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An experimental study of the alphabetical rating

SERGIO CESARE MASIN, GIULIANA MAZZONI, and GIORGIO VALLORTIGARA
University of Padua, Padua, Italy

Alphabetical and numerical ratings were compared by requiring observers to rate lightnesses
using the letters ofthe Italian alphabet or integers in the ranges 0-20 or 1-21. Alphabetical and
numerical ratings did not coincide. The hypothesis that the discrepancy depended on a judged
difference between interletter and corresponding interinteger distances was tested by asking ob
servers to produce sections of the alphabet. Relatively small letter-search effects were found in
the second half of the alphabet. From the results, it seems possible to conclude that interletter
and corresponding interinteger distances are equal, and that the discrepancy between the two
kinds of ratings might depend on the properties of the output function that transforms internal
representations of magnitude into overt responses.

A rating method requires the establishment of a cor
respondence between the elements of a predefined ordered
set of labels and a set of sensory values perceived by the
observer. The most widely used sets of verbal labels are
ordered sets of numerical symbols. Anderson (1982)
recommends the set of integers 1-20 for use in the
numerical-rating method. Another ordered set is made up
of the letters of the alphabet. For example , the Italian al
phabet contains 21 letters, the use of which would define
an alphabetical-rating method. The range of sensory
values perceived by the observer is defined by two sen
sory end anchors, which usually correspond (by defini
tion) to the two end verbal labels (i.e ., 1 and 20, or A
and Z).

Textbooks seem to implicitly consider alphabetical and
numerical ratings as equivalent (Anderson , 1982, p. 7;
Stevens, 1975, p. 135), yet this is not certain. For exam
ple, Stevens and Galanter (1957) showed that adjectival
and numerical ratings produced different results under
comparable conditions . A comparison of the alphabeti
cal and numerical ratings seems important for another rea
son. Direct evaluations of distances within numerical sets
are prevented by the observer's automatic usage of com
puting algorithms. Since letters are not used for compu
tations, those hypothesesthat prove impossibleto be tested
directly on numbers should be testable on the alphabet
if alphabetical and numerical ratings are equivalent. The
first two experiments presented here were designed to
check this possible equivalence.

EXPERIMENT 1

Method
Observers. The observers were 28 university students who were asked

to participate in the experiment as they entered the psychology depart
ment at the University of Padua.

S. C. Masin is now at the University ofUdine, Udine, Italy. Requests
for reprints should be directed to S. C. Masin, Institute of Phylosophy ,
Pedagogics and Teaching of Modem Languages. Via Antonini 8, 33100
Udine, Italy .

Stimuli. Each of 19 gray squares with side lengths of 22 mm was
placed in the middle of a 120 x 210 mm gray rectangle with reflec
tance of .23. The reflectance of a square was one of the following:
.02•.04, .06, .08, .n , .13• .16, .19, .23, .26• .31, .35, .40, .46 , .52,
.59, .67, .76 , or .87. The stimuli, at a distance of 1.5 m from the ob
server. were displayed on the frontal-parallel plane by removing a white
screen (reflectance .9-.95). The illumination level was constant (about
30 Ix).

Procedure. The squares were numbered from I to 19 in order of
decreasing reflectance . Before the instructions were given , the odd
numbered squares were shown once in the order 1-19 .

The experiment consisted of two parts . For half the observers, in the
first part (alphabetical rating) we stipulated that the letter A corresponded
to the whitest white ever experienced by the observer, and that the let
ter Z corresponded to the blackest black ever experienced. The observers
were told to assign a letter of the Italian alphabet (A. B, C, 0, E, F,
G. H. I, L. M. N, 0, P, Q, R, S, T . U. V, or Z) to each square in
proportion to the lightness of the square . We specified that the closer
a dark gray was to the blackest black. the nearer to Z the letter had
to be, and the closer a light gray was to the whitest white, the nearer
to A the letter had to be. The subjects could use a given letter as many
times as they thought appropriate and were requested to respond as
quickly as possible. Corrections of alphabetical responses were allowed.
The 19 squares were then presented twice consecut ively in a different
random order for each observer. The second part of the experiment (nu
merical rating) was the same as the first part, except that the observer
had to use the integers from 0 to 20. We stipulated that 0 corresponded
to the whitest white and 20 to the blackest black ever experienced by
the observer. The integers had to be assigned in proportion to the Iight
nesses of the squares, as observers did when they used the letters of
the alphabet.

For the other half of observers , the numerical rating occurred in the
first part of the experiment. A session lasted about 20 min.

Results and Discussion
For computation purposes, the order-position number

of each letter and integer was transposed to its correspond
ing real number in the range 0-20; that is, A-Z and the
labels 0-20 were changed into the real numbers 0-20. The
arithmetic mean for the two real numbers produced by
an observer in response to a given stimulus was computed.
These single means for each set of two numbers were then
used to compute the group arithmetic means for each
stimulus.

The results are illustrated in Figure la. The reflectance
is represented on the abscissa, and the mean rating oflight-

259 Copyright 1987 Psychonomic Society, Inc.



260 MASIN, MAZZONI, AND VALLORTIGARA

.5

• NUMERICAL RATING

o ALPHABETICAL RATING (1-20)

Exp. 1 (N=28)

\~,

tl.,
1::). ,

' Q
' '0.

-'0.,

.... ' 0....

"

1 (A)

o

5

10

• NUMERICAL RATING

o ALPHABETICAL RATING (0-20)

'-0

o

REFLECTANCE

Exp.1 (N=28)

··•ti
l:?
'q

'Q

'Q
Q,

'Q
'tl.,

tl.-,
'0..

''0.

"" "0."

' 0. '_
' '0.

15 (R)

20 (Z) ~r-r--r""""'T"'.,.-.,...,....r-r--r""""'T"''''-''''''''''T''""''1r-r..,

C/)
C/)
W
Z
l
I
o:::i 10 (M)

u.
o
oz
~
a: 5 IF)
z
L5
::2

Figure 1. rnustr&tion of the results of Experiment 1. The grapbs show the mean (N = 28 observers) rating of lightness (ordinate) of
gray squares with a given reflectance (abscissa). The ratings were numerical, using integers in the range 0-20 (filled dots), or alphabeti
cal, using the letters of the Italian alphabet (empty dots). On the left (right): results when the letters were transposed to the corresponding
number in the range 0-20 (1-20).

ness is represented on the ordinate. The empty (filled) dots
show the results of the alphabetical (numerical) rating .
The standard errors of the mean for the alphabetical (nu
merical) ratings ranged from .13 (.07) to .53 (.5).

A 2 X 19 (kind of rating X reflectance of a square)
analysis of variance (ANOVA) was computed . The main
effects due to the kind of rating and the interaction of fac
tors were statistically significant [F(l,27) = 31.13,
p < .00005, and F(18,486) = 2.16, p < .005, respec
tively] .

It is commonly believed that there is a close relation
between the numerical-rating method and the bisection
method (Stevens, 1975, p. 230). Functional-measurement
procedures seem to show that the two methods produce
the same psychophysical function (Anderson, 1976;
Weiss, 1975), suggesting that in both methods the judg
mental operations involve representations of sensory dis
tances (Anderson, 1982, p. 134; Carterette & Anderson ,
1979). When the observer rates alphabetically, he/she
reasonably retrieves letters from long-term memory and
builds up a representational (imagined) alphabet , which
he/she scans in search of a letter so that the ratio of the
two distances of the letter from the ends of the alphabet
equals the ratio of the two corresponding distances of the
target sensory value from the ends of the sensory con
tinuum.

It might be that a similar mechanism applies also to in
tegers, and that the label "zero, " not being conceived
as an integer, was not included in the representational set
of integers. 1 In this case observers should have used the

range 1-20, instead of 0-20. Consequently, the alphabet
ical responses should be transposed to a corresponding
real number in the range 1-20, instead of the range 0-20.
This can be done by first transposing an alphabetical
response to the corresponding real number, n, in the range
0-20, and then transforming n into (l9/20)n+ 1, to make
the range 1-20 for letters comparable with the range 0-20
for integers (implicitly equivalent to the range 1-20, since
the 0 is not used in the evaluation of distances). Figure lb
illustrates the results after this transformation. An
ANOVA indicated that the main effects due to the kind
of rating were still significant [F(l,27) = 9.96,
p < .005], whereas the interact ion was not significant
[F(l8 ,486) = 1.48] .

The purpose of the next experiment was to determine
whether or not observers used the zero . This was done
by checking whether the results reported in Figure 1b
were also obtained when observers rated using the set of
integers 1-21.

EXPERIMENT 2

Method
Observers. The observers were 28 university students who had not

participated in Experiment I .
Stimuli. The stimuli were the same as in Experiment I.
Procedure. The procedure was the same as that used in Experiment I,

except that during the numerical rating observers used the integers
in the range 1-21. The whitest possible white was defined to corres
pond to I, and the blackest possible black was defined to correspond
to 21.
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EXPERIMENT 3

Results and Conclusion
The results are illustrated in Figure 3. The arithmetic

mean actual order-position number of the chosen section
ing letter (i.e., the letter chosen for the question mark)
is represented on the abscissa as a function of the actual
sectioning letter. The vertical bars indicate the double
standard error (computed using as scores the arithmetic
mean of the order-position numbers of the two section
ing letters chosen by an observer). The unbroken line in
dicates the theoretical result in case an observer correctly
chose the sectioning letter .

As may be seen, the chosen sectioning letters from the
letter P on are displaced toward the center of the alphabet
by about one letter. In selecting a sectioning letter, the

Method
Observers. The observers were 30 university students who had not

participated in Experiments I or 2.
Stimuli. The stimuli, displayed in the middle of a monitor screen,

were pairs of integers separated by a question mark. The question mark
indicated a letter of the alphabet (sectioning letter). The integer on the
left indicated the number of letters in the subset of the alphabet from
A to the sectioning letter, including the A and excluding the sectioning
letter. The integer on the right indicated the number of letters in the
subset from the sectioning letter to Z, including Z and excluding the
sectioning letter. Therefore, the two integers always totaled 20. There
were 19 pairs of integers, corresponding to the sectioning letters indi
cated on the abscissa in Figure 3.

Procedure. Observers had to callout the name of the letter correspond
ing to the question mark. They were told to respond as intuitively or
as spontaneously as possible, trying to avoid any sort of counting. They
also were told to respond as quickly as possible, but were allowed to
correct their responses. The pairs of integers were presented in a different
random order for each observer, twice consecutively .

BCDEFGHI LMNOPQRSTUV

ACTUAL SECTIONING LETTER

Figure 3. D1ustration of the results of Experiment 3, in which ob
servers had to select a letter of the alphabet given the number of
letters on its left and right (sectioning of the alphabet). The mean
actual order-position number of the selected letter (ordinate) is plot
ted as a function of theactual sectioning letter (abscissa). The solid
line indicates the theoretical result in case of a correct selection of
letters. The vertical bars indicate the double standard error.
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Results and Discussion
The alphabetical responses in the range A-Z and the

numerical responses in the range 1-21 were changed into
the corresponding real numbers 1-21 . The numbers were
then processed as in Experiment 1. The results are illus
trated in Figure 2, where the symbols have the same
meaning as in Figure 1. The standard errors of the mean
for the alphabetical (numerical) ratings ranged from .13
(.2) to .59 (.52) .

An ANOVA indicated that the main effects due to the
kind of rating were significant [F(l,27) = 10.16,
p < .005], but that the interaction was not significant
[F(l8,486) = .91]. These results repeat those depicted
in Figure lb, which were based on the assumption that
observers did not use the zero. The assumption seems
therefore to be corroborated.

Results by Banks and Coleman (1981) and growing evi
dence in favor of numerical-response linearity (Ander
son, 1981) suggest that representations of consecutive in
tegers are spaced equal distances apart. If this is so, then
the substantial parallelism (lack of interaction) of the two
curves in Figure 2 indicates that consecutive letters also
were spaced equal distances apart. The two curves were
obtained on the implicit assumption that the distance be
tween two given letters and the distance between the two
corresponding integers were equal. The upward displace
ment of the curve for numerical rating suggests either that
(1) this implicit assumption was false or (2) the displace
ment was due to the output function that transformed sen
sory representations into alphabetical or numerical
responses (Birnbaum & Veit, 1974; Curtis, Attneave, &
Harrington, 1968). The next experiment served to test
these two possibilities via the direct sectioning of distances
between representational letters .

Figure 2. llIustration of the results of Experiment 2, in which ob
servers had to rate numerically (using the range 1-21), or alpha
betically (using the range A-Z). The symbols have the same mean
ing as those in Figure 1.
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observer had to take into account the entire alphabet.
Therefore, since an effect is evident only in the second
half of the alphabet (i.e., an asymmetrical effect) , ob
servers might have used two different letter-search strate
gies. Whatever these strategies, however, the displace
ment of the two curves in Figure 2 also occurred when
the sectioning letters (between A and 0; Figure 3) were
chosen correctly. Ifa sectioning letter was chosen in terms
of its distances from A and Z, relative to the distances
of the numbers (on the left and right of the question mark)
from 1 to 21, the correct section in portions of the al
phabet from A to 0 indicates that interletter and cor
responding interinteger distances were the same, at least
in the alphabet portion A-O.

The incorrect sectionings when the letters are in the por
tion ofthe alphabet P-Z indicate that the sectioning may
depend on different letter-search mechanisms activated
by the task. Therefore, the utility of the alphabet for those
direct tests that are impossible within a set of integers may
clearly be limited by letter-search side effects. Since the
letter-search side effect is small in magnitude and occurs
in only one part of the alphabet, it does not explain the
discrepancy between alphabetical and numerical ratings
(Figure 2).

Marks (1968) found that a change in numerical range
from 1-4 to 1-20 or to 1-100 produced a moderate change
in the size of the exponent of category scales. By com
parison, the letter-search side effect in Experiment 3 con
sisted of an underestimation of interletter distances of
about one letter at maximum, implying a possible change
of range from 1-21 to 1-20, which is too small to invoke
Marks's effect.

According to Anderson (1982, p. 7), the use of word
labels in rating is risky because words suggest unequal
subjective category widths. If adjectives are changed
directly into numbers , then a nonlinear bias would en
sue. In fact, Stevens and Galanter (1957) obtained a dis
crepancy between adjectival and numerical ratings. Our
results (Figure 2) showed that a linear bias occurred when
word labels were as neutral as letters. The results of Ex
periment 3, apart from the letter-search side effect, indi
cated that interletter and corresponding interinteger dis
tances were equal. A reasonable conclusion seems,

therefore, to be that the linear bias we found might de
pend on the properties of the output function that trans
forms internal representations of magnitude into numeri 
cal and alphabetical responses.
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NOTE

I . This hypothesis seems plausible also in the light of brain lesion
studies . Sartori , Roncato, Rumiati , and Maso (1986) described acal
culic patients who were able to use the digits but not the zero. This finding
suggests that the zero has a special representation in the bra in.
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