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Morphology and Meaning in the English Mental Lexicon

William Marsien-Wilson, Lorraine Komisarjevsky Tvler, Rachelle Waksler, and Lianne Older

The authors investigated the Jexical entry for morphologically comples. words in English. Six exper-
mments, using a cross-modal repetition priming task, asked whether the lexicai entry for derivation-
ally suffixed and prefixed words is morphologically structured and how this relates to the semantic
and phonological transparency of the surface relationship between stem and affix. There was clear
evidence for morphological decomposition of ssmanticaily transparent forms, This was independent
of phonclogical transparency, suggesting that morphemic representations are phonologically ab-
stract, Semantically apague forms, in contrast, behave like monomorphernic words, Overall, suffixed
and prefixed derived words and their stems prime each other through shared morphemes in the
Texival entry, except for pairs of suffined forms, which show a cohort-based interference effect.

The mental jexicon, the listener’s mental representation of
what words sound hike and what they mean, stands at the heart
of the spoken language comprehension process. The phonolog-
icat properties of lexical itemns form the immediate target of the
early stages of speech analysis, while the syntactic and semantic
attributes associated with these items form the basis for subse.
quent processes of parsing and interpretation. 1t is therefore a
critical question for a theory of language comprehension to
specify the basic units in terms of which the lexicon is orga-
nized. Are lexical representations word based, or are they orga-
nized along morphological lines, so that the morpheme rather
than the phonetic word is the primary unit of representation?
‘What is the unit in 1erms of which word candidates and their
competitors are specified in the lexical access process as well
as in subsequent processes of integration with higher levels of
processing (Marslen-Wilson, 1989; Tyler & Marslen-Wilson,
19867

‘To answer these questions, it is necessary 10 study the repre-
sentation and access of morphologically complex words thatare
made up of twe or more constituent morphemes. These allow
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us to dissociate word- and morpheme-based theories of repre-
sentation as well as their associated theories of iexical access. I
particulan are morphologically complex words represented as
apanatyzed full forms or does the representation reflect their
morphological structure? Is the word Aappiness, for example,
represented as a single, unanalyzed unit, or it if represented
as the morphemes {happy}’ and {-ness}, where the morpheme
{happy} may also participate in the representation of other
words, such as happily or unhapp?

The psychological literature on the representation and access
of morphotogically complex words is conflicting and inconclu-
sive, with both full-fisting and morphesic hypotheses well sup-
poried. Full representation of polymorphemic words has been
argued, among others, by Butterworth { 1983), Bradley (1980),
Kempley and Morton {1982}, and Lukatela, Gligorijevic, Kos-
tic, and Turvey (1980), whereas morpheme-based theories of
representation have been proposed, for example, by Jarvella
and Meijers (1983), Taft and Forster (1975), Taft {1981}, and
MacKay (1978). Going along with ihese conflicting proposals
about reprosentation are equatly conflicting proposals about ac-
cess. On a morphemic view, affixes are stripped away from base
forms (Kempley & Morton, 1982; Taft, 1981), and the base
form is used to access the lexicon. On a fullisting account,
movphologically complex words are not decomposed into their
constituent morphemes before access (Henderson, Wallis, &
Knight, 1984; Manelis & Tharp, 1977 Rubin, Becker, & Free-
man, {979). Intermediate between these two camps are the par-
tial decomposition theories, reflecting the claim that different
types of morphological processes do not have uniform conse-
quences--s0 that, for example, derived forms are accessed as
full forms, whereas inflected forms are activated through their
stems {e.g., Stanners, Neiser, Hernon, & Hall, 1979}, Other pro-
ponents of mrixed theories include Caramazza, Laudanna, and
Romani {1988) and Stemberger and MacWhinney (1986).

There 15 good reason for this lack of consensus in current
research. It reflects, we believe, the absence of a umfied treat-
ment of the complete set of Bnguistic and psychological factors

" We use the convention of curly brackets {. . .} toindicate reference
to abstract morphemes in a word's lexical entry.
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that delermine the properties of lexical representations and how
they are accessed (Caramazza et al., 1988; Hall, 1992; Hender-
son, 1985, 19897 In the next section of this article, we attempt
to fay out what these various factors are. We then go on to report
some initial experimants carried out within this framewerk,
looking at the access and representation of derivationally
suffixed and prefixed words in English.

issues in the Representation and Access of
Morphologically Complex Words

A psycholinguistic theory of morphologically complex words
has to start with the question of how such words are represented
in the mental lexicon. In answering this question, it is crucial,
first of all, to distinguish claims about the fexicaf entry for a
given word from claims about its gccess representation. We take
the lexical entry to be the modatitv-independent core represes-
tation of a word’s syntactic and semantic attributes as well as its
abstract phonological properties. We distinguish 1his from the
meodality-specific access representation, which provides the per-
cephual target for lexical aceess, defining the route whereby in-
formation in the sensory input is linked to a given lexical entry.

This distinction hetween access representations and jexical
eniries is not a new one in theories of the mental lexicon and
can be found in models as disparate as Forster’s (1976) carly
search models and Merton's (1969) logogen model. Despite
this, psycholinguistic research into morphologically complex
words has often failed to maintain this distinction, making it
hard fo sort out whether claims and evidence for full-listing or
morpheme-based accounts apply to the access representation,
the lexical entry, or both. In fact, it is perfectly possible for a
full-listing hypothesis to hold true for the aceess representation,
whereas the associated lexical entry is organized on a morphe-
mic basis. The Augmented Addressed Morphology theory (Car-
amazza, Miceli, Silveri, & Laudanna, {985 Landanna & Bu-
rani, 1985) is one exampic of this.

Language and Modality

To provide a systernutic answer o the guestion of how words
are cognitively represented and accessed we have to develop an
account that, at least initiafly, is Jenguage specific. Current psy-
chohnguistic research has looked not only at English but also
at languages with morphological systems as disparate as Itaan
{e.g., Laudanna, Badecker, & Caramazza, 1989), Duich {e.g.,
Bergman, Hudson, & Eling, 1988; Schriefers, Zwitsertood, &
Roelofs, 1991}, Serbo-Croatian {¢.g., Lukatela et al,, 1980), and
Chinese (Zhou, 1992; Zhou & Marslen-Wilson, 1991). Tt 15 -
portant to study morphology cross-linguistically, but resuits
from one language cannot be directly interpreted as evidence
about the organization of the lexicon in apother language. Lau-
danna et al. (1989, for example, reported some intrigaing find-
ings of inhibitory relations between homographic stems in Fal-
ian. However, this is a result that can only be interpreted mets-
phorically, at best, in a theory of English morphology, which
does not have abstract bound stems in the same way as Halian,
No doubt there are universal properties of morphological repte-
sentation and access in the mental lexicon, but to find out what
they are we have to hegin by comstructing systematic aceounts

of individual languages. Crucially, what we cannot do is investi-
gate fragmenis of the morphological system in a number of
different languapes and then hope to combine the resulis info a
single language-independent theory of morphological process-
ing and representation.

Second, the account needs to he modality sensitive. What
hoids for the access of lexical representations from written
words may sict hold for access from the speech signal {and vice
versay, One difference is the sequential defivery (and interpreta-
tion) of stimulus information in the auditory domain, with the
consequences this has for the nrocessing of prefixed as opposed
to sufixed words {with their different ordering of stem and
affix). Another important difference is in the presence of cues
to morphological struciure in one modality but not in the
ather—forexampie, the prefix in refurriand in rebuild is spelled
in the same way but is pronouncad differently. The pronuncia-
tion of re- with a full vowel in rebuifd but not in return is a cue
10 morphological stracture that is available to the listener but
net to the reader. Thus, although the lexical entry i#sclf may be
modality independent, different aceess routes can give different
pictures of s properties as well as having different properties
themselves,

In this research, we investigate morphologically cornplex spo-
ken words in English. With respect t¢ the morphological forms
thernselves, there are two sets of properties that need to be kept
analytically separate because they each have different conse-
quences for the organization of the lexical entry and aceess o
it. These properties relate to the lingnistic characterization of
morphotogically complex words, in terms of affix type and the
position of the affix with respect to the stem, and in terms of the
transparency of the relationship between the stem alone and the
stern in the affixed form.

Morpholagical Category

The first set of properties concetn the basic lnguistic charac-
teristics of the affixes involved: whether they are derivational or
inflectional morphemes and whether they are prefixes or
suffixes. These distinctions are often gnored or conflated in
peycholinguistic research, despite their salience in the linguisiic
analysis of the morphological structure of English. Inflectional
morphology has a primarily grammatical fanction: for exam-
ple, the suffixes that mark fense and number on a verb ¢as in
Jump/fiumpsfivmped), the suffixes that mark plural on nouns
(asin dog/dogs), and the comparative suffixes attached toadjec-
tives (as in dirty/dirtier/dirtiest). These suffixes usually do not
change the form of their stems, aithough there are alternations
like reach/tanght or wear/wore that do have phonological con-
Sequances.

Derivational morphemes alier the meaning and often the syn-
tactic form class of the base forms to which they are attachied,
as in manage/management, nation/national, and eble/unable.
Owver time these forms may become semantically opague (i.e.,
noncompositionsal in meaning), as in department ot delight. In
English, the derivational morphology includes both prefires
{such as re-, ex-, and pre-) and suffixes (such as -mery, -ness,
and -ence), whereas the inflectional morphology is confined to
suffixes. Derivational prefixes rarely change the phonological
form of their stems, but some classes of derivational suffixes do
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trigger morphophonemic altermations that affect their stems{as
in chaste/chasiity and decide/decision).

The sequential order of stems and affixes {(whether the word is
suffixed or prefixed) is also important. In suffixed words, which
seemn to be preferred cross-linguisticaily (Cutler, Hawkins, &
Gilligan, 1985), the stem #s heard frst, giving the listener imnie-
diate access to the syntactic and semantic information associ-
ated with it. In prefixed words, not only is access to the stem
delayed but also the initial segments of the word are relatively
tess informative because of the large sumber of words typically
sharing each prefix. This ordering difference, therefore, may
have consequences both for how morphological factors affect
the lexical entry and for the way it is accessed,

Semantic and Phonological Transparency

The second set of properties that nesed to De taken into ac-
count involve the nature of the refationship between the stem
and the affixed form. These are the properties of phonological
and semantic transparency, which interact with morphological
type to determine the psycholinguistic organization of the lexi-
cal entry and its associated access representation. These factors
are potentially crucial in determining how the tinguistic analy-
sis of the morphological properties of 2 language like English
can be translated into psychological claims about fuldl iisting and
decomposition at different levels of the mental lexicon, Despite
thig, these factors have aever been systematicaily treated in psy-
cholinguistic anabyses of lexical access and representation.

The factor of semanmtic transparency is important in deter-
mining how a morphologically complex word can be most nat-
urally represented at the leved of the lexical entry. A morpholog-
ically complex word s semantically {ransparent if its meaning
is synrchronicatly comnpositional. Words like happiness or un-
happy are semantically transparent because their meaning is di-
rectty derivable from the meaning of their stem [happy} fo-
gether with their respective affixes {-ness} and {un-}. Rt is im-
plausible that the iexical entries for words like this should not
be related, in some way, to the lexical entry for the stem happy

In contrasi, even though they also contain recognizable
affixes, words like refease or department are not semantically
transparent (aithough at some earlier point in the history of the
langusage they may have been). Al the level of the lexical entry,
therefore, these words should not be represented in the same
way as semantically transparent iems. ¥ deparement were rep-
resented as {depart} + {ment}, this would have to be a different
{depart} than the phonologically identical stem of words like
departure. Similar considerations apply for semantically
opacue prefixed forms like refease because the composition of
{re-} and {lease} gives the wrong meaning. The muental repre-
sentation of these forms may indeed be morphaoiogically struc-
tured, but, if so, this will be on morphological grounds alone,
Whether or niot there is a purely morphologicat layer of struc-
ture 1o the lexicon remains an open question {Emmorey, 1989;
Napps, 1983, 1989),

Fhese claims about independent or shared representations in
the lexical entry will also have consequences for how access 'rc;}-
resentations are organized, in ways that may interact with the
distinction between prefixes and suffixes (Hall, {987, 1992). For
example, if it is true that happiness and happily share the lexical

entry for kappy, it is possible that access is through a represen-
tation of the stem sather than through the full derived form. In
contrast, for a prefixed word {like unhappy), where the initial
segments of the word do not map directly onto the phonological
representation of the stem, access to the lexical entry may be
throagh a full-form access representation, as our earhier re-
search sugpests {Tyler, Marsien-Wilson, Rentoul, & Hanney,
1988}

Issues of semantic transparency and compositionality are less
significant for the inflectional morphology, which is fully mean-
ing preserving. The different inflectional variations of, say, jump
are normally assamed to share the same lexical enfry. There
would be extraordinary recundancy in the mental fexicon if
Jumps, jumped, and jumping each had separate lexical entries,
each containing a compiete representation of the semantic and
syntactic properties of the stem jump.

The second factor of phonolpgical transparency also has con-
sequences for both the access representation and the lexical en
try, We refer to a morphologically compiex form whose stem
has the same phonetic shape in iis affixed and unaffixed versions
as phonologically transparent: For example, the stem friend is
phoneticatly sdentical in isofation and when if ocours in the
suffixed form frierudly, There are degrees of phonological trans-
parency, depending on how different the stem is in isolation or
in its affixed form. Cases like pirate/piracy are more franspar-
ent than cases like sign/signal. We refer to cases that are rela-
tively nontransparent, like sigr/signal, as phonologically
opague. Phonological opacity can be found in both inflectional
forms {feave/lefi and teachstcught) and in derived suffixed
forms (vain/vanity and deceive/deception).

Cases like these, where the morphological combination is se.
mantically transparent but phonologically opague, provide the
best argument for distinguishing an access representation from
the lexical entry. A sequential access process seems 10 reguire
separate access representations of lexical form. Both reach and
faught, for exampie, need to be available as targets for the lexical
access process. The stored phonological representation of the
ster {teach} could not be divectly accessed by the input faught
becatsse teach would never be part of the cohort of word candi-
dates that were active when raught was being heard {Marslen-
Wiison, 1987; Marslen-Wilson & Zwitserlood, 1989). Yet, at the
level of the lexical entry, we would expect both feach and taught
to map onto the same entry for the abstract stem {teach}. Sim-
ilar considerations may hold true for any inflected or derived
surface form that deviates in a phonologically unpredictable
way from the form of the stern before the recognition point for
that stem.

Experimental Issues

In the previous section, we sketched out g list of factors that
need to be taken inte account in thinking about the aceess and
represeniation of rmorphologically complex words. These are all
factors that, individually, have been taken up in previous re-
search. However, it is only when they are all put together that
one can begin to ask suitably focused questions about the accass
and representation of lexical form. We report here a series of six
experiments, which make a start on the complex problem of
unraveling the consequences of semantic, phonological, and
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morphological factors for the structure of lexical representa-
tions in speakers of English. We restrict curselves to English
derivational morphology and begin, in Experiments 1, 2, and 3,
with derived suffixed words because these allow for the widest
range of contrasts along the parameters of phonglogical and se-
mantic transparency. In Experiments 4 and 5, we turn to En.
glish prefixing rnorphology, while in Experiment 6, we look at
the relationship between prefixed and suffixed forms.

Experimental Task

In this research, we use a task, cross-piodal immedigie repe.
tition priming, that has not been used extensively in previous
research of fexical representation. This is a task in which the
subject hears a spoken prime (e.g., Aappiriess) and immediately
at the offset of this word sees a visual probe {e.g., HAPPY) that
is refated in some way to the prime.? The subject makes a lexi-
cal-decision response to this probe, and response latency rela-
tive 10 a bascline condition is used 1o measure any priming
effect. This effect may be either facilitatory or inhibitory. The
baseline here would be the subjects” responses to the same probe
following an unrelated spoken prime {e.g., carefiul). 1Fthe access
of a derived form involves access to its stem, then this should

have conseguences for the representation of the stem in the

mental lexicon, which in turn should affect immediate re-
sponses 10 the stem when it is itseif presented as a stimulus,

Most research in the literature uses delayved rather than im-
mediate repetition and intramodal rather than cross-modal
probes, There are three reasons why we chose the immediate
repetition cross-modad task instead:

. On-line probes. The task is a more direct measure of the
processing events we are interested in. These take place on-line
4% part of the aceess and identification of the word being heard.
Emmediate repetition priming allows us to probe these events as
near as possible 10 the time that they are occutring. This is not
to say that the processing consequences of accussing a particular
form do not have a time-course; it may also be necessary to use
delaved repetition priming as well 1o get a full picture of what
is going on. However, the right place o start is the immediate
processing consequences of hearing a dertved form.

2. Episadic effects, A second consideration is the problem of
episodic effects in delayed repetition, The issue here is whether
delayed repetition priming reflects changes in the state of the
texicat entry originally primed, which is the rationale for using
the task to investigate the structure of the mental lexicon, or
whether it is due to some other process, possibly strategic in
nature, involving the subject’s memory that a particular event
occurred {e.g., Forster & Davis, 1984; Jacoby & Ballas, 1981}
Although strenuous efforts have been made to minimize possi-
ble episodic effects {e.g., Fowler, Napps, & Feldman, 1985),
there is sull, in our opinion, a cloud that hangs over delayed
repetition that is difficuls to dispel completely.

3. Probding the lexical enury. Our primary interest here is in
the structure of the modality-independent lexical entry. The use
of a cross-modat probe means that if there are any priming
effects, then they will have to be mediated through this level
of the system and not through lower level overtap in modality-
specific access pathways and representations. I hearing happi-
ness has sore conseguences for responses to the visual probe

HAPPY, this cannot be because the auditory input has affected
the early stages of featural analysis of the visual probe. In con-
trast, an auditory prime foltowed by an auditory probe Thay very
well cause priming cifects that are due to low-lewvel overlap in
the shared processing pathways. This is especially fikely to occur
i an immediale priming fask,

Derivationallv Suffixed Words in English

Our Airst guestion is about the organization of the lexical en-
try for derived suffixed words in English. Is the fexical entry
morphological structured, and, if' so, how does the representa-
tion of a derived form reflect the semantic and phonological
transparency of its constituent stem and affix morpheres?

There is refatively little work on derived suffixed forms in En-
glish, and what work there is has chiefly been in the visual do-
main.’ Of this, the most relevant is the pioneering work of Brad-
ley {1980}, using frequency effects in & visual lexical-decision
task to ask whether suffixed words are accessed as full forms or
through some sort of stem-based representatton. Bradley inves-
tigated four types of suffixed words: those with the affixes,
[-ress], {-erl, [-ment}, and [-ion]. For the first three of these,
which are ail affixes that do not change the phonological form
of their sterns, the results suggested stem-based access and rep-
resentation. Frequency effects for pairs of 1tems with these
suffixes followed the freguency of the stems rather than the fre-
quency of the forms themselves, This contrasted with the results
for words ending in the affix {-ion}, which dogs induce phono-
logical changes 1a the form of the stem (e.g., decide/decision).
Here there was no significant stem-based frequency effect, sug-
gesting that such forms are not accessed through their stems in
the same way as more phonologically iransparent words might
be, Bradiey™s resuits are not compiletely clear-cut, and they are
in the visual domamn, Nonetheless, they suggest that morpho-
logicat factors do affect the access and representation of suffixed
words in English and that this may interact with phonological
ransparency.

L.ooking at the broader rqzctitian priming lierature, it is of-
ten difficult to separate out the effects for derivational as op-
posed to inflectional suffixes. Where the two morphological
types have been kept separate, conflicting resalts seem 10 be
obtained. In early research using a long-lag repetition para-
digm, Stanners et al. (1979) found that derivationaliy suffixed
forms were less effective in priming their verb stems than regu-
jarly inflected forms of these verbs. They interpreted this as ev-
idence that derived forms are separately represented in memory
from their stems, whereas inflected forms are not. Subseguent
work by Fowter et al. {1985}, also using delayed repetition prim-
ing but with better controls for episodic effects, found equally
strong priming for derived and inflectiona! forms, irrespective

* We use capital letters to indicate the visual probes used in the cross-
maodal priming task.

* Under the influence of Tafk and Forster’s {1973} affix-stripping hy-
pothesis, a high proportion of the research in English has been on the
perception of derivationally prefixed words, Much of the remainder has
been concerned with the contrast between strong and weak forms in
the verb infleciional morphology (e.g., the difference between jumps/
fumiped and teachiaught).



MORPHOLOGY AND MEANING IN THE MENTAL LEXICON ?

of the phonological or orthographical fransparency of the mor-
phological refationship, Most relevant for us, they found paral-
lel effects for auditory and visval primes. Unfortunately, be-
cause they do not take into account the variable of semantic
{ransparency it is hard 1o interpret their resulis in the auditory
studies, where inflectional and derived forms of varying degeees
of phonological and orthographic transparency were combined
together as primes and targets. Nonctheless, this is work that
supports the view thal the morphological structure of derived
suffixed words in English is reflecied in the orpanization of the
mental iexicon and that this has consequences for lexical access.

Experiment 1

The first experiment in this series lays the foundation for the
rest, asking whether the on-line repetition priming task will pro-
vide evidence for a level of morphologically structured lexical
representation thal abstracts away from the surface phonetic
properties of word forms belonging to morphologically related
farnilies. This is a question both about the properties of lexical
representations and about the suitability of the task for investi-
gating these properties. To answer this, we have to set up an
experimental situation that cavaries the phonological and mor-
phological relationship between the auditory prime and the
visital probe.

This in turm requires us to define the notions morphological
refationship and phonological transparency. The definitions we
give hold for aill the experiments reported here.”

Morphological Relatedness

This was defined on linguistic and historical grounds. A de-
rived form and a free stem (such as the pair happiness/happy)
were classified as morphologically related if they met the foliow-
ing criteria:

i, The derived form had a recognizabie affix {as listed by
Quirk, Greenbaum, Leech, & Svartvik (19851 or Marchand
{19691

2. When the affx was removed, the resulting {underlying)
stem was the same as the paired free stem.

3. The pair of words shared the same historical sonrce word
(or eryrron}, as determined by the Oxford Dictionary of English
Etvmology (1983} or the Longman Dictionary of the English
Language (1983).% This was a final check to exclude pairs that
had coincidentally homophonic stems.

Tabie 1
Sample Stimuli Used in Experiment 1 (Suffixes)
Condition Exampie
i: [+Morph, +Phon] Jriendiv/friend
2: [+Morph, —Phon] elusive/ehude
3 [+Morph, ~Phonj* serenitysserene
4: {—Morph, +Phon] tinselftin

Note.  Morph = morphojogical; Phon = phonological.
* In Condition 3, the surface form of the stem in isolation does not cor-
respond to its underiving represensation {see text).

-~ ment

govern

Figure I, A preliminary stem + affix model of the lexical entry for the
semanticalty transparent suffixed word government,

Phonclogical Transparency

Pairs of items were defined as having a phonologically
transparent refationship on the following basis:

1. The stem was fully contained within the derived word in a
form that was phonologically identical to the realization of the
slem as a free form.

2. The stem was followed (or preceded) by a clearly identifi-
able separable affix, as in pairings like happiness/happy or un-
able/able.

3. A pair of items was classified as phonologically transpar-
ent even if resyllabification had taken place. This refers to the
potential change in the prosodic siatus of the final segment in
the stem when it occurs in the derived form {(e.g., the final /t/ in
{excite} is syliable-final in the free stem but is syllable-initial
when it ocours ins the derived form excitable,

4. In general, a pair was designated as ot having a phono-
logicaily fransparent relationship if there was any vowe! or ¢on-
sonantal alternation between the stem and the derived word (as
in sane/sanity or delete/delerion).

On the basis of these definitions we constructed the four types
of stimuli iHustrated in Table 1. In Condition 1, the auditory
prime (always a derived suffixed word) was morphologically
{Morph) related to the visual target (always a free stem), and
this relationship was phonologicaily (Phon) transparent. (Ex-
amples of this are pairs ke friendly/friend or government/gov-
ern.y We refer to this type of prime-target relationship as
{+Morph] and [+FPhonl. We predict that we should obtain
priming here on the basis of the prefiminary model of [exical
representation iflustrated in Figure 1. This simply states that
the lexicat entry for semantically transparent forms kke govern-
ment consists of the stem morpheme {govern} and 2 link to the
suffix {-ment). The same stem morpheme also fimctions as the
iexical entry for the morphologically simple form govern. We -
asswme that the recognition of the word goverrnment involves
the access of the stem morpheme and the associated affix, This
changes the state of the ster morpheme such that when the

* Because semantic fransparency was not 3 factor in Experiment 1,
wi reserve the definition of this until later

¥ We also tried to enforce the additional constraint that pairs of itenss
defined as morphologically related should have come into English
through the same Indo-European denghter Janguage, preferably at
around the same time hastorically
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visual probe GOVERN is immediately presented, mapping
onto the same morpheme but through a different percepiual
route, the lexical-decision response to this probe is facititated.

This is an account of priming based on shared morphemes in
the lexical entry, What we need to exclude is the possibility that
any priming effect obtained in Condition 1 is simply due to the
surface phonetic overlap between primie and target. When the
subjects hear a [+Phon) prime like government, where govern is
a transparent part of the inpat, it is possibie that the prime ac-
tivates two differens fexical form representations (for govern and
for goversmnery) and that it is this residual activation of govern
that procuces priming when GOVERN is presented for lexical
decision.

Conditions 2 and 3 address this concern by presenting the
subjects with prime—target pairs that are sill morphologically
refated {-+Morph} but where this refationship is no longer pho-
nologically transparent [—~Phon). In Condition 2, we used cases
like tensionsiense or elusive/efude, where the phonetic form of
the stem is different in isolation from what # is in the derived
form. If priming in this task is Just due 1o the phonetic overlap
hetween prime word and target word, then there should be less
priming in Conditien 2 than in Condition 1. However, if prim-
ing is due to events at the level of the lexical entry, then changes
in the surface relationship between forms should have no effect.
If friendfy primes lexical decisions to FRIEND because they
share the same morpheme in the Jexical entry, then the same
will be true of any pair with the same morphological relation-
ship, irrespective of any variation in the phonetic reahization of
the shared morpheme in different contexis,

In Condition 3, we g0 a step further, using pairs like vaniy/
vain or gradual/grade, where not only docs the stemn have a
different phonetic form in isolation but also the underlying rep-
resentation of the stern {as determined by standard hnguistic
analysis) is not identical to its surface form. Thus, for example,
the underlving phonological representation of the stem {vain},
which surfaces as [veyn] when heard in isolation but as [ven]in
the context of {-ity}, isassumed to be /v&n/, where & indicates
an underlying vowel unspecified for tenseness (Myers, 1987}
This has the effect of increasing the abstractness of the relation-
ship between the stem and the phonetic form of the derived
word,® Again, if priming of the stemn depends just on the pho-
netic overlap between prime and targes, then priming should be
reduced here refative to Condition 1. If priming is due to shared
morphemes in the lexical entry, then there should be no effect.

Finally, in Condition 4, subjects respond to pairs such as fer-
mitefterm or planet/plan, where there is no morphotogical relas
tionship {—Morph] but where the {arget is transparently con-
tained within the prime phonologically [+Phon}” If phonetic
overlap between prime and target s able to produce priming in
the cross-moda! immediate repetition task, then we shouid get
as much priming as in Condition 1. i priming here is just due

to shared morphemes in the lexical entry, then there should be -

ne effect at alf for any of these [—Morph, +Phon] pairs.

Sturnmary

Experiment | was designed to assess the rote of morphologi-
cal structure in the lexical entry and to evaluate the appropri-
ateness of cross-modal repetition priming as an experimental

task. To do this it asked four gquestions: {a) Would a derived
suffixed form prime its stem? {b) Could the priming be atirib-
uted 1o phonological as opposed to morphological relatedness?
{v} Would the degree of phonetic identity between stem and de-
rived form affect priming? (d) Would priming be affected when
the stem’s underlying representation was not identical fo 1§ sur
face representation?

Method
Materials

We selected 120 prime~target pairs, falling into the four conditions
outlined in Table 1.¥ Ninety of the pairs, forming Conditions 1, 2, and
3, consisted of a derivationally suffixed form and its associated free
stemn. These were morphotogically rejated according to the defindtion
given earlier. They were also all judped to be semantically transparent
by a panel of four judges. The pairs were matched across condstions for
frequency, sumber of syHabies, and grammatical catepary,

{r Condition i, the prime~target pairs were phonologicaliy transpar-
ent in that the stem had the same phonetic form when it appeared in
isoiation and when i was part of the derived word {eg., defiphtfil/de-
fighty, Conditions 2 and 3 consisted of derived-stem pairs that were pho-
rotogically opaque in that the stem had a different phonetic form in
ispiztion compared with when it appeared in the derived word {e.g..
tenstonftense). In Condition 3, the susface form of the stom in isolation
also diverged from s assumed underlying representation (e.g., serenityy/
serghe). Thirty more pairs, in Condition 4, consisted of words that were
not morphologically related bst that overlapped phonetically {e.g., fin-
sel/tin).

Because we were using a cross-modal task here, it was necessary to
place conséraints on the orthographic properties of the visual probes:

1. We excluded heterographic homophones, such as steak fstake.

2. Final siient () was not considered 1o be a problem: Stems that
were contyined within the derived word up to but excluding a silent (e,
a8 in excifahie/excite (Condition 1) or gravy/grave {Condition 4), were
alfowed.

3. Regular spefling alternations, such as the {y) « (i} alterpation in
happv/happiness, were also permiited. These consiraints also applied
in all the subsequent eaperiments.

For each of the 126 prime words, we selected a control {or baseline}
word that matched the prime in freguency,” number of svllables, and
form class. Frequency was corepualed here, as throughout, on the prin-
ciple that inflectional variants of the same stemn shouid be counted to-

% in making use of linguistic concepts of representation in this way,
we are not necessartly assigning a strong poychalogical reality 1o absiract
vhonclogival analyses. Nonetheless, we have found in cartier research
{¢.g., Lahirt & Marslen-Wilson, 199 {) that phonological concepts of ab-
straciness in underlying representation are successful in predicting per-
formance in lexical access tasks. This suggesss a nseful degree of func-
tional isomorphistm between current phonological accounts and listen-
ers’ mental representations of texical form.

7 Serictly speaking, these pairs are not phonologically transparent in
the sense defined estlier because the prime does not necessarily termi-
nare in a recognizabte affix. They are, however, {+Phon} ir the sease
crucial for the comparison here—namely, that the prime transparently
contains the farget.

* A ful listing of the stmulus materials for this and the five following
experiments is obfainable from Willzam Marslen-Wilson. For reasons
of space the materials could not be included with this article.

*The mean frequencies of the primes, controls, and targets, respec-
tively, were as follows: Condition §— 19, 20, and 60y Condition 2—30,
33, and 49 Condition 316, 16, and 47; and Condition 414, 15, and
53,
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gether (8.8, jumip/iwmps/jumped) bar that derivational variants should
not, None of the control iterss was either morphologically, semantically,
or phonologically related to the targets. The priming effect in the imme-
diate repetition task is measured by comparing response time to the
tarpet word following the related (test) prime with respense time folfow-
ing the control word.

Fitlers. An important consideration in priming tasks, especially
those using immiediately adiacent primes and targets, is to deter the sub-
jects from developing strategies based on expectations sbout hikely re-
lations between primes and targets. One way of combating this, which
we followed here, 1s to keep the stimulug onset asynchrony {SOA} be-
tween prime and target as short as possibie. B is equally important to
construct the filier materiaks so as to (8} significantly dilute the proper-
tion of related itemns encountered by the subject in the experiment as 2
whale and {b} to obscure the regularities in the test items. To this end
we genstructed |80 additional fitler pairs, falling into three categories:

1. Thirty filers consisted of real-word/nonword pairs (e.g., donkey/
donk, bishop/bishy in which the tareet was fully contained within the
prime. Thirty more fllers cousisted of real-word/nonword pairs in
which there was a partial overlap between the prime and the nomword
target {e.g., usage/usetern, forgery/forticle), These two seis of Rilers en-
sured that not atl prime-target pais that overlapped phonetically had
real-word targels,

Z. Thirty fillers consisted of morphologically unrefaied real-word
pairs (e.g., perniless/edge, fucky/accepn). We included these flems to
tncrease the percentage of morphologically unrelated real-word patrs in
the stirmlus ser. ' .

3. o balance the number of real-word and nonword targets, 90 ad-
ditionzal real-word /monword pairs were constructed with no phonologi-
cal relationship between prime and target (e.g., Yolunteer/soad, vinegar/
bline).

This gave a10tal of 150 real-word/reai-word pairs and ! 30 real-word/
ronword pairs, The fillers and test items were pseudorendomly distrib-
uted throughout the list, with the same order of fesi and fifler items in
each of the two versions. Each version contained a total of 370 pairs-——
50 practice pairs, which were followed by 20 “warm-up™' pairs, and the
300 tesy aned filler pairs.

Design and Procedure

The test items were divided into two versions. These were baianced so
that all the targets appeared once in cach version: half preceded by the
prime and half preceded by the control word.

The primes (both test and comrel) were recorded by a femate native
speaker of English. They were then digitized and stoved on a Cambridge
Electrome Design {TED) Winchester disk, with reference points noted
for their onsets and offiets. This allowed us to contrel the timing re-
lations between the prime and the visually presented target. The prime
was presented bingusaliy to the subject and, immediately at the offset of
the prirne. the target word was displayed on 2 CRT screentin from of the
sutyect. The subject's task was to press one response key if the target was
areal word and another if it was a nonwerd.

The exact sequence of stimulus events within ¢ach trial was as follows
{the same procedure was followed in all subseguent experiments) A
fixation point was displayved on the CRT screen in front of the subject
for 1,000 ms. This was foltowed by a short {100-ms) warning tone,
which was immediately followed by the auditory prime word. At the
acousiic offset of this word, the visual probe was presented (unmasked)
for 200 ms. Subjects were allowed 3,800 ms, from the time of probe
presentation, in which to respond. At the end of this period there was
a pause of 560 ms and then a new trial was initiated {marked by the
reappearance of the fixation point). To ensure that subjects attended to
the auditory prime, they were ocoasionally asked, after thev had made
the yes-ro response, 1o write down the word they had just heard. This

happened on about 15% of the trials. On these trials the intertrial in-
terval was increased by 9 s,

Subjects

We tested 23 subjects from the Medical Research Councii {MRC)
Language and Speech Group subject pool, Twelve subiects were tested
on Version T and 13 subjects on Version 2.

Results and Discussion

We excloded 4 subjects (2 from cach version) because of high
error rates in the lexical-decision task. Two items were aiso ex-
cluded, one because of experimenter error and one because of
high error rates. Thig left atotal of 21 subjectsand |18 items.

For the analysis of reaction times {RT5s), all errors {2.9%) and
extreme values {0.8%) were removed from the data set {extreme
vaiues were defined as any responses of jess than 100 ms or
more than 950 ms). We then computed midmean values for
each subject and each item in each condition, piviag the overali
results shown in Table 2, The midmeans were then entered into
two anaivses of variance {ANGVAS), with the factors of Condi-
tion (1-4) and Prime Type {test or controt}, one with subiects
and the other with iterns as the randoms variable. Foy, values
were then computed, '

First, there were gignificant main effects of hoth Prime Type,
Flaiol 1. 84) =999, p < 01, and Condition, F'.(3, 169) = 7.45,
p < 01, Responses were siower overall 10 control than to test
items and varied between conditions. Second, there was a sig-
nificant Prime Type X Condition interaction, £1{3, 60y = 7.64,
po< D0 Faf3, 114) = 3140, p < 05 although Flan{3, 173)
= 2 35 p< .10, This was because the prime word had strong
facilitazory efects in the three {+Morph] conditions, but had
no effect in Condition 4, Here the target also overlaps phoneti-
cally with the prime, but there is no morphological rejationship
between them. These effects are Hlustrated in Figure 2, which
plots the test—control difference scores for the four conditions.
Responses to target probes were Ecilitated in Condition I, #29)
= 3134, p < 01, Condition 2, H{29) = 4.077, p < 01, and Con-
dition: 3, £29) = 2.508, p < 05, but not in Condition 4 (1 < 1},
where, if anything, responses tended 10 be slower following the
prime.

A separate analvsis of the errors, conducted on the item error
means, showed an cffect only of Condition, Faf3, 1 id) = 5,84, p
< (1, This is because there were more errors overall (7.6%) in
{Condition 4 [~Morph, +Phon] than in the other three condi-
tions (1.1%, 2.8%, and 1.7%, respectively), There was no effect
of Primwer Tvpe nor any interactions with Condition. This sug-

¥ In any one experimental version, the subjeet would encounter a
masimam of 43 morphologically related tarpet—prime pairs: This is
30% of the reabword/real-word pairs and 15% of the totat set of test
trials,

* Our poticy reparding statistical reports is as foliows; ¥y, Fu, and
Foin 1€ always computed, if appropriate. We consider an effect signifi-
cant i both Fy and F; meet the 05 criterion. If F'., 15 also sipnificant,
we report only this because it makes for easier veading. When 7y and 5>
are both significant but Fy;, {a conservative test) is not, we report all
three. In g few cases, such as error analvies, where the subject data is
too patchy to warrant statistical analysis, we report Fy only.
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Table 2
AMean Lexical Decision Times and Error Rates in Experiment I {Suffixes)
Test Control
Error Error
Conditicn Example M fate M FAIE Difference
L i+ Morph, +Phon} Jriendly/friend 339 | 583 0.3 44*
2: [+Morph, —~Fhon] efusive/elude 563 2R 623 29 60o*
3 {+Morph, -Phon} Serenity/serene 372 L7 608 13 lo*
4. {~Maorph, +Phon} tinselftin 647 16 638 TH -G

Note, Morph = morphological; Phon = phonological.

“p < .05.

gests that some of the visual probes in Condition 4, although
matched in frequency to the probes in the other conditions,
were more difficuit to identify,

Overall, the resnlts give a clear answer to the questions being
asked in this experiment. They show that derived suffined forms
do prime their stems in the cross-modal immediate repetition
priming task and that this effect cannot be atiributed in any
simple way to surface phonetic overlap between primie and
target (or to any postaccess strategics based on this). Phoneti-
cally related but morphotogically unrelated pairs, like princi-
pal/prince or cabbage/cab, do not prime each other, whereas
morphoiogically related pairs do prime, irrespective of the de-
gree of surface phonetic overlap. The amount of priming in
Condition 1 [+Morph, +Phon}], where the morphological rela-
tionship is phonetically transparent, is nof significantly greater
{at 44 ms) than the 36-ms effect in Condition 3 [+Morph,
~Phon}, where there is & much more opaque relationship be-
tween the phonetic form of the prime and the target (and their
underlying representations). The strongest priming is abtained
in Condition 2, also [+Morph, —Phon], but this does not differ
significantly from the amount of priming in the other two
|+ Morph] conditions.

In two further analyses, we looked more closely at the stirmuli
in the two {-+Phonj cases 1o make sure that the contrast between

1ih

[#M-P] +MPP [MEP)

7
50
50
44
30
24
19

-0

Test-Control Difference Score (ms)

{+M+P}

Figure 2. Priming effects for Experiment 1, showing the test-control
difference scores for Condition § {+M, +P} Condition 2 {+M, ~P],
Condition 3 [+M, ~P}*, and Condition 4 {—M, +P]. M = morphologi-
cal; P = phonological.

Condition I [+Morph, +Phon] and Condition 4 [—Morph,
+Phon} was indeed due to the difference in morphological re-
latedness and not 10 some other phonological difference. First,
we looked at resviiabification, We assumed earlier that resyllab-
ication did not reduce phonclogical transparency, where resyl-
iabification is defined as a change in the prosodic status of the
final segment of the stem when it was foliowed by a derivational
suffix. A consonantal final segment witl becorne syllable-initial,
roughly speaking, when the suffix begins with a vowel {as in self/
selfish but notin harmharmlessy. In fact, most of the stems in
Condition 1 did resyliabify {22 ont of 30) and similarly for the
pseudosterns in Condition 4 (23 ocut of 2%). Looking ar these
resyllabification cases on their own, the primieg results were
unchanged: —13 msin Condition 4 and 41 ms in Condition 1,

It asecond analysis, we checked the amount of phonetic over-
tap between prime and target in the two conditions. In Condi-
tion 4, almost all of the probes were monosyliabic (26 out of
293, as opposed fo a much lower proportion in Condition t (17
out of 30}, This reflected the difficuitics we had in finding word
pairs that were [—Morph] but where there was more than a one-
syiable overlap {as in cellar/celery). In contrast, the stems in
derivational forms are very often bisyikabic. 1t is unhkely that
this difference affected. the results because if we look at just the
monosyliabic target-stem and iarget-pscodostem cases, the
priming pattern stays unchanged (at — 11 ms in Condition 4 and
44 ms in Conditior 1). Nonetheless, one issue 1o be taken up
in later experiments is the ameunt of everlap in the [—Morph,
4+Phonl control conditions compared with [+Morph] condi-
tipas,

Experiment 2

Experiment | shows that derivationally suffixed words prime
their free stems in & cross-modal repetition priming task and
that this effect cannot be atiributed to surface phonetic overlap
between prime and target. Experiment 2 investigates a variety
of issues raised by these results,

Semantic and Morphological Structure

Is the priming that we observed in the [+Morph] conditions
in Experiment 1 due toshared morphemes in a morphologicaily
structurred mental lexicon, or was it due to the semantic rela-
tionships between the morphologically rejated pairs? All of the
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{-+Morph] pairs in Experiment ! were judged to be semantically
transparent, whereas the ~Morph] pairs clearly were not. [tis
possibie, therefore, that the lexical relationships we are tapping
into are semantic in nature and not necessanily morphological
at all. The words governntent and govern, for example, share
many semsantic properties, and it may be by virtue of this rela-
fionship, rather than any specificafly morphological relation-
ship, thai priming s obtained.

We can investigaie this by covarying semantic and morpho-
iogical relatedness. In Experiment [, we obtained priming for
pairs that were both morphologicaHy and (we assumed) seman-
tically (Sem) related, that is, [+Sem, -+Morph]. Will we also
obtain priming for [-Sem, +Morph] pairs, which are morpho-
logicaily but not semantically related? This raises the issue of
whether there arve grounds for suppoesing that there is morpho-
togical structure in the lexicon independent of semantic
structure.

The clearest arguments here are linguistic i nature. In his
influential treatise on morphology, Aronoff (1976) argued that
mosphological relations can be identified that involve mor-
phemes that have no clear semantic interpretation. These are
cases like the bound morpheme {-mit}, which only occursasan
element in words lke permit, trgnsmit, and submit. Although
these words do not share a commeoen meaning, they are Haked
by a common phonologicat rule, which generates the forms per-
niission, fransmission, and submission, and which is specific to
verbs containing the root {~mit}, This suggests, according to
Aronoff, that phonetic strings can be identified as morphemes
independent of semantic considerations. Some experimental
support for this is provided by the work of Emmorey (1989),
who found priming effects for pairs like submit/permit or con-
cofvesdeceive in an intramodal repetition priming task 2 Using
somewhat different tasks, researchers such as Henderson et al.
(19843 and Mapps (1985, 1989} have also argued for the separa-
bility of morphological and semantic factors in determining fex-
ical relations.

Returning to English derivational suffixes, there are plenty of
cases where morphological links can be established bBetweon
pairs of words but where the relationship is no longer semanti-
catly transparent, These are paiss like quehority/author or re-
sponsible/response, which meet the lingwistic and etymological
eriteria for morphological relatedness defined carlier, but where
the meaning of the compliex form can no longer be derived from
the simple composition of the meanings of the stem and the
affix. For cases such as this, where the historical reistionship
between stem and derived form remains phonologically recov.
crabie, it is possibic that synchronic processes of morphofogical
analysis could identHy the potential constituent mosrphemes
without requiring semantic support. These processes might op-
erate, for example, as part of a perceptual parsing procedure
applied to all input strings fe.g., Caramazza et al., 1988).

Automnatic morphological decomposition during lexical ac-
cess, accompanied by morphemic representation independent
of semantic support, is also, of course, centrai to the view of
lexical representation and access proposed by Taft and Forster
fe.g.. Taft, 1981, Taft & Forster, 1975). Words fike submit and
deceive sre primarily represented in terms of their bound root
mosphemes ({-mit} and {-ccive}), and all potential affixes are

- ment

govern

- GF

Figure 3. The stem-affix modet expanded 1o show two suffixes {-ment
and -or)sharing the same stem (govern). :

stripped off in a preliminary parsing procedure that prepares
the input string for lexical access.

In Experiznemt 2, we contrast priming for suffixed [~Sem,
-+Morph] pairs, such as authoerity/author, with priming for
[+8em. +Morph] pairs of the type used in Experiment 1, such
as friendby/friend or predictable/predict. This requires a syn-
chronic definition of semantic transparency. Derived forms are
normally transparent when they first come into the language, in
the sense that the meaning of the form can be directly estab-
Hshed from the composition of the stern {or root} with its affix.
The problem is to determine whether this still holds synchroni-
cally, that is, for current users of the language. The only reliable
way of doing this is to consult grouns of current users, For the
purposes of this and subsequent experiments, therefore, we have
resorted to an operational definition of [8em], classifying mor-
phologically complex words as sernantically transparent or
opague on the basis of a pretest, where individuals are asked to
judge the relatedness of 2 derived form and its free stom B2

Morphological Relations

The second direction we take in Experiment 2 is the develop-
meit of the model sketched out in Figure 1. Assuming, for the
moment, that the effects in Experiment | were morphological
1 nature, ther we can explain the results in terms of shared
morphemes in the devived form and the free stem, Facilitation
is due to repeated activation of the sarme region (the shared mor-
pheme) in the Iexical representation.

If this account is corroct, then it leads to further predictions
involving the relationship between two derived suffixed forms,
such as governor and government. The model is expanded in Fig-
ure 3 by adding another link to {govern} so that 3t is now shared
not only by the free stem govern and the derived form govern-
ment but alse by the derived form governor This predicts that
dertved forms sharing the same stem should prime each other,
In each case, access to the lexical entry involves the same re-

2 Emmarey’s resulls are not completely clear-cut. We discuss this
further when we come {0 our own experiment involviag prefixed bound
morphs (Experiment 5).

' See Derwing £1976) and Smith (1988) for exampies of easlier stud-
ies using rating technigues to measure the synchronic transparency of
morphoiogicaily complex forms.



1z MARSLEN-WILSON, TYLER, WAKSLER, AND OLDER

gions in the lexical representation. When the probe GOVER-
NOR follows the prime governmens, responses should be facili-
tated 1n the same way, and for the same reasons, that the probe
GOVERN is facilitated.

The issue of semantic transparency is potentiatly importans
here hecause #t is unlikely that two forms wifl share the same
stem if there is not a semantically transparent relationship both
between the two derived forms and between each form and its
hypothesized shared stem. En line with the contrasts outlined
carlier, between |+ Morgh] and {+Scm} derived-stem pairs, we
investigate the effectiveness as primes of derived—derived pairs
that are either [+Sem, +Morphl, as in confession/confesser, or
{-Sem, +Morph], as in successfid successor.

Phonological and Semantic Controls

The design: for Experiment 2 can be seen, $o far, as 8 two-way
factorial, with the factors of Semamntic Transparency [4Sem]
and Morphological Tvpe {derived-derived vs, derived-stem),
We need to append to this desipn two further contyol conditions,
gvaluating the roles, respectively, of purely semantic and of pur-
cly phonological links between primes and targets.

In conjunction with the [4Sem, +Morph] and [~Sem,
+Moaorph] pairs, we need to test pairs like idea/nation, which are
semanticatly related hat have ne morphological or phonological
relation [+Sem, —Morph, —FPhoni® The reason for this is 10
establish whether the task is sensitive to purely semantic links
between prime and target. There is plenty of research showing
priming between associafively related primes and fargets in
cross-modal tasks, going back to the original research by Swin-
ney {1979), but none of this research, as far we know, has sepa-
rated out semantic from associative effects in the way that has
been attempted for intramodai priming (e.g., Fischler, 1977,
Lupker, {984, Moss, Ostrin, Tvler, & Marslen-Wilson, 1992,
Because the [+Sem, +Morph] pairs in Experiment | were not
associates of sach other, associative priming is uniikely to be
the basis of the priming effects. This additional test will telt us
whether semantic relations prime cross-modaity.

The Rnal issuc is the question of phonologicat overfap be-
tween prime and target in the -~ Morph, +Phon} control condi-
tions. In Experiment {, the average amount of overlap it Con-
dition 4 (¢tinsed/tin) was less than for the comparison Condition
{ (delightficl/delight).’® Because it is cracial that priming is not
found for {~Morph, +Phon} pairs, we decided to repeat this tesy
for a new set of items where the amount of phonological overlap
between prime and target was more precisely matched to the
amount of overlap for the morphologicaily related pairs.

Method

Muaterials

The design of the experiment required six sets of prime-target pairs,
four of them organized ajong the factorial dimensions of Semantic
Transparency and of Morphological Type (derived-stem vs. derived--
derived), with the other two failing into the semantic and phonalogical
contro} conditions {see Tabie 3), For the four factorial sets, we proceeded
by constructing the largest sets we could find that met the morphalogical
relatedness criteria and then subjected these to a semantic refatedness
pretest. Morphologica relatedness was defined as before, with minor

extensions to cover the derived-derived pairs: Both membars of the patr
wers reguired 10 have a recognizable affix, and when this was removed,
the resulting stems’® {or roots for bound-root pairs) were required to be
etymologically identicat in their mode of entry into the language.

Candidate pairs for the twe derived-siem conditions were relatively
casy to find, and 30 of each were entered into the pretest. Derived-
derived pairs were more difficutt 10 find, especially those potentially fall-
ing mt0 the f—Sem] condition. We therefore expanded the derived-de-
rived category to include pairs sharing 2 bound root. These arc pairs
like fragile/fragment, where the root {frag-} never ocoursas a free form.
This allowed us to compile a list of 24 candidaies for each condition,
equally divided imto bound-root and free-stem forms.

For Condition 3, a candidate set of 42 synonym pairs, such as oftonsy/
awloward or sorrovsgriel, were selected from published fists of syn-
onymis, The reasonr for choosing synonym pairs was becanse we wanted
{0 maich the high degree of overfap in semantic features that presism-
ably holds between morphologically related words sharing the same
stem. For Condition 6, we scoured the language looking for mmorpholog-
ically and semantically unrelated words that shared theis first two sylia-
bles {such as arsenal/arsenic and serfal/serious) and where the ficst syl-
fable could not be interpreted as a prefix. These are quite uncommon,
but we managed to fnd 40 candidates for the pretest.

Semantic relatedness pretest, The 1990 candidaie test pairs, together
with 35 compietely unrelated pairs {such as kemnel/solution or vinegar/
inspiration, were then tested For sermantic relatedness, The 275 word
pairs, together with |0 practice items, were presented $o the subjects in
the form of a test booklet. Each page contained 20 word pairs, each
followed by a 9-potnt scate ranging from very unrelated (1) 1o very re.
{nted {9). Subjects were asked 1o decide, for cach pain, how “related in
meaning” they thought the two words were, They were given a synomym
pair { happy/cheerfuly and a [ +8em, +Morph| pair {fFiendly/friendship)
as exampies of words that should be scored as very related in meaning.
They were alse renvinded that pairs like treary/treatment, although they
Iock as if they might contain the same word, are in fact unrelated in
meaning and should be seored fow on the scale. They were warned, §-
naily, that some of the words in the lists might be unfamiliar to them, [
this was the case, then they shouid not attempt 10 rale the refatedness of
the pain This gave us some feedback about the familiarity of the toms
I the experimert.

Fifteen subjecis successfuily compieted the pretest, In evaluating the
rating scores for the candidate items for the six test conditions, we took
as baselines the mean score of | OR for the unrelated controls (kemnel/
solutiony and the mean score of 8.34 for the synonyms. The subjects
were clearly using the entire scale, and it was possibie 10 select subsets
of ttems for each test condition that were well separated in average re-
latedness and where there was no overlap in the distributions for
[—Sem] and [+8em] conditions. No peir with a rating of less than 6.8
was inchaded in any of the [+8em] conditions, and no pair with a rating
higher than 4.0 was included in the [—Sem] conditions.

Y The other stimulus types i this (and subsequent) experiments are
made up of stirnuli that for the most part are phonologically transpar-
ent. For clarity of exposition we do not siaie this explicitly for every
stimutus tvpe. The [Phon] variable is only specified when thisis relevant
10 the contrast being tested.

' In Experiment 1, the average sruount of overlap for Condition 4
was 3.3 segments, compared with 4.3 segments for Condition 1. Note,
however, that Conditions | and 4 were matched in the sense that in each
of them the probe was transparently and ¢ompletely contained within
the primne.

¥ {n the experimenis presented here, the stems were nearly always
roots. The exceptions {c.g., the stemn ahsork can be analyzed a8 baving
the prefix {ab} and the root {-sorb}} were judged to be synchronically
monomorphemic.
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Table 3
Sample Stimuli Used in Experiment 2 (Suffixes)
Conditien Marphotogical type Exarmpie

t: {~8em, +Morph] derived-stem casualrv/casual
2:{+8em, +Morph] derived--stem punishment/punish
3:[—Sem, +Morph] derived—derived suecessful/successor
4: {+Sem, +Morph] derived-derived confessionfconfessor
3:{4+8Sem, ~Morph, ~Phon} NA, idea/notion
6: [~Sem, ~Morph, -+Phon} NA bulletin/buliet

Nie,

Assecigtion pretest. . A second pretest was carried out 10 obtain as-
sociates of the synonym pairs in Conditior 3. This was to ensure that
there was no assaciative relationship between prime and target in this
condition, on the assumnplion that any nenmorphotogical links between
pasrs in the [+Morph} conditions would be semantic rather than asso-
ciative in nature, Morphologicaliy related words that are semantically
transparent are not aoemally ghen as responses in free association
tasks.

in this second pretest, we prepared two bists, each of which contained
half of the set of 42 pairs of synonyms. Ten subjects were given cach Jist
and were asked to read each word on the hist and write down the first
word that came to mind. All synonyms that were given as associates
by more than 1 subject were discarded. This lef us with 76 pairs of
synonyms."’

Table 4 summarizes the outcome of the selection procedures; the
different Vs across conditions reflect the need to use 95 many pairs as
possible that meet all the selection criferta. The highest proportion of
candidates had to be discarded in the detived-derived boand-root pairs
so that only seven of these could be included in each of the derived-
derived conditions, Almost ali the pairs met the eriteria for phosoioiog-
ienl transparency, but because the [+ Phon} variable had so httle effect
in Experiment 1, we felt it was justifiable o include pairs where there
were minor phonological changes in the form of the stem, for example,
suceession/successful. The test pairs were matched as far as possiblie
across conditions for frequency, suffixes used, and amount of phonolog-
ical overfap between members of the pair. In particular, the average seg-
mental {4.3}and syliabic {1.5) overlap between prime and target in Con-
dition & (budferinsbuliet} closely matched the average overlap for the
other I4+Phon] conditions {at 4.5 and [.5, rospectively). Note that the
amount of overlap in Condition 6 is now the same as in the [+Moerph,
+Phon} condition in Experiment !, where significant priming was ab-
taned.

Each of the § 20 test pairs was paired with & control word, which was
matched 1o the prime word in frequency, number of sytlables, and form
cless.'® Nene of the control words was morphologically, semantically, or
phonologically related 10 either the prime or the target, In addition, we
consteucted 123 filler pairs in which the target was a nosword. Thirty
of these pairs consisted of real-word/monword combinations in which
the first member of the pair was a derived form and the sccond was a
pseudoderived form with an apparent morphological relationship to its
partner {e.g., respectfidsrespition). Another 3¢ pairs had comparable
pseudoderived-stem relations (e.g., comprtaiion/comptise}. There were
alse 60 pairs {e.8., notrishment/demper) with no phonological or ortho-
graphical refation between them. In addition, 50 practice tems were
constructed for use at the beginning of each list as well as 20 warm-up
items preceding the test fist.

Design and Procediire

o versions of the materials were made, each version containing half
of the real-word pairs. ftems were balanced across versions so that each

Sem = semantic, Momh = morphelogical; Phon <= phonological; NA = not applicable.

targes appeared only once in each version, In one vession, 1t appeared
with its prime and in the other version, with its control word. The reai-
waord pairs were pseadorandomly interspersed with the real-word/non-
word pairs,

The matesials were recorded, digitized, snd presented to the subjects
following the same procedures as in Experiment §.

Subjects

Twenty-two paid subjects were tested, having been selected from the
MRC Language and Speech Group subiect pool. Eleven subjects were
rin on gach version.

Results and INscussion

One subject from Version | and 2 subiects from Version 2
were dropped from the analyses because of long and variable
RTs. Two items were also dropped because of high error rates
{over 30%}); both of these were from Condition 1. Extreme and
missing values ((1.3%) and errors (3.1 %) were also omitted. Mid-
means were then caleniated for each subject and each iHem in
each condition. Fabie 5 shows the mean RTs for each condition,

The set of derived-derived pairs included words that con-
sisted of both free and bound morphernes. In a preanalysis, we
evaivated whether this factor had any effect, We conducted two
ANOVAs that included bound-free stem as a variable and
found no main effect (F, < 1) of this nor any sign of interac-
tton with any other factor. We therefore dropped the bourd-
free variable in subsequent analyses,

The ervor data were then entered into a two-way ANOVA, on
the arc-sine transformed item means, with the factors Condi-
tion {1--6) and Prime Type (test or control). There was a signifi-
cant main effect of Condition, Fy(3, 111} = 2.33, p = 046, but
no effect of Prime Type nor any interaction, The effect for Con-
dition reflects the higher overali error rate (at 5.6%) for Condi-
tton 6 [—Sem, —Morph, +Phon] than for any of the other con-
ditions {averaging 2.5%).

We then carried out separate two-way ANOVAs, on subjects
and on itemns, with Condition (1-6) and Prime Type (test or con-
trol} as the factors, There was a significant effect of Prime Type,

"7 Twenty-four outl of the 26 iterns in the final set were aot given as
associates by any of the subjects.

** The mean frequencies of primes, controls, and tarpets, respectively,
were as follows: Condition {--44, 23, and 45; Condition 2-—22, 14,
and 27; Condition 3--41, 38, and 33; Coadition 4-—26, 24, and 26:
Cendition 532, 34, and 23; and Condition 613, 10, and 31,
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Tabic 4

FProperties of Stirmutus Sets in Experiment 2 (Suffixes}

Condition Morphologicat type N Mean reiatedness
Er [—Sem, +Morphj derived-siom 16 2.6
2 [+Sem. +Morph} derived-stem 18 7.9
3:1-8em, +Morph} derived-derived 16 20
4: §+8em, +Morph} derived-derived 16 7.6
5:{+8Sem, ~Morph, ~FPhon} NA 26 B.5
& {~-8em, ~-Morph, +Fhon} NA 28 1.3

Note. Sem = semantic; Morph = morphologiesl; Phion = phonological; NA = not applicable.

3§ = very unrelared; 9 = very related.

with RTs to target words being faster when they followed primes
rather than control words, Fioul(t, 37) = 3.539, p < 01, There
was #lso a significant effect of Condition, Fipio(5, 185) = 3.8,
p < .01, but no overall interaction between Prime Type and
Condition { F'ui, < 1} Before moving on 10 a separate analysis
of Conditions 1-4, we carricd out post hoc tests on the semantic
and phonologicat control conditions {Conditions § and 6).

For the synonvis in Condition 5 {+8em, ~Morph, —Phon),
the test—control difference of 27 ms is significant, {25) = 2.433,
p = 021, indicating that sernantic links alone can produce
priming in the cross-mogal fask. This does not mean that the
effects we abtain in [+Sem, +Morph} conditions are therefore
not morpheleogical in nature, but it certainly permits the devel-
opment of & semantic account of our results so far, This result
can also be interpreted as more evidence that the cross-modal
task faps into the lexical entry because i is presumably only at
this teve] that semantic information is represenied in the lexi-
con and can therefore form the basis for a primiag effect.

In the other control condition [~Sern, ~Morph, +Phon), we
looked at the effects of purely phonological overlap between
primes and targets, with the amount of overlap now closely
matched to the [+Morph] conditions. Despite this, there was
stifl no priming effect, with a 2-ms difference between test and
cortirol. The response to BULLET 1s the same whether it &5 pre-
ceded by bulletin or by an unrelated control. Whatever the
source of priming 1n the other conditions, it is undoubtedly not
due to surface phonetic similarities hetween primes and targets.

The results of Conditions i -4, which form a factorial subpart

of the design, were entered inio separate three-way ANOVAS,
with the factors Morphologicat Type (derived—derived or de-
rived-stem), Prime Type (test or controf), and Semantic Trans
parency ([+Sem]). There were significant main effects of all
three factors, with overall RTs being slower for derived-derived
than for derived-stem targets, F'ouo{i, 75) = 4.35, p < .05, for
opagqie than transparent targets, Fladl, 75) = 7.72, p < .01,
and for test than control stimuil, Mmin{1, 94} = 4.37, p < 03,
Although the interaction between Semantic Transparency and
Prime Type was not sighificant {F';, < 1), there was an unex-
pected Morphological Type X Prime Type interaction, (1, 37)
= 7109, p< 01 Faof 1, 60} = 5046, p < .05, but Fnnll, 97) =
295 p= .10

As Figure 4 makes clear, there is no priming in ¢ither of the
derived-derived conditions. Even i the [+S8em, +Morph] con-
dition, where prime and target have a mean relatedness of 7.6,
there is only a 2.ms difference between test and control, Hearing
excitable does not facilitate responses 1o EXCITEMENT. This
is an important result because It supgests thas semantic related-
ness is not the only factor controlling responses in this task. The
derived-derived [+Sem] pairs are just as strongly semantically
related as the derived-stem [+Semi pairs, which show a heaithy
priming effect of 35 ms, 1 17) = 3.563, p = 002, but they do not
prime each gther.

The other feature of Figure 4 is the weak and nonsignificant
effect for the derived-stem [ ~Sem} pairs {Condition 1), The size
of the effect, 2t 1.3 ms, is not only much smaHer than the 35-ms
effect for the [+Sem] set but also more variable across ems.

Table 5
Mean Lexical Decision Times and Error Rates in Experiment 2 (Suffixes)
Test Conirol
Maorphological Error Error
Condition 1ypo Af rate A rate Diifference
1; E~Sem, +Morph] derived-stem 544 16 559 40 15
7 f+Semn, +Morph] derived-stem 504 1.8 539 2.5 35%
3 [ —Sem, +Motph] derived-derived 378 4.6 582 8 4
4: §+5cm, +Morph] devived-derivad 340 2.5 342 0.5 2
5 E+8em, —Morph, ~Phon) NA 558 08 585 40 a7
6: {—Sem, —Morph, +Phon] NA 593 50 595 60 2

Note. Sesm = semantic; Morph = morpholegical; Phon = phonological; NA = not applicable.

*p< B3
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Figure 4. Priming effects for Experiment 2, showing the test—control
difference scores for suffixed semantically opaque and transparent
prime-target pairs in the derived—derived and derived-stem conditions.

Only 8 out of 14 items show priming in Condition I, as opposed
to 16 out of 18 for the derived-stem [+Sem] pairs, This is also
a potentially important result because it suggests that morpho-
logically related words will only be linked in the mental lexicon
if there is a synchronically transparent semantic relationship
between a derived form and its free stem.

Before proceeding further with the interpretation of Experi-
ment 2, we decided that it was necessary to replicate two of the
main results: the failure of derived—derived pairs to prime and
the weakness of the priming effects for semantically opaque
derived-stem pairs. We were concerned, first, with the hetero-
geneous nature of the derived-derived pairs, split into two small
groups of bound and free stems. We also felt that questions
could be raised about the applicability of the transparent-
opaque distinction to bound roots like {dent-} (in dentist/den-
tal) or {mort-} (in mortal/mortify). The fact that dental is rated
as being highly related to dentist will only have consequences for
morphological relatedness if bound roots function as structural
elements in the mental kexicon in the same way as free stems.
Finally, the effects for the derived-stem opaque pairs were not
clear-cut: They showed some signs of priming, the number of
items was small (the two items dropped because of high error
rates both came from this group), and the effects were variable
across items.

Experiment 3

The purpose of Experiment 3 was to put the investigation of
the effects of morphological type and semantic transparency on
a firmer empirical basis. To do this we planned to increase the
number of items in each condition, to use only derived-derived
forms based on free stems, and to reduce between-item vari-
ability by using a stronger within-word design, allowing the
same derived form to be used as a prime in both derived-stem
and derived-derived conditions. A word like attraction, for ex-
ample, could be used as a prime both for its stem attract and for
the related derived form attractive.

In addition to these methodological changes, we also intro-
duced a new type of prime-target combination. This was in-
tended as a further test of the model in Figure 3. We had pre-
dicted from this that derived forms sharing the same stem
should prime each other. The results of Experiment 2 suggest
that this prediction fails. Another, closely related, prediction of
the model is that a stem should prime a derived form. If the
access of government activates the morpheme {govern}, and this
is why we get derived-stem priming, then the converse should
also hold. Hearing govern should activate the corresponding
morpheme, and this should facilitate responses to the probe
GOVERNMENT. If this prediction fails as well, this will throw
into doubt the shared morpheme account of the results so far.

Method

Materials

The stimuli for Experiment 3 fall into five categories; four of these
are the same as Conditions 1-4 in Experiment 2: namely, the factorial
combination of Semantic Transparency ([+Sem]) with Morphological
Type (derived—derived or derived-stem). As the starting point for the
new set of materials, we took the already pretested stimuli from Exper-
iment 2, leaving out any bound-morph pairs and any pairs with high
error rates. We then undertook an extensive search for additional mate-
rials, especially in the derived-stem opaque conditions and in the two
derived—-derived conditions, that met the criteria for morphological re-
latedness applied in Experiments | and 2. The results of this search were
then entered into a semantic relatedness pretest, following the same pro-
cedures as for Experiment 2.

The relatedness pretest contained 93 potential [+Sem, +Morph]
test pairs, all with free stems. We added to these, as controls and fillers,
20 each of the synonym pairs (agile/nimble), the unrelated pairs (ken-
nel/solution), and the [-Morph, +Phon] pairs (arsenal/arsenic) from
the previous pretest to provide the same anchor points as before for the
9-point rating scale. These materials were tested on 28 subjects, selected
from the MRC Speech and Language Group subject pool. We then com-
bined the successful pairs from this test with the surviving materials
from Experiment 2 to construct the new stimulus sets.

The first priority was to reduce sources of variation in the design by
finding sets of morphologically related words that could be paired across
conditions. This only proved to be practicable within [+Sem] condi-
tions, spanning Morphological Type. Thus, we could find triplets like
observation/observant/observe, where observation/observant and obser-
vation/observe were separately judged to be highly related (mean of 8.0
and 7.9, respectively) and where observation/observant would form a
prime-target pair in the derived-derived [+Sem, +Morph] condition
and observation/observe would form a test pair in the derived-stem
[+Sem, + Morph] condition. Conversely, triplets with low ratings of
relatedness, such as organize/organic/organ, could form the basis for
matched prime~target pairs in the derived—derived and derived-stem
[-Sem, +Morph] conditions (i.e., organize/organic and organize/or-
gan). This means that, across Morphological Type, we are measuring
the effects of the same primes on different targets.

Not surprisingly, these triplets were hard to find. We managed to con-
struct 24 such sets, equally divided between [+Sem] and [—Sem]. This
meant that there were 12 prime-target pairs in each condition that
shared a prime with a test pair in the neighboring Morphological Type
condition. We then added to these as many other stimulus pairs as met
the criteria to bring up the numbers in each condition. The four stimu-
lus sets were matched, as far as possible, for amount of prime-target
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fabie 6
Properties of Stimufus Sefs in Experiment 3 (Suffixes)
Morphologicat Mean
Condition {vpe Example N rolatedness®

{:§~8em, +Morph] derived-stem cosunityieasual 20 2.6

2: [+8em, +Maorph] derived-siem punishment/punish 28 7.8

3 [«Sers, + Morph) denved-dernved suecessful/suceessor 20 248

4 [+Sem, +Maorph] detived-derived confessionfeonfessor 20 7.3
S:[+8em, +Morph] stemn-derived friendifiiendiy 28 7.6

Note.  Sem = scmantic; Morph = morphological.
* | = very unvelated. $ = very relaied.

phonelogical overlap, word frequency, and type of suffix.’” No [+Sem]
patr had a relatedness rating of fess than 6.2, and no [—Sem] pair had a
rating higher than 4.5, An overview of the materials is given in Table 6.

This table also comtains the fifth stinmilus category, Thisisthe f+8em,
+Morph] conditton with the stem-derived, prime-iarget order, as in
harmeharmiess or predict/predictable, Fdealty, this shouid have been ac-
companied by a [~Sem, +Morph] stem-derived condition {as in de-
partfdepartmens), This was not possible because most of the pretested
{—Sem] pairs we had found were already being used in the rest of the
experiment. We therefore had 1o postpene running this condition (see
Experiment 63

Fach of the |16 test words was patred with a control word, which was
matched to the prime word in frequency, nurnber of sylfables, and form
class, None of the control words was morphologicalty, semanticaily, or
phonalogically related to either the prime or the probe,

Fillers. We included a variety of filler iterns. Firsl, 10 maintain a
similar testing environment to Experiment 2, we added two sets of read
word/real-word fillers. These were 20 {—Morph, +Phon] pairs, such as
admiralfadmiralty, and 20 synonym pairs, such us agife/nimble. In ad-
dition, we included three types of fillers involving nonwords: 30 of ther
were of the type donkey/denk, where 3 morphologically simple real
word was paired with & nonword that was fully contained within the
real word. Another 36 fillers were of the type consumpiion/oonstiern,
where the prime word was a complex word and was paired with a non-
word that shared some initial phonemes. The third type of filter con-
sisted of 90 pairs such as sefection/nad where there was no phonological
similarity between the real-word prime and the noaword target, Fhis
gave a wial of 156 real-word/real-word pairs and 136 reab-word/non-
word pairs. We also constructed S5O practice ftems and 20 warm-up
pairs, which preceded the test Hist.

Design and Procedure

TFhe use of the stimulus triplets required a fourversion design so that
each target from a triplet {e.g., ebservant and observe) conid be pre-
sented 1o different subjects in both test and conirol conditions {i.c.. ¢~
ther preceded by observation or by an unrelated control word), The sin-
gle pairs of triplets in each condition, which only require a two version
design, then had to be superimposed on this. We did this by splitiing the
single pairs so that balf of them appeared in Versions | and 2 and the
other half is Versions 3 and 4. This increased the between-subject vari-
ance for this patt of the design but meant that each siiraulus pair had
eapal exposure acrpss conditions,

The materials were rocorded, digitized, and presented to the subjects
following the same procedures as in Experiments L and 2,

Subjects

“To further increass the power of the design, the number of suhjects
per version was increased. Fifteen subjects were tested on Versions | and

2, 16 on Version 3, and 17 on Version 4, giving 2 total of 63 subjects. As
hefore, all subjects were recruited from the MRC Language and Speech
Group subiect pool.

Results and Discussion

Five subjects were dropped from the analyses because of stow
and variable responses, leaving |3 subjects in Version 1, 14 in
Version 2, 16 i Varsion 3, and 15 in Version 4. Three items were
also dropped for similar reasons. Extreme and missing values
(0.2%)} and errors (3.3%) were aiso omitted. Midmeans were
then caiculated by subject and by itesn within conditions. Fable
7 shows the mean RTs for each condition.

The error data, afler arc-sine transformation, were entered
into a two-way ANOVA, run on the iterm means, with the factors
of Condition (1-5} and Prime Type {test or controt). The only
significant effect was of Prime Fype, Fx{1, 11 1) =501, p= 027,
with an average of 2.6% errors folowing test words as opposed
10 4.2% following control words, There was no main effect of
Coendition (Fy < 1) nor any interaction with Prime Type.

Turning to the KT data, we carried out two preliminary anal-
yses, The first of these was a pair of two-way ANGVAs with the
factors Prime Type (test or contral) and Condition (1-5). There
was a main effect of Prime Type, Flain{l, 165) = 9.08, p < .05,
with faster overall responses following test primes than control
primes, There was a weaker effect of Condition, {4, 228) =
13,469, p < 001 Fa(4, 115} = 2435, p < .05, but F'0(4, 153)
= 208, p > 05 and & Condition X Prime Type interaction,
Fi4,57) = 587, p < .(01; Fofd, 116) = 2.773, p < 05 but
Floofd, 217 = 1.88, p > .05, This indicates that test-control
differences vary across conditions. The Jargest effect was for the
stem-derived stimuh (Condition 5), which show a strong prim-
ing effect of 52 ms, K27} = 3.64, p < 01,

In & second, preliminary analysis, we ran itemn and subject
ANOVAs on Conditions 14 with Stimulus Type {triplet or non-
triplet) as an added variable. This was to determine whether the
triplet stimuti (matched across Morphological Types) behaved
differently from: the single pairs. There was no frace of an effect
anywhere in the analyses, indicating that the two sets of data
could be grouped together.

1% The mean frequencies of the primes, controls, and targets, respec-
tively, were as follows: Condition 1—I8, 28, and 536; Condition w41,
28, and 30: Condition 3—21, 18, and 24; Condition 4-—25, 18, and 22;
and Condigion 5—34, 46, and 26,
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Tabie 7
Mean Lexical Decision Times and Error Rates in Experiment 3 (Suffixes)
Test Control
Morphological Error Error
Condition type M rage A rate BDifference
{: [~Sem, +Morph] derived-stem 575 1.7 574 3.0 -t
2: +8em, +Morph] derived-stem 554 20 505 4.8 41*
3: {~Sem, +Morph} derived—derived 61t 5.0 14 kR 4
4: [ +8em, +Morph] derived-derived 580 2.7 591 48 it
5:{+8em, +Morph] stem-iierived 518 1.8 639 50 52+

Note. Sem = semantic; Morph = morphological.
¥ p < 05,

We then conducted three-way itern and subject ANCOVAS on
the complete data set for Conditions -4, with the factors of
Prime Type {test or controb), Morphological Type {derived-de-
rived or derived-stem), and Semantic Transparency ([+Semi).
There were significant main effects of Morphological Type,
Flantl, 100) =502, p < 05, and of Primne Type, Fp(l, 134) =
2.76, p= 07, with R being slower 10 targess following control
primes and slower overall in the derived-derived conditions.
There was no Morphological Type X Prime Type interaction,
Fminfi, 101) = 1.24, p > .10, but a marginal Semantic Trans-
parency x Prime Type inferaction, Fifl, 57y = 1.71, p = 06;
FALB3Y= 364, p = 06, Flounil, 134)= {84, p> .10

The pattern of effects, as laid out in Figure 3, is very similar
to what we found in Experiment 2 {sce Figure 4), There are no
priming effects in either of the derived—derived conditions and
a clear difference between the two derived-stem conditions.
Priming is now unambiguously absent in the [-Sem] derived-
stem conditions, with a test-control difference of { ms, but
clearly present in the [+-Sem)] condition, with a strong 41-ms
effect, (27} = 3.51, p = 002.% This pattern is also reflected in
the effecis for individual items. Priming is not a stable phenom-
enon for the derived-derived or the [~-Sem]} derived—stern sets,
with 10 items showing prinving and 9 not, compared with the
robust [9/% spiit for the [+8er] derived-stem set,

The results of Experiment 3, therefore, confirm the effects in
Experiment 2. Suffixed derived-derived pairs do ot prime each
other, even when they share free stems rather thian bound stems
and even when they are strongly semantically related. Suffixed
derived-stem pairs primg stroagly when they are semantically
refated but not when the semantic relationship between them is
synchronicaily epague. This pattern holds for the triplets, where
the same prime is used across conditions, as well as for the com-
plete data set.

Finally, in the new condition added here, semantically related
stem~derived pairs show robust priming effects, This not ondy
fits in with the predictions of the shared-morpherme account of
[+Sem, +Morph} priming bat also rules out the possibility that
derived-derived pairs fail to prime becanse derived forms arein
some way unsuitable as probes. If anvthing, the priming effects
are stronger and more consistent for the stem—derived pairs than
for the derived-stem pairs.

The similarity in priming effects between {+Sem] derived-
stem and stem-derived pairs alsc allows u5 to address the possi-

bie role of strategic factors in the immediate repetition task. As
we noted earlien subjects might develop expectancies based on
the properties of the prime. As previous research in the visual
dompain has shown {Neely, 1991}, these strategies are time de-
pendent and emerge only at longer SOAs. Although the target
here is presented at prime offset, it could be argued that the
effective SOA may be quite long because the listener will often
be able (o identify the prime word before all of it has been heard,
therefore aflowiing time for strategic effects to appear. However,
if this is so, then priming should be reduced in the stem—derivad
case, relative to the derived-stem case, because not only wiil
stern primes glways be shorter than their associated derived
forms but also, because many of the stems are monosviiables,
they are unlikely 1o be identifiable until alf of the word has been
heard (e.g., train, ripe, calm, and so on). For these stimuli, with
¢ffectively zero SOA, these would be no time for conventional
strategies 1o be applied. The finding that the priming effects are
just as strong, if not stronger, for the stem-derived pairs, sug-
gests that we can rgject a strategy-based account of onr results
and interpret thern instead as reflecting the automatic effects of
underlying activation processes.

Theoretical Implications

Experiment 3 completes our prefiminary investigation of de-
rived suffixed words in English. It is therefore appropriate to
iake theoretical stock at this point. The resafts of this first series
of experiments allow us to draw three main conclusions:

i. The level of representation tapped into by the task is ab-
stract in nature. Phonetic overlap between primes and targets
does not by itselfl produce priming, and the amount of priming
is not affected, for morphologically related forms, by variations
in the phonological transparency of the relation between prime
and target. :

2. Semantic relatedness between a prime and a target is a
necessary but not sufficient condition for primiag to ocour, Se.
mantically wnrelated pairs, whether morphologically related or
not, do not prime refiably.

* The resuits for the fripiet stimuli on their own are very similary, with
a significant 42-ms effect in the derived-stem [+ Sem} condition and no
significant effects elewhere,
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Figure 5. Priming effects for Experiment 3, showing the test-control
difference scores for suffixed semantically opaque and transparent
prime-target pairs in the derived-derived and derived-stem conditions.

3. The type of morphological relation between a prime and a
target affects whether or not priming is obtained. Derived forms
prime their free stems, and free stems prime related derived
forms. Derived forms, however, do not prime each other, even if
they are semantically related and share the same stem.

To accommodate these results we need to expand the model
sketched in Figure 3, where the evidence for abstractness con-
firms that we are dealing with abstract stems at the level of the
lexical entry. First, we need separate models for [—Sem,
+Morph] words and for [+Sem, +Morph] words. A word like
department will be represented at the level of the lexical entry
as if it was a morphologically simple stem: [t can enter into com-
bination with other morphemes (as in departmental or interde-
partmental), but by itself it has no internal structure. In partic-
ular, it does not share the stem {depart} with words like depar-
ture. This has a separate representation, consisting of the free
stem {depart}, linked to the affix {-ure}. These arrangements
are illustrated in Figure 6.

This proposal reinterprets semantic relatedness in terms of
its consequences for morphological structure in the mental lex-
icon. The reason that [+Sem, +Morph] pairs show priming,
and [—Sem, +Morph] pairs do not, is because the listener does
not mentally represent words as sharing the same stem, and
therefore as morphologically related, unless there are semantic
grounds to do so. This, in turn, is a developmental claim. The
structure of the adult lexicon reflects individuals’ experience
with the language as they learn it. An item like department, al-
though it has a phonetically transparent morphological struc-
ture on the surface, will not be analyzed during language acqui-
sition into {depart} + {ment} at the level of the lexical entry
because the semantic criteria for such an analysis have not been
met.

One consequence of this view is that [+Sem, —Morph] pairs
like agile/nimble show priming for quite different reasons from
[+Sem, +Morph] pairs. Synonym pairs, like other semantically
but not associatively related words, have separate lexical entries
that are linked in some way in the lexicon. These links form

MARSLEN-WILSON, TYLER, WAKSLER, AND OLDER

the basis for semantic priming effects. Morphologically related
pairs, in contrast, prime because they share the same mor-
pheme and, in that sense, the same lexical entry. There is evi-
dence in the literature to support this distinction because se-
mantically and morphologically based priming seem to have a
different time-course, with semantic priming dissipating much
more rapidly (e.g., Henderson et al., 1984; Napps 1985, 1989).

The second challenge to the model is the absence of priming
between [+Sem] suffixed pairs. This is evidence against a purely
semantic account of the results so far. However, it also presents
difficulties for the shared morpheme account of priming in the
[+Morph] cases. If hearing the derived form government acti-
vates {govern}, and it is this residual activation that facilitates
responses to the probe GOVERN, then why does government
not facilitate responses to GOVERNOR, with which it shares
the same stem? What makes this seem especially puzzling is
that govern, as a prime itself, should facilitate responses to both
GOVERNOR and GOVERNMENT (given the stem-derived
results in Experiment 3). Why should the residual activation of
{govern} in the one case facilitate responses to a suffixed
probe and in the other case not? Qur answer is sketched out in
Figure 7.

We propose that hearing a semantically transparent suffixed
form like government has two immediate processing conse-
quences. It activates the stem morpheme {govern}, but at the
same time it inhibits other suffixed forms sharing the same
stem. This is because forms like government and governor are
mutually exclusive competitors for the same lexical region: the
shared stem. The combination of the morpheme {govern} with
the affix {-ment} defines a lexical item with a distinct meaning
and identity in the language, and this is incompatible with the
simultaneous combination of {govern} with a different affix to
give a different lexical item. Figure 7 reflects this by proposing
an inhibitory link between the two suffixes {-ment} and {-or},
rather than between the two lexical items government and gov-

- al
depart
ment
- ure
depart

Figure 6. Lexical entries for a cognitively monomorphemic word (de-
partment), shown here in combination with the affix -a/, and for a mor-
phologically complex form (departure).
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- ment

govern

- ar

Figure 7. The stem-affix model for sernantically transparent suffixed
forms, expanded to show inhibitory Tinks between suffixes antaching to
the samne stem.

ernor. This is to avoid the problem of having the stem mor-
pheme being simultaneously activated (as part of governmernt)
and inhibited {as part of governor).

The consequence of this inhibitory relationship between
affixes?! is that when a suffixed form is heard, it will temporarily
inhibit the combination of the stem with all other suffixes.
Thuas, when a related suffixed form immediately follows, recog-
nition wilt be sjowed, even though the sterm morpheme is in an
activated state. In contrast, when the stem itself follows as a
target, there 15 no inhibitory offect to countgr the facititatory
effects of the activated state of the morpheme in question be-
cause recognition of the stem does not involve any of its con.
nections to suffixes. Similarly, when the stem functions as the
prime, this will change the state of the shared-stem morpheime,
but it will not affect the state of any of its links to suffixes. Thus,
when a suffixed form follows as targes, the effocts of stem acti-
vation will facilitate recognition withou any counterbalancing
inhibitory effects.

This modified model, with inhibitory links between suffixes,
can accommodate all the results so far It explains why seman-
tically transparent suffixed forms prime their free stems and
why derived forms, in turn, can be primed by their stems but
not by other refated suffixed derived forms. What it immedi~
ately raises, however, is the question of how the representation
and access of prefixed forms fitsinto this framework. Wil there
be the same distinction between derived-stem and derived-de-
rived pairs? Will there be primiing at all, given that items are
now heard in affix-stem order rather than stem-affix order?
Will semantic transparency play such a central role in deter-
mining whether a pair shows priming or not? These and other
questions were the subject of the next {wo experiments,

Experiment 4

Much of the experimental work on English derivational mor-
phology has focused on prefixed forms, responding in one way
or another to Taft and Forster’s (1973) affix-stripping hypothe-
ses about the access and representation of morphologically
complex words., The problem for us about this work is, first,
that almest all of it is in the visual domain and, secong, that
none of i has systematically distinguished between sernanti-
cally transparent and opaque derived forms (the issue of phono-

logicat fransparency does not arise here because derivational
prefixes in English do not normally change the phonological
form of the stems with which they combine).

The difficulty with visual presentation is that it does not im-
pose the same temporal ordering on the perceiver’s acguisition
of information about the word as does the auditory modality. A
prefixed word in the visual domain provides the reader with
simuitancous information abowt both the stem and the affix so
that a stem-based access sirategy, of the type proposed by Taft
and Forster {1975), is in principle hast as plausible as an access
sirategy that starts with the prefix and works from left to right
across the word. A spoken prefised word, in contrast, presents
the prefix first, with the onset of the steyn folfowing at a delay of
2300 ms or more. Here a stem-hased access strategy has obvi-
ous temporal ¢osts asseciated with it, and, indeed, in some ear-
lier work using spoken words {Tyier et al., 1988), we found evi-
dence that access was initiated from word enset,

A potentiaily more serious problem is the failure to distin-
guish systematically among prefixed words according to the se-
mantic transparency of the relationship heiween the derived
form and s constituent morphemes. The reason this is a seri-
ous problem is that if cur arguments in the first haif of this
article are correct, then only derived words whose morphemic
composition is semantically transparent will be represented in
the mental lexicon as morphologically complex, that is, as an
abstzact stern with associated affixes. This means that any re-
search on derivational morphology that used semantically
opaque prefixed forms may not, in fact, have been studying
words that are morphologically complex at the level of the lexi-
cal entry.

The issue here is not that prior researchers have never distin-
guished between synchronically prefixed and nosnprefixed
forms but that attempts 1o do so have been hased on inappro-
priate criteria {Smith, 1988), Taft and Forster {1973}, for exam-
ple, classified certain historically prefixed forms as synchroni-
cally unprefixed on the basis that the prefix had become seman-
tically opaque. The re- in rebel, for example, no longer has any
implications of “again,” so that rebel s classified as psendopre-
fixed. This prefix-based criterion leads to forms such as replen-
ish and repugnant being classified as syachronically prefixed.
Our view is that the semantics of the stem are equaily, if not
more, importani so that replenish and repugnert, compared
with transparent cases like reftff or remarry, will 2ot be repre-~
sented in the mental lexicon in morphologically decorsposed
form because their “stems™ {-plenish or -pugnant) have no syn-
chronic semantic interpretation on the basis of which the mean-
ing of the derived form couid be computted.

The first priority here, therefore, is 1o repeat for the prefixing
morphology the investigation of the effects of semantic trans-
parency that we carried out in Experiments 2 and 3, using free
stems and the same type of relatedness pretest. Our prediction
is that only [+Sem} pairs will show priming, given the results
for the suffixing morphology and our interpretation of them, If

* The thearetical aptions for representing the mutually exciusive re-
lationship between two related suffixed forms are stil] very apen. The
inhibitery effect might not, for exampie, be Jocated in the suflixes them-
selves but rather in the connections between the stem and s various
suffixes,



20 MARSLEN-WILSON, TYLER, WAKSLER, AND OLDER

morphological structure in the mental fexicon reflects the syn-
chronic recoverability, during acquisition, of the meaning of de-
rived forms from the meaning of their component morphemes,
then this should apply just as much to prefixed forms as to
suffixed forms. Transparent [+ Morph) pairs like disobey/obey
should prime, but opaque [+Morph)] pairs like releasesloase
should not,

We combine this, as before, with the variable of morphologi-
cal type, asking whether derived-derived and derived-stem pre-
fixed pairs show the same effects 28 suffixed words. The tssue
here, especially for the derived-derived [+Sem] pairs, such as
reappear/disappear, is whether these will prime or not. One
possibility is that prefixes are mutuaily inhibitory, just ke
suffixes, so that there will be no priming between prefixed pairs.
The other possibility 1s that because prefixed pairs sharing the
same stem are not cohort competitors {Marsien-Wilson, 1987)
in the same way as comparable suffixed pairs, they wiil not need
10 inhibit each other, and therefore priming will be permitted.
The form rmisiudge, for example, will access the stem {judge)}
through the linked affix {mis-}, Because the initial syllable
[mis-1 is used to enter the lexicon, the route to {judge} through
{pre-} will not be activated and therefore wili not need to be
suppressed.

Method

Materials

The design of the ¢xperiment required four sets of prime-1arget pairs,
organized along the factorial dimensions of Semantic Transparency
(4Sem]) and Marphological Type {derived-stem vs. dertved-derived).
As in Experiments 2 and 3, we proceeded by constructing the largest
sets we could find that met the eriteria for morphological relatedness.
These were analogous to those for Experiments 1.3, requiring that pre-
fixed forms shoukd have ideasifizbie separable prefixes and that the stem
of the derived form should historically be identical to the free stem {or
1o the stem of another derived prefived form}. The four sets of candidate
pairs were then entered into a semantic relatedness prefest, following
the same procedures as for Experiments 2 and 3. The test booklet also
included candidate pairs for use in Experiment 3; these are described
later. This gave a total of 220 pairs.

The first relatedness pretest was run on 135 subjects. When this did
not produce enough stimuli n some of the test categories, a farther
pretest, with 60 new pairs, was run on 12 subjects. Combining the re-
suits of the two tests, we were able 10 construct a stimulus set consisting
of 18 paurs in each catepory, No{+Sem] pair had 2 mean rating less than
6.3 and no [~Sem] pair had a rating higher than 3.9, In choosing the
[+Sem} derived—derived pairs, we excluded pairs Bke proclaim/ex-
¢leim, in which the meanings of the whole forms were synonymous o
close to synonymous, This was to reduce the possibility that any prim-
ing could be atfributable to semantic links between the members of the
pair. Thus, from the set of derived--derived pairs that satisfied our rating
criteria on the pretest, we chose only those pairs whose members had
decompositional meanings and that were semantically related by virtue
of sharing a common stem.

The four stimulus sets were maiched, as well as possible, for fre-
auency and for type of prefix. Acceptable [+Semi derived-derived
forms were hardest 1o find, and the mean frequencies, especially of the
target word, were lower than in the other conditions, @ For each of the
T2 test paics we sefected 4 control word, which was matched wihe prime
word in frequency, number of syllables, and form class, A sample set of
stimiub is listed in Table 8,

Fillers. We constructed 144 pairs of Elier items, which were de-
signed 1o obscure the regularities of the 1e8¢ pairs, These fell into three
main catepories:

f. Thirty-six fillers were reabword/real-word pairs, where the two
words were unrelated and where either the prime, both the prime and
the target, or neither were prefixed. This was to reduce the proportion
of potentiaily related prime-target pairs in the experiment.

2. Sixty real-word/nonword fillers had prefixed real-word prinses fol-
lowed either by nonword pseudostems, asin recrull /oriif, or by prefixed
or unprefixed nonwords, as in wnestiad/mismee. This was 1o ensure
that not all prime-target pairs with phonoelogical overlap, or where the
prime ard target both started with 2 prefix, had real-word targets.

3, Forty-gight additional fllers consisted of unprefined reat words
foliowed by unprefixed nonword targets,

Taken together with the 72 test iterns, this yielded 2 totad of 108 resl-
word/real-word pairs and the same number of real-word/nonword
pairs. Each test version consisted of these 216 test and fller pairs, pre-
ceded by 530 practice items and 20 warm-up items,

Design and Procedire

Two versions of the materials were made in which cach version ¢on-
tained haif of the real-word pairs, Bemns were balanced across versions
50 that each {arget appearsd only once in each version. in onae version,
it appeared with its prime and i the other version with #1s control word.
The real-word pairs were pseudorandomiy intterspersed with the real-
ward /nonword pairs.

The maerials were recorded, digitized, and presenied to the subjects
followi ng the same procedures as in Experiment 1-3.

Subjects

We tested 26 subjects, 13 subjects for each version, and all subjects
were recruited from the MRC Language and Speech Group subject
pool. '

Results and Discussion

Five subjects were dropped because of slow and erratic per-
formance. This lefi 10 subjects for Version § and 11 subjects for
Version 2, Oneitem had fo be dropped because of experimenter
error, and three more items were dropped because of high error
rates (more than 35%3.* For the remaining data, the percensage
of errors was 2.8%. These were removed from the data set to-
gether with extreme outliers (0.2%). The error data were then
eniered, after arc-sine transformation, into a twoway ANOVA
on em means, with the factors of Condition {1 -4} and Prime
Type (test or control). The only significant effect was for Condi-
tion, FoA3, 64) = 3.25, p = 027, Errors were more freguent (af
3.3%) in the derived-derived [+Sem)] condition, possibly be-
cause the targets here were refatively fow in freguency. There
was no main effect of Prime Type, Fy{ |, 64) = 2.08, p < .30, nor
any interaction.

2 Fhe mean frequencies of the primes, controts, and iargets, respec-
tively, were as follows: Condition 1—351, 37, and 130; Condition 24,
13, and 509; Condition 3—20, 16, and 39; and Condition 4—13, %,
and 8.

3 Unfortnately, 3§ the missing items came from the derived-derived
[+5em] category, leaving only 14 pairs for the analysis, Target words in
this category were refatively fower in frequency thar in the other sety,
andd this may have fed to higher exror rates.
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Tabie 8
Stirmulus Properties in Experiment 4 (Prefixes)
Marphologicat Mean
Cendition type Example N - relatedness®

1: [--Bem, +Morph} denved-stem restrain/sirain (8 z8

2 {+Sem, -+ Morphi derived-stem mstncere/sincere 18 8.6

3: [-Sem, +Morphi derived-derived depressfexpress 13 - 25

4: [48em, +Morph] derived-derived unfasien/refasten iR T4

Note,  Sem = semantic; Morph = morphological.
81 = very unrelated, 9 = very relazed.

Turning 1o the RT data, mudmeans were then calculated aver
ems and subjects and entered mto two three-way ANOVAs,
with the variables of Morphologieal Type {derived-derived or
derived-stem), Semantic Transparency {{+Sem]), and Prime
Type (sest or control). Table 9 gives the overall means for each
condition,

There was a sigaificant main effect of Moerphological Type,

with derived targets being responded to more slowly than stem

targets, Foull, 83) = 11.27, p « .01, This presumably reflects
the greater length of the derived targets because of the presence
of a prefix. There was no main effect of Transparency (F' ., >
i} nor of Prime Tyvpe, Flpin(l, 82) = 2,45, p > .10, but there
were fwo significant two-way interactions. The first, between
Morphologica! Type and Transparency, Fim{l, 77) = 478, p
< 05, primarily reflects item differences between conditions:
Transpareni targets are faster than opaque targets in the de-
rived-stem condition, but opague targets are faster in the de-
rived-derived condition. The second interaction, between
Transparency and Prime Type, Fpipll, 69) = 563, p < .03, re-
flecrs the main finding here, that {+Sem} test items are faster
than controls, whereas [—Sem] test items tend to be slower, ir-
respective of Morpholegical Type. This is brought out in Figure
8, which plots the iest~control difference sgores across condi-
tions.

These results give a clear answer to the guestions being asked
in this experiment. First, there is g strong effect of Semantic
Transparency, with only the [+Sem) prime-tasget pairs showing
facilitation. As we predicted, [+Sem] pairs like disobey/obey
prime, but {-Sem]} pairs like relense/fease do not. In this respect,
the effects for the prefixes parallel those we found for suffixes.
In another respect they are very different. The prefixed [+Sem]
derived~derived tasgets are strongly facilitated, #(13} = 3.27, p
< 01, with 12 out of {4 pairs showing the effect. I anyihing, the
effect is stronger than for the [+Sem] derived-stem pairs, where
the 31-ms difference is only marginally significant, {17y = 1,86,
p =008, Thus, unlike the suffixed [+Sem] pairs, which showed
no reliabte priming, prefixed pairs like irwind /rewind do prime
cach other. This is consistent with the view that a prefixed form
such as rewind is not activated as a possible competitor when a
related prefixed form, such as unwind, is being heard and there-
fore is not inhibited or suppressed. Hearing unwind activates
the stem {wind}, and this facilitates subsequent responses to
rewing.

These priming effects between derived prefined forms are a
further argurnent against an interpretation of our results so far
m terms of sermantic priming between related whole-word

forms. On this type of account, the absence of priming between
derived-derived suffixed pairs (as opposed to stem—derived
suffixed pairs) might be explained in terms of a failure of medi-
ated associative priming, where governor can only prime govers-
ment throngh the form govern. This would also predict a failure
of priming for the derived-derived prefixed pairs, where a sim-
ilar mediated rejationship would hold between prime and
farget. The fact that we do find strong priming here, as opposed
to the desived—derived suffixed pairs, seems 1o rule out a general
account of these resulis solely in terms of semantic links be-
tween different lexical entries.

However, 1o agcommodate these resulls, we need to expand
the model in two ways, Prefixed [—Sem, +Morphl forms, such
as mistake or disclose, are represented as monomorphemic
Hems, just like [—Sem, +Morph] suffixed words, such as
sweaier or emergency. The [+8emn, +Morph} prefixed forms,
such as fnsare or refasten, are represented in the same way as
{+Sem, +Morph] suffixed forms, as abstract stems linked to
prefixes. Where the same stem is shared by two or more prefixed
forms, we assuime that there are no inbibitory links between
prefises. This is the kind of arrangement iHlustrated in Figure
9'24

Diespite certain graphic simitarities, note that this model is
guite different from the “sateilite™ modet proposed by Lukatela
and colleagues {(e.g., Lukatela et al., 1980}, The satellite model
is only concerned with inflectional morphology, and it is a full-
listing rather than a decompositional model. Complete repro~
sentations of all the different inflected forms of a given noun
{e.g., dingre, dinary, dinara, dinariy are srranged around the
nucieus of the nominative singular form {¢.g., dinar). This is
probably the antithesis of the type of modef sketched in Figure
9. Farthermore, although we do not touch on inflectional mor-
phology in the research reported here, work now in progress
suggests that a decompositional account is also appropriate for
Enghish inflectional relations.

We now turn to Experiment 5, which continues our investi-
pation of prefized forms,

Experiment

The results of Experiment 4 fay the foundation for our treat.
ment of English derivational prefixes, They leave unanswered,

* The suffixes indicated here aze assumed to be suffizes that can im-
mediately follow the stem (as opposed to suffixes that can only follow
the stern when it has another suffix added, like the -af in governmental).
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Table 9
Mean Lexical Decision Times and Error Rates in Experiment 4 (Prefixes)
Test Control
- Morphological Error Error
Condition type M rate M rate Difference
1: [-Sem, +Morph] derived-stem 542 3.1 543 2.0 1
2: [+Sem, +Morph] derived-stem 503 1.7 534 2.0 31*
3: [-Sem, +Morph] derived-derived 576 0.6 554 3.0 =22
4: [+Sem, +Morph] derived-derived 576 34 635 7.0 60**

Note. . Sem = semantic; Morph = morphological.
*p<.10. **p<.05.

however, a range of questions about the access and representa-
tion of these forms.

Morphological Type

Having established that prefixed derived—derived pairs be-
have differently from their suffixed counterparts, it is important
to add to this an investigation of the stem-derived order as well,
for both semantically transparent and opaque cases. Given the
model developed in Figure 9, we expect [+Sem, +Morph] pairs,
such as sincere/insincere, to show priming, whereas [—Sem,
—Morph] pairs like lease/release should not.

Bound Stems

Prefixed words with bound stems, such as submit or include,
where the stems {-mit} and {-clude} cannot appear as indepen-
dent words, have figured prominently in research into English
morphology, and it is necessary to look at them here, using the
cross-modal immediate repetition task. First, a central compo-
nent of the original Taft and Forster (1975) hypothesis, and of
its subsequent restatements (Taft, 1981, 1988), is the claim that
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Figure 8. Priming effects for Experiment 4, showing the test—control
difference scores for prefixed semantically opaque and transparent
prime-target pairs in the derived—-derived and derived-stem conditions.

words like dialect, revive, or insult are stored simply as nonword
stems, such as {-lect}, {-vive}, or {-sult}, and that access to
these requires stripping off their affixes. If this is correct, then
prefixed items sharing the same bound stem, such as include/
conclude or submit/permit, should prime each other in the im-
mediate repetition priming task for exactly the same reason as
the prefixed pairs sharing a free stem in Experiment 4. It is evi-
dent from the treatment of bound stems in the psycholinguistic
literature that semantic transparency is not at issue, so the fact
that pairs of this sort are semantically opaque should not affect
priming. According to our model, however, [-Sem, +Morph]
bound-stem pairs should not prime. As we noted earlier, our
approach requires that both affix and stem be synchronically
semantically interpretable for the listener to represent a poten-
tially complex form as morphologically decomposed at the level
of the lexical entry.

Because effects for prefixed bound stems are typically com-
pared with pseudoaffixed words, such as deliver or remember,
we also include these in the stimulus set. These can be defined
as [—Morph, +Phon] pairs, where the prime appears to be made
up of a free stem and a prefix but is in fact either unprefixed or
not historically related to the target. Again, there is no reason
for us to expect priming here.

The second reason for looking at bound stems is that there is
previous research (Emmorey, 1989) using an intramodal im-
mediate priming task, which does find facilitation for prefixed
bound-stem pairs. Emmorey used auditory presentation of
pairs of words like succeed/proceed or conceive/deceive, where
words were defined as being morphologically related (Aronoff,
1976) if they both could undergo the same morphological rule:
conceive and deceive, for example, become conception and de-
ception with the addition of {-ion}. However, although Em-
morey found large facilitatory effects, she also found priming
effects in phonological control pairs like shadow/widow, which
have no morphological relationship. It is necessary to look at
similar stimuli in the cross-modal task because surface phonetic
overlap seems to play a very small role here.

Phonological Controls

The final requirement for Experiment 5 is to make sure that
we have appropriate controls for nonmorphological priming
based on phonological overlap between prime and target. In Ex-
periment 1, we had [—Morph, +Phon] pairs like principle/
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Figure 9 The expanded stem—affix model of the lexical entry for se.
mantically iransparent prefixed and suffixed forms sharing (he same
stem, with inhibitory hinks between suffixes but not between prefixes or
batween prefroes and suffixes.

prince, where the probe was entirely and transparently con-
tained in the prime. These stimudi were comparabie in overlap,
from word onset, with the {+Morph, +Phon] suffixed pairs. To
provide the appropriate comparison for the prefixed pairs, we
aged prime-target pairs where the initial sytiable of the prime
is not a prefix and where the final syllable is a real word: for
example, fertile/tile or trambone/bone.

Apart from the need to controt for phonological priming,
there is research by Shillcock (1990), using a ¢ross-modal asso-
ciative priming task, that reports that a stirmnulus like trombane
facilitates lexical-decision responses o RIB (an associate of
boney. This effect was restricied 10 monomeorphemic two-sylia-
bie words, where lexical stress fell on the second syliable, One
interpretation of this result is that the lexical entry for bone is
being activated by the final syllable of trombone.™ If so, then we
should also get priming in the immediate repetition task, where
priming is based on repeated access of the same morphemes in
the lexical eniry. This possibility 1s not excluded by the model
so far because it permits parallel access of different lexical cp-
tries by the same speech inputs. The evidence from the [—Sem]
stimuli in Experiment 4, however, where sequences like release/
lease do not prime, suggests that we should not find priming
here either.

Method
Muaterials

There were six different stimalus sets constructed for Experiment 5.
v of these, the {+Sem] stem—derived pairs, were simiply the corre-
sponding derived-stem pairs from Conditions ] and 2 in Experiment 4,
presented to the subjects in roverse order There was one other M-
orphi set, the prefixed bouad-stemn pairs. Twenty-four of these wese pre-
tested {as part of the pretest deseribed in Experiment 4y and 18 were
selected for testing. All items in this set had separabie prefixes, hound
stems {i.e., stems that cannot appear as isolated words), and both mem.-
bers of a pair shared the same phonological rule. The bound-stem pairs
were all semantically opaque.

The other test stimuli were not morphologically. reiated, The pseu-
doatfixed set consisted of pairs like device/vice or disparch/paich, These
are words that appear to have a separable common prefix followed by a
free stem but where the prime is either historically unprefixed (dizpatoh,

for example, came into the languags in the 16th ceatury from the [talian
dispacciare) or where the stem is not historically related to the target.
The 18 psendoaffixed pairs were also included in the pretest for seman-
tic relatedaess and werg ali highly opaque.

The final set of phonological conteols were (with two three-syliable
excentions) afl two-syilable monemorphernic words, where the first sy~
lable was not a possible prefix in the language and where the stem in-
cluded in the prime was phonologically identical to the farget. These
were sphit into two groups: 14 pairs with weak-sirong stress patterns (as
in ordeal/deal) and 14 with strong-weak prosody {e.g., mildew/dew).
This was 1o control for the possibility that a final syllable’s prosodic
siatus {strong of weak) determines its effectivensss in activating lexical
representations {Shiflcock, 1990). Alj pairs were pretested and found to
be semantically opague.

For each of the 100 1est pairs, we sclected a contral word, which was
matched to the prime word in frequency, number of syllables, and form
elnss % A sample set of stimuli is listed in Table 10 .

Fiflers.  One hundred thirty-six fillers were constructed, falling info
three main categories:

1. There were three sets of {2 real.word/real-word pairs, where
prime and target were unrelated, consisting either of prefixed-unpre-
fixed pairs, unprefixed-prefixed pairs, or unprefixed-unprefixed pairs.

2. There were 40 real-word/nonword pairs, where the prime was a
prefixed reat word, followed sither by a nonword stom {as in indidge/
dulgey ot by prefized or unprefixed unrelated nonwords.

3. There were 96 additional pairs, where an unprefixed real word was
foilowed by either a refated prefined nonword (as in grade/begrade) or
by an unrelated prefized or unprefixed nonword.

This gave a total of 136 real-word/reat-word pairsand 136 real-word/
nonword pairs. We also constructed 30 practice pairs and 20 warm-up
pairs. The materials were digitized and made 1nto two lists as described
n the earlier studies.

The same design and procedure were oilowed asin Experiment 4.

Subjects

Twenty-four subjects were tested, 12 on each version. Al were ru-
cruited from the MRC Speech and Language Group subject pool.

Results and Discussion

Six subjects were dropped, either because their responses
were sfow and variable or because they had an error rate of more
than 16%, leaving 9 subjects for each version. Four test pairs
were atso dropped because of high error rates {more than 33%).
For the remaining data, the percentage of error was 3%. These
and extreme outliers {0.2%) were removed from the data set.
The error data were then entered into a two-way ANOVA on
item means, with the factors of Prime Type {test or control) and
Condition (1-6}). There were no significant main effects or in-
teractions,

Midmean RTs were then calculated over items and subjects
and entered into a two-way ANOVA, with the factors Condition

** An alternative interpretation isthat associative priming is mediated
at a lower level in the lexical access systern so that the lexical entry is pot
necessarify mplicated.

2 The mean frequencies of the primes, controls, and tages, respec-
tively, were as follows: Condstion §— 108, 103, and 53%; Condition 2—
1G9, 108, and 9; Condition 3~-32, 62, and {5; Condition 4—353, 109,
and 73; Condition 552, 64, and 139; and Condition 6—9, 45, and
146.
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Table 10
Stimudus Properties in Experiment 5 (Prefixes)

) Maorphologieat Mean

Condition ivpe Example N relatedness®

E:{=Sem, +Morph) stern-derived strafnfrestrain 1% 2.8
2:{-+8em, +Morph] stem-derived sicere/insincere I8 8.6
3:[—-Sem, +Morph] bound siems subrni/permit 18 2.4
4; {-~Morph, +Phonl pseudoprefived dispatch/paich 1% P4
5: {—Morph, +Phon] initial stress mildew/dew 14 1.2
6: [—Muormh, +Phon) final stress trombone/bane 14 12
Moge,  Sem = sernantic; Morph = morphological; Phon = phanological.

*f ver_v wnrelated, 9 = very related.

{{-6) and Prime Type (test or controt), Table 11 gives the overall
test and control means per condition.

There is clearly no priming for most conditions, and this is
reflected in the owtcome of the analysis, where none of the main
effects or the interaction are significant {apart from the hint of
an inieraction between Conditjcm and Prime T}p»e in the item

derived condltlons whcre the Ex,m] targets {as in stallsinstally
are 28 ms slower than the controfs €i6) = 185, p = 08,
whereas the [+Sem] targets (as in qgree/disagree) are 29 ms
faster, 616} = 1.89, p = 07, the contrast in Semantic Frans-
parency ¢auses a significant 57-ms shift in the priming effect,
H16) = 2,71, p = 04, consistent with the results in the earlier
experiments.

There are twd main points 1o be made here. The first is the
ahsence of priming in the phonological control and pseudopre-
fixed conditions. Whether the match between the prime and 2
pseudostem is from word onset {as in Experiments | and 2} ov
in terms of the final syliable of the prime, there is no sign that
phonological overiap between two words is sufficient to produce
priming in this task. This is consistent with the view that the
task taps into processing events at the level of the lexical entry
and that when priming is obtained it is because of resicdual acti-
vation of regions of lexical representation shared by prime and
target.

The result is, however, inconsistent with Shillcock’s (1990)
report that rombone facilitates responses to RIB. One possibie
reason for this is that the effect is insufficiently robust to repli-
cate casily. Another is that associative priming does not neces-
sarily tap into lexical representations at the level of the lexical
entry {Moss, 1991; Moss & Marsien-Wilson, 1993), which is
where we expect 1o pick up facilitation of the probe BONE. If
associative links are inks between word forms, then bone may
be activated safficiently to coactivaie i1s associates without this
being mediated through morphemic representations in the lex-
tcal entry.

The second point concerns the absence of priming for the
bound-stem conditions, which is in contrast with the strong
priming obtained for the parallel {+Sem] conditions (the de-
rived-derived pairs in Experiment 4). This yesult suggests that
the effect Emmorey (1 989} obtained was at least partly due to
phonetic overlap effects, with these operating more strongly in
an intramodal repetition task. In the context of the reswlis here,
using 8 cross-modal repetition task, the failure of bound pre-

fixed forms to prime is more evidence for the claim that there is
no facilitation where there is no synchronic semantic basis for
representing a word form as morphologically complex, Even if
the Hstener does pick up during acquisition the distribational
regularities in bound stems—for example, that the syllable
clude is shared by several prefixes, as in include, conclude, ex-
clude, oeclude, and preclude—this is no more than a refic of
word-formation processes that are no longer productive. To rep-
resent these forms as sharing the stem {-clude} would not give
the right semantics because the potential stern here has no con-
sistent semantic interpretation. Instead, each form will be yep-
resented as i it was monomorphemic, like department or elbow.
Otherwise, excligde should prime conclude as effectively as wn-
wind primes rewind.

The resulis also raise two other possibilities. One is that
stem~derived priming is less robust for prefixes than for
suffixes, and the other is that there may be some interfarence
effects for [-Sem, +Morph] prefixed pairs. These are questions
that wili need to be pursued in subsequent research.,

Experiment 6

The resuits of Experiment 5 are consistent with the mode] we
proposed on the basis of the first prefix experiment (sce Figure
9). In this model, there are inhibitory links between suffixes
sharing the same stem but not between prefixes, This reflects
the competilor environment during lexical access, where
suffixed forms sharing the same stern are both active as compet-
Hors, whereas prefixed forms presumably are not. This implies
that there should not be inhibitory links between suffixed and
prefixed forms. Just as misjudge does not have prejudge as a
cohort competitor, judgment should not be 2 competitor either,
Similarly, fridgment should not be activated as a competitor of
either of the prefised forms.

This Teads to the prediction that suffix—prefix pairs should
prime each other as, indeed, should prefix-sufiix pairs, Our ar-
gument throughout has been that [+Morph] priming in the
cross-modat task is due to residual activation of a stem mor-
plieme shared by prime and target. Because this activation
should not be canceled out by inhibition for prefix-suffix and
suffpi-prefix patrs, such as disagree/agreement o kindness/un-
kind, these should prime each other. The amount of priming,
furthermore, should be symmetrical. We would only expect
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Tabie i}
Mean Lexical Decision Times and Error Rates in Experiment § {Prefixes}
TFest Conirol
Marphological Error Ervor
Condition type Af rate M rale Difference
I f—Sem, +Morph} stem--derived L 627 79 5490 4.4 28
2:{+8em, +Morphl stem-derved 594 4.8 623 6.2 20*
3 [Serm, +Morphl bound stems 587 34 398 34 1}
4: {—Morph, +Phonj psendoprefixed 577 21 564 32 13
% {—Morph, +Phon] inital stress 558 6.1 561 3 3
&: [~Morph, +Phon} final stress $78 26 5h6 33 12

Note.  Sem = semantic; Morph = morphological; Phon = phonological.

¥p< ),

asymmetry if, for example, suffixes inhibited all affixes attached
1o a given stem, rather than just other suffixes,

We also include in Experiment 6 the missing suffixed [-Sem,
+Morph| stem~derived condition from Experiment 3, This is
necessary not ondy to complete the design for the suffix experi-
mients but alse to provide the proper condrast with the prefixed
stem-derived pairs in Experiment 5, The suffixed [+8em]
stemn-derived pairs, such as dismiss/dismissal, primed very
strongly. We predict that suffixed {-Sem} stem-~derived pairs,
such as apart/apartmens, will not prime at all because
apariment showld not be represented as {apart] + {ment},
where the stem {apart} is shared with the word apart. The ab-
sence of synchronic semantic interpretability should block the
formation of a morphologically complex lexical entry.

Method

Materials

The design of the experiment required three stimulus sets: the two
suffix-prefix, prefix-suffix sets and the stem-derived [—Sem] suffixed
set. The stem-derived set did not reguire additional pretesting and
could be selected directly from the [~Sem] suffixed materials aiready
tested for semantic relatedness in Experiments 2 and 3. Twenty such
pairs were selected together with 20 matched contral words,

The mixed-affix stimulus sets required extensive pretesting because
we needed to select prime-tanget pairs where not only the two test items
were related but also where each itern was itseff refated to its stem. This
Tequired three separate pretests: For exampie, for a candidate pair like
connection/discannect, the fizst pretest would ask subjects to fudge the
semantic relatedness of comnection/connect, the second would test dis
connect/connect, and the third would test connection/disconnect. There
weve |20 items in cach version of the pretest, with 69 potential candi-
dates included. Forty-two subjects were tested on the three versions.

Our initial ¢riterion for acceptance in the stimulus set was 5 refated-
ness score of .0 or above in all three pretests for a given mixed-affix
pair. This gave a total of 20 prefix-suffix and 20 sufix-prefix pairs. To
ftitrease the number of Hems we then relaxed the criteria to include
pairs where each member of the pair had & relatedness of 7.0 or mere to
their joint stem hut where the relatedness of the pair 10 each other did
drop below 2.0, This brought the numbers for each set up o 25, For
each prime word, a controf word was selected, which was matched in
frequency, number of syilables, and form class. ™ A sample set of stimali
is Hsted in Table 12,2

Fiflers.
pories:

L. There were two sets of 10 real-word freal-word pairs, consisting of
parelated suffi-prefix or prefix-suffix pairs {as in misfortune/argn-
ment).

2. There were 48 suffixed or prefixed real words followed by a2
suffised or prefixed nonword, En 28 of these the pseadostem of the non-

Ninety filler pairs were constructed, fafling into three cate-

* word was phonologically refated to the real word (as in scandelous/mis-

cand), and in 20 it was unrelated {as in booklerfncruve).

3. There were 22 additional monomorphemic unrelated reabword/
nonword pairs.

This gave 2 total of 70 realword real-word pairs and 70 reabwordy
nonword pairs, whick were combined with 50 practice pairs and 20
warm-up pairs. The materials were digitized and made into two test
versions in the sarme way as in the eardier stucties, The same design and
procedure were followed as in Experiments #and 3.

Subjects

We tested 43 subjects, 23 subdects on Version ! and 20 subiects on
Version 2. All were recruited from the MRC Speech and Langusage
Groug sishiect pool,

Results and Discussion

Three itermns were omitted from the analyses because they
elicited more than 35% errors. Five subjects were removed be-
cause of their high error rate and stow and variable perfor-
mance, This left 19 subjects on each version. Errors(3.5%) and
extrerme outliers ((0.2%) were also removed from the data set.
The remaining data were used to compuie subject and item
midmeans. The overall resuits for each condition are given in
Table £3.

The midmean data were entered into two separate two-way
ANOVAS on subjects and on items, with the factors Condition

7 The mean frequencies of the primes, controls, and targets, respec-
tively, were as follows: Condition 1—9, 11, and 55; Condition 2--74,
T4, and 24; and Condition 3—84, 114, and 41.

 The relatedness scores given in Table 17 are for the refatedness of
the two affixed forms fo each other. We also have refatedness scores for
the relationship of each affixed form 10 its stem, and these tend to be
higher than the between-item scores, averaging over 8.0,
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Table 12
Stimiulus Properiies in Experinent 6 (Suffixes and Prefixes)
Morphological Mean
Condition type Exampie N relatedness®
1:[+8em, +Meorph} prefix—suffix distruse/trustfid 25 7.5
2 [+Sem, +Morphl suffix—prefis Judgment/misiudge 25 7.5
3: [~8em, +Morph] stem-derived apart/aparimert 20 2.6

Nate, Sem = sermantic; Morph = morphelogical.
® 1= very prelitedt 9 = very reluted,

{1-~3yand Prime Type (test or control).?® There was a significant
main effect of Prime Type, FLll, 1011 = 8.36, p « 025, re-
flecting faster overalf responses foliewing test rather than con-
trof primes, and a marginally sigmificant effect of Condition,
Fruink2, 86) = 2.96, p < .18, Overall, the effects are very clear,
with no priming for the stem-derived I~S8em, +Morph]
suffixed pairs and significant priming for both the prefix-suffix
pairs. #23) = 2.96, p < .01, and the suffix—prefix pairs, ((22) =
2.20, p < .05, The amount of priming is equivaient in ¢ach case,
at around 30 ms. '

Both sets of results are consistent with the model as we have
developed it so far. Stem-derived [~Sem] pairs like apart/
apartment do not prime because they do not share 2 stern mor-
pheme in the fexical entry and because priming in this task re-
flects events ai this level of lexical representation. Suffix-prefix
and prefix-suffix [+Sem} pairs do prime (in contrast with
[+Sem] suffix-suffix pairs) because they share a lexical entry
and because there are no inhibitory links between suffixes and
prefixes, In addition, as the model predicts, priming is symmaet-
rical: Suilixed words prime prefixed words just as well as pre-
fixed words prime suffixed words,

CGeneral Discussion

We begin by pulling together the complete set of results for
the six experiments, looking at them under a number of sub-
headings. We then go on o discuss some of the implications
of this work for models of the mental lexicon, focusing on the
contrast between word- and morpheme-based theories of the
lexical entry and on the issue of access representations and the
acoess route from the sensory input to the lexical entry.

Suffixing Morphology

The results for the experiments involving English deriva-
tional suffixes are summarized in Figure 10, averaging over
identical conditions in Experiments 1-3 and including the
sterm~derived condition run in Experiment 6. The patiern is
clear and consisient, Semantically transparent pairs prime but
only if the prime-target relationship is between a free stem and
a refated suffixed form. Two suffixed forms do not prime each
other whether semantically related or not,

This pattern of results leads 1o a2 model of lexical structure
where semantically transparent, morphologically corsplex
waords are represented, at the level of the lexical entry, in decom-
posed morphemic form. The same stem morpheme, therefore,
may be shared by members of a cluster of morphemically and

semantically related words. The lack of priming between
suffixed words in the same cluster is attribwied to inhibitory
relations between the suffixes {or between the links connecting
the stem morpheme to the suffixes). This is because the same
stem morpheme cannot simultanecusiy combine with two
different derivational affixes. ™

When the Hstener encounters a suffixed form, the stem wiil
be heard first, and this will activate both the stemn itself and the
suffixes attached to this stem., These suffixed forms therefore
become active as competing interpretations of the current in-
put. As soon as the evidence starts to pick out one suffix rather
than another, these suffixed competitors will be sappressed.
This has the effect of slowing down responses to one of these
competitors if it is subsequently presented as a tazget in the
priming task.*

This is a stronger form of competition than we have ebserved
elsewhere, between morphologically unrelated words belonging
to the same cohort ésuch as gaffon/gallony, where there is little
evidence for lateral inhibitory effects {Marslen-Wilson, in press;
Marsien-Wilson, Gaskell, & Older, 1991). This s because the
twe lexical interpretations do not conflict in the same way, Pairs
like attractive and aitraction are mutually exclusive, n the
strong sense that the sare lexical representation {the stem mor-
pheme aifract) cannot simultaneously be interpreted as two
different lexical items, with different meanings and different
syntactic properties. Hearing the word arfractive means that the
word attraction no longer exists as a possible candidate. In con-
trast, pairs fike gallop and gallon do not compete for ownership
of the same lexical region. 1f the word gallon is heard, the entry
for gallop remains in the sysiem as a possible candidate, with its
activation tevel decaying away over time,

Prefixing Morphology

There is a different pattern for English derivational prefixes,
which is summarized in Figure 11, Again, only semantically

2 A nreliminary analysis showed no difference between items where
all relatedness scores wore greater than 7.0 and those where relatedness
between the fwo affixed words was less than 7.0.

¥ We refer here to the case (as in our experiments) where both suffixes
are in competition for the position direcily after the stem so that both
affixes cannot simulaneously combine with the stem merpheme. The
situation may be different where two affixes can be concatenated (as in
forms ke governmental),

3 This inkibitory effect is likely to be guite short tived. If priming was
tested at a longer delay. it is possible that facilitatory effects woudd be
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Table 13
Mean Lexical Decision Times and Error Rates in Experiment 6 (Suffixes and Prefixes)
Test Control
Morphological Error Error
Condition type M rate M rate Difference
1: [+Sem, +Morph] prefix-suffix 499 0.8 529 3.1 30*
2: [+Sem, +Morph] suffix—prefix 530 2.1 561 6.2 31*
3: [-Sem, +Morph] stem-derived 533 3.2 534 4.0 1

Note. Sem = semantic; Morph = morphological.
*p<.05.

transparent pairs prime, but now there is no restriction on the
morphological relationship between prime and target. Prefixed
pairs prime each other as well as, if not better than, pairs made
up of a free stem and a prefixed form. There is also a tendency,
which did not appear for the suffixed forms, for derived targets
to show signs of interference in the [—Sem] conditions.

This leads to a modified model for semantically transparent
prefixed words, where there is still morphemic decomposition
at the level of the lexical entry but no inhibition between pre-
fixes attached to the same stem. The same prohibition applies
here against combining the same stem simultaneously with two
affixes, but because competitors are defined from word onset, a
prefixed input will not activate other prefixed words sharing the
same stem, and therefore these will not be active competitors
that need to be suppressed as part of the recognition process.
The results of Experiment 6 are consistent with this competitor-
based account. They show that prefixed and suffixed words
sharing the same stem can prime each other. Prefixed and
suffixed words in the same morphemic cluster do not share the
same word onset; they will not, therefore, be coactivated as
competitors.

Semantic Opacity

A consistent finding across all six experiments is that seman-
tically opaque pairs do not prime. Unless listeners rate a derived
word and its free stem or a pair of derived words sharing the
same stem as being semantically related, we do not find reliable

priming between them. This applies across the board, irrespec- —TRANSP ARENT
tive of the presence or absence in the word pairs of phonologi- ]
cally transparent stems and affixes. Throughout, the [+Morph, OPAQUE

—Sem] pairs behave no differently to the monomorphemic
[—Morph, +Phon] pairs used as phonological controls.

We interpret this as evidence that semantically opaque, mor-
phologically complex words in English are represented as mor-
phologically simple at the level of the lexical entry. From the
point of view of structural decomposition in the lexicon, words
like apartment or discover, despite their morphological decom-
posability on linguistic, etymological, and phonological
grounds, appear to be represented in the same way as words like
elbow or celery, which are monomorphemic on all counts and

obtained, with the longer-lasting activation of the shared-stem mor-
pheme starting to come through.

which are presumably mentally represented as such. The aver-
age listener has no access to the diachronic history of a word
and will only mentally represent it as morphologically complex
if this gives the right compositional semantics. Any linguistic
analysis of the morphology of English must, therefore, be fil-
tered through this synchronic criterion before it can be inter-
preted in terms of actual mental representations of words in the
language.

If these conclusions are correct, they raise awkward questions
for previous research involving derived forms in English be-
cause little of this work seems to have taken semantic opacity
into account. Most stimulus sets of suffixed or prefixed derived
forms are likely to have contained some forms that were not
morphologically complex, especially if the criterion used to de-
termine synchronic decomposability took into account only the
semantic transparency of the affix. If research in this area has
been contaminated in this way, by the inclusion of psychologi-
cally monomorphemic words in experiments looking at the
effects of morphological complexity on lexical access and repre-
sentation, then it is not surprising that there has been difficulty
in reaching a common view on these issues.

50 1

Stem/Derived  Derived/Derived

Test-Control Difference Score

-10

Derived/Stem

Figure 10. Priming effects for English derivational suffixes, showing
test—control difference scores as a function of semantic transparency
and opacity, across three types of morphological relations between
primes and targets (derived-stem, stem-derived, and derived—derived).
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Phonological Transparency and Phonological Overlap

In comparison with semantic factors, variations in the pho-
nological relationship between prime and target had much less
effect on subjects’ responses. In Experiment 1, priming was just
as strong for phonologically opaque pairs as it was for transpar-
ent pairs, as long as prime and target were morphologically and
semantically related. However, for all the [-Morph, +Phon]
cases, across several experiments, where there was only a pho-
nological relationship between prime and target, there was
never a significant facilitatory effect and usually there were signs
of inhibition or interference.

We deal first with a possible criticism of these results: that the
[—Morph, +Phon] pairs used in Experiments 1 and 2 were not
the appropriate controls for the [+Morph, +Phon] pairs. This
is because, unlike the morphologically related pairs, they were
not always made up, phonetically, of a potential stem followed
by an affix. If there was some morphological parsing process
that operated at an early stage of the input process to parse the
incoming string into stems and affixes, as suggested in the Taft
and Forster (1975) affix-stripping model and in the Augmented
Addressed Morphology model of Caramazza et al. (1988), then
a [-Morph, +Phon] prime like principal would not be parsed
into [prince + affix] because there is no affix -pal or -ipal. In
contrast, for a [+Morph, +Phon] prime like attractive, the affix
-ive can be stripped off in the preliminary parse, leaving the
potential (and in this case actual) stem attract. This difference
in parsability might lead to differences in priming effects, with
prince, in contrast with attract, never going through as a candi-
date to the lexical level and therefore never being activated, even
partially.

We can exclude this on two grounds. The first is the absence
of priming for [+Morph, —Sem] pairs like department/depart
or university/universe. These were comparable to the [+Morph,
+Sem] pairs in their surface parseability but showed no sign of
priming. Similarly, prefixed and pseudoprefixed [—Sem] pairs
like restrain/strain or dispatch/patch, which are just as decom-

=)
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Test-Control Difference Score (ms)
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Figure 11. Priming effects for English derivational prefixes, showing
test—control difference scores as a function of semantic transparency
and opacity, across three types of morphological relations between
primes and targets (derived-stem, stem-derived, and derived-derived).

posable on the surface as [+Morph, +Sem] prefixed pairs, also
do not prime each other. The second is the result of an addi-
tional test, not reported here, where we compared [—Morph,
+Phon] pairs of the principal/prince type with pairs such as
pigment/pig or booty/boot, where the pairs were also morpho-
logically unrelated but could be parsed into potential stems and
afﬁx}gs (as in pig + ment). Here also there was no sign of prim-
ing.

The failure, then, of phonological opacity to prevent priming,
and of phonological transparency to produce priming, tells us
something both about the level of lexical representation into
which the task is tapping and about the nature of competition
effects in lexical access. First, however, these phonological
effects rule out the possibility that the priming effects are due to
surface phonetic overlap between prime and target.

If this was the case, then a prime such as principal would
activate not only itself but also the word prince. The residual
effects of this secondary activation would then facilitate a sub-
sequent lexical-decision response to the visual probe PRINCE.
Given that a prime like principal does phonologically contain
the word prince and given a lexical access process, which allows
parallel access of different word candidates (e.g., Marslen-Wil-
son, 1987; Zwitserlood, 1989), there is little doubt that prince
should be activated when the prime is heard. The fact that,
nonetheless, there is no facilitation of prince when it occurs as a
visual probe a few hundred milliseconds later means that this
activation dies away very rapidly: either because of the slope
of the decay function or because it is actively inhibited by the
subsequent mismatching input (Marslen-Wilson, in press).

This brings back into focus the question of why, nonetheless,
[+Morph, +Sem] pairs like attractive/attract do prime. Why
does hearing attractive not have the same consequences for the
activation level of attract that principal apparently does for
prince? Most plausibly, this is because attractive and attract
share the same stem so that there are not two lexical represen-
tations competing in the same way. Words like principal and
prince are represented as two separate stem morphemes, and
evidence that principal is being heard is evidence that prince is
not so that the pattern of activation corresponding to the prince
interpretation will decay or be suppressed. A word like attrac-
tive, in contrast, is represented as the morpheme attract in com-
bination with the affix -ive. Evidence that attractive is being
heard, rather than attract, does not entail any decay or suppres-
sion of the activation of attract—to the contrary, because the
internal representation of attractive is based on the representa-
tion of attract combined with the affix -ive.

The outcome of this, in the immediate repetition priming
task, is that when a [+Morph, +Sem] probe is presented the
shared stem morpheme will still be active, and this speeds the
lexical-decision response. It is hard to see, otherwise, how the
difference between morphologically related and unrelated
prime-target pairs can be explained. Lexical items with similar

32 This additional study contained two sets of 20 prime-target pairs
of the [—Morph, +Phon] type, which were matched in frequency and
syllable length but contrasted in whether they ended in a potential suffix.
The pseudosuffixed pairs (such as booty/boot) showed a nonsignificant
priming effect of 14 ms, and the nonsuffixed pairs (such as firlong/fur)
showed an effect of —4 ms.
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phonciogical forms will necessarily cornpete with each other
uniess they share the same morphelogy and the sarne semantics.
These argumenis are complemented by the effects of phono-
jogical opacity on the [+Morph, +Sem] pairs, which not only
seem to reguire a common morpheme explanation but also
constrain the properties of form representations at this level of
the systemn. The fact that vanity primes vain, ot that decision
primes decide, is kard 10 explain on a phonetic overlap account
because this predicts that vanizy should, if anything, prime van
better than it primes vain, However, if vanity and vain share the
same stem morpheme, then the story is exactly the same as it is
for pairs like artractive/attract or friendfuffriend. This in tum
means that the form representation of the stem morpheme in
the lexicat entry must in some way abstract away from its sur-
face phonetic form. I the sterm morpheme {vain} was repre-
sented as fveyn/, then this wounld conflict with surface fven], as
in vaniny, and vice versa if it was represented underlyingly a8
fvan/. This raises the general issue of scoess representations for
morphologicaily complex words, to which we now turn,

Access Representations and Morpka!ogica! Parsing

We argued at the beginning of this article that # was essential
in the study of lexical representation and process 10 define
which level or levels of the system are being investigated. We
made a basic distinction between a modality-independent core
representation of a word or mospheme’s abstract syntactic, se-
mantic, and phonological properties{the lexicalentry}® and the
possible modality-specific form representations that provided
the access routes to these core representations. This is simply a
way of making explicit the widely shared intuition that a word
tike cat has a single entry in the mental kexicon, constituting its
meaning, and that this entry can be accessed 1n diverse ways,
including the spoken word [ket] and the written form CAT. The
research reported here was designed to investigate the proper-
ties of this single lexical entry. and todo so it used a cross-modal
priming task on the assumption that this wouid (ap into events
at a2 modaiity-independent level of the system.

The resulis are consistent with the view that there is a modal-
ity-independent lexical Jevel and that this is structured on a
morphological basis. The question we now nead to address is
the relationship between form representation at the level of the
lexical entry and representation at the level of modality-specific
aceess, There are two main issues here: the relationship between
orthographic and phonological representations of a word form
and the probiem of surface opacity {or allomorphy) in the rela-
tionship between a derived form and its stemn (as in the vain/
vanity and defete/deletion cases).

The tssue of orthopraphy and phonclogy bas a long and tor-
tuous history {mainly under the heading of grapheme-to-pho-
neme recoding) and we do not discuss it in detai] here. Our
working assumption is that there is ap independen: ortho-
graphic route 10 the lexical entry so that there is something like
an access representation of a word’s written form. We assurme,
however, that the form representation in the lexical entry is an
abstract phonologicat one from which the orthographic repre-
serstation ultimately derives and onto which the orthographic
access route nitimatgly projects. H is unelear how early the map-
ping from orthographic to abstract phonological representation

takes place, and there is little in the data reported here that bears
directiy on this.

It is, however, relevant that both types of representation must
deat with the problem of surface opacity {or allomorphy). If van-
ifyis represented in the lexical entry as abstract {vain} + {ity},
then the system st find a way of mapping divergent surface
phonological and erthographic forms onto the same underlying
morpheme. For the phonological access route, there are two
ways of doing this. One is to set up a phonological access repre-
sentagion, which represenis the surface form of the word and
which mediates between phonological input and lexical entry.
Oy this account, forms such as [veyn] and {veniti] would be
separately listed in the sceess representation, and initial acoess
would be 1o these forms. These I turn would be linked to the
relevant dexical entry. This is essentially the arrangement that
Forster {1976) proposed, with a lexical master file and modality-
specific access files. '

To deal with the evidence for morphological decomposition
in the representation of [-+Morph, +Sem] words, this view re-
quires some form of morphological passing at the leve! of the
acoess representation. The purpose of thess access representa-
tions is to translate between variable, complex, surface forms
and their underlying morphemes. It is hard to see how this can
ha achieved unless these surface forms are first decomposed
into their constituent morphemes. Indeed, considerations of
this sort motivated the original proposal by Taft and Forster
(1973) for a process of morphological parsing {in their terms
affix siripping) as a preliminary to accessing lexical entries or-
ganized on a morphemic basis. Ajthough Taft and Forster do
not themselves deal with issues of surface opacity, any mo-
dalitv-specific input parser will have {o find ways of determining
the correct analysis of [—~Phon) forms, such as vanity and deci-
ston, as well as the apparently more straightforward {+Phon]
forms, such as happiness or rebuild.

The problem with this is that if the morphologieal parser has
to perform morphophonological inference—if, for exampie, it
has to deduce that {vaen] in the context of [#1] is potentiatty
uaderlying {vain}, whereas [ven] in the context of {If} (as in
vanish}is not—then it will not only need to have access to rules
of phonological alternation but also to information about the
syntactic as weill as phonological properties of morphemes. This
is because the syntactic properties of stems and afixes are used
in determining whether they can combine to form larger units.
However, this would mean storing in the access representation
much the same kind of information that already needs to be
stored in the lexical entry, so that it is no longer clear what is
being achieved by postulating this preliminary process of
analysis,

The alternative view is 1o allow direct mapping of the phono-
logical input ento the lexical entry, where the phonclogical rep-
resentation is abstract in ways that make it compatible with the
surface variants of a given morpheme. This is an extension to
the argements we have made elsewhere {Lahiri & Marslen-Wil-
son, 1991, 1992; Marsien-Wilson, in press) for the role of ab-
stractness in explaining the perception of phonotogical varia-

# This is consistent with linguistic analyses of the lenical sign as a
triplet, incorporating phonological, syntactic, and semantic informa-
tion in a hierarchical feature structure (e.g., Pollard & Sag, 1987}
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tion that does not involve morphotogical factors—-for exampie,
the nasalization of the oral vowel &/ in Fnglish when fotlowed
by a nasal consonant {(as in ban). The general claim is that reg-
ular phonological alternations, which change the surface form
of aword or morpheme, do rot create mismatches af the fexical
level because the underiying representation of the word in ques-
tion is underspecified for the feature dimension (¢.2., [nasald
along which the alternation is operating.

Underspecification is a phonological concept, which we can
gloss hers as the hvpothesis that only the marked 67 nondefaclt
values of phonological features gre specified in the underlying
lexical representation {e.g., Archangeli, 1988). Our ¢laim is that
the lexical represeniations involved in the perception of lan-
guage are phonologically underspecified in this sense. H, for ex-
ample, underiyingly oral vowels in English are unspecified for
nasality because [+nasal] i marked and [—nasall is the un.
marked defauli, the processing consequence of this is that the
presence or zhsence of nasality in the phonetic input does not
affect the computed goodness of it between this input and the
underlying phonological representation of this word. ™

In the same way, phonological alternations that are morpho-
logically triggered—far example, the diving/divinity and sane/
scmity type of variation—can be argued to involve a vowel that
is underiyingly unspecified for the feature that is alternating (in
this case, the tense~lax distinction). The underlying representa-
tion of the morphemse {sane} on this account would be some-
thing Hke /sAin/, where the capitalized vowel symbaol (&) de-
notes a vowel segment unspecthied for tenseness (Myers, 1987},
In the appropriate environment, this vowel is realized as either
fevior{z}], as in the surface forms fseyn] and [seniti}. The cru-
cial peint, from the percepiual side, is that because the texical
representation is underspecified for this particular feature, both
surface forms will match to 1. Undertving [s&n] will match
equatly well to surface [sevn] and to surface {sen}. There is no
need, therefore, 10 postulate an intermediale access representa-
tion to deal with surface opacity of this type. ™

The assumpiion of direct mapping not oaly dispenses with
the need for an intermediate access representation; it also dis-
penses with the requirement for morpholegicsl parsing before
entry into a morphemically based lexicon. Whatever parsing
processes do operate can do so over the domain of the central
lexicon, where the syntactic and semnantic properties of individ-
ual morphemes are available as well as thelr phonological prop-
arties, so that &ifferent morphemes can be linked together as
necessary to compute the correct interpretation of the incoming
word string. In our carlier research on the processing of mor-
phologically compiex words in context (Tyler & Marslen-
Wilson, 1986}, we proposed a parsing process of this sort, where
stem and affix morphemes can ipteract independently with
different aspects of the on-ling parsing and interpretation
DEOCESS,

Turning to the orthographic access route, essentially the same
two options present themselves: an intermediate access repre-
sentation or direct mapping onto absiract underlying represen-
tations. If it is the case that the underiying abstract represenia-
fion in the lexicat entry is phonological in nature, then the or-
thographic access route will always involve some sort of
recoding process. If there is an orthographic access lexicon,
with pointers Hnking #t to a Forsterian master file, then the ro-

coding can take place at this interface. One view of this (though
other variants have certainly been suggested) is that the access
file wounld contain representations of full orthographic forms
onto which the visual input is mapped during lexical access.

Again, the assumption of an initial process of access 1o rep-
resentations of orthographic form will require some form of
morphologicat parsing, with the same advantages and disadvan-
tages as discussed earlier for the phonological access file. 1 is
also possible, however, that the problems of morphological de-
compasition of phonologically opaque forms are somewhat
different in the orthographic domain. This is bacause English
orthography seems 10 have morphophenemic properties—that
is, it preserves the underlying morphemic structure of complex
forms more directly than in the phenetic surface form, This
was pointed out, among others, by Chomsky and Halle (1968),
arguing that the apparent failure of the orthography to reflect
the changed vowel in pairs like same/sanity or decide/decision
in fact preserves the underlying identity of the stem morpheme
in gach case (see also Klima, 1972; Weir & Venczky, [968). This
would simplify the task of morphological analysis in the access
process, although it would not help the parser with the guestion
of whether 10 treat varich as 2 monomorphemie form.

However, if English orthography is significantly morphopho-
nemic, this would also allow for a more direct mapping onto the
lexical level. At some point graphemes still have to be related to
phonological entities, but this mapping may be primarily be-
tween graphemes and abstract underfving phonological units
rather than surface phonemes or similar umts. To the extent
that orthographic representaitons can be directly linked to the
iexical entry in this way, then this would allow, again, for pro-
cesses of morphological parsing to be operating over the appro-
priate knowledpe domain, 1t would also aliow for essentially
parallel access processes in the two modahities, with both routes
allowing direct access to the lexical entry both for transparent
cases and for phonologically regular opague cases. This, we sug-
Bost, 1s the most interesting hypothesis from the point of view of
future research,

One issue that this research will also have to confront is the
generatizability of the results reported here, based on cross-
moddal immediate repetition priming, to other tasks and other
combinations of presentation modality, Preliminary research
in our laboratory {Zhou & Marslen-Wilson, 1983}, using an in-
tramodal version of the immediate repetition task, with audi-
tory presemtation of both target and prime, has obtained very
similar results of the effects of semantic transparency and of the
lack of effect of phonological opacity. This is consistent with our
ernphasis here and elsewhere on the abstractness of the lexical
form representations in the lexical access process.

In the visual domain, there is at least a partial overfap be-

* gor an account of how underspecified representations might func-
tion in speech production (where defaulis have 1o be filled i), see Keat-
ing (1988,

5 |t is Important to note that this treatment of allomorphy will onky
apply in cases where morphetogically induced alternations In surface
foren can be analyzed as regular phonological alternations operating on
urxlerspecified feature dimension. It is doubtful that this is the case, for
example, for some of the alternations in English inflectional morphol-
oy, such as feachfaught or dig/dug.
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tween our resulfs and those reported by Grainger, Colg, and
Segui (1991), using 2 visual masked priming technigue to study
derivationally affixed forms in Frerch.*® Grainger et al. (1991)
also found an asymmetry between prefixed and suffixed forms,

- with significant priming for both stem—derived and derived—de-
rived pairs with prefixed targets but no priming for derived-
derived suffixed targets, Their results diverge from ours in that
they also obtained no priming for stem-derived suffixed paiss,
They interpret this failure of priming for suffixed targets in
terms of low-level inhibitory orthographic effects, but an inter-
pretation in terms of effects at the leve! of the lexical entry seems
equally plausible.

Maore work is obviously needed here, and it will also be nec-
essary {0 examine priming effects between derivationally re
lated forms using delayed repetition tasks. The inhibitory and
excitatory effects we postulate here may well have different
time-courses, with, for example, inhibitory effects disappearing
at jonger repetition delays.

Words and Morphemes: Concluding Remarks

At the beginning of this article we asked, what is the basic
unit in terms of which the lexicon is organized? Our answes,
for dertvational forms in English, is clearly the morpheme. This
shiould be understood, however, s a cognitive, oF psycholinguis-
tic, concept of the morpheme, developmentaily definable for
cach listener in terms of ifs synchronic semantic interpretabil-
ity. This cognitive morpheme does not include all entities de-
hinable as morphemes on linguistic and diachronic grounds so
that ingaistically pofymorphemic forms, like apartment or sub-
i, can behave like unanatyzed simptle forms, with no indernal
structure, as far as thelr mental representation is concerned. In
this sense, the model may be more correctiy described as sterm
based rather than morpheme based.

This approach falls into the class of morphemic rather than
whole-word or full-Hsting models of lexical representation. In
fact, if is hard to make functional sense of any strict futi-listing
theory of the mental lexicon, unless it is construed as a theory
of access representations, listing the surface forms of words, At
the level of the lexical entry, which has been our main concern
here. it seems strongly counderintuitive to represent semanti-

cally transparent forms Hke happily, hAappiness, or unhappy as

unanalyzed individual entries such that the semantics of happy
are duphicated for sach separate derivational variant. The inter-
esting finding in our research is not so much that pairs like
Aappy and happiness share the same morpherne but that pairs
like apart and apartment do not.

‘Fhis focus on the lexical entry for English derived forms, as
well as the important role played by semantic factors, makes
it difficult to relate, in any significant detail, the view we are
developing here 10 most of the other morphemically structured
modets in the psycholinguishic terature. These tend to be con-
cerned with inflectionzl morphology or deal with different lan-
guages and generaily ignore semantic issues. Our approach di-
verges still further when we take into account the views devel-
oped in the previous section about access representations and
morphoiogical parsing. If we make the appropriaie assumptions
about the abstractness of lexical form representation (Lahiri &
Marslen-Wilson, 1991, 1992), then morphotegical parsing can

operate directly on the lexical entry, obviating the need 10 pos-
tulate a prelexical parsing procedure, operating on modality-
specific access representations of surface full forms.

Nonetheless, our claim that the mental representation of En-
glish derived forms is organized on a morphemic basis is
broadly consistent with a range of psycholinguistic research
stretching back over two decades, and there is little doubt that
some type of merphemic theory of the lexical entry must be
correct. What we have tried to do in the rescarch reported here
is 1o put the further development of such a theory on a more
sysiematic basis, taking fuller aceount of the range of Bnguistic
and functional conditions under which listencrs learn, un-
derstand, and produce morphologicatly complex forms in
English.

* We thank Ken Forster for drawing our attention o this article,
which was published after the research reported here had been com-
pleted.
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