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Abstract

Palmtop computers provide a possible avenue for the convenient collection of subjective ratings from individuals outside of
a fixed laboratory setting. One disadvantage of these computers is the small size of their display screens, which may reduce
the resolution of responses available as compared with standard display screens. One plausible solution to this problem is to use
a scale that expands contingent on an initial response made by the subject, so that the final response is made from a scale with
finer resolution. To validate this approach, we compared taste intensity judgments of six sucrose solutions (0.03, 0.06, 0.12, 0.24,
0.48, and 0.96 M), using a labeled magnitude scale either presented in expandable form on a palmtop computer (Palm scale)
or in conventional (nonexpandable) form on a standard 17$ PC monitor (PC scale). Twenty-four subjects rated all six sucrose
solutions thrice, using both scale types, the different scales being used on different days of testing. The scales led to very similar
taste intensity ratings at all but the lowest concentration, which was rated less intense on the Palm scale. The Palm scale was used
with slightly less precision than the PC scale for the weakest solution concentrations. In summary, the responses of the two scales
were similar enough to validate the use of the expandable scale on the palmtop computer outside the laboratory setting.
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Introduction

In the early years of psychophysical research, the state of

available technology meant that subjective ratings from in-

dividuals were obtained using pen and paper scales or verbal

report. This changed with the advent of modern computers,

and currently, responses are more commonly obtained using

computers than any other method. In recent years, available
input devices have developed to include technologies such

as touch screens (Velikova et al., 1999), which are a funda-

mental component of palmtop computers. Palmtop com-

puters and indeed advanced mobile phones are capable of

presenting response scales thus allowing the ready collection

of data in the field with high compliance from experimental

participants (Jamison et al., 2001).

One problem with the use of handheld devices to present
response scales is the relatively small size of their display

screens. This is of particular consequence when using certain

types of response scales, such as labeled magnitude scales

(LMSs), because such scales typically have many descriptive

intensity labels that need to be displayed, which is not prac-

tical on a small screen. Additionally, the popular LMS of

Green et al. (1993) not only has several intensity labels but

also three of the less intense labels are placed in the lower

17% of the scale. On a small screen this reduces the available

resolution for responses made at the weak end of the scale.
For example, the LMS displayed on a PC can easily have over

600 discrete steps (pixels) and perhaps asmany as 1200, but on

a small screen, it may be restricted to 100 steps. In the latter

case, there are only 17 discrete values that may be selected

between no sensation and a sensation of ‘‘moderate’’ inten-

sity. Moreover, other scales such as the most recent incarna-

tion of Borg’s category-ratio (CR) scale for rating perceived

exertion (E. Borg and G. Borg, 2002) are more complex still,
withmultiple labels, symbols, and icons that cannot all be rep-

resented on a small visual display. If these scales are to be used

optimally on small display screens, then methods of address-

ing the above problem of limited resolution are necessary.
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One possible way of dealing with complex response scales

presented on small visual displays is to allow the scale to

be zoomed or expanded, depending on an initial response

obtained from the subject. If the initial response is made in

a portion of the scale where the effective resolution is low,
that section of the scale is then expanded to fill the screen,

so improving the available resolution for a final response.

To the best of our knowledge, no such scale has

been suggested, tested, or reported in the literature. Here

we compare the psychophysical characteristics of one such

expandable LMS, displayed on a Palmtop computer, with

the LMS displayed on a standard PCmonitor. The questions

of interest pertaining to an expandable versus nonexpandable
scale format are as previously noted by Jamison et al. (2002) in

the context of comparing paper- and computer-based scales.

That is, do expandable and nonexpandable scales lead to the

same ratings for a given stimulus, including ratings in the

‘‘expandable’’ portion of the scale, and can expandable and

nonexpandable scales be used with equal precision?

Materials and methods

Subjects

Twenty-four undergraduate and graduate students (19

male, 5 female, age range 19–24 years, median age 20 years)

consented to take part in the study. All were compensated

at a rate of $10/hour for their participation. The study

was approved on ethical and safety grounds by the School

of Dentistry Institutional Review Board at the University
of North Carolina at Chapel Hill.

Stimuli and scales

The taste stimuli consisted of sugar (sucrose) solutions pre-

pared in distilled water at six concentrations (0.03, 0.06,
0.12, 0.24, 0.48, and 0.96 M). These stimuli were presented

at room temperature, in 10-ml samples, in individual 50-ml

glass cups.

The scale used in the study was the LMS of Green et al.

(1993), with one small change, namely the label ‘‘no sensa-

tion at all’’ was added below the lowermost end of the

scale, in similar fashion to Borg’s CR-100 scale (E. Borg

and G. Borg, 2002). The LMS was displayed in vertical
orientation on either a handheld display or a standard PC

monitor. The handheld device was a Palm Zire m150 (Palm

Inc., Sunnyvale, CA). The grayscale screen of this device is

4.6 cm2 (160 · 160 pixels). The LMS (Palm scale) was drawn

on the screen of this device such that it was 3.8 cm in length

(131 pixels), which corresponds to about 11 degrees of visual

angle when viewed from 20-cm distance. Responses on this

scale were made using the standard Palm pen-style pointing
device. The scale was programed so that any response below

the 25% point of the scale (Figure 1A) would lead to the

redisplay of the lower 37% of the scale (Figure 1B). If the

initial response was below 25%, an intermediate screen
was shown first that informed the subject that an expanded

scale would be shown and that the response could be ad-

justed if the subject desired. As such, the scale from ‘‘no

sensation’’ to ‘‘strong’’ was visible, redisplayed as 131 pixels

(3.8 cm) in length (Figure 1B). When the expanded scale was

shown, the cursor position was initially placed at the rating

chosen by the subject using the unexpanded scale. The scale

was generated by general purpose data collection software,
running on the palmtop computer, and written by C.Dancer.

The PC scale was displayed on 17$ cathode ray tube

(i.e., a conventional computer monitor). This scale was 600

pixels (18 cm) in length, corresponding to about 16 degrees

of visual angle at a comfortable viewing distance of 60 cm.

The scale was drawn and data were collected from it using

Labview software (National Instruments, Austin, TX). This

nonexpandable scale consisted of 600 discrete steps, and the
subject made only a single response. The Palm and PC scales

were not designed to subtend equal visual angles when in use.

Instead, the scales were presented as they typically would be

in an experiment, that is, using the maximum available

screen space in both cases. The basic resolutions of the scales

were also not the same. Instead, both were presented so that

they used the maximum available resolution (i.e., 131 pixels

for the Palm scale and 600 for the PC scale). As such, both
scales appeared as continuous as possible when in use.

Procedure

The procedure used by Green et al. (1996) during validation

of the LMS was adhered to closely. Each subject took part in

Figure 1 (A) Expandable (Palm) scale. Markers at each intensity label were
1 pixel in width and 4 pixels long, and the main scale line was 131 pixels in
length. The dotted line shows the 25% point, the value below which the
expanded scale (B), consisting of 37% of the full scale, was shown. Note
that this line was not shown to subjects in the experiment. The black triangle
is the scale’s pointer.

516 S. Guest et al.

 by guest on O
ctober 3, 2012

http://chem
se.oxfordjournals.org/

D
ow

nloaded from
 

http://chemse.oxfordjournals.org/


two testing sessions on separate days. In one session, the sub-

ject made ratings with the PC scale, and in the other session,

the Palm scale was used. Before commencing the ratings,

subjects were given a short overview, lasting approximately

2 min, of the operation of the rating software (Palm or PC).
The presentation of scales was randomized so that half of

the subjects used the PC scale first, and half the subjects used

the Palm scale first. In either case, it was emphasized to sub-

jects that the upper intensity label of the whole scale referred

to the strongest intensity of taste they could imagine, exclu-

sive of painful taste sensations.

The stimuli were presented in random order, and between

presentations of stimuli, the subject rinsed his or her mouth
for 5 s with 10 ml of distilled water. All stimuli and rinses

were expectorated. Each stimulus was rated three times

within a session to give 18 ratings. After making each rating,

the response scale was cleared with the pointer set to halfway

along the scale so that the previous rating was not available

when rating the next stimulus.

Statistical analysis

The two scales had different maximal resolutions, that is,

6 steps per percent of the PC scale, 1.31 steps per percent

of the unexpanded Palm scale, and 3.51 steps per percent
of the expanded portion of the Palm scale. Therefore, ratings

from both scales were divided into 351 discrete values, which

represents the maximum resolution of the Palm scale in

its expanded state. This was carried out because the PC scale

had greater resolution than the equivalent portion of the

Palm scale, and such a difference could accentuate the dis-

parity between responses using the two scales, especially

with respect to response variability. In particular, one might
predict more variable responses when using the PC scale for

this reason alone. Subsequently, the log was taken of each

rating, as is conventional when dealing with data obtained

from an LMS (Green et al., 1996). The ratings were then

submitted to three analyses: first, a mixed-model analysis

of variance (ANOVA) to determine the presence of any over-

all differences in ratings between the two scale formats;

second, within-subjects correlations to determine agreement
between scale ratings at the single subject level; and third, the

analysis of the precision of responses made with each of the

two scales.

Results

One subject’s data were eliminated because that subject

produced ratings on the Palm scale that were unrelated to

the solution concentration, leaving 23 subjects with data

available for analysis. A histogram of all ratings, prior to

taking logarithms, is shown in Figure 2. One point of interest

in this figure is the relatively high frequencies of responses
in scale regions that include the label positions. This sug-

gests a tendency in subjects to respond at (or near to) label

positions, as opposed to in the between-label regions.

Agreement of ratings between scale formats

The means of the log ratings (±1 SE, n = 23) for the different

concentrations as obtained from Palm and PC scales are
shown in Figure 3. The data were first averaged over the

three repeated ratings of each solution for each subject. In-

spection of the figure suggests that, overall, any differences

in ratings obtained from the two scale formats used in the

Figure 2 Histogram of all ratings, grouped into two unit wide bins. Arrows
indicate the bars that included the rating value observed at each of the
intensity labels.

Figure 3 Taste intensity ratings given to six sucrose solutions when rated
using an expandable LMS shown on a Palmtop computer or a conventional
PC scale. The dashed horizontal line shows the break between where the
Palm scale expanded (below the line) or did not (above the line). Error bars
show ±1 SE. Sucrose intensity ratings from Green et al. (1996), Experiment
Three, and Lawless et al. (2000), Experiment Three, are shown also.
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current study were minimal, with the possible exception of

the ratings given to the weakest (0.03 M) sucrose solution

where the Palm scale led to lower ratings than the PC

scale. Comparison with the studies of Green et al. (1996)

and Lawless et al. (2000), who presented their scales on
a PC, shows generally excellent agreement except that the

Green et al. study found slightly lower ratings for concen-

trations in the range 0.1–0.16 M than found in the present

study.

A scale format · repetition within session · order of scale

use · concentration mixed-model ANOVA, carried out on

the log-transformed raw data, confirmed that ratings varied

according to sucrose concentration (F5,735 = 375.8, P <

0.0001) but differently for the two scale formats (F5,735 =

4.82, P < 0.001). However, pairwise (least square mean) tests

between ratings obtained from the two scale formats at each

concentration indicated that only the difference for the

0.03 M solution was statistically significant (P < 0.05). The

0.03 M solution was rated less intense with the Palm scale.

An additional interaction with the scale format factor was

identified, that of scale format · order of scale use (F1,735 =

4.70, P = 0.031). This is illustrated in Figure 4. The order

in which each scale was used changed the overall magnitude

of ratings. Specifically, ratings from the Palm scale when it

was used first were greater than those from the PC scale when

used first. The reverse was true when comparing the scales

on the second day. However, the largest mean difference be-

tween scales according to order of testing was just 0.17 units,

representing 1.5% of the scale, and of little practical concern.
Also of little importancewas an interaction between repetition

within session and concentration (F10,735 = 2.48, P = 0.006).

Ratings were slightly higher for the 0.06 M solution when it

was rated the third time within a session.

Within-subjects correlations

The above analysis indicates that, overall, Palm and PC scales

led to very similar intensity ratings. The analysis was then

extended to the level of individual subjects by calculating

correlation coefficients between Palm and PC scale ratings
for each subject. In each case, the average was taken over

the three repetitions of each stimulus, for each scale, so that

every coefficient was obtained from six data pairs. Correla-

tions ranged from 0.73 to 1 (distribution shown in Figure 5),

indicating that responses were indeed similar for Palm and

PC scales, at the level of individual subjects.

Within- and between-subjects variability

The precision with which subjects made their ratings over

multiple presentations of a given solution concentration

was first analyzed. For each subject, the variance of the three
log-transformed responses given for each concentration, for

the two scale formats, was calculated. These within-subjects

variances of logs were then entered into a mixed-model

ANOVA (i.e., ANOVA of variance see Lederman and Taylor,

1972) with factors of scale format, order of testing, and con-

centration. The analysis indicated that, overall, the PC scale

was usedmore precisely than the Palm scale (F1,231= 5.55,P=

0.019). Figure 6 illustrates the mean variance of logs plot-
ted against the mean of the log ratings for each of the con-

centrations, for the two scale formats. From inspection of

the figure, it appears that the difference in precision of use

between the scale formats was only present for the lowest

two concentrations (0.03 and 0.06 M). However, the interac-

tion between scale format and concentration fell just outside

significance (F5,231 = 1.96, P = 0.084), thus failing to verify

the trend toward greater Palm scale variability for the lower

Figure 4 LMS taste intensity ratings averaged over six sucrose concentra-
tions, plotted by session order in which a scale was used, for an expandable
Palm scale and a conventional PC-based scale. The left-hand side of the figure
indicates the ratings made when using Palm or PC scales on the first day of
testing, whereas the right-hand side of the figure indicates ratings made on
the second day of testing. Error bars show ±1 SE.

Figure 5 Distribution of the within-subjects correlations obtained between
the average Palm and PC ratings for six sucrose concentrations. The abscissa
labels indicate the upper boundary of each frequency bin.
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concentrations. As is clear from Figure 6, in general, the pre-

cision increased (i.e., variability decreased) with increasing

concentration (F5,231 = 6.31, P < 0.0001).

In addition to the within-subjects variability analyzed

above, between-subjects variability was considered by plot-
ting the coefficient of variability (CV) for the two scale

formats (Figure 7). Calculation of the CV used the formula

for lognormally distributed data (Hastings and Peacock,

1975). The figure suggests that the between-subjects varia-

bility, when expressed as a proportion of the mean rating,

was greater for the Palm scale. However, both scales were

broadly similar in their CV values except for the Palm scale

responses for the weakest two solutions.

Discussion

Comparison of the intensity ratings of gustatory stimuli

made with expandable Palm or conventional PC scales in-

dicates that the two scale formats are generally similar in

the results they lead to. This tolerance of response scales to

different presentation systems is consistent with the results

of Jamison et al. (2002), who found responses obtained from

paper or palmtop computer presentation of visual analog

scales were very similar. It was also the case that the sucrose

intensity ratings in the experiment reported here agree rea-

sonably well with sucrose intensity ratings obtained by others

using the LMS displayed on a PC (Green et al., 1996, Lawless

et al., 2000).
The one difference in the magnitude of ratings was for

responses made in the very lowest portion of the Palm scale:

the weakest (0.03 M) solution was rated less intense when

the Palm scale was used as compared to the PC scale. Thus,

the ratings obtained from the (expanded) Palm scale describe

a steeper psychometric function than the ratings from the

PC scale (see Figure 3, Palm scale points below the horizon-

tal dashed line). Such a steepening is often seen as the stim-

ulus range is reduced (Stevens, 1975) and has been shown

to occur for the specific case of the LMS (Lawless et al.,

2000, Diamond and Lawless, 2001). The effect has been sug-

gested as a consequence of a variety of possible contextual

biases that may follow from stimulus range restriction, such

as range equalization biases (Poulton, 1989). As such, one

might propose any differences in ratings between Palm and

PC scales to be a consequence of stimulus range restriction

for the expanded Palm scale. However, in the case of the

experiment reported here, the overall stimulus range was not

specifically restricted and thus range-restriction effects would

seem to require that the expanded Palm scale be treated as

a separate entity with its own narrowed stimulus context. This

may be unlikely given that recent experience of stimuli has

been shown to influence subsequent scaling results (Stevenson

and Prescott, 1994).

However, if subjects failed to maintain the appropriate,

implicit, top anchor when viewing the expanded Palm scale,

this might explain certain changes in the ratings made. For

example, if the ‘‘strongest sensation imaginable’’ was not

maintained as an implicit anchor, the expanded scale may

have effectively become a new scale, with a new top anchor.

If the new top anchor was interpreted as less intense than

the anchor in the unexpanded scale, then subjects would have

shifted their responses toward the more intense end of the

scale as a consequence. That the intermediate intensity labels

are judged with reference to the top anchor of the scale was

shown by Green et al. (1996); if the top anchor of the LMS

is changed from referring to all oral sensations, inclusive of

pain, to all oral sensations, exclusive of pain, the slope of

the relationship between perceived intensity and sucrose con-

centration changes, consistent with all intensity labels being

judged in this new context (Green et al., 1996).

Figure 6 Meanwithin-subjects variance of logs for ratings madewith Palm-
or PC-based response scales, plotted against the mean (log) rating for each of
the rated sucrose concentrations.

Figure 7 Coefficient of variation, expressing between-subjects variability,
plotted for Palm- and PC-based response scales, for each of six rated sucrose
concentrations. Dotted horizontal lines show the mean coefficient of varia-
tion for the two scale formats.
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In the expanded Palm scale data, the direction of the ob-

served shift in the 0.03 M responses (i.e., toward less intense

ratings) would require the top anchor in the expanded scale

(strong) to be more intense than in the unexpanded scale. This

seems a plausible change, given that the label ‘‘strong’’ was
shown in the context of even stronger sensations (‘‘very

strong’’ and ‘‘strongest imaginable’’) in the unexpanded scale,

whereas in the expanded scale, strong was the most intense

label available. However, if this context-related effect did in-

deed apply, all ratingsmade using the expanded scale would be

expected to shift toward lower intensities. This did not occur.

An alternative possibility for the shift is that expanding

the scale facilitated making responses toward the weak end
of the rated sensations. For example, in the expanded scale,

the amount of screen space dedicated between a ‘‘barely de-

tectable’’ and a ‘‘weak’’ sensation is far greater than in the

unexpanded scale. This improved use of screen space might

better allow subjects to make responses in the lower regions

of the scale. That the separation in mean ratings between

the 0.03 and 0.06 M solutions was greater on the Palm scale

than the PC scale (see Figure 3) suggests potentially greater
sensitivity for the Palm scale for rating very weak sensations.

In addition to the similarities between ratings obtained

from Palm and PC scales, the precision of responses were

broadly similar between scale formats. This was also true

for between-subjects measures of variability, although

the CVs were slightly higher for the Palm scale. Most of

the greater variability in using the Palm scale was evident

in responses to the weakest two solutions, although not the
0.12M solution; all three of these solutions were, on average,

rated using the expanded portion of the Palm scale. The gen-

erally slightly larger variability when using the Palm scale

was probably due to the relative lack of familiarity of the

subjects with the Palm input system itself. Nevertheless, it

seems that the expandable scale shown on a small screen

was almost as consistently and precisely used as standard PC

monitor–based response system, and the mean ratings for
the different test concentrations were very similar indeed,

regardless of the scale format used. Thus, in conclusion, we

suggest that zooming or expansion of an LMS is an accept-

able way of implementing the scale on a small input device.

One final point of interest in the data was a mild tendency

of subjects to respond at the label positions; these positions

attracted subjects’ responses disproportionately often. This

tendency represents a potential problem to be borne in mind
when choosing to use an LMS or similar scale and an issue

that could reduce the sensitivity of the scale. It is of course

possible that each of the labels was an excellent, near-optimal

descriptor of one of the various sucrose concentrations,

although this seems unlikely.

A download of the Palm software is available at http://

www.dancerdesign.co.uk/.
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