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Effect of response task on taste adaptation

HERBERT L. MEISELMAN
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Two experiments studied whether subjects reported complete adaptation of a taste sensation. Three
tasks were chosen based on their use in other laboratories: hand lowering to connote stimulus absence,
magnitude estimation, and cross-adaptation of a brief stimulus following a prolonged stimulus. In the first
experiment, different groups of 9 subjects received the three different tasks; in the second experiment, all
20 subjects received all three tasks. In both experiments, subjects failed to demonstrate complete taste
adaptation in at least 50% of adaptation trials. Response task did affect the likelihood of observing
complete taste adaptation.

Many recent basic references in psychology
(Bartosh uk, 1(71). chemical senses (Pfaffrnan,
McBurney. & Bartoshuk, 1(71). and food science
(Amerine. Pangborn. & Roessler. 1965) state that
taste stimuli of moderate intensity adapt completely
when the stimulus is presented continuously. Failure
of subjects to adapt to a continuous taste stimulus is
attributed to insufficient time of exposure to the
stimulus or tactile components of the stimulus
(Bartoshuk , 19(8), lack of stimulus constancy
(Abrahams. Krakauer, & Dallenbach, 1937;
Meiselman , 1(68). or tongue movements (Krakauer &
Dallenbach, 1937; Meiselrnan, 1968). Most studies
that use taste adaptation as a research tool or which
study taste adaptation directly have not reported
specific data on whether all subjects showed complete
adaptation. Meiselman (.1972) reported that subjects
differ widely in their tendency to report complete
adaptation. and that different stimulus presentation
methods may affect the probability of observing
com plete adaptation.

Lack of standardized techniques in human
gustatory research (Meiselman, 1(72) has resulted in
a variety of procedures used to attempt to produce
taste adaptation and in a variety of tasks with which to
measure it. Adaptation has been attempted with
stimuli simply sipped and held in the mouth, with the
resulting dilution by saliva (Meiselman, 1968), and
sipped repeatedly to avoid progressive dilution by
saliva (Meiselman , 1968). In addition, a variety of
techniques have been used which use a continuously
flowing stim ulus. One of the early flowing devices was
the Cornell gustometer (Abraham, Krakauer, &
Dallenbach, 1(37), which stimulated the entire
mouth. This has recently been modified by Meiselman
(1971). A different approach to flowing stimuli has
been the anterior dorsal tongue flow widely used by a
variety of investigators and laboratories in recent
years.

The course of gustatory adaptation has been
measured with a variety of techniques. The classical

approach (Hahn, 1934) was through the measurement
of the taste threshold, and this approach is still used
in taste adaptation research (Mcburney. Kasschau, &
Bogart. 1(67). The simplest task has been the use of a
signal from the subject (e.g.. hand raising) to signal
when the taste of the flowing stimulus has
disappeared, indicating adaptation (Abrahams et al.,
1937; Krakauer & Dallenbach, 1937). Taste
adaptation has been widely used in gustatory research
through the procedure of cross-adaptation, in which
the experimenter presents a lengthy exposure to one
stimulus followed immediately by a brief exposure to a
second stimulus. If the adaptation to the first stimulus
decreases or abolishes the perception of the second
stimulus, then the two stimuli are assumed to have
similar characteristics (Mcllurney, 1969; Meiselman,
1(72). The duration of the first. longer stimulus is
usually arbitrarily assigned. i.e., it is not dependent
on the disappearance of the taste of the flowing
stimulus. The brief second stimulus is usually
described in qualitative and quantitative terms. The
quality response indicates cross-adaptation because it
should disappear or change with complete adaptation
(Mcburney & Bartoshuk , 1973; McBurney & Shick.
1(71). The intensity of this taste produced by
cross-adaptation is usually measured with a ratio
scaling technique. called magnitude estimation. in
which stimulus strength is described relative to an
arbitrary standard. Stimuli twice as strong as the
standard are assigned numbers twice as large, and so
on. In the present experiment, the effect of exposure
to a compound on itself is used as a measure of
adaptation. Direct magnitude estimation of the
course of gustatory adaptation has been used
(Meiselman , 19(8), although complete adaptation has
rarely been observed.

The present experiments were undertaken to study
directly whether a taste sensation completely adapts.
i.e .. whether a number of various reporting tasks
indicate absence of stimulus perception. Three tasks
were chosen based on their use in other laboratories; a
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_ IAlSIt ItI1'IIIlIIIIr 1:

III ntIS Ul'DIMItllf A SOLtlfIOll WILL rLOiI eva YlQ. T<IlGUIt lOa
ft9IIAL 1II1IlIftS. ntIt SOLtlfIlRI WILL AT rIIST TASTIt UUTIm.Y Sftc.:,
BUr IT MAY awca. Ir AT AIl1' TIMIt YOU <:AIlIIO'1' TASTIt ntIt SOLurIOll, I
lWIT YOU TO IAISI 'lOla _ TO LIT III ~ mAT YOU CAl 110 LCIIGIlI
_ ntIt SOLtlfIOll. AnD. SIVIIAL HDlIITIS. I WILL TILL YOU TO.­
lOla~ A1II TILL III AJOUr AIl1' awas YOU OISDVID.

PLIAB ItDP Y01& TOIlGUa III ntlt awmu WITH m TIP Dl COlft4CT
wm ntIt CDeLI. _. UISI YOI& _ IP TOO TASTIt llll'DIDlC.
ItDP lOla !WID __ AS LOIIC AS YOU TASTI SCIII'IlIDlC.

IlAGRITDDI 1ST_TrOll I I

YlQ. 'UK Dl ntIS IXPIRIMItllf WILL II TO RATI ntIt STUIlGTB or
ntIt SOLurIOll rLOiIDIG 0YItIl Y01& TOlIGUIt. TU rDST SOLUrIlRI YOU TASTIt
WILL • ntIt STA1lIIAItIl A1II IT WILL II- ASSIGIlID A IATDlC or 10. YOU
WILL _ YlQ. TOIlGUa Dl '!Hit awoD. III CONrACT WIm ntIt CDCLI lOa
ItI9DAL KDDTlS. I WD.L ASIt YOU TO UTI TU SOLUTIOIl IVDY 15 SIC­
_. _DIG Dl KDlD '!RAT TU STA1IIIAaIl IS ASSICIlID A IATDIG or 10.
IP AnD 15 SItCOlllS TU SOLUTION TASTIS TWICIt AS STltONG. YOU 1IQQLD
UTI IT AS 20. Ir IT TASTIS 1/2 AS STiONG, YOU llODLII IATi IT M A 5
A1II 10 011.

YOU MAY USI AIl1' _ POll UTDlC TU SOLUTIlRI '!RAT YOU rIlL IS
APftOftIATI rca ntIt SOLtlfION AT '!RAT PAIlTICULAIl TIMIt. AnD. SIVIIAL
IIDIUrU I WILL TILL YOU TO UIllJVI YOUR TONCUIl riO! THE awmu I DO
___ IT 1JIIrD. TOLD TO DO SO~

CROSS ADAPTATION II

Dl THIS IXPDIMItllf A SOLUTIOIl WILL rLOiI OVD YlQ. TOIIGUIl rca
SIVIIAL KDlUTIS. APTD SEVlIIAL KDlUTIS, A _ SOLUTIOIl WILL rLOiI
OVD YOUR TONCUIl POll SIVDAL SICOIlDS. I WILL TILL YOU _ THIS
tIIW SOLUTIOII IS IIDlC DI1'IlODUCID TO YOU IY SAYDlG 'NOW'. APTD A
RDP rLOiI OF TU SECOIIl SOLIlrION, I WAllf YOU TO TILL III IF TU
SICOIIl SOLUTION HAD A TASTE AHr IF SO WHAT IT VAS.

PLUSIt IIItP Y01& TOIlGUIl III TU awoD WITH IT'S TIr Dl COlITACT
wm TU CDClZ. (IE S1&It TO DESCRIBE TU TASTI WIIIL1 yoea TONC1lII
IS STILL Dl TU awmlRl.

IF SUIlJItCT TASTED SALT IN SICOIlD SAIlPLI, TUII- TU POLLOI/DIG
CCIlIlITIONS APPLYI

PLUSIt ISTINATE TU STIINC'lR or ntIt -SALTIIIISS IN PllPOIlTIOII
TO ntIt SftINC'lR or SALTIIIISS, VIID ntIt FlUT rLOiI 1lIGAlI. IF IT IS
TWICIt AS STROMe, CALL IT 20. IF IT WAS 1/2 AS STROMe, CALL IT 5 A1II
SO 011. ran _ TO usa AIl1' 1IIIlIIR.

Figure I. Instructions for Experiment I.

hand-raise task in which absence of the stimulus is
detined by hand-lowering. a magnitude estimation
task in which numbers are assigned to perceived
stimulus strengths and hence complete adaptation is
zero. and a cross-adaptation task in which the salty
quality of a brief exposure to salt after prolonged
exposure to salt should be missing. Two experiments
are ported; in the first, different groups of subjects
received the three different tasks. while in the second.
all su bjects received all tasks.

EXPERIMENT I

Method
Subjects. The subjects were 27 enlisted males at U.S. Army

Natick Laboratories between 18 and 23 years of age. The subjects
were part of the Army's military test subjects program. and they
volunteered for the test. The subjects did not know the purpose of
the experiment. nor were they familiar with taste judgments. Nine
different subjects received each of three adaptation procedures.

Stimulus. The one stimulus solution for the experiment was
360 mM NaCI prepared with distilled water (r/f = 1.3330) and
reagent grade NaCI. The solution was kept in a water bath at 34°e.

Procedure. The 360 mM NaCi stimulus was located in two
polypropylene bottles (one 5-gal type and the other I gal) sitting in

a water bath. The bottles were pressurized at 5 psi to deliver the
stimulus through plastic tubing to the subjects at 5 ml/sec. The
delivery of the solution for the magnitude estimation and hand-raise
experiments was a continuous flow, for 3 min. from the larger
bottle. For the cross-adaptation experiment. there was a 3-min flow
to the subject from the large bottle. followed by a S-sec flow from
the small bottle. This was accomplished through the use of a
two-way stopcock.

The subject was seated in front of the water bath. The procedure
for the three different tasks was as follows: The subject was asked to
place his tongue in a tongue-tixation chamber which consisted of
two parallel Plexiglas bars with a tongue fixation point on which the
subject was instructed to touch the tip of his tongue (Meiselman ,
1972; Meiselman & Halpern. 1973)_ For all presentations. the
subject was asked to extend his tongue and the liquid was flowed
over the anterior dorsal surface (Mcburney. 1906; Meiselrnan,
1971). Instructions for this experiment are shown in Figure I. The
subjects recorded their own data for magnitude estimation; data for
each 3-min adaptation were removed as soon as completed.

Results
Median magnitude estimations were calculated for

the three replications for nine subjects. and are
presented in Figure 2. The adaptation function begins
at the assigned value of 10 and ends at 3.0 at the end
of 3 min. The low points of the adaptation curve was
reached at ISO msec (3.0). Calculations based on the
arithmetic mean show no signiticant differences in the
last several data points. Two subjects did report zero
magnitude (i.e .. complete adaptation) on each of their
three replications for a total of six adaptations in 27
presentations. One of the two subjects adapted to zero
and remained there. while the other subject adapted
to zero three times and then reported a positive
magnitude estimate for the last two reports. Reports
above the starting value of 10 were common. Twelve
out of 27 individual functions exceed 10 at at least one
point. One subject consistently stayed at or above 10
for all three replications.

With the hand-raise procedure. 21 out of 27
replications indicated that complete adaptation was
reached at least once (Figure 3). Four different
subjects did not reach complete adaptation at least
once in three replications; one subject never reached
complete adaptation. Six subjects reached adaptation

to

O.......,,.....,..-~_-..,..-_...,.-~_-......~_..,
o JO 60 to 120 150 1.0
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Figure 2. Median magnitude esdmations for nine subjects for
three replications (each data point is based on 27 measuresl.
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Magnitude
6 2 2Estimation

Hand Raise 21 4 8

Cross
7 1 3Adaptation

Number of Number of Subjects
Complete Reaching Ever

Adaptations Complete Reaching
in 27 Adaptation Complete
Trials Every Time Adaptation

(N = 27) (N =9) (N =9)

Table 1
Experiment I

Results
Median magnitude estimations were calculated for

each trial for the 20 subjects, and are presented in
Figure 5. The adaptation function begins at the
assigned value of 10. decreases to 5 at 1 min, and
remains at a value of 5-6.5 until 180 sec, when there is
a jump to 8. Out of the 20 subjects, 3 reported zero
magnitude (Table 2), although only 1 stayed adapted
after reaching the zero level (at 90 sec). The other two
either returned to the initial value of 10 or varied
between ratings of 5 and 10. Twelve out of 20 subjects
reported a magnitude greater than 10 at some point
during their 180-sec procedure. One subject reported
no change in intensity (i.e., a rating of 10) throughout
the 180 sec, and another stayed at a rating of 10 or
above for that time.

With the hand-raise procedure, 8 of 20 subjects
showed complete adaptation at least once, and
therefore, 12 subjects never indicated adaptation by
raising their hands. Five subjects gave more than one
hand raise in 180 sec. The numbers of adaptations
per 180-sec procedure were as follows: (a) no
adaptations, 12; (b) one adaptation, 3; (c) two
adaptations, 1; (d) three adaptations, 1; (e) four
adaptations, 2; and (f) five adaptations, 1 (Figure 6).
In the hand-raise procedure, the earliest adaptation
reported was at 29 sec.

In the cross-adaptation procedure, out of 20
subjects, 6 reported salty, 4 reported sweet, 1 reported
sour, and 9 reported no taste, indicating complete
adaptation. The median magnitude estimations
assigned the salty and sweet qualities were 6 and 4,
respectively. Out of the 6 subjects who did report salty
taste in a cross-adaptation situation, 5 never showed
adaptation with any of the three procedures.

The results of Experiment II are summarized in
Table 2.

experiment. the flow was continuous for 3 min. In the
cross-adaptation experiment. the NaCI flowed for 3 min from one
bottle. and then an electric wave was used to change the source of
an identical NaCI solution for 15 sec. Instructions for the second
experiment are shown in Figure 4. The subjects recorded their own
data for magnitude estimation; data for each 3-min adaptation
were removed as soon as completed.

EXPERIMENT II

! -

more than one time in a 3-min procedure, that is, they
reported adaptation. then reported a nonadapted
state. and then reported a return to an adapted state.
Out of 27 replications, the numbers per 3-min
procedure were as follows: (a) no adaptations, 6;
(b) one adaptation, 9; (c) two adaptations. 6;
(d) three adaptations. 3; (e) four adaptations, 2; and
(f) five adaptations, 1. The earliest adaptation out of
the 27 was at 15 sec.

In the cross-adaptation procedure, no temporal
data are available. only the qualitative reports of the
cross-adapted stimulus. Out of 27 reports, salty
(indicating incomplete adaptation) was given 16
times. sweet 4 times, and no taste (indicating
complete adaptation) 7 times. The median magnitude
estimation assigned the salty quality was 8. Data on
the small number of sweet reports are incomplete.
Interestingly. five subjects reported salty on each of
three trials and three subjects never reported salty;
one subject reported sweet on each of three
replications, and one subject reported no taste on
each of the three replications. Two other subjects each
reported two no-taste responses out of three.

The results of Experiment I are summarized in
Tablet.

o H " " ~ ~ *
Tlloll (SiC)

Figure 3. Complete adaptations indlcated by hand raising. The
hatched line Indicates the hand was lowered, showing presence of
sensation. The heavy solid line lndlcates the hand was raised,
showing absence of sensation.

Method
Subjects. The subjects were 20 lab technicians at U.S. Army

Natick Laboratories. between 21 and 28 years of age. The subjects
were familiar with taste judgment. but they did not know the
purpose of the experiment. All of the 20 subjects received the three
adaptation procedures.

Stimulus. The one taste stimulus solution for the experiment.
360 mM NaCI. was prepared with distailled water and reagent
grade NaCI. The solution was kept in a water bath at 34°C.

Procedure. The 360 mM stimulus was located in two
polypropylene bottles set in a water bath. There was also a bottle of
distilled water in the bath that was used as a rinse.

The bottles were pressured at 5 psi to deliver the stimulus to the
subject at 5 ml/sec. In the hand-raise and magnitude estimation
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.........It n••

".:rAllY QUIST IONS•

IF AT AllY TDlI YOU CANNOT TASTE TIll HACL (TIll SOLUTION TASTES LUI
H2O) I WANT YOU TO UISI YOUR HAND TO INDICATE TIllS TO KI. CONTlNUI TO
HOLD YOUR NAIll or AS LONG AS YOU CAN NOT TASTE TIll HACL.

IWID RAISI II.

lit TIllS unRDlINT A SOLUTION (NACL) WILL FLCAI OVER YOUR TOIlGD! t._-+--....
rca SIVDAL KlItUTIS. TIll FLCAI WILL II A CONSTANT FLCAI. BUT TIll STIlINGTll
or THIS SOLUTION NAY awtGI.

mua TASK WILL II TO OISDn TIIISI CIWIGIS AND RBLATE TIIEM TO KI
una TIll FLCAI lIAS STOPPID. INITIALLY TIll STUIIGTIl OF TIll SOLUTION
WILL II ASSlGIIID A RATING or 10. IF TIll SOLUTION IICOKIS TWICI AS STRONG ..:
IT lIOUIJ) un A VALUI or 12. - :

LlDWISI IF TIll SOLUTION IlCOKIS 1/2 AS STRONG IT WOULD BI ASSIGNED i I
A UTING or 1. AND so ON (l110 • !. 5X • W. :r

Figure 5. Medlan magnitude estimations for 20 subjects.

tiDtlOt20,.
" .. IISIC)

I...........-or-~-or--r-r--r-r-'"T'.....,r-'"T'.....,•
At TIll IND or SIVDAL KIIIUTIS, I WILL STOP TIll FLCAI AND IF YOU CAlI

TAIft TIll IIACL AT THIS TDlI, HOW WOULD YOU UTI IT ACCCllDlNG TO TIll IlII­
TlAL IICILUT10N WHIaI lIAS ASS IGNID A VALUI or !Q..

THI MCL SOLUTION WILL II fUClDID BY A FLCAI or H20. PAY NO ATTIII­
TION TO 1IIIlGII.AI FLOW or TIll SOLUTION.

CIOII AIIAPl'AtION II.

1llIJ roaa IClUIrIlla lit ftOllT ar 1llIJ LAULID. IIITTD. SALT.
lOla .-.r... A IAIlft& at H,o. I lIOOLD LID YOU TO lWlPLI IAaI
ICIUIl'D" Ill! ~ION to THI UurTft S'1'UIlGTII or 1lACII. THlSI
roaa IClUIrIlla AU THI _ 'lAID STAIIlAIDS. TIllY WILL II ASSlGIIID A
IAfIlll ar 10.

1llIJ VD.L THIll __ A IIDr IUDDIIIT III WHIaI A SOLUTION or
-.:L VD.L ...... ana YOUR~ roa 3 IIIIIUTIS. una TIll 3 K1IIUTIS. I
VD.L ...... A -.x. __ DTO YOUR JlllUIIJ. WHILI THIS SOL11rION IS
n.tllIIIIl lit YOUR JlllUIIJ, I 1IllII.Il LID 1llIJ to !ILL .. IF THIS SICOIlD SOLU­
ra D una, lOla, ~, SALT, ON H2O.

_ 18 ......IAB CIIOICI (II TBI DATA 1IID'1'. ALSO, II/OlIUl LID
1llIJ 'l'O .... _ 1111111111 ar TID DClIIl ICIUIl'D lit ClIIPAaISCll TO TBI
..... 1llIJ ....... 18 IUDJIIIIIr.

_Allet-lO
1/2. S
U • 2 eCo.

18 -.:L 1CIUIl'DVD.L • IIICIDID IT A ...... at B~. 'AIm AnD­
ra 'l'O ...... JI.CIl ar 18 1CIUIl'D.

_IT\III UTlIIATION II.

lit THIS DrIIIKPr A SOLUTION WILL FLCAI OVD YOUl TOIlGUI roa
SI¥IaAL IIIIIUTIS. YOU WILL II ASDD TO UTI TBI STUIlGTII at TIIIS SOL­
11rION IVDY 15 SlCllIlDS. WHIN I SAY "NOll", UTE TH! SOL11rION.

TBI lItITlAL SOL11rION WILL II ASSIGNID A UTlItG or 10. TBI SOL­
11rION'S STIlIIlGTIl KAY CIL\NGI OVD TIll COURSI or TIll SI9IlA" IIIIIUTIS.

IT :ay DICRIASI, INCRIASI ON DISSAPPIAR. YOUl TASK WILL II to
.clTI TBlSI CIL\NGIS IN YOUR IlISI'OIlSI (IVIIlY 15 SICOIIDS).

IF TIll SOLUTION IIICOKIS TWICE AS STIlONG, CALL IT 20. IF IT IS 1/2
AS STIlONe. CALL IT 5. etc. IF IT HAS NO TASTE. CALL IT 0, eee ,

PIlL FREE TO ASI( ANY QUESTIONS.

TIll HACL SOL11rION WILL II FRICEDlD IIY A FLOW or H20. 'AY NO AftIII­
TIOIl TO AllY lUlGUUIl FLOW OF TIll SOL11rION.

Figure 4. Inatructlonl for Experiment II.

bility of observing complete adaptation (Meiselman,
1972). all of these data question the generality of
complete adaptation in gustation.

It should be noted immediately that it is not being
argued that complete adaptation in taste is

'impossible. In every procedure. in every response
task. some subjects report that the stimulus
disappears. In Meiselrnan's (1972) data on 80
adaptation sessions. functions for each of live subjects
indicated that one subject (out offive) would probably
show adaptation to salt or quinine nearly 70% of the
time. two subjects would show adaptation to salt
about 25% of the time. and the remaining subjects
(two for salt. four for quinine) would rarely show
complete adaptation. Only one subject in live
regularly adapted on more than 50% of the
replications. When the same data were reorganized by
stimulus presentation procedure. the anterior dorsal
tongue flow method was shown to increase the
likelihood of observing complete adaptation with
many salt and quinine concentrations. Both sipping
methods and whole-mouth irrigation appeared more
sensitive to concentration. yielding more complete
adaptations at lower concentrations. No method
regularly yielded greater than 50% complete
adaptation.

In the present experiments. only the hand-raise
task approaches 50% adaptation rate (i.e .• complete
adaptation reported on half the trials). With
magnitude estimation, the percentage showing
complete adaptation is considerably lower (nearer

DISCUSSION
Table 2

Experiment IIThese data demonstrate that taste does not adapt
completely for a salty stimulus of moderate strength
with a variety of response tasks. Taken together with
the data which demonstrate that individual subjects
differ greatly in the likelihood of reading complete
adaptation in 2 min for salt and that different
stimulus presentation procedures affect the proba-

Magnitude Estimation
Hand Raise
Cross Adaptation

Number of Subjects
Out of 20 Showing

Complete Adaptation

3
8
9



Figure 6. Complete adaptations indicated by hand raising. The
hatched line indicates the hand was lowered, showing presence of
sensation. The heavy solid line indicates the hand was raised,
showing absence of sensation..

t _
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H-----------------------------------------...

20%). and for the cross-adaptation task. it appears
more variable. but always below 50%. Thus, the
overall conclusions remain that unbiased selection of
subjects, stimulus presentation procedures, and
response tasks do not yeld more than 50% occurrence
of complete adaptation.

These data suggest that other variables in the taste
adaptation situation be investigated before any final
estimate is reached as to the percentage of adapters in
the population, i.e .• subjects likely to report complete
adaptation of a taste sensation. One possible variable
to consider is the demand characteristics of the
instructions. The present instructions are neutral with
respect to the completeness of adaptation. It is'
possible that other investigators have used
instructions with varying degrees of neutrality. Most
pubtished reports have not contained the specific
instructions used or any indication as to whether all
subjects received identical instructions.

• 60 .0 '20
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