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To obtain more complete tables of letter sequences varying in order of
approximation to English than those generally available, sequences of zero
through fourth-order approximation were computer-generated using tables of
single-letter, digram, trigram, and tetragram frequencies. Two sets of tables are
presented. One consists of 100 randomly selected 10-letter sequences of each of
zero to fourth-order material. The other consists of 40 8-letter sequences of each
type, selected with the restriction that no letter appear more than once in the

sequence.
In attempts to manipulate
familiarity while controlling

meaningfulness, many studies of short-
and long-term memory and of
tachistoscopic word recognition have
employed stimuli differing in order of
approximation to English (eg.,
Baddeley, 1964; Mewhort, 1967;
Mewhort, Merikle, & Bryden, 1969;
Merikle, 1969; Miller, Bruner, &
Postman, 1954). Different orders of
approximation to English reflect
various degrees of sequential
dependencies of English with
higher-order approximations more
closely resembling ordinary English.

The concept of orders of
approximation to English dates back
to Shannon’s (1948) original work in
the field of information theory. A
zero-order approximation to Enligsh is
simply a string of letters selected at
random, while a first-order
approximation takes into account the
relative frequency of the single letters
of the alphabet. In a second-order
approximation, each pair of letters is
selected in such a way as to reflect the
digram frequencies of English, and so
on. In general, it is possible to
construct sequences of nth order
approximation to English, given the
relative frequencies of the n-grams in
English.

In practice, several different
methods have been used to obtain
orders of approximation to English.
Miller & Selfridge (1950) and Shannon
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(1951) employed a guessing technique
that takes advantage of the normal
adult’s familiarity with English letter
sequences. Here, a person would be
shown a sequence of letters and asked
to construct a word using the sequence
of letters. The first letter he added to
the string would be incorporated into
it, the original first letter dropped and
the new string passed on to another
individual. While this is an interesting
and often entertaining classroom
demonstration, college students
misjudge the relative frequencies of
individual letters (Attneave, 1953),
not to mention digram or polygram
frequencies.

Miller, Bruner, & Postman (1954)
followed a basically similar procedure,
but used text material rather than
people to generate their material.
Their procedure required a rather
laborious search of text material for
the recurrence of particular strings of
letters. An alternative method would
be to make use of a complete table of
the frequencies of n-grams of a given
order.

The most complete available tables
of different orders of approximation
are those of Miller, Bruner, & Postman
(1954). They provide 15 eight-letter
sequences of zero-, first-, second-, and
fourth-order approximation. Since
many experiments require longer
sequences. or more than 15 examples
of a given order of approximation, it
seemed worthwhile to attempt to
generate such material.

In constructing our orders of
approximation, we made use of the
tables of single-letter, digram, trigram,
and tetragram frequencies published
by Mayzner & Tresselt (1965) and

Mayzner, Tresselt, & Wolin (1965a, b).
Our procedure is best illustrated by an
example of how a third-order
approximation was constructed. Given
an initial digram, let us say ST, all
trigrams commencing with ST were
weighted by assigning them a set of
numbers proportional to their relative
frequency. A random number was
then drawn to indicate which letter
should be added to our sequence.
Suppose this letter were E: we would
then add E to our sequence to make
STE and repeat the procedure with
trigrams commencing with TE. This
procedure was carried out iteratively
until it reached a point where all
trigrams commencing with the desired
digram had observed frequencies of
zero. The resulting strings of letters,
making use as they do of observed
polygram frequencies, should be
limited only by the accuracy of the
original frequency counts.

To obtain the desired letter
sequences, we generated 10,000 letters
at each order of approximation. For
zero, first, and second orders, this
produced a single long string that
could be sampled at random. With
higher orders of approximation, the
fact that particular sets of trigrams or
tetragrams had observed frequencies of
zero resulted in periodic termination
of the string. In such cases, we simply
started at a different point and began
another string.

For experimental use, we have
presented two sets of tables. In the
first set, Tables 1-5, there are 100
10-letter sequences of each of zero-
through fourth-order material. These
have been selected randomly from our
computer printout, subject to the
limitation that the sequence had to be
at least 10 letters in length, and very
obvious words or phrases (e.g.,
AVOICECAME) have been eliminated.
Shorter sequences may be constructed
by deleting letters from either or both
the end and the beginning.

Many Es are also interested in serial
position effects, and these are difficult
to assess when individual letters are
repeated within a sequence. For this
reason, we have also selected
sequences varying in order of
approximation that have no repeated
letters. Table 6 gives 40 examples of
eight-letter sequences of each order of
approximation that have no repeated
letters.
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MOUNIWAHLY X' INYHATIHM NYAATALAIY  LSNALVITINA HLVOTTINGd  ‘TOALIMIONGIH VIVSHLIHMNT  LNLTIVMOWA TYTAWRVACON  [CALICDAHAD
LASNOLLDYT  ALAVALSNIA ANAHLAGONN  NINNIINOAd VANONIONYT  AMSUHOWIHIO JLVAWIAMLY  ATHALALIOA ZWACTISNON  IOCIAADDAA
SIdAAHSOTd  AYIVAAVISH AN SUALYHD  VILLNAWIHLO NACAVMALTH  LLHLSAVOO'1 DOHVWUAAVD  SWAVAHIANY HSYVALADAZ  XDAZOdHTIAV
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ISNOILVAMIL  dTD1LVISIL SHAAHSHIEM  MLEONNONIA ATYNOHLNGT  NONVAAI0SH MHASAVOOIM  NWAHVOLAHA IMIIHMOXIY  SMNVALHHAS
SNOSYANODS  SHLAAONVTS LVHOVWALSY  ULNINTIVHL LIVYI0d0oSH  TAAANAOSIN VRISONLETY  AHQHOANAHA M1ASOMONNd  ODSNARAVHO
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TIVNIIONAS  HSAHONISHH SNMOQIAYIA  NOITAUVHAY LSYTAAAONO  IHTAONVXAd ddNANALIHO ~ ASVHANIHAVS CI927TACAAX AXAHHANONZ
INIQVIAIAO  INAVAAIVNE 4AVAINIOES  ISATNOHOVE FA04INOVIS  AATHNOHLILY ALI4AVNQTO  SUIVOOLINA JAMINYVSWD  JUSOOHYTIN
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ANILOATAAT dISAIINvLV 1A TANVMANO LHONVALNES [VHOAHASUNY NVONODTHLS TIVHLLYASA ATSAAO 1 LWN AV IHSIOYNL 0SZALAYONT

323

ysifug o) vonuwixouddy 19piry  ysiSuzy o) :::::__x:.::z WP usylug o) vonuunxosddy aopig
-puodag jo wuu:o:_vom ERJ e RURE PR BRI I L3 tb::b:_.nf. 13}071-U0] 0107 Jo ,f.n.,:_.q::..v,ﬁ 10110 -ua g
£ LY T aqe. L aqey

usiidusp o1 voneunxoaddy 10pIQ
-pany g o saouanbag 101U,
y oL

ysiidusy oy vonvwnxoxddy 1apiQ
Yo, jo saouonbag 10N Tuag,
$ gL

Psychon. Sci., 1971, Vol. 25 (6)



O-order

OKEBQTHU
CVDHMLTY
HTCRDUN B
LRWDGFYV
PZQVKUGF
OMSBVPZQ
VLECVGWX
ANNRYOZW
VALRZTQC
NJKEMLDX

UCQXSAWV
HDFBKVJS
YUGKENSJ
KWRFHVLJ
JMNROEBV
FKMITPSC
AMOYSVQF
PRVSYCHW
ZDXFCRKE
EPXCMZRF

MNUWHVLE
KZBQEMFV
_ NDZRISMK
WCRDTIBM
TQGPMLND
DUOGNAIV
HWPTFNCA
GFZCSOTQ
RXLPOAEV
FKMERJGC

HPFYXCKR
URTMEVFA
CBINGSYJ
HCZYSWUO
EBUTWKMH
OMAVHCBQ
TDVYENMK
QTPZIFMYV
JNUWHVGB
EMFVDOXN
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Table 6

Eight-Letter Sequences Without Repeated Letters

lst-order

NUGLDEF L
AYQWUSGC
LHSNDTYU
ATOPHELK
OKTAIUPS
LEUNCOYA
OAHRTEID
ETCORSBH
DTUCHNAE
YUMADTRP

OBNMELDH
MLEIDSHU
NDTCKUGM
DPRAUBEO
LHUAEOTG
NEGMFCUH
DSERWIYV
UETDHCAM
EDKRAQTV
IFAODCKT

WAGTDBHE
BWAENYRI
THENATUV
ETFHRMUQ
HEPGTILA
AUHTBROE
SNHELACY
SOYWAGTF
EOKABUSL
GESBOAIN

‘TSPEALNU
NRTSGOWA
ICPEDTAB
PNFROELT
LRTNADEG
KISDWFEN
RNYOTLHA
DOIELMST
VNUTHETO
CTUDOLHR

2nd-order

KINLESCA
REAMPICQ
ECLOSATH
KNDEYOSA
EDSTHOUL
WHEPLOBR
NTAROULT
ESHARKIC
NECODSPR
STTHORAN

EMICHANS
OQUNGRSTH
ASOTHERM
IRSENYOC
DSEROUTH
XASTYINE
ATHIBUNGC
ONSTLDAB
THASEWNG
FAYORGUC

HEDTCKNG
TUGHAPOF
BUECADFT
TNTHAMED
OWACGUNER
UNDECHTV
LCAINDST
DSPRAVLEN
ATKNEDST
SWHALTLD

DOWACLTS
ELFRISAG
WATHIPRE
MEBUITHA
ATEROUNG
HELARSWN
WACKNSPE
PSTHORID
CINDASTH
OUGRLASH

3rd-order

LEPICART
DRACKETW
CHISTAUG
EPOTCHAT
INYBETAL
ENCHIMPL
AVERSOMD
DERSTANY
MAGEIWOR
EDSITHAL

MOUTSELY
NAMICHER
CHOURNTIS
HANITSEL
STEMPORL
ANSTRIGUH
HETRSTAN
REASPICH
ASYMBOUYD
ACKENTOM

LOBTUNER
GANDEOPL
BOASKENL
STABOURN
OUPLY IND
ALKINGER
CALFROVE
TRACUINK
WORTATING
TREADISH

ORTSEACH
PLADINCE
DESTRUNG
ESPORNIC
PERABOSI
HATUDIES
HERYINST
STRIDEAC
INGETUCH
SEDOCKAG

4th-order

DINGLECT
YOREDIUM
LIMBERSO
ARSHINKL
DESPIRAL
MEDITORY
WHILDERN
CULTINGS
FATJLEDSI
SPEAL Y

POLICKET
RINTOMBE
PRAINSTE
SURFINDO
OMENTACK
ONCESTIL
APONSTER
STANCEPY
ALTCENTU
HEMI NDOL

REATTONS
MERIOUST
CLIMPANY
UMPERALS
LAPERSIN
DICTORES
HAMBEDRO
FAMILEDS
GLOBSERI
ONCERTAT

PENDLOTH
EDICALMO
BUILDENS
PECTALSO
TMPROBLE
CRYSTEMP
TOMINERS
BIOUSTYL
OMINGERS
REDUCKIN
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