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Abstract
Hundreds of studies have used the generalized Labeled Magnitude Scale (gLMS) to collect
intensity data. Recent work on generalized affective scales like the Labeled Affective Magnitude
(LAM) scale and Labeled Hedonic Scale (LHS) suggest a substantial proportion of participants
fail to use the entire range of generalized scales, marking only at the adjective labels. This
categorical behavior (i.e., clustering) is not limited to affective ratings, as it is well known
anecdotally among users of the gLMS. One way to stop this behavior would be to retain a
generalized top anchor and cross modal orientation procedure while stripping away the internal
adjectives. Several published studies have already used this variant, the generalized Visual Analog
Scale (gVAS). Because there are no reports directly comparing the gVAS and gLMS head to head,
we did so in two experiments. In Experiment 1, participants (n=87) were randomized to 1 of 3
conditions to test effects of scaling instructions and scale structure. In Experiment 2, participants
(n=58) assessed perceived ease of use and resolving power for each scale in a two-session
crossover design. gLMS data showed evidence of categorical behavior, while gVAS data did not.
Explicitly instructing participants to rate between adjectives did not reduce this behavior. The
gLMS was easier to use according to participants, but resulted in non-normal data due to
clustering near the adjective labels. gVAS data did not show categorical behavior, as there are no
adjectives to cluster around, but the gVAS sacrifices semantic information about the magnitude of
response. Regardless of scale type, participants felt the cross-modal orientation procedure helped
them understand how to use the scale. Both scales were able to discriminate between sucrose
samples in a concentration series. Relative tradeoffs between the two methods suggest the choice
of one scale over the other depends on the specific goals and context of the project.

1. Introduction
Humans cannot share perceptual experiences – we can only describe those experiences. To
compare experiences to those experienced by others, we first need to transform our internal
experience into a verbal description or number we can share. Category scales and visual
analog scales have been used historically to quantify sensory or hedonic experiences
(reviewed by Bartoshuk, et al., 2003 and Lim, Wood, & Green, 2009). Category scales
partition intensity into bins that frequently have a numeric and/or semantic label (e.g.,
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1=very weak, 5=medium, 9=very strong) whereas visual analog scales have no subdivisions.
Rather, a visual analog scale is typically an unstructured line scale anchored at its ends with
the minimum and maximum ratings for a particular attribute (e.g., ‘not sweet’ to ‘extremely
sweet’). These scales are purportedly straightforward and easily understood by participants
across diverse educational attainment or disease states (e.g., Hayes & Patterson, 1921;
Zealley & Aitken, 1969), unlike magnitude estimation, which asks participants to express
intensities in terms of ratios, requiring both training and a certain level of numeracy
(Lawless & Malone, 1986a). Line and category scales are also faster to use, and easier to
understand than magnitude estimation (Lawless & Malone, 1986b). Thus, the Labeled
Magnitude Scale – a specialized line scale with semantic labels at empirically derived
intervals – was rapidly adopted in chemosensory research, as it generates data similar to
magnitude estimation (Green, et al., 1996; Green, Shaffer, & Gilmore, 1993) and is easier to
use. Unlike visual analog scales and categorical scales, it is assumed magnitude estimation
and the Labeled Magnitude Scale (LMS) generate ratio level data.

More critically, visual analog scales, category scales, and the original version of the LMS
assume that the adjective labels mean the same thing to all participants within a specific
sensory modality; that is, if we are each given solutions of 1 molar sucrose, these methods
assume that your ‘very sweet’ is equivalent to my ‘very sweet’. However, work by
Bartoshuk and colleagues (2003; 2006) indicates this is not a valid assumption, as it still
does not tell us about the perceived intensity of the experience, only that people use the
same label or number for that particular experience in that context. In an early description of
the visual analog scale, Aitkin (1969) presciently cautioned “the same word can be used
with different meaning, and need not imply that people experience the same feeling.”

The generally accepted remedy to this problem is two fold: detailed instructions on how to
use the scale and an orientation (warmup) procedure to practice using the scale. Initially,
Bartoshuk, Green and colleagues suggested that the top of the scale should be anchored to
the ‘strongest imaginable sensation of any kind’ (see Bartoshuk, 2000), resulting in the
widespread adoption of the generalized Labeled Magnitude Scale (gLMS) within the
chemosensory community (eg, Eggleston, White, & Sheehe, 2010; Hayes & Duffy, 2007;
Keast & Roper, 2007). However, subsequent work by Bartoshuk’s laboratory indicated the
modifier ‘imaginable’ does not generalize the scale, as adding imaginable merely stretches
the range of values obtained (Snyder, Fast, & Bartoshuk, 2004). Instead, the first remedy is
to specifically direct participants to make their ratings in a context broader than (outside) the
specific modality being studied; that is, to anchor the top of the scale to the strongest
sensation of any kind. The second remedy is to have participants practice rating sensation
intensities that are not within the modality of interest. Thus, in a hypothetical study of
sucrose sweetness, participants would be oriented to the scale by having them rate the
intensity of tones or remembered sensations of sound, brightness and temperature (eg,
Bartoshuk, et al., 2003; Green & Hayes, 2003). As a secondary benefit, similar to magnitude
matching (Marks, et al., 1988), the inclusion of non-oral standards within a test session, such
as a remembered sensation like the brightness of the sun or a presented sound standard,
allows for data standardization (Duffy, Peterson, & Bartoshuk, 2004) or statistical
partitioning of scale usage (Hayes & Duffy, 2007) if needed. With cross modal data, it
becomes possible to check whether apparent individual differences in chemosensory are
merely the result how that participant uses the scale usage. For example, if two individuals
rate the sweetness of a sucrose sample as 20 and 30 on the gLMS, but both rate the
brightness of the sun near 60, we are more confident the two individuals perceive the
sucrose differently.

In using the gLMS over the last decade, we have observed some participants treat the gLMS
labels as categories, marking only at the adjectives, or on a pencil and paper ballots, even

Hayes et al. Page 2

Food Qual Prefer. Author manuscript; available in PMC 2014 April 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text



circling the words themselves. Similar clustering effects (ie, categorical behavior) in direct
scaling are not new; they have been described previously for Magnitude Estimation
(Moskowitz, 1977), the Labeled Affective Magnitude (LAM) scale, both with paper
(Cardello, Lawless, & Schutz, 2008; Lawless, Sinopoli, & Chapman, 2010) and
computerized ballots (Lawless, Popper, & Kroll, 2010) and the Labeled Hedonic Scale
(LHS) (Lim & Fujimaru, 2010). While this response pattern is well known anecdotally
among practitioners who use the gLMS, there are no formal reports in the literature
regarding this response pattern.

One means to prevent categorical behavior would be to strip the gLMS of internal adjectives
(the semantic labels), while retaining the top and bottom anchor. This variant, called the
generalized Visual Analog Scale (gVAS), is described elsewhere (Dionne, et al., 2005;
Snyder, et al., 2006). It has already been used in a large epidemiological trial to collect taste
phenotypes in children (Timpson, et al., 2007) and to characterize alcohol beverages in
adults (Pickering, et al., 2010). Although the logic behind the gVAS is straightforward (see
Dionne, et al., 2005; Snyder, et al., 2006), and it is already being used in the field (see
above), there are no reports directly comparing the unstructured gVAS to the gLMS. In pilot
analysis comparing the two methods, we found the rank order of imagined sensations from
the orientation procedure was preserved, and the correlation across group means was very
high. However, we also observed that there was systematic deviation in the raw values
obtained from the two scales. Additionally, while categorical behavior was clearly present in
the gLMS data, an anonymous reviewer was concerned this response pattern may have
arisen due to abbreviated instructions that did not explicitly stress that participants should
use the space between the semantic labels (personal communication; anonymous reviewer).
Here, we report the results of two new experiments specifically designed to address these
questions.

Here, we attempt to answer four specific questions in two separate experiments. In the first
experiment, we ask a) if intensity ratings for orientation items and sampled stimuli vary
across the gLMS and gVAS, and b) whether the specific wording in the participant
instructions influences categorical behavior on the gLMS. In the second experiment, we c)
assess perceived ease of use by participants and d) compare the discrimination among
samples (resolving power) between scales.

2. Methods
2.1 Participants

Study participants were recruited from the Pennsylvania State University campus and
surrounding community (University Park, PA). Participants were screened to ensure they
were between 18–45 years old, had not smoked in the last 30 days, had no lip or tongue
piercings, no known taste defects and were not ill due to a cold or the flu. Some of the
participants had prior experience in taste studies, but no participants in either experiment
had used the gLMS or gVAS previously, and Experiment 1 participants were not allowed to
take part in Experiment 2. Also, while we did not collect participant ages, we note that our
participants are drawn from a large opt-in database maintained by our laboratory. This
database consists of large number of age diverse individuals who have previously expressed
an interest in routine consumer product testing in our facility (i.e., it is not a typical
undergraduate psychology study pool). Procedures were exempted from Institutional
Review Board review by the Penn State Office of Research Protections staff under the
wholesome foods/approved food additives exemption in 45 CFR 46.101(b)(6). Participants
provided informed consent and were compensated for their time.
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2.2 Scaling and sample presentation
The experimenter personally greeted participants at the beginning of the test; all orientation
and testing occurred in an isolated testing booth without further interaction. All scales were
presented as horizontal lines on a computer screen using Compusense® five software
version 5.2 (Compusense, Inc, Guelph ON). Prior to rating any sampled stimuli, participants
were provided written instructions on how to use the scale (described below), and oriented
to the scale by rating 15 imagined sensations that included a range of intensities, and sensory
domains (touch, taste, tactile, thermal, auditory, visual). The orientation items were
presented in a fixed order. After the orientation, participants rated the perceived intensity of
a series of taste and chemesthetic solutions. All samples consisted of 10mL aliquot
presented in a plastic soufflé cup at room temperature (~20°C). Sample presentation orders
were randomized, and participants rinsed ad libitum with room temperature reverse osmosis
(RO) water prior to the first sample and between each sample. For Experiment 1,
participants were asked to rate the sweetness, sourness, saltiness, bitterness, umami/savory,
and burning/stinging of 4 stimuli: 0.5M sucrose (Domino), 0.41mM quinine hydrochloride
(SAFC), 0.56mM potassium chloride (Spectrum), and 25uM natural capsaicin (Aldrich). For
experiment 2, participants rated the overall intensity of five sucrose solutions: 0.19M,
0.24M, 0.30M, 0.37M and 0.47M.

2.3 Experiment One Design and Scale Instructions
Participants (n=87) were randomized to one of three conditions in a between-subjects design
(n=29 per condition), where the warm-up orientation items and sampled stimuli were
identical across all three conditions. All data were collected in a single session. The
differences between conditions were the absence/presence of internal semantic labels on the
scale (gLMS versus gVAS) and the written instructions that explained the scale (implicit
gLMS versus explicit gLMS). For both gLMS conditions, participants used a horizontal
scale with ticks and semantic labels at the following points: no sensation (0) barely
detectable (1.4), weak (6), moderate (17), strong (35), very strong (51), strongest imaginable
sensation of any kind (100). The gVAS condition eliminated all internal labels, retaining no
sensation (0) and strongest imaginable sensation of any kind (100). In the explicit gLMS
condition, participants received instructions identical to those provided by Green (2002). In
the implicit gLMS condition, participants received written instructions that were identical to
the gVAS instructions. The exact wording is provided in Supplement 1. Evidence from
Bartoshuk and colleagues (Bartoshuk, et al., 2006) indicates that the modifier imaginary is
unnecessary in the top anchor; in spite of this, we retained ‘strongest imaginable sensation of
any kind’ for all three scales to ensure greater comparability with prior reports.

2.4 Experiment Two Design and Scale Instructions
Participants were tested in a within-subjects crossover design. The scale layout and structure
(gLMS and gVAS) were identical to those in Experiment 1. Condition assignment was
randomized and counterbalanced so half the participants received the gLMS condition first
and the other half received the gVAS condition first. The two sessions were scheduled a
week apart and 58 participants completed both days of testing. In Experiment 2, the implicit
gLMS instructions from Experiment 1 were used, as this allowed us to use identical wording
for both the gVAS and gLMS. Perceived ease of use was also assessed (described in detail
below).

2.5 Data Analysis
Data were analyzed using SAS 9.2 (Cary, NC). Regression analyses were conducted via
proc reg. Repeated-measures analysis of variance (ANOVA) were performed via proc
mixed, with participants as a random effect, assuming compound symmetry for the
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covariance structure. Adjustments for multiple comparisons were made via the Tukey-
Kramer method unless otherwise noted. Significant criterion was set at alpha = 0.05.
Underlying distribution of responses (kernel density estimates) were generated via proc kde
using the default bandwidth selection options (the Sheather–Jones plug-in [SJPI] method).
Categorical behavior was quantified using a method described previously (Lawless, Popper,
et al., 2010). All data were used; no participants were dropped from the analyses.

3. Results
3.1 Experiment One Results

When comparing the orientation items across scales, the group means were highly
correlated; this was expected as the relative ordering of items was preserved irrespective of
scale type (Supplemental Figure S1). However, repeated measures mixed model ANOVA
confirmed the intensity ratings of orientation items differed systematically across scale type
(Figure 1). Notably, raw data on the gVAS were consistently higher than both versions of
the gLMS, and this deviation was more apparent for more intense sensations. In contrast,
raw data on the short and long versions of the gLMS did not differ, except for the two most
extreme items (daggers in Figure 1). In a separate ANOVA (not shown) comparing just the
implicit and explicit gLMS raw data across orientation items, scale instructions did not have
a significant interaction (p=0.08) or main effect (p=0.81).

For the sampled stimuli, a similar pattern of higher ratings on the gVAS was observed; the
primary quality ratings of sucrose, quinine, potassium chloride, and capsaicin were all
higher on the gVAS than either version of the gLMS (Figure 2). In contrast, intensity ratings
of the primary qualities did not differ between the two versions of the gLMS. Potassium
chloride and capsaicin also had secondary taste qualities (bitter side tastes) that were greater
than zero, but these ratings did not differ across scale type.

Given the results in Figure 2, we then standardized each participant’s raw data for the
sampled stimuli against their rating for the brightest light they had ever seen, and reran the
same analyses. After standardization, mean ratings did not differ across scale type for
sucrose sweetness [F(2,84)=2.25; p = 0.11], quinine bitterness [F(2,84)=2.47; p = 0.09],
capsaicin burn [F(2,84)=2.36; p = 0.10], potassium chloride bitterness [F(2,84)=2.63; p =
0.08], and capsaicin bitterness [F(2,84)=0.82; p = 0.44]. The main effect of scale was
marginally significant for the saltiness of potassium chloride [F(2,84)=3.18; p = 0.047], but
the mean gVAS ratings were not significantly higher than either version of the gLMS
(Tukey-Kramer p’s > 0.2). In summary, when raw data are considered, the gVAS produces
higher values than the gLMS when raw data are considered, but these differences disappear
when data are standardized to a cross-modal reference like the brightest light ever seen.

Figure 3 shows that categorical behavior near the semantic labels for both versions of the
gLMS; ratings made on the gVAS did not exhibit this pattern. To further quantify this
behavior, we applied the method used previously (Lawless, Popper, et al., 2010): ratings
were converted to a 200 point basis to account for half points, and a rating was considered as
“categorical” if it fell ±2 units from the semantic label on the gLMS. These intervals account
for 14.5% of the total space on the gLMS. With the implicit gLMS instructions, 44.4 %
(193/435) of all ratings were categorical (95% Wald CI 39.8% to 49.0%); with the explicit
gLMS instructions, 37.9% (165/435) of ratings were categorical (95% Wald CI 33.5% to
42.6%). Although the proportion of categorical behavior appears slightly lower with the
explicit instructions (37.9% vs. 44.4%), the difference in proportions across instructions was
not significant (Fisher’s exact p = 0.063), consistent with Figure 3. Additionally, Figure 3
shows a small but significant difference (Fisher’s exact p = 0.005) in the number of ratings
at the very top of the implicit gLMS compared to the explicit gLMS; in either case, the
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proportion as a percentage of total ratings was quite low (6.7% and 2.5%, respectively).
Indeed, this difference appears to be the prime driver of the nonsignificant disparity in
overall categorical behavior across the two sets of instructions. If the difference at the top
end is excluded from the categorical analysis, the proportion of categorical behavior
becomes even more similar: 35.4% (explicit) versus 37.7% (implicit). Finally, Figure 3 also
confirms that participants use more of the scale on the gVAS (ie, the ratings skew higher).

3.2 Experiment Two Results
We assessed perceived ease of use in two separate, complementary ways. First, at the end of
each session, participants were instructed to “Think about the task you just completed today.
On a scale of 1 to 5, with 1 being ‘strongly disagree,’ how much do you agree or disagree
with the following statement?” Four separate statements were provided (Figure 4), and
standard Likert descriptors were provided (i.e., strongly disagree, disagree, neither agree nor
disagree, agree, and strongly agree) on the multiple-choice form. The effects of scale type,
learning across days (effect of order), and their interaction were tested in mixed model
repeated measures ANOVAs. The main effects of scale, after controlling for learning
effects, are detailed in Figure 4; collectively they suggest the gLMS is easier to use, and that
the orientation warm-up procedure is important, irrespective of scale structure. Regarding
learning effects across days (order), participants were more comfortable with the sweetness
rating task on the second day (mean 3.6 vs 4.0; F (1,54) = 6.87; p = .011) and they found the
scale labels less confusing on the second day (mean 2.0 vs 1.8; F (1,54) = 4.17; p = .046).
The other two ease of use questions did not show any learning effects (p’s < 0.5), and none
of the day by scale interactions were significant (p’s <.35). At the end of the second day, we
also asked participants to make a head to head forced choice regarding scale type. They
were asked “Think about the scales you used [last week] and today. Which scale was easier
to use?” The response options were “The scale with labels along the whole scale (weak,
moderate, strong, etc)” and “The scale without any intensity labels in the middle”; a no
preference option was not provided. As shown in Figure 5, 79% of participants found the
gLMS easier to use (binomial p < .0001).

Experiment Two also asked participants to taste and rate the intensity of five sucrose
samples ranging from 0.19 to 0.47 M. Figure 6 shows clear evidence of categorical behavior
near the semantic labels for the intensity of sucrose when using the gLMS. (The kernel
density estimates for 0.19M and 0.37M sucrose are similar; they were removed to reduce
visual clutter on the graph). Notably, the third peak in the solid line suggests some
participants rated the 0.24M sucrose solution at the midpoint between moderate and strong.
A distinct shoulder is also seen near this point for the 0.3M sucrose ratings (dashed line).

When comparing the intensity ratings across the five sucrose concentrations (Figure 7), there
were significant main effects of scale type and concentration, but the 2-way interaction was
not significant. As occurred in Experiment 1, intensity ratings were higher when participants
used the gVAS to report perceived intensity. For concentration, intensity ratings grew as
concentration increased, as would be expected.

We explored the issue of resolving power (i.e. the ability to separate two close but distinct
objects) in two ways. First, we compared each concentration to its nearest neighbor via a
series of t-tests. As shown in Figure 7, 4 of 5 comparisons were significant for the gLMS
task versus 5 of 5 when using the gVAS. Conservatively, this suggests the gVAS is no
worse than the gLMS in distinguishing between samples. Second, we compared the F-ratios
for the fixed effect of concentration across the two scales using the same method as Jaeger
and Cardello (Jaeger & Cardello, 2009). Specifically, we performed separate one-way
ANOVAs for the gVAS and gLMS data, and compared the F-ratios of the fixed effect of
concentration across the two scales. To allow for a statistical comparison of these two F-
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values, we generated two distributions of F-values (one for each scaling method) using
existing data. These two distributions were created by rerunning the same ANOVA model
over and over, removing a different participant each time (ie, a leave one out approach).
These two distributions were then compared via an independent sample t-test. The average F
for the gLMS (48.35±0.86SD) was greater than the average gVAS F-value (40.73±0.93SD)
(t114=45.8; p<.0001). However, we also note that resolving power was uniformly high,
regardless of scale type (the p’s for all 116 leave one out models were <.0001). This
suggests both scales were quite capable of separating the stimuli used here.

4. Discussion
Here, we find that the gVAS produces data similar to, but not identical with, data generated
with the gLMS. Raw data obtained with the gVAS were consistently higher than ratings
collected with the gLMS, and this was true for both imagined sensations during the
orientation procedure and for sampled tastants and irritants. However, these differences
disappeared when data were standardized to a cross-modal reference. Consistent with
anecdotal reports, gLMS data were not normally distributed, as participants exhibited
substantial categorical behavior, clustering their responses near the verbal labels. Moreover,
providing explicit written instructions to rate between the adjectives was not successful in
reducing this behavior. In contrast, gVAS data did not show any evidence of categorical
behavior, as the gVAS lacks semantic labels to cluster around. Naïve participants in a
university setting clearly preferred the gLMS over the gVAS, reporting that the gLMS was
easier to use. In terms of resolving power, there was no clear advantage, as both scales
allowed participants to differentiate between sucrose samples.

4.1 Wider range of scale usage on the gVAS
The correlation of group means for the gVAS and the gLMS orientation items was very high
(r=0.98). This would be expected, as the rank order of items was preserved across methods.
Indeed, prior work comparing the Labeled Affective Magnitude (LAM) scale to other scales
report similarly large effects (r’s >.94) (Lawless, Popper, et al., 2010; Schutz & Cardello,
2001). However, this does not imply the scales generate equivalent data, as multiple
analytical approaches for both of the experiments consistently indicate ratings were higher
on the gVAS (Figures 1–3, 7 and S1). Additionally, Figure S1 suggests the scale values
deviated more as the intensity of the sensation increases. While it is well accepted that using
a generalized scale with an extreme top anchor will compress the range of the scale that is
used by participants (eg, (Cardello, et al., 2008; Ludy & Mattes, 2011)), we should emphasis
that unlike recent work by Ludy and Mattes, both of the scales here used an identical top
anchor. Thus, it appears that the internal labels themselves (eg, very strong) also cause some
degree of compression. That is, the presence of a tick at 51 with a label of ‘very strong’ may
encourage participants to make the majority of their ratings in the bottom half of the scale.
Additionally, while gVAS values were consistently higher than gLMS values, the gVAS
generates ratio level data similar to the gLMS (e.g., 300mM sucrose was ~1.9 times more
intense than 190mM sucrose, regardless of which scale is used. Likewise, the 470mM
sucrose was ~1.95 times more intense than the 240mM sucrose on both scales.)

There are two schools of thought regarding compression and scale performance. One school
holds that compression is inherently undesirable, as it is theoretically preferable for
participants to use as much of the scale as possible to maximize the ability to distinguish
between samples (Cardello, et al., 2008; Lawless, Cardello, et al., 2010). In practice
however, compression is often accompanied by smaller variance, which can preserve the
ability to find differences between products (Lawless, Popper, et al., 2010). Alternatively,
another line of thinking suggests compression resulting from a generalized top anchor is not
worrisome (or may even be desirable) if it reduces ceiling effects. Indeed, generalized top
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anchors seem to improve the ability to make valid comparisons across individuals (Snyder,
et al., 2004) who differ in physiology or genetics (eg Hayes, Bartoshuk, Kidd, & Duffy,
2008). Likewise, in affective testing, generalized top anchors seem to reduce ceiling effects
for highly liked products (Lim & Fujimaru, 2010; Schutz & Cardello, 2001). Given this, we
do not recommend one scale over the other universally, suggesting instead that the choice of
scale is contingent on the goals and constraints of the specific experiment. However, we
would caution that researchers used to gLMS data should be extremely careful about
unintentionally inferring a certain response magnitude when working with gVAS data (eg, a
35 on the gVAS is not ‘strong’).

4.2 Categorical Behavior on the gLMS
Clustering of responses near the semantic labels (“categorical behavior”) is commonly
known among those who use the gLMS – here, we provide formal evidence of this
phenomenon. Lawless and colleagues recently quantified categorical behavior on another
generalized scale, the Labeled Affective Magnitude (LAM) scale (Cardello, et al., 2008;
Lawless, Popper, et al., 2010; Lawless, Sinopoli, et al., 2010). Subsequently, Lim and
Fujimaru (2010) reported similar results with the LHS. An unstructured generalized hedonic
scale, the SLAM (simplified LAM), was recently described (Lawless, Cardello, et al., 2010);
one assumes it lacks the categorical behavior found on the LAM and LHS. Here, the distinct
peaks in Figures 3 and 6 clearly indicate categorical behavior is not limited to affective
scaling, as it also occurs when participants make intensity ratings using the gLMS. Although
the gLMS is often described as generating log-normal data, present data are obviously
multimodal. Nor is categorical behavior an artifact based on the specific remembered
sensations used in the orientation procedure, as it occurs in our data for sampled sucrose. We
have checked other datasets and found the same pattern for salty stimuli as well (not shown).
Notably, present data also indicate that providing explicit written instructions to participants
to use the space in between the semantic labels did not significantly reduce this behavior. It
is conceivable that explicit verbal instructions from the experimenter may be more effective
at reducing this behavior than written instructions. Analysis of other datasets where
participants received verbal instructions suggests categorical behavior still occurs (not
shown), but we cannot make direct comparisons to present data due to other differences in
testing conditions. This should be formally tested. Additionally, we note that the need to
perform detailed one on one training would substantially limit the utility of generalized
scales in high throughput testing situations.

How categorical behavior influence data analysis is unknown. The lack of this behavior on
the gVAS may be wholly irrelevant if such clustering does not compromise the statistical
models that are subsequently created with these data. Additionally, it should be obvious that
removing the internal labels may be undesirable due to the loss of semantic information that
may be otherwise useful. If the goal is merely to compare product formulations, numeric
values from the gVAS may be sufficient (eg, a sweetness of 20 and 30 for products A and B
will tell you B is 50% sweeter). However, if an experimenter wants to translate a mean scale
value into a term with more communication value (eg, the burn was moderate, and not
strong), clearly, the gLMS should be used.

4.3 Ease of Use
Contrary to our intuition, the participants in our study clearly preferred the gLMS to the
gVAS. We also asked ease of use questions that related to both the task difficulty and the
scale itself; these were generally consistent with the head to head preference. Our
participants uniformly felt the scale orientation procedure helped them understand how to
use the scale, regardless of the scale structure. We are tempted to speculate that many of the
purported advantages of generalized scales may be due to the cross modal orientation
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protocol and not some special properties inherent to the wording of the top anchor. If this is
confirmed, this would suggest it is critical for experimenters to include a warmup orientation
procedure when they wish to collect data with a generalized scale, be it the gVAS or gLMS.

In practice, we previously observed that the adjectives on the gLMS confuse some
participants, since the same semantic label may denote different absolute intensities
depending on the specific sensory domain being discussed. For example, a woman who has
just experienced childbirth may describe her pain as being ‘very strong.’ She may also
describe the odor of the roses in a bouquet presented to her to celebrate the birth as ‘very
strong’. Colloquially, we understand that she does not intend to equate their intensity
(Duffy, Hayes, Bartoshuk, & Snyder, 2009), so we had assumed this elasticity made the
scale instructions confusing for some participants. In addition to S.S Stevens’ famous
quotation regarding mice and elephants (1958), the problem of domain specificity of
semantic labels, and its variability across people, has been discussed within the applied
sensory literature (see Munoz & Civille, 1998). However, the proposed solution there
(universal scaling) relies on references that remain largely within a consumer products/
chemosensory context, so Bartoshuk’s criticisms would still apply, if the goal was to make
comparisons across people instead of across products. To our surprise, it appears that a lack
of an internal structure and references was more troubling to participants than adjective
elasticity, as they indicated the rating task was harder in the absence of internal ticks and
labels on the scale. Whether this would hold true in other groups is unknown, as the present
ease of use data may not extend to other populations. Here, we tested a literate, numerate
cohort of adults in university setting. Whether these data extend to children (eg, Timpson, et
al., 2007), or other special populations like the elderly, substance abusers, or community
based samples is unknown. Notably, the first usage of the gVAS in the literature was in 10
year old children (Timpson, et al., 2007); presumably, ease of use was the motivation,
although this was not directly assessed in that study.

4.4 Resolving Power
The issue of relative resolving power across the two scales is difficult to answer; in
attempting to address this question in multiple ways, we observed conflicting results. Based
on the size of the F-ratios for the sample (concentration) effect, it would appear that
discrimination between samples was slightly superior with the gLMS. Conversely, based on
the ability of each scale to maximize the number of significant differences between
neighboring concentrations, the gVAS was as least as good, and possibly better than the
gLMS. Curiously, the one case in which the gVAS found a difference that the gLMS did not
was between the two highest concentrations. At risk of over interpreting a single datum, it is
temping to note that this is exactly what one might expect from compression, if the internal
anchor ‘very strong’ acts as a false ceiling that pushes ratings of sampled stimuli down into
the bottom half of the scale.

The sucrose concentrations used here were not intended to be easy to discriminate. While
some earlier reports had suggested a larger value, newer work indicates the Weber Ratio for
sucrose is ~0.13 (Gilmore & Murphy, 1989; Mcbride, 1983). To accommodate the nature of
the task (direct scaling vs. a forced choice paradigm), we inflated this by value by 50%,
obtaining an adjusted ratio of 0.2. Thus, from a starting point of 0.3M sucrose, the other
concentrations represent steps up or down of 20%. Based on present data, it appears our
inflation may have been overly generous, as the F-ratios were quite large, regardless of scale
type. More work, with more diverse product sets and sample spacing, is needed to determine
if one scale is in fact superior to the other in discrimination ability. For now, we would
simply suggest that the gVAS is no worse than the gLMS is distinguishing between samples
when there is moderate separation between samples.
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4.5 Summary and Conclusions
Here, the orientation procedure encouraged participants to use the full range of the
unstructured gVAS scale, with both order and spacing of items similar to the traditional
gLMS. Moreover, it did so without clustering artifacts (ie, categorical behavior). That said,
the gVAS gives up the semantic information provided by the gLMS. As we have noted
previously (Duffy, et al., 2009), researchers may find adjective labels especially useful in
communicating intensities as words rather than numbers (eg, ‘the burn was strong’ vs. ‘the
burn was 37’). The ability to do so is lost with the gVAS. Also, we note that use of a
generalized scale may be inappropriate for product testing if scale compression obfuscates
differences between products (eg, Lawless, Cardello, et al., 2010), although other reports
suggests generalized scales may increase discriminability by reducing ceiling effects (eg,
Schutz & Cardello, 2001).

In summary, present data indicate chemosensory researchers should be careful in how they
interpret raw data collected with the gVAS (eg, Pickering, et al., 2010; Timpson, et al.,
2007). Both the gVAS and gLMS generate data that discriminate between stimuli, and
preserve order among stimuli, but the raw numeric values are not one to one comparable.
Present data also highlight the importance of the orientation procedure, regardless of scale
structure. Our adult cohort found the gLMS easier to use; whether this is the case in children
or other special populations is unknown. Present work suggests that the choice of one scale
over the other depends on whether the experimenter believes the lack of categorical behavior
offsets the loss of semantic information in his or her project.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Differences in means for remembered and imagined sensations collected with the gLMS
(light and dark grey bars) and the gVAS (blue bars) for Experiment 1. Two sets of gLMS
instructions were tested; the explicit instructions emphasized that participants should make
ratings between the verbal intensity labels while the implicit instructions did not. The 15
orientation items encouraged the participants to use most of the scale range. Ratings for the
gVAS were consistently higher than either version of the gLMS. Stars and daggers indicate
significant Tukey adjusted posthoc comparisons at p<0.05.
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Figure 2.
Differences in means for sampled stimuli across the three scaling methods for Experiment 1.
Ratings for the gVAS were consistently higher than either version of the gLMS for the
primary quality of each stimulus. Potassium chloride and capsaicin exhibited significant
non-zero side tastes as expected, but the magnitude of these ratings did not differ across
scale type. Bar colors are the same as in Figure 1 and stars indicate significant Tukey
adjusted posthoc comparisons at p<0.05.
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Figure 3.
Kernel density estimates of all ratings made during the orientation procedure in Experiment
1. Categorical behavior near the verbal labels is clearly seen for both versions of gLMS; this
behavior was not observed in the gVAS (inset figure top right). Providing instructions that
emphasized participants should rate between the verbal intensity labels (solid blue line) did
not reduce this behavior compared to instructions that were otherwise identical (dashed red
line).
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Figure 4.
Ease of use estimates from Experiment 2. The numbers on the x-axis correspond to standard
Likert items, where 1 is ‘strongly disagree’, 2 is ‘disagree’, 3 is ‘neither agree nor disagree’,
4 is ‘agree’, and 5 is ‘strongly agree’. Irrespective of scale type, the participants found the
orientation procedure helpful. The other three questions show the gLMS was preferred by
participants in a university setting. The individual F-values indicate the main effect of scale
type after controlling for learning effects across sessions.
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Figure 5.
In a head to head comparison at the end of the second session in Experiment 2, 79% of
participants indicated the gLMS was easier to use than the gVAS.
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Figure 6.
Kernel density estimates for sucrose samples in Experiment 2. Categorical behavior near the
verbal labels is clearly seen for the three sucrose concentrations shown (solid blue = 0.24 M;
red dashed = 0.30M; green dash dot = 0.47M); the other two concentrations are similar and
were removed to reduce visual clutter.
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Figure 7.
Differences in means for sampled sucrose across concentration for both scaling methods in
Experiment 2. As expected, ratings increased with concentration, and ratings were higher
when collected with the gVAS. Significance between neighboring concentrations within a
scaling method were determined with unadjusted t-tests.
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