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Morphological families in the internal lexicon

THE GUESTION addressed im thas stady is whether the spesd with which a word is recogaized
depends upon the frequency of related words, and which tvpes of relaied wosds have such an
inflisgnce. For example, does the speed of recognition of the word shair depend at all on the
Ireqeency of gairs (an inflectional relstive )T Is the speed with which peogple recogaize pevers
infleenoed by their bnowdedipe of the word govermesens (3 derivational relative)? s the recog-
natsen of fed influenced by the simple Bet that the letters overlap with the letiers m Bamiliar
words such o8 feet, feed, and feel (nonmorphological relatives)? The nuthors asked %5 U5,
ollege students bo distimguish gem words from nonwords ina lesbeal decigsion task. The stem
words were matched for leagth and individual frequency, but differed subsiandislly 0 the
lieguency of teir inflectional, derivationsl, or nommirphalogical relatives. The resssrchers
found that the frequency of inflectionally and derivationally reased words significantly af-
fected speed and accuracy of recognition of stems; however, these effects were conditioned by
the likely age of acquisition lor each word, and by the part of speech. Exicnsive amalyses -
showed that gimple letter overtap did not have a sigaificant effect on word recognition. Taken
&t a whole, ihe resules soppon the concept of morphobogically bassd word Eamilies, thit i,
ihee hypothesin that morpholopical relstimi Between words, derivatsvaal at well as infloc-
tional, are represented b fexicon.

Les familles morphologiques dans le lexigue menial

LA FRESENTE RECHRRCHE wise b wérificr dass quelle mesare la vitesse de reconnaissance de
mots et influenciée par la feéquence des mote astocids of dans quelle mesure elle varic €n
fonction de Ia narere des relalions entre Jes mots. Par exemple, estoo que b vitesse de
recofmakishnge du ot excalier est influcncte par b fréquence du mon escaliers (mo! associt
par une relation inflkexioanelle)? Esi-ce que la vitese de fecoanaimance di mol gouswmer 05
fomction de la fidquence du mot gowvernemenr (ol aisoci par une relation dérivative)”
Est-ce que la reconnaissance du mot amertume est 156 b la frefquence du mot gemerriaea o (mo8
aagocid seulement par une relation graphigue)? La rechesche impliguast 95 érdiants de
mivesn collégind, La tiche de dicision exicale conzimai b diginguer eatre des moss racines €1
des non-mids, Les mois recknes drabenl pairés cn fonction de leur loaguenr et d lout
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Mdquence, mals dilférabent de fagon substantielle quant b la frdqoence ded mots associds soi
par des relations inflexionnelles, dérivatives ou grophiques. Les résuliats confirmerent
Finfleence de la fréquence des mois assocks inflenionnellement ou dérnivativement sor fa
vilegte de reconnsiscence ded mots racinst. Cependan, ces effets dont foaction de Fipe
probalde d'soquasiteon des s of Je 1 caréporic de mos, Le shmple pecouvremen de kttres
{relation graphigue) n'a sucun elfe. Dans Vepsemble cos résulins confirment le concept de
familles de mols constifudes sutoar de relations morphelogiques, soit infletonaelles ou
dérivatives, ef In concepiim selon bquelle le lexigue mental est pinsi consiinagé,

Familias morfoldgicas en el lexicdn interno

EL FROELEMA en cuctiiln én edle estudio e averigoar 5 b velocidad a la que uns palabrs c2
reconccida depende de la frecuencia de palabras relacionadas, y qué tipos de ks palabras
relacionadas ticnen cia infleencia, Por cjemplo, I:I- velocidad de reconcdimiento de la
palabrs excaiens depends de slguna manera de la ta di ercalernr (relocionada de
fesrrmn infleccionall? (Lo velocikdad 3 Ja que ks gente reconoce la palabra goberiar 503
influida por su conocimicnto de ba palabra godderms (relecionada por derivacdn)? (Bst el
reconocimiento de paje influide por o simple becho gue Tos letras 500 lid mismas goe en
ciftad palabras familiaret Bles oomo pdfa v pdfens (relacionadas de forms no marfoldgeca)?
Lo autorss pudicron a 95 citedianties uaiveriitanos csadosnidenics que distingeieran
palabras rair de palabras sin sentbdo en una tarcs que implicaba decisidn Maics. Las palabras
rele faeron aparcadas tasdo ea losgiod come o frecuenchka indivedaeal, pere difiriesdo
substancialmente cn la frecuencia de las palabras relacionadas de forma nfleccional,
derivacionsl ¥ no morfoldgicn. Se enconird que la frecuencia de palabeas relscionsdas de
mancra infleccional ¥ dervacionsl sfectd sgniffestivamente la velociled v exsctitod en el
recons: insenlo de las palabrs iz, sla embargo, esios efecios foeron condecionados por la
probuble edad de adquisicibn de cada palabea y por s pesicion gramatical. La similitad en la
escriura (relacidn de forma oo nsocfoldgicad no wve electo algune. Coasiderndos 2n s
iislaked, bos mesultados apoyan el concepio de familias de palabras con base marfoldgics,
eslo es, himum!.nmlmmfﬂdﬁuﬂs enlie Itt]:i.l.lbﬂi II.ll:udt-lJ];ln
denvacioanl oomo inflecsional, estin mpresentadas on &) kexictn.

Morphologische Warzelfamilien im internen Lexikon

I esER sTUE werden die Frogen untersucht, ob die Geschwindighelt, mdt der ein Wort
erkaeni wird, voo der Haalfighein wrsandies Worier abhingt, wnd welche Arten veraandies
Worner einen solchen Einflulf ausiiben. Hangt r B, die Geschwindigheit, mit der
daz Wort Treppe crhamnl wird, prinzipicll von der Hiufigheit des Womes Treppen ab
{eint Flexionsverwanditchafl)? s die Geschwindigheil, mitl der Measchen das
Won regieren erkenncn, davos sbhiEngip, daf sie das Worn Regicramg kennen (eine
Derivativnsverwandtschalt)? Wird das Erkennen von Baw durch die einfache Tatsache
beeinflubt, dal die Buchutsben sich mit denen in bekanolen Wikrten wic 2.8, Bawn, Boack
und Bawsch decken (nichi-morphologische Yerwandeschaft)? Die Verfasser forderten 95
Studenten in cinem Experiment suf, Stammworier von Micht-Wiren in lexikalischer
Hinaicht 2o unterscheiden. Die Stammwdrter wuiden in ihrer Lings and jeweiligen
Haefigkeit mocinander geondnet, 3¢ ustershiaden sich jedoch erbeblich ks der Hiufigheit
ihrer Flexbons-, Derivations- und aicht-morphologicchen Verwandrachalt, Dic Resuluee
zeigten, daf dic Hiufigkeit der flexions- und derivationsverwandicn Waiter die
Geschwindigkeit und Gersuvighsit, mit der die Stimme erkannt warden, beurkchelich
Becinflufies; diese Auswirkunpen waren jadoch badingt durch den Zeatpundt, ru dem jedes
cinzelne Wont gelernt wurde, und durch die An des Satzpliedes, die sie darsiellien. Dias
eimnfichs Usbereinstimmen von Bochstaben hatie keinerbai EMekt. Tnspesami umersiozen dig
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Resultste dos Koneept morphologisch-verwandier Woetfamilien, d.h. die Hypotkese, dail

morpholagiache
i Lexikon dargestell] sind.

his study nsks whetler the morphology of

words =that 15 1o say, the structure of
words in terms of prefizes, stems, and saf-
fixes—plays a role in how words are repre-
sented in people’s internal fexicons. A number
of researchers have sttempled 1o understand
horw words are stored in memory. Yel many im-
portant thearetical issues are still unresolved.

Our interest in this area is also mofivated
by concern for potential educational applica-
tions. An important charscteristic distinguish-
ing good readers from poor readers is the
ability of good readers to recognize words with
speed and efficiency. This difference appears to
be more pronounced for longer words. Given
that most longer words are morphologically
complex, deficiencies in morphological knowl-
edge may be o cause of poor readers” difficuliies
with long woerds (Anderson & Davieon, 1988).
Smdies have found large differcnees between
readers in their knowledge of English deriva-
tional morphology (Freyd & Baron, 1982;
Gleitman & Wanner, 1982), which are associ-
ated with differences in reading ability (Tyler &
Magy, 1985),

W are inderested, therefore, in determining
the mechanisms by which morphological
knowvledee may contribute to cfficient word rec-
ogmition. Previous rescarch has failed to find
that words of greater morphological complexity
are meore difficult to process (Kinisch, 1974). In
fact, research on the role of word frequency in
word recognition suggests a mechanism by
which knowledge of morphological relation-
ships could facilitate word recognition of
morphologically complex words: For sophisti-
cated readers, at least, decomposing such wonds
into parts could make them casier 1o process
than other words of equal length and frequency,
because the individval parts are often of higher
frequency than the whole word, It is a well-
established finding that words of higher fre-
quency dre recognized more qukckly than words

ngen rwischen Wonen, ob nen denvativer oder Nekuicrender A,

lower in frequency. Stand and steed are the
same length, but stand is recognized much
more quickly.

The best measure of the frequency of 3
word i8 thiss probably not the freguency of that
word alone, bul the frequency of a fomily of
worrels closely related in form and meaning. The
wowd imactivity, Tor example, is a relatively low-
frequency word, occurring less than once in a
hundred million words of school text, according
1o thee Armerican Meritage Word Freguency Book
(Carroll, Davies, & Richman, 1971). Il word

itioa weere determaned only by the fre-
quency of the individoal word, independent of
morphological relztionships, this word would
be accessed relatively slowly. However, when
related words such ms active, inagctive, aciivity,
and activittes are taken into scoount, the family
Sfregueney of inacriviry 18 10 thousand times ag
preaf as the freguency of this individoal mem-
ber. If family frequency plays any role in word
recognition, inactiviry should be accessed much
faster than its frequency as an individual word
wotild lead one to expect.

The overarching theoretical question about
word families is how they are represented in
people’s internal lexicons. Al one extreme is Ue
possibility that all of the members of a word
family share the same lexical entry, ovganized
undér the stem, and that inflectional and denva-
tional affines are stripped off be fore the entry i
acoeased, Por example, when faced with wwiv.
a person coubd sed aside wi-, look up the eniry
for te in his or her internal lexicon, and then
deduce that wntie means 1o reverse the action of
tying. At the other exireme is the possibility
thal ¢very word has a separate and distingd £8-
try. There are also several possibilitics betwoen
these two. It could be, for instance, that regular
inflections —and, perhaps, semantically trans
parent derivatives — share the entry with the
stem, whereas more distant relitives have s=pa
rale entries, Or it could be that the lexicon cof
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tains separate, but linked, entrics for different
members of a word family.

The strong and dependable effect thay fre-
quency of usage has on speed of word recogni-
pzon can be wsed as a tool to make inferences
ghout how word families are represented in the
meendal lexioon. On the one hand, if the fre-
quency of inflections and derivatives were 1o
have as much impact on the recognition of a
stem s the frequency of the stem jizelf, that
would be strong evidence for a theory that the
members of families share single entries, On
the other hand, if the frequency of inflections
and derivatives were 1o have no influcnce on
recogition of the stem, that would be evidence
for @ theory that even closely related words hawve
separate entries. In principle, we should alse be
able 1o diseriminate between intermediate theo-
rizs based on the pattern of the evidence.

Inferences aboul the struciore of the subgec-
tive lexicon can also be made by examining how
the frequency of a stemn affects the speed and ac-
curacy of recogoition of its morphelogical rela-
tives; in fact, most previous research has taken
this approach. Four kinds of morphological rel-
atives have penerally been considered in pre-
vious shsdies; wornds with prefives, words with
inflectional suffizes, words with derivational
sullfizes, and compoand words.

Taft (1979 studied words consisting of a
prefiz and a stem and foond that reaction i
o a bexical decision task was influenced by the
frequency of the stem. For example, the words
dissuade and reproach are of eqoal frequency,
Eut the stem proach also occors in the relatively
frequent word approack, whereas the stem
sugde occurs in the less frequent word per
sugde. Taft found that the reaction time for
words like reproach was shorter than that for
words like dissuade. This finding seems to indi-
cate that for prefized words, reaction fime is in
flaenced by stem frequency, amd not just by
individual word frequency.

A variety of studies on regular inflections
of words have indicated that the frequency of in-
flected forms influcnces the speed of recogni-
tiom of the stem word (see reviews by Cutler,
PR3- Taft, 1985), That is, the reaction Lme lor
wirlkh appears o depend not only on the fre-
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quency of walk, but also on the frequency of
warlkz, walked, and walking. A nuember of lexi-
cal decision studies have also been condocted
using repeiition priming instead of frequency as
# basis for exploring morphological relation.
ships. These studies have also foond a strong
relationship between stems and their regular in-
flections. For example, Stanners, Meiser,
Hermon, and Flall (1979} found that a regular
inflection, such ag thinks, primes ihe siem,
think, a5 moch as the slem primes siself.

Compound words appear to be accessed via
their component parts (Andrews, 1986, Tafl,
1985%). That is to say, the frequency of the com-
ponent parts plays a mole in how quickly com-
pounds are accessed.

The picture is least clear in the case of der
vational suffixes such as -mess or -ion, which
change the part of speech of a word. Bradley
(1979) found that the frequency of the siem in-
fluenced reaction times for some suffixed
wiords — those ending in -ev, -ness, and -men—
but mot for words ending in the suffix -ion. This
difference may relate o the tvpe of soffix n-
volved. Meutral suffixes, such as -er, -ness, and
-metit, make few changes in the spelling or pro-
nanciation of words they are added to, and are
usually added only o stems that are words in
their own right. Monneotral suffixes, on the
other hand | such as -ion, often make substantial
changes in the zpelling and pronunciation of
stems they are sdded to {e.g., desrroy/desiric-
nian, amvd are offen added 10 stems that are not
words themselves (e.g.. mation).

Stanners and aszociates (1979 found that
words with derivational affixes {either suffixes
or prefixes) prime their stems less strongly than
do the stem words themselves {or their regular
inflections), suggesting thal the derivatives con-
stitute separabe, though related, lexical entres.
However, Fowler, Napps, and Feldman (1985),
in an experiment designed to disentangle the ef-
fects of episodic and lexical priming, foand that
derivatives primed their siems as sirongly wes did
inflections or the stems themselves.

One possible objection to moch of the me-
search cited is that the lexical decision task may
ol adequately represent normal reading. When
the stimuli are predominantly comples words,



suljects may adopt a strstegy of morphological
decoxmposition nol wsed in nosmal resling, For
example, the marphological decomposition
model proposed by Taft and Forster (1975) pre-
dicted that pscudoprefized words, such as the
wiord wnele, would be accessed more slowly
than genuine prefined words, such as wafike.
Howeves, when Rubin, Becker, and Freeman
{1579 tested this prediction, they found a sig-
nificant effect only when the stimuli consisted
entirely of prefixed and psewdoprefized words,
They concluded that subjects may use stems 10
access prefined words only when ihe stimulos
sl containg a large proponion of prefixed
wards, In a subsequent study, Taft (1981)
claims 1w have angwered the objections raised
by Rubin ¢t al, by using only prefixed words
with bound stems, which do not constitute
words in themselves without the prefix {e.g.,
rejoice), and pseudoprefived words, in which
the imitial letters sre identical to English pre-
fixes, but do pot function as prefixes in these
wonds (e, prosatch. However, one oould stll
argue that because every word in Tafts (1981)
stimulus scl contains a letser string that could
be a prefix, readers may invoke & Srategy of
prefis-sinpping oot used in normal reading,

Andrews (1986) explored the same objec-
tion in the caze of derivationally suffixed
words, She found that stem frequency aflfected
the reaction thime for derivatives, but caly when
most of the mems were derivatives and com-
pound words, Andrews concluded that subjects
adopt specinl strategies when the stimuli are
predominanily complex words. Bradley's
(1979 results for denvatsonal suffixes may be
subject to (he same criticism, In one of the ex-
periments, for example, about half of the stim-
uli énded in the suffix -aess, To deckde whether
the stimulus was o word, all the subject had 1o
do was to strip off the suffix and determine
whether the remainder wat & word, It is quike
likely, then, that sobjects” performence in this
experiment did not reflect the stralcgies thoy
would us in normal reading,

All in all, previous reseiarch does indicate
that morphological relationahips between words
are represented in some way in the inicnnal lexi-
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con. However, the evidence is stronper for in-
fMlectional relationships than for derivational
relationships. There is linde evidence concern
ing the comnibution of derivational relation-
ships to the effecis of frequency on word
recognition. This last issue i3 the primary Coa-
cerm of the present study, One way — although
poi the anly way —in which a working knowi-
edge of derrvational morphology may contrb-
ute to skilled reading is by facilitating faster
word recognition,

In the present study we extended previcus
research in several ways, First of all, we sought
1o avoid including a large proportion of
morphologically complex words in the lexical
decision task, which might influence subgects to
adopt morphological decomposition 7% a speceal
strategy not characteristic of their normal read-
ing. In most studics to date, rescarchers have
asked what effect the frequency of a stem has on
the reaction time for a reloted complex form.
Fur example, does the speed with which some-
one recognizes a complex word, such as qualer-
ness, depend on the frequency of the siem,
qider? Such studies necessarily include a lirge
proportion of derived words, which may bead
subjects to adopt limited-scope strategies. In the
present study, we sddressed a different but re-
lated question: Does the speed with which a
person recognizes @ siem, such as quier, depend
oaly on the frequency of the stem, or is it inflo-
enced by the requency of relatives, soch as -
etly and guietness ¥ To answer this questbon, one
does nod meed to inclode any morphologically
complex, words in the stimulus set; therefone,
thene are no coes 1o sensilize subjects o mor-
phelogical relationships, and no reason for
them o employ special sirategies. If the reac-
tion time for guier is influenced by the frequen-
cies of guietly and guierness, this influcoce
must come from the subjects’ prior expericnos
with these words.

Second, in the present study we examined
three kinds of word relatedness, whereas pre-
vious studics usually have focused om one kind
of relatedness. We included words related by -
flectional morphology, words related by denvi-
tional morphology, and words tha were not
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morphologically related but shared lemers.
Thus, the susdy aimed to provide a broad as-
scssment of the concept of & word family.

Third, in this stedy we examined the rele of
other factors in determining which kinds of
relationships between words infloence word
recognition and condition the effect of fre-
guency. Reisner (1972, cited in Taft, 1983)
claimisd that stem frequency ifluences reaction
times for suffined words, bot only suffixed
words of bower frequency, (iher oiors known
to alfect reaction lime, such at word length, age
of acquisition {e.g., Brown & Watson, 19E7;
Gilbealy, 1984), and number of meanings
(Jastrrembski, 1981) may alwo condition the ef-
fect of frequency. It may be, for example, that
suffized words that were scquired relatively
carly are usually recognized withowt analysis
into pans. Hewever, aside from Reisner (1972),
few ressarchers have paid attention 1o facions
that might mediate the role of morphologscal
relatedness in word recogmition, Inthis study, &
pumber of word variables were taken into
accounl: age of acquisition, part of speech, ab-
stractness, cstimated frequency in oral lap-
guage, position of the stressed syllable, number
of diztinet meanings, relative frequency of the
stemm and its moat freqoent derivative, pant of
specch of the most frequend derivative, Tormal
relationship between the stem and its most fre-
guent derivative, semantic transparency of the
relationship between the stem und its most fre-
quent derivative, and, of course, word length.

Founh, in the present study we inclisded a
greater aumber and variety of words, and a
larger aumber of subjects, than were included
in most previous studies of the role of frequency
in word recogaition. Smaller word samples or
subject populations are worrisome because esli-
mates of the true frequency of mlregquent words
are inherently unstable {Carroll et al., 1971),
and because subjects are likely 1o have idiosyn-
cratic pafterns of expature to infrequent words
(Nagy & Anderson, 1984). Thus, inclusion of
ample numbers of words and subjects may be
crucial when the eflects of frequency are being
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Method

Subjecis

Subjects were 109 undergraduates from a
large university in the Midwestern United
Sutes. Pamticipation in the study was partial ful-
fillment of a course requirement. The dala from
14 subgects were lost due 10 equipment failure.

Target words

In selecting the wargel words, the basic idea
wis 1o choose pairs of words that were matched
foor length and individual frequency, based on
the American Heritage Word Frequency Book
(Carroll et al,, 1971}, bul so that words related
1o the two members of each pair differed greatly
in frequency. There were 3 sets of 28 pairs of
words, for a total of 168 words.

The first set consisted of pairs that differed
in terms of frequency of the inflectional family,
defined as the sum of the frequencies of all of
the inflections of the target word, including the
comparative and superlative degrees of adjec-
tives. Table | gives an example of a pair of
words from this lirsl scf. As can be secn in the
table, siair and spike are equal in freguency.
However, the frequency of the ploral seairs is
much higher than the frequency of splkes and
spiked combinped. In this set of words, we es=en-
tally replicated ome of the experiments by “Taft
(1974).

The words in the second set of 28 pairs dif-
fered primarily in terms of derivational family
frequency, defined as the sum of the frequencies
of all derivatives of the targel word, Thable 2
gives an example of such a pair: Slow and {owd
are identical in frequency, bt there is & large
difference in frequency between sfowly and
lowdly, Thus, the denvational farmly frequency
of slev is three times that of k.

The third set of 28 word pairs differed in
terms of monmorphological overlap, defined as
the sum of the frequencies of all words tha in-
clude ke argel word as an embedded Jetier
string, bui which have no morphological rela-
tionahip to the target word. Table 3 contains
such a pair of words: The words fee and cod are
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Table 1  Sample word pair differing primarily in frequency of inflectional relatives

Word | Word 2
W d Fumily Whond Fagmaly
Hai.iunl'l'* “Aipnd Troypenme y frequmcy Wiond freguency Frepee ey
Target word shair 24 wpike 24
laflecticns sinirs ni X4 apikes 3.1
wpikrd 09
a0 4o
Dicrivatives smlrway LR spiky 03 n%
HlalFeais _ 26
B k1
Noamogphalogical
relatives - (L) - oo

Hote, Frequesey = per milllaon wisis of el

Table I  Sample word pair differing primanly in frequency of derivational relatives

Wd | Word 2
Wind Family Whed Famely
Tasges ward sloe 687 cead 621
Inflecisone Ewer] I.a Iowader 18.5 200
sewing 40 —— 15
f a0
ey ES
Blmril (L]
215 3.5
Derivatives shmly A0 oA toodly 1.5
boodness 1.5
rondspeater 1.6
247 T
Honmorpilogial
relatives - o0 - {hA¥

Heir, Fiogusday o jor silliog soidi of e

equal in frequency. However, the letler se-  in waords such as cade, coddle, and coda, which
"y quence fre-e occurs in words that are much  are much lower in froquency than feel and feer.
higher in frequency, especially feel and feet. As an aid to generating candidate words, 2
The letters ¢-o-d, on the other hand, oecar only  computer program was written that would
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Table 3

Sumlr. wn:l pair differing primarily in l'ruqnmr:p of mnnmpln]ug:-nl Tl:lul:'l-ﬁ

——

—a————

Werd 1

Weiaand 3

==

Woed

Eclationsdip frequency

Irergeency

—

Family Wil Family
Wenrd frequescy Mrequency

TIE

EN |
1.5

Target word
Pl s
Cesivatives

Hosaiwaphologmal

-

223

L7
656
3z
.
.9

.

4.3
ira
L
304

aed 3

9500

f

Berls

i

E R
1.
1.5

1.3 =
a.0

2.7

250.0

Nrte. Doty o gor muilion soeds of ol

search the American Heritage corpus (Carroll
ct al., 1971) for words that contained a given
stem as an ofthographec subsiring. To these
word families produced by the computer, we
added the irregular inflections and nonneutral
derivatives of each word. Then the aggregate
frequency of esch family was caleulated. IF the
family frequency was at least 4 tlimes greater
than the frequency of the stem, then the stem
word became & candidate for a high-family-fre-
quency word. If the family frequency was less
than 1z times the frequency of the stem, then
the stem word became 8 candidate For a low-
family-Trequency word,

For each candidate item, we had a sct of
words related by morphology or incidental or-
thographic overlap. Each member of this sel
was ciiled according to the relationship 1t bore
to the stem: inflectional, derivational {including
prefixed words, sufflived words, compound
words, and irregular derivalions such as pride
and prowd), or nonmorphological. Words re-
Iated to the stem by nonmorphological overlap

were further categorized according to consis-
tency of pronunciation—that i, into those for
which wis the szme (8.g.. feeier),
and those for which it changed (2., codlieodi),

Finally, from these candidates we selected
three sefs of word pairs that were matched in
length and gem frequency, but differed in the
frequency of their inflectional, derivitional,
and nonmorphological relatives, respectively.
For cach set, we tricd 10 select word pairs that
maximized the difference in frequency of the
tvpe of word family contrasted in the ser, and
minimized — but did mot climinate —
differences in frequency of the other two types.
Also, for each set we chose word pairs that en-
compassed a range of stem frequencies and
lengths (from 3 10 B lemlers). An attempl was
alae made to match the three sets for overal] dis-
tribution of items by length and frequency, but
because of the limited number of candidates ful-
filling other constraints, the words in the third
sel were shorter and of lower frequency than
those in the other two tets,
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Four trained raters coded the final sets of
target words on a number of other word proper-
ties, and any differcnces were resolved in con-
ference. The other word properties were as
Tollows:

Age of eoguisition. The age @ which subpects
wire likely s bave {irs lcamed the mean-
imp of the word was rated om a 4-point scale:
{2} preschood, (b) Cirades 16, (£} (Grades
T-12, or (U} after high school, Tn this case,
10 raters were wsed, and the mean score for
each word was used in the analysis,

Niumber of spflables.

Posinipn of stressed spilabie.

Bigram freguency The sum ol the reguencies
af all bigrams (letler pairs) in each wornd
was comnprused on the basss of Mayener and
Tresselt (1965). Bigram frequency 1ahles
were alse constructed wsing Carroll =t al,
(EGT1), and sums of bigram Freq‘uen-l;iﬁ
bsed on these tables wers -I,'.clm:[l-l.:lh::d' for
cach shmubus word,

Fart of speech of stem, Each target word was co-
ded @5 a moon, a verb, or an adjective,
When the pan of speech was ambipoows
(e.g.. tuerm could be a noun or a verb), the
cide rellected the part of speech of the base
of the most frequent desivadive, For exam-
e, the most frequent derivative of b 18
dwmer, which, thoogh iself a noun, i de-
rived most directly from the verb Burn.
Thus, Burn was coded as a verb,

Mumibser of dintineg mearings. Raters were asked
tor think in terma of truly distioct, unrelated
MEENINGE.

Absinre? wersus concrete. Ralers were asked 1o
cafegorize stimulus words as either sbstract
ar concrete. Dhiect names {&.g., corpe,
sizr) and other highly imageable words that
could be taken a5 noune (c.g., deal, rask)
were rated a5 concrete, Cilwer words (e.g.,
success, teoch, g'uil'i:l were raled as absirsct,

Freguency of stem compared o it relaiives.
Stems were coded as enher (8) higher in
frequency than sny other family member,
or (b} baving at dzast one relative of higher
frequency than the siem,

Freguency in arel arpaage. Slems were coded

as (4] occurvisg more Megeently i wriken
tham in oral langoage, (b) occurrng in both
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writien and eral language with PPron.
masely the same Frequeency, or ) BECUTing
mnore frequently in oral than in wrinen lax.
guage.

Farr of specch of most frequent deriative. The
miodl frequent dorivative of each siem weg
dentified, and 115 pant of speech was codey.
In dlmou all cases, there was one derivalive
far more frequent tham any cilver.

Forma! relefionship of moest freguent derivative
iz stem. The mosi frequent derivative way
classified &5 composed of (a) a newral pre-
fix, such as mon-, (b} & ponneutral prefix,
smich as con- or ab-, (¢} o newral suffix,
sch o -mers or =, (d) & nonscsml ol
fiz, such as -fy or -fow, (2} 3 compound,
such a5 covksorew or larapslade, or (f)
irregular derrvative, as pride s dermvalive
of prrond.

Semontic tracsparency of relationship of mos
Jrequeny derivanive fo stem, The sermanti;
relatipnship was coded on & 3-point scale;
(a) transparent. as i the pair edmoatefedu-
caried, (b iranslecest, a5 in the pairs de-
tectidetective and roostirooster, or (C)
opaquez, &5 in the pairs LrdTarder and soh-
datiardalieoond,

Apparafus

Subjects performed the lexical decision
task on IBM-AT personal computers in a uni-
versity computer lab that could accommedate
up to 20 students at 3 ume, A software program
was writlen lo utilize the internal clock of thess
compaiters, This program interrupded other
processing when a response key was pressed,
Thus, the program eliminated any variability in
tLr.rLing thai ul:ig]l[ have been imtroduced if ather
compatations were being performed during the
megsurement of response times,

Frocedure

First, we gave the subjects a pap-er-antl-
pencil wide-range vocabulary test (French,
Ekstrom, & Price, 1963) as a measure of abil-
iy, We then asked subjects to look at the
computer screen, on which was displayed in-
structions for the lexical decision task. We red
these instructions aloud as subjects followed
along
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In this sk, the stimelus word or nonword
W;md i ke center of the screen of The Come-
putce, in lewercase, 18-poimt IBM standard
font. It appearsd 1500 msec afier the subject
pressied the space bar to signal readiness for the
aexl stimalus, The stimulus remaned on the
screen until the subject responded. Subjects
weie instructed to wie their index fingers 1w
press & “vE=" kizy of the stimulos was a word,
and a "Ho" key if it was not & word. The domi-
pant hand wag always vsed for the “ves™ re-
sponse, In order 1o ensure that subjects wisld
be fixating the correct region of the display
when the stimuhus was presented, a pointer was
displayed on the screen that indicated, but did
pot mask, the position where the stimulus
would appear.

The complete stimulus el consisted of the
1658 target words, 168 nenwords matched for
length, and 24 practice stems (half words, hall
nonwards). Nonwonls conformed 10 the con-
sirainis of Englizh spelling. The order of nems
was randomieed individually for cach subject.

[hata analysis

In the primary data analyses, within-sub-
ject analyses of vanance were used (o compare
subjects’ performance on the three sels of word
pairs, which were matched with respect 1o fre-
guency and lemgth, but differed with respect 1o
the frequency of inflectional, derivational, or
ronmorphological relatives. The dependent
variables were the proportien of crrors and the
reaCtion ime for a cormeet response on the bexi-
cal decision task. The proportion of errors was
norimalized with an arcsine transformation, Ke-
sction times shorter than 200 msec were dis-
carded, and times greater than 5 seconds were
recoded o 5 teconds. Reaction time was then
normalieed with a logarithmic transformation.
A loparihmis transformation was also used w
normalize the distributions of word frequencies
and linearize their relationships with the pro-
portion of ernors amd resction time.

Subsidiary analyses, in which the word was
the unil of analysiz, were compheied within the
framework of the general linear model, The de-
Pendent wariables in these amalyscs were the
mean log reaction time for comect responses,
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and the propoption of ermors. The logit iransfor-
mistin Wit used 1o normalize the distribution of
erfor rales. The subsidizry analyses examined
mol only the effects of family frequency, b also
the extent to which other variables, such as
stem frequency, age of acquisition, and word
length, might condition the effects of family fre-
quency. Analyses were performed separately on
the three se1s of arpet wosds and on the com-
hined e,

Resulls

The mean reacton Himes and proponions of
crrors on the lexical decision task appear in
Table 4. For all three sets of target words, sub-
jects responded significantly more quickly 1o
the word in cach pair for which the total fre-
guency of the family of relaied words was
gprester—whether the relationship was inflec-
tienal, derivational, or purely orhographic
{nonmorphologicaly,. The error data, howewver,
shoewed a slightly different pattern. For the first
1wo scts, representing inflectional and deriva-
tional relationships, subjects made fewer ermors
on words with higher family frequencies. For
the thard set of words, however, the family fre-
quency of orthographically overlapping words
did not significantly influence subjects’ error
rates.” In the following sections, we will exam-
ine the results for cach set of words in detail.

Infectional relationships

For the first sel of words—pairs of words
differing primarily in the frequency of their in-
flections, like stair and spike—subjects re-
sponded significantly more quickly to words
with higher inflectional family frequencies,
Fil, 94) = 302 p < 001. They also made
fewer errors on these words, FI1, ™) = 355,
P 00l

Results of regression snalyses for the first
sel of words, with resction time as the depen-
dent variable and the word as the unit of analy-
sis, are given in Table 5. There is a significant
effect of inflectional frequency; however, this
effect disappears if age of acquisition 13 in-
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Table d  Mean resclion times (in mses) and
crrod rates %) for thiee scis of
word pairs
Reacrion Errire
Family frequency contrasied time fale
Inflemtional
High TH 1.7
Liwe 759 1.4
Derivational
High 50 2.7
Lo T41 56
Monmorphebogcsl
High T3l [l 8
Lo TS 144

Mpir.  Figeare hive been backiramioemed from meas log fosctisn
e ame] mrEs SCEDE propoTios of e,

cluded in the analysis. (In this and the ensuing
tables, reduced regression models are given, in
which Ectors not mvodved in significant effects
are pot shown,)

A similar analysis was comducted using the
error rale (normalized vsing the logit tranafor-
mation) as the dependent varisble, and the word
as the unit of analysic. In this analysis, the of-
fect of inflectional frequency on eTTOr rale was
not significant, F{I, 54) = 3.3, p > .08,

Derivational relationships

For the second set of words — pairs of words
dffering primarily in the frequency of their der
ivations, like slow and lowd—subjects re-
sponded significantly more quickly 1o words
with higher derivational family frequencies,
Fil, 94) = 9.0, p < .01. They also made fower
ermors on such words, M1, M) = 42,1, p <
A001. These results support the bypothesis that
derivational relationships between words play a
role in word recognition,

The resulis of 3 regression analysis on the
second set of words using the word as the anit of
anxlysis arc given in Table 6. In this analysis,
the mgin effect of derivational family frequcacy
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was ol significant (regardless of whether ape
of sequisition was included in the analysis).
However, a significant interaciion wis found be-
tween derivational frequency amd part of speech
(coded in orthogenal contrasis); derivational
frequency speeded recognition of nouns and
verbs, but not adjectives, In short, derivationa)
relationships do appesr to make & contribution
to the effect of frequency on word recognition,
bul this effect does rol appear 10 generalize
across all kinds of words.

A similar analysis was done using the
transformed error rate as the dependent varia-
ble, and the word a5 the unit of analysis. In this
analysis, the effect of derivational family fre-
quency on error rile was not significant, F{IL,
54) = 1.05, p = 05,

Nonmorphological relationships

In the third set of words, scnmorphological
relationships had a significant effect on resction
time when the subject was the unit of analysis,
F(l, %) = 10.6, p < 01, However, the differ-
ence in error rales for subjects was nod signifi-
cant, Fil, ™) = 2.37, p = .05,

In regression analyses using the word as the
urit of analysis, the effect of nonmorphological
relationships on reaction ime was nob signifi-
cand, Table T displays this analvsis. Some of the
words in the third se1 had oot only noamorpho-
Jospical relatives, bul also derivational relatives,
such as codfish (sce Table 3). As is evident from
the analysis presented in Table 7, these troe de-
rivatives, although much lower in frequency
than the nenmorphologically related words, had
a highly significant effect on reaction time.

The interaction between derivational fre-
quency and pan of speech found in the second
set of wrget words was not found for this third
set of words, However, the third set turned out
to be composed almost entirely of nouns, and
nouns {and verbs) in the second set were influ-
enced by derivational ﬁgquen.:y Thus, onE
would expect to find a significant effect of deri-
vational frequency with the third word set, 50
the two analyses vield consistent findings after
all,

The effect of the derivational relationships
i this third set of words may explain the signif-
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Table 5 Multiple regression analysis for words in pairs differing primarily in inflactional

family frequency

o Simple
Varisble F B change r
Without age of acquistion
Siem frequency 4.4 £k 33 - 5B
Inflecdmal froquency LA .46 12 A
With age of nequisition

Age of acqiiaians sqered '.".9* A7 g i
Stem Frequency 0w 57 Lo - 5K
[aflectional frequency 1.4 e Al -5k
*Critical wilue: FI1.35) = 402, p = 05

Tabde 6 Multiple regression analysis for words in pairs differing primarily in derivational
I"trlulj' Im:,l]:]ry
. Eimple

Vasiable F ke change r
Stem frequency SR e A4 54 -4
Age of scgisision 734 & o7 e
A e Off BCOUEiTIen S 5.4t L 5 T2
Derrvatiomal fnegquency 0k e R Az
Part of speech [} A7 i) -
Derivational Fregoency

% Part of Speech 5.3% T2 Ao -

*Cpitozal vahee: FI1, 55 = 4832, p < 0F

icant effect of noomorphological family fre-
quency in the analysis using the subject a3 the
umit of analysis. In additional analyses using the
subject as the unit of analyzis, the pairs of
wonds in the third set were divided into three
groups: () these with no derivational relatives
that might contribute to a difference in reaction
times, (b) those for which the effect of the fre-

of derreational relatives wonld coincids
with any effect of ogical relatives,
ind {c)y those for which the effect of the fre-

quency of derivaiional relatives would be in the
opposite direction to the effect of nonmorpholo-
gieal relatives,

For the first group of words—those for
which derivational family frequency played no
role-the effect of no ogical relation-
ships was small but significant, F{l, %) =
4.83, p < 05; words with higher-frequency
nonmorphological relatives were recognized a
little more quickly. For the second group, in
which the frequency of derivational and non-
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Table 7 Multiple regression analysis for words in pairs differing primarily in
nonmorphological family frequency
o Sl
Warmbfe F o chokinpe -
Age af scaisiion 77,64 .37 37 61
Whwrd leagth (o berers) $.5e A3 06 .13
Derivatcaal fregoescy e S0 7 = 58
Mosmarphological Meguency 3 A1 i - 07
*Crinonl value: F{E, 355 = 4,03, p < 03
Table 8 Multiple regression analysis for 2l words
R’ Simple
Markble F i changs r
Sicrs lregaency Dl iy 3 A3 - i
Ape ol sequiziton e e 13 A A5
Ape ol scquisition spearcd B4 A5 Ri] R
Worid kength (i Ieticrsh 5 “% oz - 18
Deorivitiomsl firecpaency 10.3% 50 03 =51
Part of ypeech .7 Al i | -
Derivatsinal Fregquency
= Farl of Specch B v A2 -

SCuaanll vabee- F{1 58 = @0, p < 08

morphological relatives coincided in direction,
there was a strong effect, K1, 94) = 22.0,p <
001, For the third group of words, the differ-
cnce was significant, Fi{1, 94) = 648, p < .05,
and in the opposite direction. That is, in the
third group, it was the frequency of the deriva-
tional relatives, not of the nonmorphological
relatives, that predicted which words 'M,‘.l.':g;:f.:-
opnized most quickly. It should be noted that
this was the case even though the magnitude of
the frequencies of nonmorphological relatives
was much greater than the magnitude of the fre-
quencies of the decivational relatives.

An analysis was also performed using the
transformed error rate as the dependent varia-
Ble, and the word as the unit of analysis. In this

analysis, the effect of dervational frequency o
error rate was significant, FI, $) = T.14,
p < .01, Nosmorphaological relationships &
not significandly affect error rate.

Analysis of combined seis

Table & presents the results of an analysis of
all the target words together, When the enlife
stimulus set is considered, the effect of denva
tional frequency is significant, a5 it the Dermva
tional Frequency » Pan of Speech iMeraction.
Oither word properties

I the subsidiary analyscs of the second 2nd
third sets of stimulus words, other word proper”
ties were investigated to see whether they might
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condition the effect of derivational frequency
on reaction lime, We investigated both proper-
‘ties of the stumuolus words, such 33 stem fre-
quency, age of ecquizition, length In leners and
syllables, abstraciness or concreteness, position
of the stressed syllables, number of distinct
meanings, relative magnitude of oral and writ-
ten frequencies, and whether the most frequemnt
derivative was more or less frequent than the
stem; and propemtics of the most frequent de-
rivative of the stimulus word, such as type
of derivative (prefixed, suffined, or compound
word), part of speech of the derivative, seman-
the transparency of the derivational relationship,
and whether the prefixes and suiTines wers pei-
tral or nonnewtral. We found no significant
main effects, excopt as already noted. Nor were
any of the possible iwo way interactions of
thess vanables with depvational frepoency sig-
nificant. In particular, nenher measure of be-
gram frequency made a significant contribution
¢ predecting reaction time,

Ability

Subjects’ verbal ability, as represented by
the score from the wide-range vocabulary test,
dhd mot interact with any measure of family fire-
quency in the analyses wsing the subject as the
unit of analysis. We intcrpret this finding as
ihowing that the derivational relationships rep-
resented in our materials were gencrally knoan
1o all the college undergraduate subjects.

Ihscussion

The primary purpose of this study was 1o
determine the effect of relationships between
words on word recognition — specifically, the
extent 10 which speed and accuracy in kentify-
ing stems are influenced by the aggregate fre-
quency of relsted words, and for what types of
relationships between words this influence may
hold, Al issoe is how related words are repre-
scaved in the internal lexicon. Al one extrems js
the hypothesis that every word has a completely
feparale entry. Al the other extreme is the hy-
pothesis that morphologically complex words

MAGY, ANDERSON, SCHOMMIE, 500TT, & STALLMAN

275

are always sccessed through their component
siEms.

We found significant effects of mflectional
and denivational family frequency on the speed
and accuracy of sdentification of stem words.
These findings clearly rule out the theory that
the lexicon condists of tolally unconnecied en-
trics. At the opposite extrense, the theory that a
derived or inflecied word 15 always acocssed via
ils slem can be evalusted by companing the ef
fiect of stern frequency on reaction lime with the
effect of inflectional and derivational family
frequency, For example, if the lexical entry for
the word joins is accessed via the entry for join,
then every encounter with jovns wall have the
same effect a3 an encounter with joim There-
fore, if the theory & correct, the frequency of
Jerines will contribute as much to the praosity (or
Amrcngth, position in push-down stack, activa-
ton thresheld, cie.) attached to the join entry as
does the frequency of the stem foin itself, and
thus have the same effect on speed of sccess.

In fact, our data show that ihe effect of the
frequency of morphologically related words on
ihe reaction times for stems, though significant,
is mol as strong as the effect of the frequency of
the stems themselves, Regression analyses were
performed v which the effects of inflectional,
denivational, and stem frequency on reaction
time were cxamined independently, to give each
iype of frequency full credit for any shared vari-
ance. The resulling regression equations were
then wsed 1o calculate the change in reaction
time resulting frem a tenfold gain in fre-
quency = for instance, from 10 times in a mil-
hion words of text to 100 times in a million
words of text. A change in stem frequency of
this size leads to a 63 msec decrease in reaction
time. A change in inflectional family frequency
of the same size leads 1o a 19 meec decrease,
and a change in denvational family frequency,
o a ) macc decrease., Inother words, enooun-
ters with the words decided and decision affect
the speed of a person’s future response to the
word decide, but not as sirongly as docs an en-
counter with the word decide itself,

Menmorphological relationships have the
opposite effect, A tenfold increase in the Tre-
quency of nonmorphological relatives results in



a 7 msec increaie in reaction fime. Among
these words that share leters bt differ in pro-
nunciaton (e.g., code and codl, the effect is w
slow dosn word recognition cven more; a fen-
fold increase in the frequency of such non-
morphelogical relatives leads 1w a 23 msec
increace in reaction time.

Dur theory to explain these resulis 15 that
the lexicon is organized so that the entries for
related words are linked. Accessing any one
of the entries causes partial activation icf.
Stanners e al., 1979) of related entries, Thus,
there are subeniries under the stem—or linked
main entries— for foin, foins, and jfoint, and for
decide, decided, nand decision, and accessing
one of the words in either family partially acti-
vates other family members.

Motz the equivalence in size of the effects
of inflectional and derivational frequency om re-
action time for te stem. Linguistic teory and
previons findings leave little doubt that inflec-
tional relationships must be represended in the
internal lexicon in some way. From the equiva-
lence of the effect size we conclude, despite
some complications in our resoles, that denva-
tional relationships are represented in the lexi-
con as well.

It is important to determine not oaly
whether relationships between words are repre-
sented in the intermal lexicon, bul alse which
relationships. Our resules suggest that only
moerphological relationships are important, and
nol simple overlap of word paris. To be sure,
our resulls wene complicated by the chance cor-
relation between the frequensy of nonmorpho-
logically related words and the frequency of
derivational relatives, When this confound was
statistcally discounted, however, the apparent
effect of frequency of nonmorphologically
related words on reaction time nearly dis-
appeared. Moreover, the effects of nenmorphe
logical relationships did not even approach
significance in analyses inowlisch the word was
the unit of analysiz, Indeed, in the regression
analyses, the sign of the coefficients pointed in
the wrong direction when inflectional and deri-
vational family frequency were in the equation,
The lack of a significant effect of bigram fre-
guencies on reaction time also suppons the con-
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clusion that the relationships that play a role i
speeding word recognition are morphological,
rather than simply orthographic. Thus, owr
findings are consistent with those of Murrell
and Monton {19743, who found effects of inflec-
tional relationships between words, bul no ef-
fectz of nenmorphelogical relationships tha
involved the same degree of orthographic sim-
laraty as the inflectional relationships.

Results of other studies (e.g., Tafi, 1979
would lead to the expectation that inflectional
frequency would strongly infloence reaction
time for recognition of stems. Hence, it may ap-
pear puzzling that the effect of inflectional fre-
quency om reaction time for stems disappeared
when age of acquisition was incloded in the
analysis. Our explanation is that inflectional
frequency may be naturally confounded with
age of acquisition. For example, in a pair of
words like stafr and spike, not only 15 the infles-
tion sazirs more frequent than the stem, sfair,
but also stairs is acquired much earlier. In addi-
tien, age-of-acquisition ratings probably m-
clude a component of subjective frequency, and
subjective frequency probably is influenced by
inflectional family frequency. _

Fesults from other types of expenments
make it clear that inflectional frequency should
be expected to influence reaction time. There-
fore, we interpret our results as showing ol
that inflectional frequency fails o inl!'IuEﬂl'.“f._ll':'
action time, bt that i iz difficalt to distinguish
the effects of inflectional frequency from the cf-
Fects of ape of acguisition in a lexical desision
experiment of this sort. Mevertheless, the
results do suggest that the findings of previous
rescarch, which did not take age of acqmsition
into account, should be mterpreted with more
Ao, )

The primary question addressed in this
study is the status of derfvarional relationships.
Previous research on this question is equivocal.
Bradley (197%) found effects of stem frequency
on the reaction time for recognizing derivatives
for some suffixes but not others. Andrews
{1986), however, found stem frequency did al-
fect reaction time for suffixed derivatives, but
only when the stimulus list contained largs
numbers of comples words. Andrews did find
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effects of stem frequency for compounds. How-
ever, the results of both Andrews and Bradley
could also be due to the subjects’ adoption of
special strategies when confronted with mostly
complex words. The present experiment consti-
juted & siringenl st of the claim thal the cniries
of sicms and derivatives are interconnecied, be-
cause the stimulus sel contained no morphalo-
gically complex words, Hence, there was no
peason for subjects to brng into play any strat-
ey that entailed focusing on morphological re-
Lstionships.

There is one possible reason why we found
frequency effects for derivational relationships
whemeas Andrews (1986) did not: There may be
asymmetrics in the priming of activation rela-
tiopships belween related entries. Derivatives
confain their stems, bul nod vice versia. That is,
when one accesses the word painficl, if the en-
tries are related, one mast also activate the word
jpain 10 some extent. On the other hand, it may
be porssible 10 aocess the word pain withowt aci-
wuting painful. In fact, Stanners, Neiser, and
Painton {1979) found that snkappy Fully primed
happy, whereas happy did not fully prime wa-
happy

Because all the stimuli in the present
experiment were stems, differemt types of
derivational relationship were not directly rep-
pecented. Heowever, for almasd all the stimules
words with a high derivational family fre-
quency, there was 3 single derivative thal was
migch more frequent than any other, and which
sccounted for most of the derivational family
frespeency. In the second zet of stimolus words,
all buot coe of the 28 sem words wilh high dern-
vational frequency had a suffixed word as itz
most frequent derivative. OF the 27 suffixed
words, 17 had peutral suffizes, and 10 had non-
neutral suffizes. However, the neatrality of the
suffiz had absohutely no influence on the extent
1o which derivational frequency affected reac-
tion time for the stem (F < 1), This resuli is
tnconsisient with Bradleys (1979) finding that
slem frequency decreases rewction time fog de-
rivatives lerminating with the neotral sulfixes
£F, -mesg, and -menf, bt not for derivatives
ending in the nonneutral suffix -fon. In addi-
tion, half of the 56 words in the third set of
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stimulus words had denvatives that appeared in
the American Heritage listing (Carroll €1 al.,
1971). For 14 of these words, the mesi frequent
derivative was a compound; for 13, the most
frequent derivative was a suffixed word. (All
bt one of the sullixed derivatives had a newtral
suffix.) However, whether the most frequent
relutive was a compound or a sulfixed deriva-
tive had no influence on the extent 1o which der-
ivational frequency affecied reaction time for
the glem (F < 1),

We were surprized that it did nod scem 1o
miatier whether a derivative was neutral of non-
mevtral, bud we were even mone surprized by the
Derivational Frequency = Pant of Speech inter-
action: Derivational family frequency influ-
enced resclion time for verbs and nouns but i
adjectives. We do not know of any similar find-
ing in the literature, nor of any psycholinguisiic
caplanation why denivational family frequency
should not affect reaction time for adjcctives.
As it happens, the most frequent derivatives of
the adjectives employed in this study were all
adverbs formed with the highly productive sul-
fix <[y Ome would have expected these words
fo show a stronger effect of derivational fre-
quency, if anything, However, the Derivational
Frequency = Part of Speach interaction tells us
what was already evident from the lack of a sig-
nificant effect on reaction time in the analysis
by words: The frequencics of defived words in-
fluence speed of recognition for some slcms,
but mot for others,

That part of speech is the critical factor
scems implausible; the effect might be the
result of some unconinolled y of the ad-
jectives or their relatives. Before lightly dis-
missing the effect of pan of speech, though, it
ought 1o be stressed sgain that in thes study nu-
merias propertes that might condition the ¢f-
Fects of derivational frequency were examined:
propertics of the stem, such as stem fregquency,
age of acquisition, length in letters and sylla-
bles, abstractness or concrelencss, position of
the stressed syllable, number of distinet mean-
ings. relative magnitude of oral and written
Frequencies, and whether the most frequent de-
rivative was more of less frequent than the
stemn; and properties of the most frequent deriv-
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ative of the stem, such as type of dernvational
relationship, semantie transparency of the deri-
vational relationship, and whether the prefixes
and suffixes were peviral or nonneutral. But de-
spite the rather exhaustive {and exhausting)
gearch, no confoanding variable was discovered
which could explain the failure of derivational
famnly frequency 1o affoct speed of response
adjectives.

The results of this stedy have certain meth-
odological implications for folure rescarch.
When examining word frequency as one of the
variables influencing speed of recognition, in-
vestigatons may woader whether 1o use simply
the frequency of the word 1self, or whether
they should take the trouble to incleds the Tre-
gquencies of inflections and derivatives, Al-
though this study shows that the frequency of
morphological relatives affecis word recogni-
teow, i does nol follow thar Bmily frequencies
account for much variation in rescthon limes.
Stem frequency is correlated with inflectional (r
= A5} and derivational {r = 47} frequency,
and the pnigue contribution of family frequen-
cies 15 relatively small. As one adopds increns-
ingly inclusive definitions of a word family, the

in in accuracy ol predicling reaction Limees in-
creases only slightly. Taking all our stimulus
worids together, the carrelation between the log
of remction time and the individual word fre-
quency is -.658, If one includes regular inflec-
lioms in the computation of family lregquency,
the correlation beitween frequency and reaction
time increases to - 695, However, if one in-
cludes derivational relationships as well, the
correlation rises only to -.699, a very small
gain, (If one goes on o inclode onhographi-
cally b not morphologically related words, the
correlation drops 0 - 500L) In other words, if
one is interested in accuracy st predicting reac-
tiom imes, it might be worthwhile (o ake in-
flectional relationships into account, but adding
up dervational frequencies is simply nol worth
ihe ircable.

O the other hand, our sezulis indicate that
a5 i practical (or methodological) matier, age of
pequizition is a factor well worth taking into
consideration. From the simple correlations in

READING RESEARCH QGUARTERELY * Sumvmer JHED
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the tables, it is apparent that the age-of-acquisi-
tion ratings predict reaction time about as well
as word frequency — betier, il one takes the cur-
vilinearity of the relationship between age of ac-
quitition and reaction time ino accouni

Obvicualy, there is a kot of overlap between fre-
quency and age of acquisition; they correlate
.61, But age-of-acquisition ralings make a sig-
nificant independent contribution 1o reaction
time even when entered after frequency. 18 is es-
pecially surprising that a relatively low-cost
measure— |0 raters rating on a 4-point scale -
had as much predictive power as frequencies
based on & conpus of 5 mallion words,

To recapitulate, the present study supports |

the concept of a word family The results sug-
gest that morphologically related words are
grouped wogether wnder the same entry in the in-
ternal lexicon, or perhaps in linked main en-
irics. Most newsworthy was the linding that
derivational family frequency had the zame el
fect on stem reaction time as did inflectional
family frequency. Passing over (e complication
involving adjectives, this result makes the
prima facie case that derivatives and inflections
are represented in & comparable manner in the
lexicon.

Andrews” study (1986) shomed that mod-
pholegical decomposition 35 a strategy that
skilled readers con adopt, given special task de-

mands. However, in Andrews’ sudy, subjpects |

did nid wdopt this strabegy unless the stimulus
matcrials contained a high proportion of coimn-
plex words, This result would mmply that, dur-
ing normal reading, skilled readers” knowledge
of derivational morphology doss nol play a role
in word fecognition. Our results indicate the op-
posite. Because we were looking at the effect of
derivational frequencies on feaction Himes ﬁ:ll
SICMS, OoUr :mnlmdnnut reflect any morpholog
ical ion that may ke place durmsi
lexical decision task. Rather, they are the cum-
lative resulis of morphological decomposition
during the subjects’ years of language use.
Thus, the present study strongly suggests that
kninwledge of morphology plays a role in word
recognitsan during normal resding,
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APPENDIX Frequencies and reaction times for three sefs of words

Reactian _ Frequetss
Wiord lime Siem Inflectional Dierivatiansl Hommorphological
Word pairs dilfering primarily in infledional Ganily lreqeency
flop £k 0864 304 (. 630 0000
[cam BSY (845 LR i 000
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stair 45 1.515 19367 7916 LELEE
spike L] 2. 58 4,044 0313 {000
Eland T0R 1R .61 3918 000
qual 05 1591 0,058 0.0 D000
pebile 5 5.6TE 9,145 0136 (LD
cradle (s | 1,261 0.6 (0
i EEE) 0237 4.E11 151 TL00
PLETYT B E] 0.EXT 0.238 015 D0
mscle [ 14.75% 51447 .0mh LRI
aTuE (e 2.9 3.437 1.052 0000
braise GEE 05T 4,57 0015 LIEELL
chasie ] 1578 0,00 0074 L0
lermile T4 111G 3.0 000 00
LrEason il 1121 0.0 a1 (L0
plimer G 1.211 g8 010K 00
methine RIT 1.314 0.0 LIzl [EER KL
whisper 1% 10.&8T 43.573 0,071 L
chignney 64 11540 4. 122 0.1z LR
scaiier i 3540 33,218 0.a1a LIEEE L
crimson T L9IE 0.7 0. 0e LHEEEL
b T 11 45% 31506 0,911 LiEEi
fis 684 11.076 5069 0,1 ol
ek TR 1.241 BT 0,04 30450
shusm E21 1,141 0262 0.0z o
wave HHE .27 144, 1dt 11038 LLLE =
Tl G 51,580 14,862 1.341 0057
choke b2 1.053 6677 0.0z L0
latch 517 117 .0 01, 0K} RIRELY
crash LS 3132 16,437 DR ] 0.000
alang GHE ERAL RELE 0.0 0,000
rogg a7 3,587 6. 76T 1,274 (.08
st T 136 .51 1, K 0.0
friemd iR 155.0410 195,239 59505 0,000
SPrIRE ol 156119 13,551 5843 1.5
parent G20  { v A.34E 1.0 15.47E
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miFape L1 0502 n.Ew DL 0.0
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atuch i3 5,964 37,361 1,534 0.0
barbey Tk &, W03 0,000 0054 (R
gramble T35 0,586 F.424 PR 0. (KK
trundle 116 0. 3046 0, [46 LT (LK
snmhile il 1.54% 9.525 106 0000
. i 1. T3 0113 1058 LELEY
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Word pairs differing primarily in derivational family frequency
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