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Abstract

Two experiments, using different ranges and numbers of stimuli, examined how linguistic labels affect the identification of 
flavor mixtures containing different proportions of sucrose (gustatory flavorant) and citral (olfactory flavorant). Both experi-
ments asked subjects to identify each stimulus as having either “mostly sugar” or “mostly citrus.” In one condition, no labels 
preceded the flavor stimuli. In another condition, each flavor stimulus followed a label, either SUGAR or CITRUS, which, the 
subjects were informed, usually though not always named the stronger flavor component; that is, the labels were probabil-
istically valid. The results of both experiments showed that the labels systematically modified the identification responses: 
Subjects responded “sugar” or “citrus” more often when the flavor stimulus followed the corresponding label, SUGAR or 
CITRUS. But the labels hardly affected overall accuracy of identification. Accuracy was possibly limited, however, by both the 
confusability of the flavor stimuli per se and the way that confusability could limit the opportunity to discern the probabilistic 
associations between labels and individual flavor stimuli. We describe the results in terms of a decision-theoretic model, in 
which labels induce shifts in response criteria governing the identification responses, or possibly effect changes in the sensory 
representations of the flavorants themselves.
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Introduction

Flavors signal the identity and composition of foods and 
drinks and indicate their potential harm or benefit. Flavor 
thereby plays an important role in the consumption of 
food and drinks, thus in energy balance, fluid balance, and, 
ultimately, body weight. Although sometimes perceived as 
unitary experiences, flavors nevertheless reflect the output 
of a dynamic system that processes signals from gustation, 
olfaction, and somatosensation (Small and Prescott 2005), 
even vision and hearing (Auvray and Spence 2008), then 
combines the multisensory information with knowledge and 
expectations developed through both recent and long-term 
perceptual experiences (Small et al. 2004; Koza et al. 2005).

In the present study, we ask how one kind of cognitive 
information, the linguistic label given just before the subject 

samples each flavorant, affects the identification of that 
flavorant. Both past experience and current context typi-
cally lead to expectations about the foods and beverages we 
choose to eat and drink. When we are about to consume 
a soft drink, for example, we generally know in advance 
whether it will be, say, a cola; and if  we also know the brand 
of cola, then we may well expect the flavor to have a particu-
lar level of sweetness or the presence of perhaps a vanilla 
note. Prior knowledge can affect both expectations before 
eating or drinking and judgments made after tasting, as evi-
dent in the following examples.

Kähkönen and Tuorila (1998) asked how linguistic 
information (verbal labels) can affect sensory and hedonic 
ratings of full-fat and reduced-fat Bologna sausage. When 
given only the labels but not the foods themselves, subjects 
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expected that reduced-fat sausage would be less salty and less 
fatty than regular sausage; after tasting the 2 sausages, the 
ratings still differed, although the differences were smaller. 
When another group of subjects sampled the 2 sausages 
without the labels, those subjects judged the sausages to 
be similar. To the subjects given the labels, therefore, the 
judgments of sensory properties of the sausage presumably 
represent a compromise between the sensory information 
and the linguistically produced information. In a similar 
vein, Tuorila et al. (1994) showed how incorrect and correct 
labels of fat-free and regular-fat pound cake, crackers, 
and American cheese could affect sensory and hedonic 
expectations.

Using a novel food stimulus, salmon-flavored ice cream, 
which could be labeled as either ice cream or savory 
mousse, Yeomans et  al. (2008) found substantial interac-
tions between sensory information and linguistic infor-
mation. Labeling the food as ice cream rather than frozen 
savory mousse decreased the ratings of  pleasantness but 
increased the ratings of  saltiness and overall flavor inten-
sity. Given the findings from a separate experiment that 
labeling the food as ice cream generated expectations of 
a sweet flavor, the ratings likely reflected contrast between 
the label-induced expectations and the sensory flavor sig-
nals. In yet another experiment, subjects who saw the food 
but did not taste it rated the food as sweeter when it was 
labeled as ice cream and saltier when it was labeled as 
mousse. Again, the judgments likely reflected an interac-
tion between expectations, generated by the labels, and the 
sensory flavor information.

These findings indicate that linguistic information about 
a food sets up expectations that can then interact with sen-
sory information obtained from sampling the food itself. 
Although interactions may sometimes be contrastive (e.g., 
Yeomans et al. 2008), judgments commonly suggest assimi-
lation—the integration (addition) of linguistic information 
and sensory information (e.g., Tuorila et al. 1994; Kähkönen 
and Tuorila 1998; Wansink et al. 2005).

The present experiment examined how linguistic infor-
mation interacts with sensory information, capitalizing on 
the use of a simple model system of flavorants: artificial 
beverages containing different proportions of 2 flavorants, 
the sweet-tasting gustatory flavorant sucrose and the citrus-
“tasting” olfactory flavorant citral. One helpful feature of 
using these gustatory–olfactory mixtures is the evidence that 
the perceived intensities of sucrose and citral combine more 
or less additively (Murphy and Cain 1980; Marks et al. 2012). 
Although not crucial to the experiment, the approximate 
additivity suggests that there is relatively little interaction 
between sucrose and citral, at least with regard to perceived 
intensity. More importantly, by varying the proportions of 
sucrose and citral, we can produce a set of flavor stimuli 
that vary perceptually from predominantly sweet (having 
relatively more sucrose) to predominantly citrus (having 
relatively more citral). Such a stimulus set lends itself  well to 

a study of identification in which the subject’s task on each 
trial is to identify the dominant flavor component. We can 
then compare the identification functions obtained when the 
flavor stimuli follow different linguistic labels. Lawless et al. 
(1991) created an analogous set of odor stimuli by varying 
the proportions of 2 odorants having different perceived 
qualities. Here, we adapt the stimuli of Lawless et al. to gus-
tatory–olfactory flavor mixtures.

The studies reviewed above imply that information about a 
food stimulus that is provided prior to sampling the stimulus 
can modify the overt response, possibly because the informa-
tion elicits expectations that, in turn, may modify the subse-
quent perception or at least modify the overt response. The 
tendency to change expectations on the basis of prior infor-
mation comes, no doubt, from experiences in which the infor-
mation is valid, at least probabilistically. Indeed, this is likely 
the basis for learning the referents for words such as “sweet” 
and “salty.” If  the label SUGAR precedes flavorants that usu-
ally contain more sucrose than citral, and CITRUS precedes 
flavorants that usually contain more citral, then subjects may 
pick up this information and use it to improve the accuracy of 
identification. It is also possible, however, that labels simply 
increase the probability that responses will match the labels. 
The present pair of experiments may shed light on which of 
these processes (or both) underlies the responses of subjects 
to a well-defined set of gustatory–olfactory flavorants. Both 
experiments used the same method, but examined effects of 
labeling on different sets of stimulus mixtures.

Materials and methods

Subjects

A total of  46 men and women participated, 16 in the initial 
Experiment 1 and 30 in a more extensive Experiment 2 (no 
subject served in both). Following a preliminary session, 
which assessed the perceived flavor intensity of  sucrose and 
citral (all subjects in both experiments), each subject then 
participated in 1 identification session (Experiment 1)  or 
2 identification sessions (Experiment 2), held on separate 
days. Experiment 1 tested 8 subjects in a baseline (no label) 
condition [6 women and 2 men, 22–32 years: mean = 27.3; 
standard deviation (SD) = 4.0] and the other 8 in a labeling 
condition (7 women and 1 man, 22–31 years: mean = 25.3; 
SD  =  3.1). Experiment 2 tested 12 subjects in a baseline 
condition (8 women and 4 men, 19–45 years: mean = 29.0, 
SD  =  7.2) and the other 18 in a labeling condition (12 
women and 6 men, 18–29 years: mean = 22.9, SD = 3.3). 
The subjects did not report any taste impairments, and 
they were instructed not to eat or drink anything but water 
in the hour before the sessions. Subjects were paid $10/
hour to participate. Most of  the subjects were affiliated 
with Yale University. The research complied with the 
Declaration of Helsinki for Medical Research involving 
Human Subjects. All subjects gave informed consent, 
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under a protocol approved by Yale University’s Human 
Subjects Committee.

Materials

Stimuli were made fresh at least every week and refriger-
ated until warmed to room temperature (23.5  °C) before 
testing. The gustatory flavorant was sucrose (J.T. Baker, 
CAS# 57-50-1, C12H22O11) dissolved in deionized water. 
The olfactory stimulus was citral (International Flavors and 
Fragrances, CAS# 5392-40-5, chemical characterization: 
3,7-dimethyl-2,6-octadienal, a mixture of  cis- and trans-iso-
mers). Because citral does not dissolve readily in water, we 
first dissolved the citral in 200 proof ethyl alcohol (ethanol, 
CAS# 64-17-5), in a ratio of  1 part citral to 30 parts etha-
nol, and then added deionized water to bring the concen-
trations of  citral to the desired values. Concentrations of 
ethanol and citral were below trigeminal and taste thresh-
olds (Wilson et  al. 1973; Cometto-Muniz and Cain 1990; 
Cerf-Ducastel and Murphy 2001).

The preliminary sessions of each experiment presented 6 
concentrations each of sucrose (0.008–0.099 M) and of cit-
ral (6.6 × 10−5–1.09 × 10−1 M). Based on the results of these 
sessions, we chose the concentration of citral that gave a 
comparable rating of perceived intensity to 0.099 M sucrose 
across subjects, which was 0.0059 M citral. Then, for each 
condition (no labels or labeling) of each experiment, we 
constructed either 7 mixtures (Experiment 1) or 4 mixtures 
(Experiment 2)  containing the following relative propor-
tions of the flavorant concentrations: Experiment 1: 0.10 
sucrose/0.90 citral, 0.25 sucrose/0.75 citral, 0.40 sucrose/0.60 
citral, 0.50 sucrose/0.50 citral, 0.60 sucrose/0.40 citral, 0.75 
sucrose/0.25 citral, and 0.90 sucrose/0.10 citral; Experiment 
2: 0.35 sucrose/0.65 citral, 0.45 sucrose/0.55 citral, 0.55 
sucrose/0.45 citral, and 0.65 sucrose/0.35 citral. Thus, for 
example, the mixture denoted as 0.35 sucrose/0.65 citral 
contained 0.035 M sucrose (0.099 × 0.35) and 0.0038 M citral 
(0.0059 × 0.65).

Procedure

Preliminary session

The procedure used in the preliminary session was the same 
for all subjects. Subjects judged the 6 concentrations of 
sucrose and the 6 concentrations of citral in separate blocks 
of trials, each stimulus being presented 10 times within the 
block in random order (60 presentations each of sucrose and 
citral). Subjects rated the perceived intensity of each flavor 
stimulus on a Labeled Magnitude Scale (Green et al. 1996), 
as modified by Marks et al. (2012). This modified scale con-
tains numbers as well as verbal descriptors, allowing the sub-
jects to respond with a number to represent the intensity of 
the flavorant based on the number’s location relative to the 
descriptors. In the preliminary and main sessions, each trial 

presented 5 mL of flavor solution in a 30-mL plastic cup. 
Subjects rinsed thoroughly with deionized water before each 
stimulus. The next stimulus was presented about 30 s after 
the judgment of the previous stimulus. Each block of 60 tri-
als in the preliminary session took about 15 min. The ratings 
obtained at baseline showed that 0.099 M sucrose was judged 
about as strong as 0.0059 M citral, and these concentrations 
served as the stimuli in the main experiments.

Identification experiments

In the identification experiments, each of the 7 flavor mix-
tures (Experiment 1)  or 4 flavor mixtures (Experiment 
2)  was presented a total of  12 times or 20 times, respec-
tively, within a session in random order. Thus, each subject 
in Experiment 1 provided 84 identifications in all, and each 
subject in Experiment 2 provided 160 (80 in each of the 2 
sessions). The task on each trial was to identify the domi-
nant component of  the stimulus, “sugar” or “citrus.” The 
no-label condition served as a baseline, measuring how, in 
the absence of  labels, the proportions of  “sugar” and “cit-
rus” responses vary with the proportions of  the 2 flavorants 
in the absence of  labels.

In the label condition, each flavor stimulus followed a 
linguistic label, either SUGAR or CITRUS, presented on 
a computer monitor. The subjects were informed that on 
most trials, but not all of  them, the label would correctly 
denote the dominant flavor. Although the label would not 
indicate the dominant flavor on some of the trials, the labels 
would be informative overall. Subjects were not informed, 
however, as to the specific statistical associations between 
the labels and the flavor stimuli. In Experiment 1, the labels 
SUGAR/CITRUS were assigned to the 7 flavor stimuli, in 
increasing proportion of sucrose, with the frequencies 0/12, 
0/12, 3/9, 6/6, 9/3, 12/0, and 12/0. In Experiment 2, the labels 
SUGAR/CITRUS were assigned to the 4 flavor stimuli, 
in increasing proportion of sucrose, with the frequencies 
4/16, 8/12, 12/8, and 16/4. Thus, in Experiment 1, the 4 
most extreme stimuli were always labeled correctly, either 
as CITRAL (0.10S/0.90C and 0.25S/0.75C) or as SUGAR 
(0.75S/0.25C and 0.90S/0.10C), and only the 3 intermediate 
stimuli (0.40S/0.60C, 0.50S/0.50C, and 0.60S/0.40C) were 
labeled probabilistically. In Experiment 2, however, all 
4 stimuli were labeled probabilistically. We chose these 
frequencies of  presentation to ensure that the labels would 
be statistically associated with the dominant components of 
the stimulus ensembles in both experiments while avoiding 
obvious mismatches between labels and flavors when the 
proportion of sucrose to citral was either very small or very 
large in Experiment 1. Overall, the validity of  the labels (the 
proportion of trials in which the labels denoted the correct 
responses) was greater in Experiment 1 than in Experiment 
2 [0.86 vs. 0.70; in Experiment 1, we defined the validity 
of  the labels given to the middle stimulus of  the series 
(0.50S/0.50C) as 0.5].
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Results and discussion

Effects of labeling on “sugar” and “citrus” responses

Figure 1 shows the results obtained in the baseline (no-label) 
conditions of both experiments, plotting the average propor-
tion of “sugar” responses as a function of the proportion 
of sucrose to citral in the stimulus. In both experiments, the 
proportion of “sugar” responses was at or near 0.5 when the 
stimulus contained equal relative proportions of sucrose and 
citral, consistent with the expectation that subjects would be 
equally likely to identify a flavorant as “sugar” and “citrus” 
when the components were equated in perceived intensity.

Figure  2 shows the analogous results obtained in the 
labeling conditions, with the results from Experiments 1 
and 2 given in the figure’s left and right panels, respectively. 
Each panel again plots the average proportion of “sugar” 
responses as a function of the proportion of sucrose in the 
flavor stimulus, separately now for those trials in which the 
flavorant was labeled SUGAR and for those trials in which 
it was labeled CITRUS. The main statistical analyses (analy-
ses of variance with repeated measures) were conducted on 
responses to all of the stimuli that received both labels: the 
middle 3 stimuli of the series in Experiment 1 and all 4 stim-
uli in Experiment 2.

Not surprisingly, the proportion of “sugar” responses 
increased significantly with increasing proportion of sucrose 
in the stimulus: Experiment 1, F(2,14) = 36.8, P < 0.0001; 
Experiment 2, F(3,51)  =  155.1, P  <  0.0001. Most impor-
tantly, in both experiments, the label markedly affected 
identification: The proportion of “sugar” responses was 
greater when the label was SUGAR rather than CITRUS, 
the effect of labeling being significant in both Experiment 
1, F(1,7) = 11.8, P = 0.01 and Experiment 2, F(1,17) = 11.6, 
P < 0.0035. Further, in both experiments, the 2 identifica-
tion functions are displaced more or less uniformly, implying 
that shifting the labels exerted a roughly constant effect on 
responses to all of the stimuli—at least over the limited stim-
ulus ranges used with both labels. The interaction between 
label and stimulus was not significant in either Experiment 
1, F(2,14) < 1 or Experiment 2, F(3,51)  =  1.10, P > 0.35. 
Moreover, in both experiments, the average proportion of 
“sugar” responses was greater when the flavor stimuli were 
labeled SUGAR (0.70 and 0.58 in Experiments 1 and 2, 
respectively), smaller when the stimuli were labeled CITRUS 
(0.45 and 0.44). By way of comparison, proportions were 
intermediate at baseline, when labels were absent (0.54 
and 0.55).

Figure 2 Proportion of “sugar responses” in the labeling conditions of Experiment 1 (left panel) and Experiment 2 (right panel), plotted separately for 
trials in which the flavor stimulus was preceded by the labels SUGAR (open circles) and CITRUS (filled circles).

Figure 1 Proportion of “sugar” responses, plotted as a function of the 
relative proportion of sucrose to citral in Experiment 1 (open circles) and 
Experiment 2 (filled circles), when no labels preceded the flavor stimuli 
(baseline condition).
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Finally, note that labeling a flavorant as SUGAR rather 
than CITRUS led to an average increase of 0.25 in the 
probability of a “sugar” response in Experiment 1, but to an 
average increase of only 0.14 in Experiment 2. Although the 
effect of labeling was numerically greater in Experiment 1, 
the difference is not significant, t(24) = 1.37, P = 0.18.

Effects of labeling on accuracy

We defined responses of “sugar” as correct when the pro-
portion of sucrose in the stimulus exceeded 0.5, and defined 
responses of “citrus” as correct when the proportion of citral 
exceeded 0.5. Then, we calculated the proportions of correct 
responses both with and without the labels (in Experiment 
1, we defined as correct half  of all responses to the ambigu-
ous, 0.50S/0.50C stimulus). In the absence of labels, the pro-
portions of correct responses presumably characterize the 
contribution to identification of the sensory flavor system by 
itself; with the addition of the labels, the corresponding pro-
portions presumably characterize the joint contributions of 
the chemosensory system and linguistically based processes. 
The left and right panels of Figure 3 show how accuracy var-
ied with stimulus proportion in the no-label (baseline) and 
labeling conditions of Experiments 1 and 2, respectively.

In Experiment 1, responses to 2 of the stimuli, 0.40S/0.60C 
and 0.60S/0.40C, are most important, and this is so for 2 rea-
sons: First, each stimulus could be unambiguously defined as 
primarily citrus or sugar. And second, each was presented in 
all 3 conditions—no label, label CITRUS, and label SUGAR. 
The results obtained with these 2 stimuli are simple and 
clear: Accuracy was best when the label was valid (CITRUS 
with the flavor stimulus having more citral, SUGAR with 
the stimulus having more sucrose) and worst when the label 
was invalid (SUGAR with more citral, CITRUS with more 
sucrose). Accuracy in the absence of labels fell between. This 
outcome follows directly from the general tendency, evident 
in Figure 2, for SUGAR labels to lead to higher proportions 

of “sugar” responses and CITRUS labels to lead to higher 
proportions of “citrus” responses.

Labeling in Experiment 1 had a different effect, however, 
on accuracy in identifying the extreme stimuli. When the 
flavor stimulus contained mostly citral (0.10S/0.90C and 
0.25S/0.75C), accuracy was greater in the absence of labels 
than it was following the label CITRUS (CITRUS always 
being the label associated with these stimuli). The out-
come was analogous at the other end of the stimulus scale 
(0.75S/0.25C and 0.90S/0.10C), where the only label asso-
ciated with these stimuli, SUGAR, was always valid, but 
accuracy was nevertheless again better when the label was 
absent. This outcome is intriguing: It suggests that the sen-
sory signals, which in the absence of labels led to virtually 
perfect accuracy, failed to do so in the presence of labels, 
even though the labels should reinforce correct respond-
ing—perhaps because the presence of labels in the session 
induced uncertainty. By implication, these results imply that 
the subjects did not distinctly associate the stimulus-specific 
probabilities of the labels with each flavor stimulus.

In Experiment 2, the labels appeared to affect accuracy in 
different ways when the flavor stimuli contained relatively 
more sucrose (0.55S/0.45C and 0.65S/0.35C) and when the 
stimuli contained relatively more citral (0.35S/0.65C and 
0.45S/0.55C). When the flavor stimuli had mostly sucrose, 
the label SUGAR increased accuracy relative to baseline, 
whereas the label CITRUS decreased accuracy, much as in 
Experiment 1.  When the flavor stimuli had mostly citral, 
however, the label CITRUS increased accuracy relative to 
baseline, but SUGAR did not decrease accuracy at all. This 
last result could of course be spurious, and it is worth noting 
that, in Experiment 1, labeling the mostly citral stimulus as 
SUGAR did clearly decrease accuracy.

Save for the anomalous results in Experiment 2 with 
stimuli containing mostly citral, the measures of accuracy 
in the 2 experiments are broadly compatible with the gen-
eral observation that labeling the stimuli as CITRUS or 

Figure 3 Proportion of correct responses in the no-label condition (filled circles), label-CITRUS condition (open triangles), and label-SUGAR condition 
(open squares) of Experiment 1 (left panel) and Experiment 2 (right panel), plotted as a function of the proportion of sucrose to citral. In Experiment 1, 50% 
of the responses to the stimulus containing a sucrose:citral proportion of 0.5 were treated as correct.
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SUGAR increased the tendency to identify the stimulus 
as “citrus” or “sugar,” respectively. Because this tendency 
increases the accuracy of identification when the labels are 
valid but decreases accuracy when the labels are invalid, 
the overall effect of labeling on accuracy should be modest. 
This is indeed the case when we calculate overall measures 
of accuracy with and without labels. In Experiment 1, over-
all accuracy was actually worse when the flavor stimuli were 
presented with labels than without them, 0.83 versus 0.86, 
although the difference is small and not statistically reliable, 
t(14) = 0.70, P > 0.45 (omitting responses to the 0.50S/0.50C 
stimulus increases the averages to 0.89 and 0.92, the differ-
ence still being nonsignificant, t(14)  =  0.74, P > 0.45). In 
Experiment 2, however, accuracy was significantly greater 
with labels than without them, 0.78 versus 0.72, t(28) = 2.49, 
P < 0.02.

Finally, we note that accuracy in Experiment 1 surpassed 
that in Experiment 2.  This is not surprising, given that 
Experiment 1 used a wider range of stimulus proportions, 
with larger differences between successive stimuli. Thus, the 
overall rate of correct responding was significantly greater in 
Experiment 1 than in Experiment 2 in the absence of labels 
(0.86 vs. 0.72, t(19)  =  6.01, P  <  0.0001) and was greater 
though not significantly so when the flavor stimuli followed 
labels (0.83 vs. 0.78, t(24) = 1.88, P = 0.072).

General discussion

Two experiments examined how linguistic labels affected 
the identification of flavor stimuli containing different 
proportions of the gustatory flavorant sucrose and the 
olfactory flavorant citral, asking subjects to identify each 
stimulus as containing either “mostly sugar” or “mostly 
citrus.” In both experiments, labeling a flavor stimulus as 
SUGAR rather than CITRUS led to more responses of 
“sugar” than of “citrus.” Consequently, the label SUCROSE 
tended to increase the accuracy of identification when the 
flavor stimulus contained more sucrose than citral, but to 
decrease accuracy when the stimulus contained more citral 
than sucrose. Similarly, the label CITRUS tended to increase 
or decrease accuracy when flavor stimulus contained 
proportionally more or less citral than sucrose. Thus, some 
of the label-induced responses were correct, some incorrect.

Although the labels themselves were statistically informa-
tive overall, subjects nevertheless relied substantially on the 
chemosensory signals. As is clear in Figure 2, the effect on 
identification of varying the proportion of sucrose in the fla-
vor stimulus substantially exceeded the effect of varying the 
linguistic label. Further, in both Experiments 1 and 2, the 
functions obtained with the labels SUGAR and CITRUS 
are roughly parallel, indicating that the difference between 
the effects of the 2 labels was relatively constant across the 
various flavor stimuli within each experiment—although the 
difference probably would likely have diminished had we pre-
sented both labels with flavor stimuli at the extremes of the 

psychometric function, where performance in the absence of 
labels becomes asymptotic.

In brief, the present results imply that flavor identification 
can reflect an integration or interaction of sensory informa-
tion from flavor stimuli with linguistic information that pre-
sumably creates expectations regarding the identity of the 
stimulus. The results complement findings reported by other 
investigators on the ways that verbal information affected 
judgments of fat-free versus regular-fat foods (Tuorila et al. 
1994), yogurts (Schifferstein et al. 1999), entrees on menus at 
a cafeteria (Wansink et al. 2005), frozen mousse (Yeomans 
et al. 2008), and odors of various foods (Distel and Hudson 
2001). Our results extend these findings by showing how a 
label can systematically influence the identification of the 
primary component of gustatory–olfactory flavor mixtures. 
In the next 2 sections, we consider further just how the sen-
sory and linguistic information may combine.

Validity of labels and accuracy of identification

The labels given in both of the present experiments were 
probabilistically valid; that is, each label usually but not 
always named the dominant component of the subsequent 
flavor stimulus. Had the labels always correctly named the 
subsequent flavors, the subjects might have ignored the flavor 
percepts and simply responded by echoing the labels. On the 
other hand, had the labels been randomly associated with 
the flavor stimuli, the subjects might have ignored the labels 
and relied exclusively on the sensory flavor signals. Given 
our experimental design, the labels were valid (named the 
dominant component) on 86% of the trials in Experiment 
1 and on 70% of the trials in Experiment 2. If  the subjects 
had ignored the flavor information and simply responded by 
repeating the labels, performance in both experiments would 
have exceeded chance—and the subjects could have done 
this even if  they did not discern the specific statistical asso-
ciations of the 2 labels with each flavor stimulus.

In Experiment 1, the labels were always valid when they 
preceded the 4 stimuli that were most easily identified: 
CITRUS always preceded stimuli having citral proportions 
of  0.75 and 0.90, and SUGAR always preceded stimuli 
having sucrose proportions of  0.75 and 0.90. These 4 
stimuli were almost always identified correctly in the 
baseline, no-label condition, but were identified less 
than perfectly when they followed labels, even though 
the labels were always valid. This outcome, perhaps 
counterintuitive, suggests that the subjects were sensitive 
to global associations between the labels and the stimuli—
CITRUS being associated mostly with flavors that seemed 
more “citrusy,” SUGAR associated mostly with flavors 
that seemed more “sugary”—and not very sensitive to the 
unique associations between the labels and each specific 
stimulus. Perhaps, the flavor stimuli were not sufficiently 
discriminable from one another to allow the subjects to 
determine how the 2 labels associated with each flavor 
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stimulus. In Experiment 1, the overall validity of  the labels, 
0.86, slightly exceeded the subjects’ accuracy with labels, 
0.83; in this experiment, subjects would actually have been 
slightly more accurate overall had they simple repeated the 
label on each trial. In Experiment 2, however, accuracy 
with labels (0.78) did exceed the validity of  the labels 
(0.70), as well as accuracy in the absence of  labels (0.72). In 
Experiment 2, therefore, the subjects presumably were able 
to discern to some extent the specific associations between 
labels and flavor stimuli, using the labels to enhance the 
information available from the chemosensory signals.

That the subjects continued to rely substantially on the 
chemosensory signals even when given labels is evident in 
Figure 3, which shows the accuracy of responding to each 
stimulus in each condition of labeling. Note that if  subjects 
had relied exclusively on the labels, then, on all of the trials 
on which the labels were not valid—SUCROSE preceding 
stimuli having proportions of sucrose >0.5, CITRUS preced-
ing stimuli having proportions of sucrose >0.5—accuracy 
would have been zero. In fact, accuracy was always consider-
ably greater than zero, indeed, always greater than chance 
(0.5) for every flavor stimulus with each label, as it was when 
the flavor stimuli were presented without labels and the sub-
jects had to rely exclusively on the chemosensory signals. In 
Experiment 2 at least, subjects presumably used information 
in the labels, without substantially misusing it.

Effects of labeling: integration and interference?

From the pattern of results, especially Figure 2, we discern 2 
distinct effects of the labels on flavor identification. The first 
effect is assimilation, and this is evident when we examine 
how the labels, SUGAR and CITRUS, differentially affected 
responding: With labeling, the responses tend to resemble 
the labels, with SUGAR leading to a greater propensity to 
respond “sugar” and CITRUS leading to a greater propen-
sity to respond “citrus.” The second effect is interference, 
and this is evident when we compare performance with and 
without labels, especially in Experiment 1: The results of 
Experiment 1 imply that labels can sow confusion. Adding 
labels, even when always valid, nevertheless impaired perfor-
mance in identifying those 4 stimuli that were most readily 
identified without the labels. From this outcome, we infer that 
the interference resulted not from the (valid) labels per se, 
but from the context that resulted when the subjects received 
different labels on different trials. Similar interference may 
have also arisen with the other 3 stimuli, but because perfor-
mance on these stimuli was always imperfect, any such inter-
ference is not directly discerned. It is possible that 2 different 
processes, and perhaps 2 distinct mechanisms, underlie the 
effects of labeling, one process responsible for assimilation 
and the other for interference; alternatively, assimilation and 
interference might both result when a single mechanism that 
is geared to optimizing performance operates on different 
stimuli.

This interpretation of the results is reminiscent of a 
substantial number of findings from studies of selective 
attention in which subjects received multiple sources of 
stimulation and performance was assessed using paradigms 
developed by Garner (1974). By and large, these studies 
used measures of response time (RT) to gauge performance, 
often reporting evidence of 2 forms of cross-stimulus 
interaction, which can also be characterized as interference 
and assimilation. Melara and Marks (1990, Experiment 
1)  reported, for example, that subjects could identify the 
pitch of a tone (high vs. low) more quickly when the tone 
was accompanied by a corresponding visual bigram, either 
HI or LO, much as subjects in the present experiments more 
often identified a high-sucrose or high-citral flavor as mostly 
“sugar” or “citrus,” respectively, when the flavors followed the 
corresponding label, SUGAR or CITRUS. In the experiment 
of Melara and Marks, performance was also poorer overall 
(RTs were longer) when the bigrams varied from trial to trial 
rather than remaining constant—evidence of interference, 
perhaps analogous to the results of the present Experiment 
1.  Although similar patterns have appeared in numerous 
other studies of selective attention (e.g., Marks 2004, 
Spence 2011), the mechanism that underlies interference and 
assimilation observed in tasks requiring rapid responding 
may differ from those observed in tasks that do not require 
rapid selective attention and discrimination.

Sensory versus decisional processes in assimilation

Although the evidence in the present study for label-induced 
interference is only modest, the evidence for assimilation of 
responses to the 2 labels is clear, and it raises the question: 
Through what kind of process or processes might subjects 
combine the linguistic and chemosensory information? The 
effects of labeling observed in both Experiments 1 and 2 
can readily be described in terms of models that derive from 
signal-detection theory (Green and Swets 1966), as applied 
to taste and flavor (Linker et  al. 1964; Irwin et  al. 1992). 
A plausible, and simple, model would assume that linguistic 
labels affect flavor identification by modifying the locations 
of response criteria that are mapped onto the decision axis. 
By this token, we assume that each flavor stimulus in the pre-
sent experiments produces, over many trials, a distribution 
of responses along an axis corresponding to a dimension of 
“sugar–citrus.” Imperfect identification reflects the overlap 
between or among the distributions. In the absence of labels, 
and ignoring any source of interference, subjects likely set 
their criterion at or near the transition from sugar to citrus, 
responding “citrus” when the observation on a given trial 
falls below the criterion and “sugar” when the observation 
falls above it, as shown in the upper part of Figure 4. This 
figure illustrates a simple case with just 2 flavor stimuli, each 
of which produces a distribution of flavor responses. To 
simplify the exposition, the distributions in this example are 
equally displaced from the center of the axis.
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According to this model, presenting a label, SUGAR or 
CITRUS, on a given trial shifts the criterion to the left or 
right, respectively. Assuming the sensory distributions are 
unchanged, shifting the criterion thereby leads to increases 
or decreases in the proportions of “sugar” and “citrus” 
responses (increasing or decreasing the area of each distri-
bution that falls to the right of the criterion). With SUGAR, 
the criterion moves to the left, so the proportions of “sugar” 
responses increase in all flavor stimuli. With CITRUS, the 
criterion moves to the right, so the proportions of “sugar” 
responses decrease.

In a simple signal-detection model, where the underlying 
distributions of sensory events associated with the stimuli 
are Gaussian and have equal variance, the shifting-criterion 
model predicts a constant difference between effects of  the 
labels CITRUS and SUGAR when the response propor-
tions are transformed to normal deviates (z scores); because 
several of  the individual proportions in the equaled 0.0 or 
1.0, we followed Tukey’s (1977) recommendation of first 
converting proportions into split scores (ss) by the formula 
ss  =  (n + 1/6)/(N + 1/3) and then transforming ss into z 
scores. Reanalysis of  the results of  both Experiments 1 and 
2 is compatible with this prediction: After transforming 
response proportions to z scores, the interaction between 
label and flavor stimulus was again not significant in either 
experiment: Experiment 1, F(2,14) < 1; Experiment 2, 
F(3,51) = 1.38, P > 0.25.

Finally, we mention an alternative interpretation of the 
model: It is possible that presenting a label does not only 
affect criterion but also (or instead) shifts the distributions 
of sensory responses themselves, the label SUGAR shifting 
the distributions toward the “sugar” pole and CITRUS shift-
ing them toward the “citrus” pole while leaving the location 
of the criterion unchanged. The quantitative properties of 
models postulating shifting criterion and models propos-
ing shifting sensory responses can be similar, even identical. 
More complex experimental paradigms than those used here 
would be needed to contrast these interpretations, which 
might apply also to analogous phenomena, such as the 
effects of color on flavor identification (Shavit AY, Marks 
LE, unpublished data).

One paradigm could capitalize on the use of RT as a 
surrogate for perceived flavor intensity (e.g., Yamamoto and 
Kawamura 1981; Bujas et  al. 1989). Increases in stimulus 
intensity, hence in perceptual intensity, can lead to faster 
responses (smaller RTs) both in detection tasks, where 
subjects respond as quickly as possible to any stimulus, 
and in identification tasks, where subjects make different 
responses to different stimuli. When subjects rapidly 
identified low-frequency versus high-frequency tones with 
temporal uncertainty before each stimulus, greater sound 
intensity produced smaller RTs (Keuss and van der Molen 
1982). Capitalizing on this finding, Arieh and Marks (2003) 
showed that when subjects rapidly identified low-frequency 
and high-frequency tones, raising the intensity context 
at either frequency led to greater RTs, as well as smaller 
judgments of loudness, but without the corresponding 
change in errors predicted by speed–accuracy trade-off. 
In this example, changing the stimulus context apparently 
changed the sensory representations of sound intensity 
without (just) shifting the response criteria.

Now back to flavor: If  labels modify flavor identification by 
changing the underlying sensory representations (if  SUGAR 
adds to perceived sucrose intensity and if  CITRUS adds to 
perceived citral intensity), then it should be possible to mimic 
the effects of labeling by raising the concentration of sucrose 
or citral in each mixture to produce a comparable effect on 
identification. A  critical test would then compare RT and 
errors across 3 conditions in a speeded flavor-identification 
task: a baseline condition presenting several sucrose–citral 
mixtures without labels; a labeling condition presenting the 
same flavor mixtures with labels; and an intensity-control 
condition presenting each mixture without a label but with 
an elevated concentration of sucrose or citral, predetermined 
to mimic the effect of labeling. Assuming that RTs are smaller 
in the intensity-control condition than in the baseline condi-
tion, without corresponding increases in errors, the RTs and 
errors observed in the labeling condition would be critical. If  
the addition of labels changes the sensory representations, 
then (as in the intensity-control condition), RTs should be 
smaller than RTs at baseline, without corresponding changes 
in errors. But if  the labels simply lead to shifts in response 

Figure 4 A signal-detection model to describe how labels could affect 
flavor identification by modifying the location of the response criterion. 
Each of the 3 identical pairs of curves shows hypothetical distributions of 
internal flavor responses along an axis representing “sugar–citrus.” In each 
pair, the distributions on the left and right represent responses to a stimu-
lus containing proportionally less and more sucrose, respectively. The area 
under each distribution to the left or right of each criterion corresponds to 
the probability of responding “citrus” and “sugar,” respectively. Assuming 
that the criterion is set at a “neutral” location in the absence of any label 
(upper pair of distributions), then presenting the label CITRUS or SUGAR 
would shift criterion to the left (middle pair) or to the right (bottom pair), 
thereby correspondingly increasing the probability of responding “citrus” 
or “sugar.”
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criteria, then any decrease in RT should be offset by a corre-
sponding increase in errors. Several methods are available for 
precisely determining the speed–accuracy relation for each 
stimulus (see, e.g., Arieh and Marks 2003, 2008).

Paradigms like the one just suggested, as well as the sim-
pler paradigm of the present experiments, could prove useful 
when used in conjunction with statistical models (e.g., mod-
els based in Bayesian inference) that aim to predict optimal 
performance with multiples sources of information, such as 
those arising from sensory signals and verbal labels. Such 
paradigms might also shed light on the effects of labeling 
under a variety of sensory conditions, for example, with sen-
sory disorders produced by disease or injury, and with sen-
sory and cognitive aging.
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