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First-order approximation to English,
second-order approximation to English,
and orthographic neighbor ratio norms

for 925 nouns

DAVID C. RUBIN
Duke University, Durham, North Carolina 27706

First- and second-order approximations to English and orthographic neighbor ratio values are
provided for Paivio, Yuille, and Madigan’s (1968) 925 nouns. First- and second-order approxima-
tions to English are information theory measures of the probability of generating a word on a
letter-by-letter basis. The orthographic neighbor ratio is the frequency of a word divided by the
sum of the frequencies of all words that can be generated by changing one of its letters. Thus,
the orthographic neighbor ratio provides a measure of a sophisticated guessing model in which
partial information about a word is obtained and a decision is made on the basis of the relative
frequencies of the possible responses. Correlations with existing norms are reported.

The 925 nouns scaled by Paivio, Yuille, and Madigan
(1968) have received over 350 citations in the last
5 vyears (Social Science Citation Index, 1977-1981).
In addition to the originally published values of imagery,
concreteness, and meaningfulness and easily obtained
frequency measures (e.g., Rubin, 1980), scales of famil-
iarity (Paivio, Note 1) and free recall (Christian, Bickley,
Tarka, & Clayton, 1978) are available for these 925
nouns. The purpose of this paper is to add three scales
to this collection: first-order approximation to English,
second-order approximation to English, and ortho-
graphic neighbor ratio. ‘

Manelis (1974) distinguishes between two types of
variables: Structural variables depend on relations
internal to the strings of letters, whether or not they are
words, whereas lexical variables depend on the properties
of words as wholes. First- and second-order approxi-
mations to English are structural variables; that is, the
values obtained are independent of whether or not a
string of letters is a word. As these two measures are
calculated on a letter-by-letter basis, they are most
appropriate for models that assume that people process
words in a similar fashion.

The shorter or more common the spelling of a word,
the easier it should be to process in a host of psycho-
logical tasks (e.g., Engel, 1974;Miller, Bruner, & Postman,
1954; Rice & Robinson, 1975). As high-frequency
words tend to be shorter (Miller, Newman, & Friedman,
1958) and have more common spellings than low-
frequency words (Landauer & Streeter, 1973), spelling
patterns need to be measured if frequency effects are

Reprints and computer-readable norms are available from the
author. I wish to thank Allan Paivio and Donald Olivier for
making their norms available to me.
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to be isolated. The concept of order of approximation
to English (Miller & Selfridge, 1950) can be used to
determine how likely words occur in the process of
randomly sampling letters. This method was chosen
over several other measures of letter statistics (Massaro,
Venezky, & Taylor, 1979; Travers & Olivier, 1978)
because of its direct tie to information theory. In
zero-order approximation, the word “boy” is created
with a probability equal to the probability of drawing a
blank, then a “b,” then an “‘0,” then a “y,” then another
blank. As there are 27 characters (26 letters plus blank),
all equally likely in a zero-order approximation, the
probability is (1/27)°. In general, it is (1/27) to the
(L +2) power, where L is the length in letters. For the
first-order approximation, the five 1/27 figures are
replaced by their actual probabilities of occurrence. For
the second-order approximation, the probabilities of
drawing a blank, a “b” given the blank, an “0” given
the “b,” a “y” given the “0,” and a blank given the “y”
are multiplied. More details on the mathematics for a
similar measure can be found in Travers and Olivier
(1978). In order to convert the products of probabilities
obtained in the zero- through second-order approxima-
tions to an information measure, the logarithm to the
base two is taken. This compresses the range of values
and makes their distribution more normal. The log-
arithm also makes the zero-order approximation a linear
transformation of length in letters, allowing the simpler
term length in letters to be used while conceptually
placing it on a continuum. Length in letters is known to
correlate highly with pronounceability (Spreen &
Schulz, 1966), as well as with other variables, and has
been studied as a factor in tachistoscopic recognition
threshold (Richards & Heller, 1976).

The probabilities used in the calculations are from
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unpublished tables by Olivier (Note 2). These tables
were formed by counting the probabilities of letters and
bigrams (including blanks as a letter) in the first five
million letters of the corpus on which the Kufera
and Francis (1967) word count was made. The five
million letters include nearly the total corpus of slightly
over one million words used by KuZera and Francis. To
use Miller and Selfridge’s (1950) term, the KuZera and
Francis count can be considered as the appropriate
“text” approximation to English.

The orthographic neighbor ratio is taken from
Landauer and Streeter (1973). It is the ratio of the
frequency of a word in the KuZera and Francis (1967)
count divided by the sum of the frequencies of all its
orthographic neighbors. A neighbor is defined as any
word that can be formed by changing up to one letter
of the original word. Thus, for example, the neighbors of
“boar” are “bear,” “boat,” “boaz,” “roar,” and “boar”
itself. Words not listed in KuZera and Francis are given a
frequency of zero. The orthographic neighbor ratio
provides an index of how well a word would fare in a
tachistoscopic recognition or similar task under a sophis-
ticated guessing hypothesis in which partial information
about the stimulus is obtained and a decision is made on
the basis of the relative frequencies of the possible
responses. The orthographic neighbor ratio can give
reasonable results only when length in letters is held
constant, as it was in the original Landauer and Streeter
(1973) article. There are fewer neighbors for longer
words, and therefore the effect of this variable, when
length is free to vary, is the opposite of that expected
from a sophisticated guessing or other reasonable model.
As the variable may work with length held constant, it
provides a plausible psychological theory if word length
is used as a cue in searching lexical memory. Similarly,
first- and second-order approximations to English are
most valuable when length is held constant, because they
correlate highly with length, —97 and —.92, respec-
tively, for the 925 nouns used here, allowing length to
mask any independent effects of these variables.

RESULTS
Table 1 presents values of first- and second-order

approximations to English (FOA and SOA) and ortho-
graphic neighbor ratio (ONR) for the 925 Paivio et al.

Table 1
Values for FOA, SOA, and ONR for 925 Nouns
WORD ' POA SOA ONR
3 LETTER WORDS
ATR -17.284 -17.749 0.4914
ARNM -18.809 -17.314 0.0197
BAR ~-19.5%6 -16.099 0.0514
BOY -21.513 -18.536 0.4007
CAR -18.4383 -15.337 0.0865
CAT -17.905 -14,8%52 0.0085
EGO -18.307 -22.097 0.0478
FOX -23.898 -21.845 0.0013
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-24.971 -20.915
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APPROXIMATIONS TO ENGLISH
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Table 2
Correlations Among Variables
L FOA SOA ONR I C M F LGFK
L
FOA -970
SOA -917 935
ONR 579 -.578 ~.567
I -.347 325 .280 -.222
C —-.296 .286 .236 —.254 831
M -.327 318 293 -.163 724 559
F —~.270 .285 .309 -.024 .337 105 483
LGFK =272 297 .345 111 .088 -.061 21 755
FRC -.267 251 .230 -.206 444 .396 311 128 .088

Note—The correlation of FRC and ONR has an n of 825. Other correlations involving FRC and ONR have ns of 899 and 851,
respectively. All other correlations have an n of 925. FOA = first-order approximation to English; SOA = second-order approximation
to English; ONR = orthographic neighbor ratio; L = length of letters; I = imagery; C = concreteness; M = meaningfulness; F = famil-
iarity; LGFK = log, , of Kutera-Francis (1967) frequency; FRC = percentage of subjects recalling each word (Christian et al., 1978).

given because the 925 observations are not independent.
If the observations were independent, however, the .001
level for the 925 observations would be .11, so that any
correlation explaining more than 1% of the variance
would be highly significant in the statistical sense.

The correlations for the orthographic neighbor ratio
are misleading. As words get longer, they have fewer
orthographic neighbors. This effect is large enough to
mask any effects of the orthographic neighbor ratio
itself. Similarly, the effect of length can mask any value
that first- and second-order approximations might have
beyond length. For this reason, correlations of first-
and second-order approximations and orthographic

neighbor ratios with the other variables are calculated
for words of given length in letters and are presented in
Table 3. Lengths of four to nine letters are used, because
each of these lengths contains at least 100 words.
Means, standard deviations, and ranges for first- and
second-order approximations and orthographic neighbor
ratios are given in Table 4. With length constant, first-
and second-order approximations correlate moderately,
as do orthographic neighbor ratios and the frequency
variables. Other correlations are small, indicating that
first- and second-order approximations and orthographic
neighbor ratios provide relatively independent measures
when length is held constant.

Table 3
Correlations for Words of a Given Length
Variables
Length N FOA SOA ONR I C M F LGFK FRC
First-Order Approximation to English
4 110 406 -.107 -.210 -.149 -.108 —.008 —-.055 -.207
5 128 455 —.034 .062 042 .198 131 165 -.020
6 167 .569 -.190 .085 .069 .142 110 131 044
7 146 .348 -.072 —.040 .038 —.042 .060 .081 .047
8 120 559 -.123 -.192 —-.100 -.003 .078 .249 -.010
9 113 426 -.103 -.067 -.016 -.113 218 215 -112
Second-Order Approximation to English
4 110 406 -.134 -.193 -.230 -.101 .035 .188 -.012
5 128 455 -.159 -.002 —.043 .120 .169 .193 .004
6 167 569 -.121 .027 -.005 142 220 .196 .105
7 146 348 -.036 -.175 -.159 -.122 151 371 —-.068
8 120 .559 -.109 -.215 -.211 —.069 281 419 -.152
9 113 426 -.139 -.040 .044 -.054 .002 .053 -.077
Orthographic Neighbor Ratio
4 110 -.107 -.134 -.095 -.153 -.040 447 552 127
5 127 -.034 —-.159 -.116 -.159 -.002 .198 410 -.011
6 157 -.190 —121 —.058 -.163 —.002 133 .324 028
7 135 -.072 -.036 -.00S -.017 .008 .066 .255 017
8 101 —.123 -.109 .108 -.015 035 .091 .236 .073
9 97 -.103 -.139 .062 —-.046 112 120 282 .042

Note—The value for n for correlations of FOA and SOA with ONR should be read from the ONR section. The value for n for cor-
relations with FRC is slightly less than listed, because only 899 of the 925 nouns have values on this variable.



Table 4
Mean, Standard Deviation, and Range of Variables
L Mean SD Minimum Maximum
First-Order Approximations to English
4 -23.748 1.842 ~30.558 —19.586
5 ~28.061 2.007 —34.525 —24.297
6 -32.135 2.443 -39.086 -17.603
7 -36.777 2.239 —44.537 -32.362
8 -40.919 2597 —48.646 ~35.608
9 —45.171 2.199 ~52.543 —40.411
Al -36.220 9.411 —68.870 -16.430
Second-Order Approximation to English
4 -21.276 2.495 —26.805 -15.792
N -24.851 2812 —33.435 -19.174
6 —-28.831 3.718 —42.517 —14.394
7 -32.960 3.552 ~44.507 -25.878
8 —36.484 4.056 —48.281 -28.628
9 —40.063 3.442 -50.274 -33.621
All -32.263 8.616 —60.097 ~14.394
Orthographic Neighbor Ratio
4 2251 .2854 .0000 1.0000
5 5241 3623 .0000 1.0000
6 7670 3382 .0000 1.0000
7 .8404 .3048 .0000 1.0000
8 .8906 2568 .0000 1.0000
9 8872 2686 .0000 1.0000
All 7053 .3861 .0000 1.0000
Note—L = length.
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