family medical clinics. These settings usually involve numerous geriatric subjects with
potential olfactory dysfunction. In these clinics, performing a conventional olfactory function test is
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di�cult and time-consuming, and thus, the diagnosis of olfactory dysfunction is often missed. Using the
present olfactory function screening system, more subjects suspected to have olfactory dysfunction can
be potentially referred to an ENT clinic for further evaluation.

Implications for research and/or clinical practice

For geriatric subjects, especially those with cognitive impairment, conducting conventional olfactory
testing lasting more than 20 minutes can be challenging. The long test duration is one of the primary
reasons for poor compliance to olfactory test instructions in this patient population. Hence, the brief and
easy-to-perform olfactory bead screening system could be highly bene�cial as a screening tool. Although
a shorter test time is critical for screening tools, it compromises on the bene�ts that longer, conventional
olfactory testing can offer, such as distinguishing between levels of less-than-total olfactory dysfunction
or the identi�cation of malingering. Hence, such screening tools should not be used as substitutes for
more extensive conventional testing .

Study strengths and limitations

The sni�ng bead system, our newly developed diagnostic system for the screening of olfactory function,
is simple, easy-to-perform, not culturally speci�c, and particularly suited for testing older adults. It is
based on single-use beads containing odorous solutions and overcomes the primary disadvantage of
conventional, felt-tip-pen-type olfactory test kits that degrade over time.

In geriatric subjects, de�cits in olfaction are di�cult to detect unless they are speci�cally assessed,
especially in those with impaired cognitive function. Based on this validation study, the sni�ng bead
system is a useful screening tool that quanti�es detection thresholds comparable to those in
conventional olfactory testing, but in a signi�cantly shorter time. The validity of this system is further
supported in cognitively impaired geriatric subjects, including subjects with AD and vascular dementia.

However, several limitations of the study should be considered. First, most of the subjects were women.
Men have been reported to generally have poorer olfactory function than women [20]; however, another
study failed to �nd a correlation between sex and odor identi�cation [21]. Given this inconsistency in the
literature, there is a need to compare the results of the sni�ng bead system between men and women.
Second, the relatively small sample size and restricted ethnicity limit the generalizability of the results. As
the sni�ng bead system can be adapted to other odors, a large population-based study including
participants of various ethnicities is needed. Finally, this study only evaluated the usefulness of this
olfactory screening tool but did not evaluate the threshold of the sni�ng bead system for diagnosis of
diseases such as AD, as has been done for previous conventional olfactory function tests. Further studies
investigating the threshold for the diagnosis of diseases should be performed.

Conclusions
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The development and validation of a novel screening tool for olfactory dysfunction, speci�cally for use in
older adults, has been reported in this study. The sni�ng bead system may be applied both as a
screening tool for olfactory dysfunction and for follow-up of normal olfactory function in the geriatric
population. As it is a simple, quick, and one-off system, it can be widely applied in various clinical �elds.
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Figure 1

Correlation between the PEA sni�ng bead system scores and the YSK olfactory function test scores. (A)
Correlation between the PEA sni�ng bead system and the YSK_threshold scores. (B) Correlation between
the PEA sni�ng bead system and the YSK_discrimination scores. (C) Correlation between the PEA
sni�ng bead system and the YSK_identi�cation scores. (D) Correlation between the PEA sni�ng bead
system and the YSK_TDI scores. (E) Comparison of the PEA sni�ng bead system scores between
subjects with normosmia, hyposmia, and anosmia. PEA, 2-phenylethyl alcohol; TDI threshold-
discrimination-identi�cation
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Figure 2

Duration of each olfactory test in subjects with normal and impaired cognitive function groups, and for
the total number of subjects. *** p < 0.001

Figure 3
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(A) Correlation between the PEA and n-butanol sni�ng bead system scores. (B–E) Correlation between
the n-butanol sni�ng bead system and the YSK olfactory function test scores. (B) Correlation between
the n-butanol sni�ng bead system and the YSK_threshold scores. (C) Correlation between the n-butanol
sni�ng bead system and the YSK_discrimination scores. (D) Correlation between the n-butanol sni�ng
bead system and the YSK_identi�cation scores. (E) Correlation between the n-butanol sni�ng bead
system and the YSK_TDI scores. PEA, 2-phenylethyl alcohol; TDI, threshold-discrimination-identi�cation
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