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Abstract
The sense of taste is rarely assessed quantitatively outside of a limited number of academic and industrial laboratories, despite its
role in influencing nutrition, the flavor of foods and beverages, and protection against ingestion of spoiled and toxic foodstuffs.
This dearth reflects, in part, practical limitations of most taste tests, most notably their reliance on liquid stimuli for stimulus
presentation or rinsing. In this study, a novel portable taste test that requires neither liquid tastants nor liquid rinses is described
and validated within a clinic population. This test, termed the Waterless Empirical Taste Test (WETT®), uses stimuli that are
embedded in pads of monometer cellulose located on disposable plastic strips applied to the tongue’s surface. The test–retest and
split-half reliability coefficients of the WETT® were 0.92 and 0.88, respectively. These respective coefficients for sucrose, NaCl,
citric acid, caffeine, and MSG were 0.82 and 0.80, 0.78 and 0.77, 0.56 and 0.73, and 0.84 and 0.84. The WETT® exhibited
comparable, in some cases higher, sensitivity than two comparison taste tests, the Whole Mouth Taste Test and the Taste
Quadrant Taste Test, to age, sex, etiology (head trauma vs. upper respiratory infections), and phenylthiocarbamide (PTC) taste
ability. This study demonstrates that a taste test that does not require liquids can be as reliable and sensitive as more traditional
liquid-based taste tests to clinical alterations in taste function.
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Introduction

The sense of taste plays a significant role in nutrient balance, the
flavor of foods and beverages, and protection against the inges-
tion of spoiled and poisonous food. As noted by Schier and
Spector (2019, p. 605), “The taste system is the gatekeeper of
the alimentary tract, permitting and promoting the entry of nutri-
ents while preventing and rejecting ingestion of potentially harm-
ful substances.” Data from the National Health and Nutrition
Examination Survey (NHANES) suggest that over 25 million
Americans 49 years of age and older suffer from chronic taste
problems (Rawal et al., 2015; Liu et al., 2016) – problems that
commonly go unrecognized until formal testing occurs (Soter
et al., 2008).

Although a wide variety of taste tests have been described in
the literature, they are rarely employed outside of academic and
industrial settings (for reviews, see Doty, 2019a; Frank et al.,

1995; Hawkes & Doty, 2017; Snyder et al., 2015). This reflects,
in part, practical limitations of most taste tests, notably their reli-
ance on liquid stimuli for stimulus presentation or rinsing. Thus,
unless purified water is available and a means for sipping and/or
expectorating the oral contents are present, quantitative chemical
taste testing is not possible.

This paper describes the development and clinical valida-
tion of a practical, reliable, and portable taste test, termed the
Waterless Empirical Taste Test (WETT®). This test requires
neither liquid tastants nor liquid rinses, thereby being amena-
ble to office, clinic, and bedside applications. Its stimuli in-
clude not only representatives of the classic taste qualities of
sweet, sour, bitter, and salty, but also that of umami (i.e.,
monosodium glutamate). Test–retest and split-half reliability
coefficients were determined, along with the test’s compara-
tive sensitivity relative to two other taste tests, to sex, age,
head trauma, and phenylthiocarbamide (PTC) taste sensitivity.

Materials and methods

Subjects

A total of 198 consecutive patients presenting to the
University of Pennsylvania Smell and Taste Center for
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chemosensory evaluation served as subjects (Table 1). Five
percent were cigarette smokers. A subset of 34 subjects were
administered the WETT® on two occasions to establish test–
retest reliability [17 men, 17 women, mean (SD) respective
ages = 64.41 (11.62) and 60.12 (11.87)]. All subjects provided
informed written consent. The study was approved by the
University’s Office of Regulatory Affairs and complies with
the Declaration of Helsinki for medical research involving
human subjects.

Procedures

The WETT® and two other well-established taste tests, the
Whole Mouth Taste Test and the Taste Quadrant Test de-
scribed below, were administered in a standardized manner
by trained test administrators. Testing order was interspersed
with other tests, being dependent upon the patient mix and the
availability of test stations. All but nine subjects were also
administered both a PTC taste strip marketed by Carolina
Biological Supply Company (Burlington, NC, USA; 7 μg
PTC/strip) and by Sensonics International (Haddon Heights,
NJ, USA; 18 μg PTC/strip). One type of strip was adminis-
tered in the morning and the other type of strip in the afternoon
in counterbalanced order. In addition to reporting whether or
not a bitter taste was present on each PTC strip, those who
noticed a bitter taste rated its relative intensity on a nine-point
rating scale (1 = very weak; 9 = very strong).

Taste tests

Waterless Empirical Taste Test (WETT®) The WETT®

(Sensonics International, Haddon Heights, NJ; see Dr.
Doty’s disclosure statement) is comprised of a series of 53
disposable plastic taste strips. Located on one side of each
1 × 6 cm strip is a 1 × 2.5 cm monomer cellulose pad that

contains a concentration of either dried sucrose (0.20, 0.10,
0.05, or 0.025 g/ml), citric acid (0.025, 0.05, 0.10, or 0.20
g/ml), sodium chloride (0.0313, 0.0625, 0.125, or 0.25
g/ml), caffeine (0.011, 0.022, 0.044, or 0.088 g/ml),
monosodium glutamate (0.017, 0.034, 0.068, or 0.135 g/ml),
or no stimulus. For ease of presentation, the taste strips are
contained in a three-drawer portable box (Fig. 1). Rubber
gloves are provided for the test administrator in an opening
at the top of the box, along with a prompt sheet to remind the
subject as to the taste qualities to be reported. Each of three
drawers of the kit is divided into nine compartments that open
to the kit’s front. The strips are presented in an order denoted
in each test drawer compartment. On a given trial, the pa-
tient is instructed to move the cellulose pad of each strip
around the mouth, particularly along the dorsal edges of the
tongue, for 5–10 seconds, and to identify the taste quality or to
indicate that no taste can be perceived. The test sequence
involves presenting the four concentrations of each stimulus
twice. In the first half of the test (27 trials), the stimulus con-
centrations proceed from weak to strong in an ascending se-
quence, with the different tastants being randomized in pre-
sentation order. No tastant (e.g., sucrose) immediately follows
itself. The blanks are presented after each of the four caffeine
presentations, the 0.25 g/ml sodium chloride presentation, and
the 0.025 g/ml and 0.10 g/ml citric acid presentations. In the
second half of the test, the reverse presentation order is made,
i.e., going from strong to weak concentrations. The blank that
follows the 0.25 g/ml sodium chloride stimulus, which is the
last trial of the first series, is not repeated at the beginning of
the second series, resulting in 26 rather than 27 trials for the
second half of the test.

Whole-mouth taste test (WMT) In this test, 20 mL of five
concentrations each of sucrose (0.08, 0.16, 0.32, 0.64, 1.28
molar [M]), sodium chloride (0.032, 0.064, 0.128, 0.256,
0.512 M), citric acid (0.0026, 0.0051, 0.0102, 0.0205,
0.0410 M), and caffeine (0.0026, 0.0051, 0.0102, 0.0205,
0.0410 M) are presented in disposable plastic cups to each
subject in a counterbalanced presentation order (Deems
et al., 1991; Stinton et al., 2010). Each solution is sipped,
swished in the mouth, and expectorated. The subject indicates
whether the solution tasted sweet, salty, sour, or bitter, and
rates its intensity and pleasantness on visual analog scales
(Hawkes & Doty, 2017). In the present study, only the iden-
tification scores are presented, not the intensity and pleasant-
ness ratings. After responding, the mouth is rinsed with puri-
fied water. Forty stimulus presentations are administered (4
tastants × 5 concentrations × 2 trials). The total possible iden-
tification score for a given tastant is 10, with 40 being the
maximum for the overall test.

Taste Quadrant test (TQT) In this test, taste identification abil-
ity is assessed on the left and right sides of the anterior and

Table 1 Etiology, sample size, age, and sex distribution of the study
population. See text for details

Etiology No. Age (SD) Male/
Female

Congenital 2 15.00 & 19.00 1/1

Iatrogenic 14 62.07 (15.41) 9/5

Idiopathic 68 60.88 (15.52) 33/35

Medication 1 68.00 (--) 0/1

Rhinosinusitis 6 53.00 (8.72) 3/3

Stroke 1 86.00 (--) 1/0

Toxic exposure 2 53.00 & 61.00 1/1

Traumatic brain injury 34 52.97 (14.40) 15/19

Viral upper respiratory infection 70 58.61 (11.56) 24/46

TOTALS 198 58.25 (14.56) 87/111
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posterior tongue (Doty, Heidt, et al., 2016a; Doty, Tourbier,
et al., 2016b; Stinton et al., 2010). The selected tongue regions
are near the lateral margins of the anterior tongue and near or
on the lateral circumvallate papillae in the back of the tongue.
For each tongue region, 25 μl of sucrose (0.49 M), sodium
chloride (0.31 M), citric acid (0.015 M), and caffeine (0.04
M), equated for kinematic viscosity using cellulose (1.53
mm2/s), are presented in a counterbalanced order using a mi-
cropipette (Eppendorf, Hamburg, Germany). On a given trial,
each subject reports whether the solution tastes sweet, sour,
salty, or bitter before retracting the tongue and rinsing with
purified water. A total of 96 forced-choice trials (4 tastants × 4
lingual regions × 6 repetitions) are presented. The maximum
score a subject can attain for a given tastant is 24.

Statistical analyses

The test–retest reliability the of theWETT®was assessed using the
Pearson correlation coefficient, and the differences in test scores
between the two test occasions were assessed using analysis of
covariance (ANCOVA; age = covariate). The time between test
and retest ranged from 5 to 6 hours. Split-half reliabilities of all
three tests were computed and compared. The Spearman-Brown
prophecy formula was used to adjust the split-half reliability coef-
ficients for test length (Guilford, 1954). ANCOVAs assessed the
impact of age, sex, head trauma, and PTC on total test scores and
scores from the individual taste stimuli that make up each test. P
values, SDs,η2 values, and 95%confidence intervals are presented
as summary statistics.

Results

WETT® test–retest reliability coefficients

The means, SDs, 95% CIs, and test–retest reliability coeffi-
cients for the two administrations of the WETT® are shown in

Table 2 (n = 34). The coefficient of the total test (r = 0.92), i.e.,
for all taste qualities combined, was higher than that of the
individual taste qualities. The average test scores did not differ
significantly across the two test sessions.

Split-half reliability coefficients of the WETT®, WMT,
and TQT

The split-half r’s were higher for the total tests than for the
individual taste qualities (Table 3; n = 198). In most cases,
improvement occurred across the two sectors of the test, al-
though only 6 of the 15 comparisons were statistically mean-
ingful, and one reflected a decline in performance. Thirteen of
the 15 reliability coefficients (87%) were above 0.70, with
two-thirds (10/15) being at or above 0.80, a value considered
to be very strong (Cohen, 2003; Hemphill, 2003).

Sensitivity of the WETT®, WMT, AND TQT to sex and
age

The mean, SD, and 95%CI data for the total scores of all three
tests are presented in Table 4 for both sexes as a function of
age quartiles. Women, on average, outperformed men on all
three tests (WETT® p < 0.001, η2 = 0.121; WMT p = 0.007,
η2 = 0.035; TQT p < 0.001, η2 = 0.071). In all cases, scores
decreased with age (WETT® p = 0.016, η2 = 0.026; WMT
p = 0.002, η2 = 0.048; TQT p < 0.033, η2 = 0.022).

Both sex and age effects were variably present for the in-
dividual sweet, sour, salty, and bitter components of the three
tests. When present, the magnitude of their effects was similar
to those observed in Table 4. The statistical details for each
stimulus are as follows:

Sucrose

For sucrose, the WETT® scores were higher for women (p =
0.001, η2 = 0.062) and decreased with age (p = 0.047, η2 =

Fig. 1 The portable Waterless Empirical Taste Test (WETT®) kit with
front door closed (left) and open (right). The three drawers containing the
white plastic monomer cellulose pads embedded with tastants (in front of

pictures) are shown on the right. Courtesy of Sensonics International,
Haddon Hts., NJ 08035 USA. Copyright © 2015, 2019, Sensonics,
International.
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0.021). This was also true for the TQT scores (sex p < 0.001,
η2 = 0.071; age p = 0.033, η2 = 0.022). In contrast, the WMT
sucrose scores were not meaningfully related to either sex or
age (ps > 0.15).

Sodium chloride

For sodium chloride, women outperformed men on both the
WETT® and theWMT (WETT® p = 0.006, η2 = 0.041;WMT
p = 0.003, η2 = 0.048). Age did not significantly affect the

performance on either test (ps > 0.20), although a trend was
present for the WETT® (p = 0.062, η2 = 0.001). TQT sodium
chloride scores were not meaningfully impacted by either sex
or age (ps > 0.25).

Citric acid

For citric acid, WETT® scores were related to both sex (p =
0.006, η2 = 0.040) and age (p = 0.047, η2 = 0.043). The WMT
was also sensitive to age (p < 0.0001, η2 = 0.093), but not sex

Table 3 Split-half reliability coefficients, along with mean, SD, and
95% confidence intervals, for the trials of the first and second halves of
the Waterless Empirical Taste Test (WETT®), the Whole Mouth Taste
Test (WMT), and the Quadrant Taste Test (TQT). P value after %

difference column is based on an ANCOVA (age = covariate)
comparing the means of the two halves, whereas the p value in the last
column represents the significance of the r value. N = 198. See text for
details

1st Half 2nd Half % Diff P r P

Mean (SD) 95% CI Mean (SD) 95% CI

WETT®

Total 15.07 (4.79) 14.39, 15.74 15.29 (5.07) 14.58, 16.00 +1.46 0.330 0.88 0.000

Sucrose 1.90 (1.32) 1.71, 2.08 1.95 (1.37) 1.76, 2.14 +2.63 0.518 0.80 0.000

NaCl 2.54 (1.30) 2.35, 2.72 2.79 (1.33) 2.61, 2.98 +9.84 0.002 0.77 0.000

Citric acid 2.41 (1.30) 2.23, 2.59 2.59 (1.36) 2.40, 2.78 +7.47 0.034 0.73 0.000

Caffeine 2.01 (1.44) 1.81, 2.21 2.11 (1.50) 1.90, 2.32 +4.98 0.214 0.84 0.000

WMT

Total 16.87 (3.12) 16.44, 17.31 16.67 (3.23) 16.22, 17.13 −1.19 0.144 0.90 0.000

Sucrose 4.78 (0.62) 4.70, 4.87 4.63 (0.68) 4.53, 4.72 −3.14 0.000 0.72 0.000

NaCl 4.27 (1.03) 4.13, 4.42 4.35 (1.04) 4.21, 4.50 +1.87 0.177 0.80 0.000

Citric acid 3.69 (1.42) 3.49, 3.89 3.66 (1.53) 3.45, 3.88 −0.81 0.718 0.81 0.000

Caffeine 4.13 (1.18) 3.96, 4.29 4.03 (1.37) 3.84, 4.22 −2.42 0.149 0.85 0.000

TQT

Total 26.24 (8.12) 25.10, 27.38 27.40 (8.34) 26.23, 28.57 +4.42 0.001 0.90 0.000

Sucrose 8.31 (2.83) 7.91, 8.70 8.62 (2.88) 8.21, 9.02 +3.73 0.039 0.85 0.000

NaCl 6.88 (2.82) 6.49, 7.28 7.17 (3.01) 6.75, 7.59 +4.22 0.103 0.79 0.000

Citric acid 5.22 (2.76) 4.83, 5.60 5.59 (2.94) 5.17, 6.00 +7.09 0.034 0.78 0.000

Caffeine 5.83 (3.08) 5.40, 6.26 6.03 (3.24) 5.58, 6.49 +3.43 0.245 0.83 0.000

Table 2 Mean, SD, and 95% confidence intervals for the trials of the first and second test–retest sessions of the Waterless Empirical Taste Test
(WETT®), along with the percent difference in mean test scores, reliability coefficients, and associated p values. N = 34. See text for details

Test 1 Test 2 % Diff P r P

Mean (SD) 95% CI Mean (SD) 95% CI

Total 27.50 (10.30) 23.91, 31.09 28.24 (10.27) 24.65, 31.82 +02.69 0.562 0.92 0.000

Sucrose 2.71 (2.34) 1.89, 3.52 3.29 (2.80) 2.32, 4.27 +21.40 0.766 0.82 0.000

NaCl 4.38 (2.67) 3.45, 5.32 4.15 (2.72) 3.20, 5.10 −05.25 0.450 0.78 0.000

Citric acid 4.79 (2.50) 3.92, 5.67 4.85 (2.32) 4.04, 5.66 +01.25 0.881 0.56 0.001

Caffeine 3.62 (2.98) 2.58, 4.66 3.62 (2.75) 2.66, 4.58 00.00 1.000 0.84 0.000

MSG 2.12 (2.32) 1.31, 2.93 2.12 (2.64) 1.20, 3.04 00.00 1.000 0.89 0.000
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(p = 0.23, η2 = 0.006). The TQT was not statistically influ-
enced by either sex (p = 0.072, η2 = 0.034) or age (p = 0.077,
η2 = 0.033).

Caffeine

For caffeine, both the WETT® scores and those of the TQT
were influenced by sex (ps < 0.001; respective η2s = 0.057 &
0.080) and age (ps = 0.030 & 0.015; η2s = 0.043 & 0.027).
Like citric acid, the WMT bitter trials were impacted by age
(p = 0.016, η2 = 0.031), but not sex (p = 0.119, η2 = 0.013).

Monosodium glutamate

The WETT® is the only one of the three tests to employ
monosodium glutamate (umami). Umami scores were

influenced by sex (p = 0.033, η2 = 0.025), but not age (p =
0.239, η2 = 0.008).

Sensitivity of the WETT®, WMT, and TQT to head
trauma taste deficits

There is evidence that head trauma (HT) can negatively im-
pact taste function, with published dysfunction frequencies
ranging from 0.4% to 19% (Schofield & Doty, 2019).
Although viral upper respiratory infections (URIs) can also
produce chronic taste deficits, they are less common than
those observed in HT. For example, in one study, whole-
mouth taste loss was evident in 5.3% of 132 HT patients, as
compared to 1.6% of 192 URI patients (Deems et al., 1991).
For this reason, we sought to determine whether any of the
three tests could differentiate between these two groups.

Table 4 Mean (SD; 95% CI) total test identification scores for three taste tests and their relationship to subject sex and age. See text for details

Waterless Empirical Taste Test (WETT®) – Total Score

Age Quartile 1 (< 50 years) Age Quartile 2 (50–59 years)

Sex N Mean SD 95% CI Sex N Mean SD 95% CI

M 18 30.06 9.13 25.52, 34.60 M 18 25.67 6.62 22.38, 28.96

F 31 34.32 8.58 31.17, 37.47 F 31 34.68 8.98 31.38, 37.97

Both 49 32.76 8.94 30.19, 36.32 Both 49 31.37 9.23 28.72, 34.02

Age Quartile 3 (60–69 years) Age Quartile 4 (70+ years)

Sex N Mean SD 95% CI Sex N Mean SD 95% CI

M 20 26.65 9.49 22.21, 31.09 M 31 24.94 9.39 21.49, 28.38

F 29 32.90 7.47 30.06, 35.74 F 20 30.90 8.49 26.93, 34.87

Both 49 30.35 8.82 27.81, 32.88 Both 51 27.28 9.43 24.62, 29.93

Whole Mouth Taste Test (WMT) – Total Score

Age Quartile 1 (< 51 years) Age Quartile 2 (51–60 years)

Sex N Mean SD 95% CI Sex N Mean SD 95% CI

M 18 32.44 6.54 29.19, 35.70 M 18 33.78 7.11 30.24, 37.31

F 31 36.07 4.74 34.33, 37.80 F 31 35.74 4.60 34.05, 37.43

Both 49 34.74 5.68 33.10, 36.37 Both 49 35.02 5.66 33.39, 36.65

Age Quartile 3 (61–70 years) Age Quartile 4 (>70 years)

Sex N Mean SD 95% CI Sex N Mean SD 95% CI

M 20 34.30 6.04 31.48, 37.13 M 31 29.36 6.97 26.80, 31.91

F 29 34.45 5.12 32.50, 36.40 F 20 31.45 4.52 22.33, 33.57

Both 49 34.39 5.45 32.82, 35.95 Both 51 30.18 6.17 28.44, 31.91

Quadrant Taste Test (TQT) – Total Score

Age Quartile 1 (< 51 years) Age Quartile 2 (51–60 years)

Sex N Mean SD 95% CI Sex N Mean SD 95% CI

M 18 55.28 14.54 48.05, 62.51 M 18 52.89 15.84 45.23, 60.54

F 31 56.84 17.68 50.35, 63.32 F 31 58.13 16.10 52.22, 64.04

Both 49 56.25 16.46 46.41, 58.63 Both 49 56.20 15.89 51.64, 60.77

Age Quartile 3 (61–70 years) Age Quartile 4 (>70 years)

Sex N Mean SD 95% CI Sex N Mean SD 95% CI

M 20 47.05 14.03 40.49, 53.62 M 31 52.52 16.66 46.41, 58.63

F 29 53.55 14.95 47.87, 59.24 F 20 49.30 13.46 43.00, 55.60

Both 49 50.90 14.79 46.65, 55.15 Both 51 51.25 15.42 46.92, 55.59
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The total test scores of each of the three tests were signif-
icantly lower for patients with a HT etiology than for those
with an URI etiology (Table 5). While the subtests of the TQT
did not discriminate between these two groups, the sucrose
and citric acid subtests of the WETT® did so, as did the
NaCl, citric acid, and caffeine subtests of the WMT.

Sensitivity of the WETT®, WMT, and TQT to
phenylthiocarbamide (PTC) tasters

We trichotomized the PTC test scores into the three catego-
ries: not detecting bitter on either type of taste strip, detecting
bitter on only one type of taste strip, and detecting bitter on
both types of strips. The mean (SD) bitter intensity ratings
given to these strips for these three respective groups were 0
(0 .00) , 4 .11 (2 .06) , and 5.75 (1 .56) . The tas te
test identification scores of the three taste tests are presented
in Table 6, along with the results of the ANCOVAs performed
across the three categories and the post hoc comparison
p values. It is apparent from these data that each test’s
total identification score differed among the three PTC sensi-
tivity categories. Although there was a monotonic relationship
of performance for each test across the three subject groups,
comparisons of means using Tukey’s HSD difference test
found that the most significant differences occurred between
the no-strip and two-strip taste groups. Differences did occur
between the no-strip and one-strip taste groups for caffeine

and NaCl on the WETT® and between the one-strip and
two-strip taste groups for the total test, sucrose, and caffeine
on the TQT. Significant differences were apparent for seven of
the comparisons for the WETT®, three comparisons for the
WMT, and five comparisons for the TQT.

Discussion

This study demonstrates, in a clinic population, that the
WETT® performs as well as, and in some cases better than,
two established liquid-based taste tests on a range of tasks,
thereby documenting its general validity. Thus, the WETT®

is as sensitive or more sensitive to age, sex, head trauma, and
PTC taste detection relative to the other two tests. Such per-
formance is remarkable in light of the fact that this test has a
relatively short administration time and does not employwater
rinses. Such features make it very practical in both clinical and
non-clinical settings.

The WETT® is a general measure of the ability to identify
various concentrations of taste stimuli with a minimum num-
ber of trials and without the calculation of thresholds, per se.
However, operationally, its presentation paradigm is similar to
that of recognition thresholds, since a range of different con-
centrations is presented in an ascending series in the first half
of the test and a descending series in the second half of the test,
and the subject’s task is to identify the taste quality of each

Table 5. Mean, SD, and 95% confidence intervals for the identification
scores of Waterless Empirical Taste Test (WETT®), the Whole Mouth
Taste Test (WMT), and the Quadrant Taste Test (TQT). P and η2 values

based on an ANCOVA (age = covariate) that compared means of the two
groups. N = 198. See text for details

Head trauma (n = 34) URI (n = 70) % Diff P η2

Mean (SD) 95% CI Mean (SD) 95% CI

WETT®

Total 28.62 (8.38) 25.70, 31.54 32.24 (7.51) 30.45, 34.03 +12.65 0.007 0.066

Sucrose 3.50 (2.34) 2.68, 4.32 4.32 (2.34) 3.76, 4.90 +23.43 0.040 0.039

NaCl 4.85 (2.44) 4.00, 5.70 5.57 (2.00) 5.10, 6.05 +14.85 0.088 0.028

Citric acid 4.65 (2.00) 3.88, 5.42 5.41 (1.94) 4.95, 5.88 +16.34 0.019 0.050

Caffeine 3.88 (2.80) 2.90, 4.86 4.13 (2.59) 3.51, 4.75 +6.44 0.301 0.009

WMT

Total 31.56 (6.89) 29.16, 33.96 34.73 (4.35) 33.69, 35.77 +10.04 0.001 0.103

Sucrose 9.29 (0.84) 9.00, 9.59 9.56 (0.77) 9.37, 9.74 +2.91 0.081 0.030

NaCl 7.65 (2.21) 6.88, 8.42 9.04 (1.39) 8.71, 9.37 +18.17 0.000 0.128

Citric acid 6.97 (2.96) 5.94, 8.00 7.70 (2.31) 7.15, 8.25 +10.47 0.035 0.039

Caffeine 7.65 (2.77) 6.68, 8.62 8.43 (1.92) 7.97, 8.89 +10.20 0.021 0.047

TQT

Total 51.03 (14.65) 45.92, 56.14 56.06 (13.80) 52.77, 59.35 +9.86 0.039 0.040

Sucrose 16.59 (4.98) 14.85, 18.33 17.31 (4.92) 16.14, 18.49 +4.34 0.341 0.009

NaCl 14.71 (5.20) 12.66, 16.28 13.90 (5.33) 12.63, 15.17 -5.51 0.476 0.005

Citric acid 10.86 (5.67) 8.35, 13.38 11.97 (4.91) 10.10, 13.83 +10.22 0.358 0.016

Caffeine 11.71 (5.57) 9.76, 13.45 12.43 (5.48) 11.12, 13.74 +6.15 0.322 0.009
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stimulus. The concentrations of a given tastant (e.g., sucrose)
do not immediately follow one another, as normally occurs for
a threshold test, but are interspersed among the concentrations
of the other tastants. Such an approach is efficient, allowing
for the testing of all five basic taste qualities at the same time
and short inter-stimulus intervals not confounded bymeaning-
ful adaptation. This paradigm is essentially the same as that
done previously for some other taste tests, including theWMT
(Deems et al., 1991; Stinton et al., 2010) and a 32-trial filter
paper strip taste test (Landis et al., 2009).

The WETT® proved to be highly reliable, in terms of
both test–retest and split-half reliability. Its overall test–
retest reliability in the clinic sample is nominally above
its reliability determined in a small cohort (n = 16) from a
non-clinic population (respective r’s = 0.92 vs. 0.88; Doty,
2019b), and is nominally larger than that reported for a
number of other taste identification tests, including ones
presenting stimuli via whole-mouth rinses (r = 0.61;
Hwang et al., 2018), filter paper strips [individual tastant
r’s ranging from 0.38 to 0.55 (Fjaeldstad et al., 2018) and
0.46 to 0.79 (Mueller et al., 2003; Ribeiro et al., 2016)],
chewable tablets (r = 0.69; Ahne et al., 2000), and glass
probes or rods (r = 0.68; Pingel et al., 2010). Its split-half
r’s, while higher than those of a number of tests, are similar
to those reported for a test in which stimuli are placed on

the tongue by a pipette, with individual tastant r’s ranging
from 0.73 to 0.80 (Fjaeldstad et al., 2018).

Although the split-half reliability values of all three tests
evaluated in this study were similar, the scores of the individual
stimuli making up these tests were differentially influenced by
sex and age. For example, for sucrose, the WETT® and TQT
scores, but not the WMT scores, were significantly related to
these variables. For NaCl, sex impacted theWETT® andWMT
scores, but not the TQT scores. For citric acid, age was related
to WETT® and WMT scores, but not to the TQT scores. For
caffeine, both the WETT® and TQT scores were sensitive to
both sex and age, whereas theWMT scores were only sensitive
to age. The reasons for such differences are unclear.

All three tests administered in this study found lower test
scores in traumatic head injury patients than in patients with an
URI etiology. However, the WETT® and the WMT were su-
perior to the TQT in making this distinction. In regard to PTC,
the WETT® better differentiated tasters from non-tasters than
the other two tests. Thus, across the taste stimuli, significant
differences were apparent for seven of the comparisons for
the WETT®, three for the WMT, and four for the TQT. The
basis of the WETT®’s greater sensitivity is unknown, but may
relate to stimulus concentration and deposition differences.

Our finding that the WETT® and the other taste tests evalu-
ated in this study differentiated between PTC taster categories is

Table 6. Mean, SD, and 95% confidence intervals for the identification
scores of Waterless Empirical Taste Test (WETT®), Whole Mouth Taste
Test (WMT), and Quadrant Taste Test (TQT) as function of PTC tasting

ability. P and η2 values based on an ANCOVA (age = covariate) com-
paring the three groups. N = 189. See text for details

No Strip Taste (n = 89) One Strip Taste (n = 54) Two Strip Taste (n = 46) P* η2

Mean (SD) 95% CI Mean (SD) 95% CI Mean (SD) 95% CI

WETT®

Total test 27.79 (9.70) 25.60, 29.68 30.88 (9.00) 28.47, 33.38 34.80 (6.19)**** 33.18, 36.86 0.000 0.095

Sucrose 3.18 (2.52) 2.62, 3.68 3.95 (2.27) 3.34, 4.58 5.00 (2.00)**** 4.45, 5.64 0.000 0.089

NaCl 4.65 (2.56) 4.10, 5.18 5.92 (2.17)** 5.33, 6.52 5.83 (1.96)*** 5.27, 6.43 0.002 0.066

Citric acid 4.64 (2.41) 4.08, 5.09 4.96 (2.41) 4.33, 5.64 5.72 (2.13)* 5.09, 6.35 0.057 0.029

Caffeine 2.87 (2.67) 2.28, 3.41 4.68 (2.55)**** 3.99, 5.38 5.70 (1.64)**** 5.25, 6.23 0.000 0.027

WMT

Total test 31.98 (6.70) 30.45, 33.28 34.20 (6.05) 32.59, 35.89 35.58 (3.60)*** 34.69, 36.83 0.002 0.062

Sucrose 9.19 (1.38) 8.90, 9.48 9.54 (1.09) 9.24, 9.84 9.63 (0.65) 9.44, 9.82 0.068 0.029

NaCl 8.29 (2.10) 7.84, 8.72 8.68 (1.88) 8.17, 8.20 9.09 (1.34)* 8.71, 9.51 0.063 0.029

Citric acid 6.88 (2.81) 6.22, 7.40 7.73 (2.64) 7.04, 8.48 7.84 (2.34) 7.26, 8.65 0.053 0.028

Caffeine 7.62 (2.72) 7.01, 8.16 8.25 (2.31) 7.63, 8.89 9.02 (1.34)*** 8.67, 9.46 0.004 0.056

TQT

Total test 51.76 (15.12) 48.18, 54.54 51.22 (15.59) 47.10, 55.61 60.84 (14.85)***A 57.05, 65.87 0.001 0.065

Sucrose 16.62 (5.45) 15.38, 17.68 16.30 (5.23) 17.91, 17.76 18.75 (4.82)B 17.46,20.32 0.037 0.037

NaCl 13.87 (4.96) 12.75, 14.84 13.57 (5.45) 12.11, 15.08 14.78 (5.68) 13.21, 16.58 0.491 0.007

Citric acid 10.16 (5.18) 9.07, 11.25 10.37 (5.06) 8.99, 11.75 12.65 (4.99} 11.17, 14.14 0.152 0.042

Caffeine 10.97 (5.95) 9.62, 12.13 11.03 (5.33) 9.60, 12.51 14.89 (5.32)****C 13.44, 16.60 0.000 0.081

Tukey’s HSD difference from No Strip Taste group: *p ≤ 0.05; **p ≤ 0.01, ***p ≤ 0.005; ****p ≤ 0.001; A = 0.003, B = 0.048, C = 0.002 HSD
differences between One Strip Taste and Two Strip Taste groups
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in accord with earlier findings that subjects with greater sensitiv-
ity to PTC and related compounds [e.g., 6-n-propylthiouracil
(PROP)] are also more sensitive to some representatives of the
other basic taste qualities (Bartoshuk et al., 1998; Chang et al.,
2006; Doty et al., 2017; Doty & De Fonte, 2016; Drewnowski
et al., 1997; Keller & Adise, 2016; Webb et al., 2015). Such
associations, however, are complex and need not be solely due
to genetic factors (Nolden et al., 2020). Although somewhat
unorthodox, the present study’s categorization of the PTC bitter-
ness intensity ratings into three groups based on responses to two
different PTC strips provided a metric beyond just a single-
stimulus-based characterization of tasters and non-tasters. The
best discrimination was between the non-tasters and the tasters
of both types of test strips.Whether the tripartite differentiation is
related to more traditional ways of differentiating among PTC
tasters is not clear.

There is evidence that diseases negatively impact smell more
than taste, and that most persons who complain of taste loss
actually have olfactory deficits (Deems et al., 1991).
Nevertheless, quantitative taste testing in clinical settings occurs
less frequently than quantitative olfactory testing. Examples of
diseases that are reported to affect taste are early stage cancers
(Murtaza et al., 2017), hypertension (Roura et al., 2016), hypo-
thyroidism (Pittman & Beschi, 1967), diabetes (Perros et al.,
1996), kidney disease (Kim et al., 2018), Parkinson’s disease
(Doty et al., 2015), multiple sclerosis (Doty et al., 2016c), and
liver disease (Shiue, 2015). Among the most common causes of
taste disturbances are cancer treatments (Nolden et al., 2019)
and such widely prescribed medications as antifungal agents
(Doty & Haxel, 2005) and cardiovascular ACE inhibitors and
beta-blockers (Schiffman, 2018). The present development of a
more practical taste test may well expand the list of disease-
related factors that alter the ability to taste.

This study has both strengths and weaknesses. First, while
the WETT® taste strips could be used to assess function in
different regions of the tongue, the present application exam-
ined only whole-mouth function. Regional testing is needed if
damage to one or more of the nerves innervating the lingual
epithelium is to be detected. Thus, future research is needed
applying the WETT® taste strips to localized tongue regions.
That being said, whole-mouth testing is the best reflection of a
patient’s overall perception of taste, making such testing of
clinical value. Second, this study validated the WETT® in a
patient population. While its major findings are therefore gen-
eralizable to a patient population with chemosensory com-
plaints, the degree to which correspondence exists to non-
clinic populations needs verification. Third, the test–retest
evaluation of the WETT® was performed within the same
day. Although this approach is common in the literature
(Doty et al., 2019a), reliability data across longer time periods
is usually viewed as desirable (Feeney & Hayes, 2014).
Nonetheless, an argument can bemade that so long as subjects
do not recall their responses on the earlier test occasion, a short

test–retest reliability is a better index of the stability of the test
than a longer test–retest reliability since, in the latter case, non-
related subject factors can intervene that distort the assessment
of the true stability of the test (Marx et al., 2003).

Acknowledgements We are grateful to the patients who contributed the
data to make this study possible. We thank Dr. Greg Smutzer for com-
ments on elements of this manuscript.

Disclosures RLD is president and major shareholder of Sensonics
International, the manufacturer and distributor of smell and taste tests,
including the taste test that is the focus of this article. He is a consultant
to Eisai Co., Ltd., Merck Pharmaceuticals, theMichael J. Fox Foundation
for Parkinson’s Research, and Johnson & Johnson. He receives royalties
from Cambridge University Press, Elsevier, Johns Hopkins University
Press, McGraw-Hill, and John Wiley & Sons, Inc.

Open practices statement The datasets generated and analyzed during
this study are not publicly available due to participant privacy but are
available from the corresponding author on reasonable request.

References

Ahne, G., Erras, A., Hummel, T., & Kobal, G. (2000). Assessment of
gustatory function by means of tasting tablets. The Laryngoscope,
110(8), 1396–1401. https://doi.org/10.1097/00005537-200008000-
00033

Bartoshuk, L. M., Duffy, V. B., Lucchina, L. A., Prutkin, J., & Fast, K.
(1998). PROP (6-n-propylthiouracil) supertasters and the saltiness
of NaCl. Annals of the New York Academy of Sciences, 855, 793–
796. https://doi.org/10.1111/j.1749-6632.1998.tb10660.x

Chang, W. I., Chung, J. W., Kim, Y. K., Chung, S. C., & Kho, H. S.
(2006). The relationship between phenylthiocarbamide (PTC) and
6-n-propylthiouracil (PROP) taster status and taste thresholds for
sucrose and quinine. Archives of Oral Biology, 51(5), 427–432.
https://doi.org/10.1016/j.archoralbio.2005.10.002

Cohen, J. (2003). Statistical power analysis for the behavioral sciences.
Hillside, N.J.: Lawrence Earlbaum Associates.

Deems, D. A., Doty, R. L., Settle, R. G., Moore-Gillon, V., Shaman, P.,
Mester, A. F., Kimmelman, C. P., Brightman, V. J., & Snow, J. B.,
Jr (1991). Smell and taste disorders, a study of 750 patients from the
University of Pennsylvania Smell and Taste Center. Archives of
Otolaryngology–Head & Neck Surgery, 117(5), 519–528. https://
doi.org/10.1001/archotol.1991.01870170065015

Doty R. L. (2019a). Psychophysical testing of smell and taste function.
Handbook of Clinical Neurology, 164, 229–246. https://doi.org/10.
1016/B978-0-444-63855-7.00015-0

Doty, R. L. (2019b). The Waterless Empirical Taste Test (WETT®)
Administration Manual. Haddon Heights, N.J.: Sensonics
International.

Doty, R. L., Chen, J. H., & Overend, J. (2017). Taste quality confusions:
influences of age, smoking, PTC taster status, and other subject
characteristics. Perception, 46(3-4), 257–267. https://doi.org/10.
1177/0301006616685577

Doty, R. L., & De Fonte, T. P. (2016). Relationship of phenylthiocarba-
mide (PTC) taster status to olfactory and gustatory function in pa-
tients with chemosensory disturbances. Chemical Senses, 41(8),
685–696. https://doi.org/10.1093/chemse/bjw070

Doty, R. L., & Haxel, B. R. (2005). Objective assessment of terbinafine-
induced taste loss. The Laryngoscope, 115(11), 2035–2037. https://
doi.org/10.1097/01.MLG.0000181462.08683.0C

871Behav Res  (2021) 53:864–873

https://doi.org/10.1097/00005537-200008000-00033
https://doi.org/10.1097/00005537-200008000-00033
https://doi.org/10.1111/j.1749-6632.1998.tb10660.x
https://doi.org/10.1016/j.archoralbio.2005.10.002
https://doi.org/10.1001/archotol.1991.01870170065015
https://doi.org/10.1001/archotol.1991.01870170065015
https://doi.org/10.1016/B978-0-444-63855-7.00015-0
https://doi.org/10.1016/B978-0-444-63855-7.00015-0
https://doi.org/10.1177/0301006616685577
https://doi.org/10.1177/0301006616685577
https://doi.org/10.1093/chemse/bjw070
https://doi.org/10.1097/01.MLG.0000181462.08683.0C
https://doi.org/10.1097/01.MLG.0000181462.08683.0C


Doty, R. L., Heidt, J.M., MacGillivray,M. R., Dsouza,M., Tracey, E. H.,
Mirza, N., & Bigelow, D. (2016a). Influences of age, tongue region,
and chorda tympani nerve sectioning on signal detection measures
of lingual taste sensitivity. Physiology & Behavior, 155, 202–207.
https://doi.org/10.1016/j.physbeh.2015.12.014

Doty, R. L., Nsoesie, M. T., Chung, I., Osman, A., Pawasarat, I.,
Caulfield, J., Hurtig, H., Silas, J., Dubroff, J., Duda, J. E., Ying,
G. S., Tekeli, H., & Leon-Sarmiento, F. E. (2015). Taste function
in early stage treated and untreated Parkinson's disease. Journal of
Neurology, 262(3), 547–557. https://doi.org/10.1007/s00415-014-
7589-z

Doty, R. L., Tourbier, I. A., Pham, D. L., Cuzzocreo, J. L., Udupa, J. K.,
Karacali, B., Beals, E., Fabius, L., Leon-Sarmiento, F. E., Moonis,
G., Kim, T., Mihama, T., Geckle, R. J., & Yousem, D. M. (2016b).
Taste dysfunction in multiple sclerosis. Journal of Neurology,
263(4), 677–688. https://doi.org/10.1007/s00415-016-8030-6

Drewnowski, A., Henderson, S. A., & Shore, A. B. (1997). Genetic
sensitivity to 6-n-propylthiouracil (PROP) and hedonic responses
to bitter and sweet tastes. Chemical Senses, 22(1), 27–37. https://
doi.org/10.1093/chemse/22.1.27

Feeney, E. L., & Hayes, J. E. (2014). Regional differences in
suprathreshold intensity for bitter and umami stimuli.
Chemosensory Perception, 7(3-4), 147–157. https://doi.org/10.
1007/s12078-014-9166-3

Fjaeldstad, A., Niklassen, A. S., & Fernandes, H. M. (2018). Re-test
reliability of gustatory testing and introduction of the sensitive
taste-drop-test. Chemical Senses, 43(5), 341–346. https://doi.org/
10.1093/chemse/bjy019

Frank, M. E., Hettinger, T. P., & Clive, J. M. (1995). Current trends in
measuring taste. In R. L. Doty (Ed.), Handbook of Olfaction and
Gustation (pp. 669-688). New York: Marcel Dekker.

Guilford, J. P. (1954). Psychometric Methods. New York: McGraw-Hill.
Hawkes, C. H., & Doty, R. L. (2017). Measurement of gustation. In C. H.

Hawkes & R. L. Doty (Eds.), Smell and Taste Disorders (pp. 138-
181). Cambridge: Cambridge University Press.

Hemphill J. F. (2003). Interpreting the magnitudes of correlation coeffi-
cients. American Psychologist, 58(1), 78–79. https://doi.org/10.
1037/0003-066x.58.1.78

Hwang, C. S., Kim, J. W., Al Sharhan, S. S., Kim, J. W., Cho, H. J.,
Yoon, J. H., & Kim, C. H. (2018). Development of a gustatory
function test for clinical application in Korean subjects. Yonsei
Medical Journal, 59(2), 325–330. https://doi.org/10.3349/ymj.
2018.59.2.325

Keller, K. L., & Adise, S. (2016). Variation in the ability to taste bitter
thiourea compounds: implications for food acceptance, dietary in-
take, and obesity risk in children. Annual Review of Nutrition, 36,
157–182. https://doi.org/10.1146/annurev-nutr-071715-050916

Kim, T. H., Kim, Y. H., Bae, N. Y., Kang, S. S., Lee, J. B., & Kim, S. B.
(2018). Salty taste thresholds and preference in patients with chronic
kidney disease according to disease stage: A cross-sectional study.
Nutrition & Dietetics, 75(1), 59–64. https://doi.org/10.1111/1747-
0080.12374

Landis, B. N., Welge-Luessen, A., Brämerson, A., Bende, M., Mueller,
C. A., Nordin, S., & Hummel, T. (2009). "Taste Strips" - a rapid,
lateralized, gustatory bedside identification test based on impregnat-
ed filter papers. Journal of Neurology, 256(2), 242–248. https://doi.
org/10.1007/s00415-009-0088-y

Liu, G., Zong, G., Doty, R. L., & Sun, Q. (2016). Prevalence and risk
factors of taste and smell impairment in a nationwide representative
sample of the US population: a cross-sectional study. BMJ Open,
6(11), e013246. https://doi.org/10.1136/bmjopen-2016-013246

Marx, R. G., Menezes, A., Horovitz, L., Jones, E. C., & Warren, R. F.
(2003). A comparison of two time intervals for test-retest reliability

of health status instruments. Journal of Clinical Epidemiology,
56(8), 730–735. https://doi.org/10.1016/s0895-4356(03)00084-2

Mueller, C., Kallert, S., Renner, B., Stiassny, K., Temmel, A. F.,
Hummel, T., & Kobal, G. (2003). Quantitative assessment of gus-
tatory function in a clinical context using impregnated “taste strips”.
Rhinology, 41(1), 2–6.

Murtaza, B., Hichami, A., Khan, A. S., Ghiringhelli, F., & Khan, N. A.
(2017). Alteration in taste perception in cancer: causes and strategies
of treatment. Frontiers in Physiology, 8, 134. https://doi.org/10.
3389/fphys.2017.00134

Nolden, A. A., Hwang, L. D., Boltong, A., & Reed, D. R. (2019).
Chemosensory changes from cancer treatment and their effects on
patients' food behavior: a scoping review. Nutrients, 11(10), 2285.
https://doi.org/10.3390/nu11102285

Nolden, A. A., McGeary, J. E., & Hayes, J. E. (2020). Predominant
qualities evoked by quinine, sucrose, and capsaicin associate with
PROP bitterness, but not TAS2R38 genotype. Chemical Senses,
45(5), 383–390. https://doi.org/10.1093/chemse/bjaa028

Perros, P., MacFarlane, T. W., Counsell, C., & Frier, B. M. (1996).
Altered taste sensation in newly-diagnosed NIDDM. Diabetes
Care, 19(7), 768–770. https://doi.org/10.2337/diacare.19.7.768

Pingel, J., Ostwald, J., Pau, H. W., Hummel, T., & Just, T. (2010).
Normative data for a solution-based taste test. European Archives
of Oto-Rhino-Laryngology, 267(12), 1911–1917. https://doi.org/10.
1007/s00405-010-1276-1]

Pittman, J. A., & Beschi, R. J. (1967). Taste thresholds in hyper- and
hypothyroidism. Journal of Clinical Endocrinology and
Metabolism, 27(6), 895–896. https://doi.org/10.1210/jcem-27-6-
895

Rawal, S., Hoffman, H. J., Honda, M., Huedo-Medin, T. B., & Duffy, V.
B. (2015). The taste and smell protocol in the 2011-2014 US
National Health and Nutrition Examination Survey (NHANES):
test-retest reliability and validity testing. Chemosensory
Perception, 8(3), 138–148. https://doi.org/10.1007/s12078-015-
9194-7

Ribeiro, J. C., Chaves, M., Chaves, C., Lemos, L., Silva, E. D., Paiva, A.,
& Hummel, T. (2016). Cross-cultural validation of a taste test with
paper strips. European Archives of Oto-Rhino-Laryngology,
273(10), 3407–3411. https://doi.org/10.1007/s00405-016-4037-y

Roura, E., Foster, S., Winklebach, A., Navarro, M., Thomas, W.,
Campbell, K., & Stowasser, M. (2016). Taste and hypertension in
humans: targeting cardiovascular disease. Current Pharmaceutical
Design , 22 (15), 2290–2305. ht tps : / /doi .org/10.2174/
1381612822666160216151545

Schier, L. A., & Spector, A. C. (2019). The functional and neurobiolog-
ical properties of bad taste. Physiological Reviews, 99(1), 605–663.
https://doi.org/10.1152/physrev.00044.2017

Schiffman S. S. (2018). Influence of medications on taste and smell.
World Journal of Otorhinolaryngology - Head and Neck Surgery,
4(1), 84–91. https://doi.org/10.1016/j.wjorl.2018.02.005

Schofield, P. W., & Doty, R. L. (2019). The influence of head injury on
olfactory and gustatory function. Handbook of Clinical Neurology,
164, 409–429. https://doi.org/10.1016/B978-0-444-63855-7.00023-
X

Shiue I. (2015). Adult taste and smell disorders after heart, neurological,
respiratory and liver problems: US NHANES, 2011-2012.
International Journal of Cardiology, 179, 46–48. https://doi.org/
10.1016/j.ijcard.2014.10.072

Snyder, D. J., Sims, C. A., & Bartoshuk, L. M. (2015). Psychophysical
measures of human oral sensation. In R. L. Doty (Ed.),Handbook of
Olfaction and Gustation (pp. 751-774). Hoboken, N.J.: John Wiley
& Sons.

872 Behav Res  (2021) 53:864–873

https://doi.org/10.1016/j.physbeh.2015.12.014
https://doi.org/10.1007/s00415-014-7589-z
https://doi.org/10.1007/s00415-014-7589-z
https://doi.org/10.1007/s00415-016-8030-6
https://doi.org/10.1093/chemse/22.1.27
https://doi.org/10.1093/chemse/22.1.27
https://doi.org/10.1007/s12078-014-9166-3
https://doi.org/10.1007/s12078-014-9166-3
https://doi.org/10.1093/chemse/bjy019
https://doi.org/10.1093/chemse/bjy019
https://doi.org/10.1037/0003-066x.58.1.78
https://doi.org/10.1037/0003-066x.58.1.78
https://doi.org/10.3349/ymj.2018.59.2.325
https://doi.org/10.3349/ymj.2018.59.2.325
https://doi.org/10.1146/annurev-nutr-071715-050916
https://doi.org/10.1111/1747-0080.12374
https://doi.org/10.1111/1747-0080.12374
https://doi.org/10.1007/s00415-009-0088-y
https://doi.org/10.1007/s00415-009-0088-y
https://doi.org/10.1136/bmjopen-2016-013246
https://doi.org/10.1016/s0895-4356(03)00084-2
https://doi.org/10.3389/fphys.2017.00134
https://doi.org/10.3389/fphys.2017.00134
https://doi.org/10.3390/nu11102285
https://doi.org/10.1093/chemse/bjaa028
https://doi.org/10.2337/diacare.19.7.768
https://doi.org/10.1007/s00405-010-1276-1]
https://doi.org/10.1007/s00405-010-1276-1]
https://doi.org/10.1210/jcem-27-6-895
https://doi.org/10.1210/jcem-27-6-895
https://doi.org/10.1007/s12078-015-9194-7
https://doi.org/10.1007/s12078-015-9194-7
https://doi.org/10.1007/s00405-016-4037-y
https://doi.org/10.2174/1381612822666160216151545
https://doi.org/10.2174/1381612822666160216151545
https://doi.org/10.1152/physrev.00044.2017
https://doi.org/10.1016/j.wjorl.2018.02.005
https://doi.org/10.1016/B978-0-444-63855-7.00023-X
https://doi.org/10.1016/B978-0-444-63855-7.00023-X
https://doi.org/10.1016/j.ijcard.2014.10.072
https://doi.org/10.1016/j.ijcard.2014.10.072


Soter, A., Kim, J., Jackman, A., Tourbier, I., Kaul, A., & Doty, R. L.
(2008). Accuracy of self-report in detecting taste dysfunction. The
Laryngoscope, 118(4), 611–617. https://doi.org/10.1097/MLG.
0b013e318161e53a

Stinton, N., Atif, M. A., Barkat, N., & Doty, R. L. (2010). Influence of
smell loss on taste function. Behavioral Neuroscience, 124(2), 256–
264. https://doi.org/10.1037/a0018766

Webb, J., Bolhuis, D. P., Cicerale, S., Hayes, J. E., & Keast, R. (2015).
The relationships between common measurements of taste function.
Chemosensory Perception, 8(1), 11–18. https://doi.org/10.1007/
s12078-015-9183-x

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

873Behav Res  (2021) 53:864–873

https://doi.org/10.1097/MLG.0b013e318161e53a
https://doi.org/10.1097/MLG.0b013e318161e53a
https://doi.org/10.1037/a0018766
https://doi.org/10.1007/s12078-015-9183-x
https://doi.org/10.1007/s12078-015-9183-x

	Validation of the Waterless Empirical Taste Test (WETT®)
	Abstract
	Introduction
	Materials and methods
	Subjects
	Procedures
	Taste tests

	Statistical analyses

	Results
	WETT® test–retest reliability coefficients
	Split-half reliability coefficients of the WETT®, WMT, and TQT
	Sensitivity of the WETT®, WMT, AND TQT to sex and age
	Sucrose
	Sodium chloride
	Citric acid
	Caffeine
	Monosodium glutamate

	Sensitivity of the WETT®, WMT, and TQT to head trauma taste deficits
	Sensitivity of the WETT®, WMT, and TQT to phenylthiocarbamide (PTC) tasters

	Discussion
	References


