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Priming effects between words having homographic but non-homophonic
characters were more inhibitory, compared with effects between words
having homographic-homophonic characters. Words having orthographically
different homophonic morphemes did not prime each other throughout the
experiments. The results were discussed in terms of how lexical representa-
tions incorporate morphological structure and how morphological, ortho-
graphic, and phonological information interacts in constraining semantic
activation of constituent
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Further studies are needed to examine whether the arguments and the
generic representation model proposed below for compound words can be
applied to other types of polymorphemic words.

MORPHOLOGICAL AND PHONOLOGICAL
PROCESSING IN CHINESE

In Mandarin Chinese, a morpheme usually corresponds to a syllable in
spoken form and to a character in written form. Because the number of
syllables used in the language is limited to about 1300 whereas the number
of commonly used morphemes is over 5000, homophonic morphemes are
the rule rather than the exception in the language.1 However, such
ambiguity rarely exists for written morphemes. With a few exceptions,
each morpheme is written as a specific character, corresponding to a
specific syllable. The homophonic morphemes, unlike their counterparts in
English, may have no orthographic similarities at all. Occasionally,
different morphemes may correspond to the same character, with the
same or different pronunciations.

Morphemes used as constituents in compounds are usually words by
themselves, although there are also bound morphemes in the language.
There are also a few disyllabic monomorphemic words that are either
descendants of Classic Chinese or loan words from other languages. The
loan words follow the same phonotactic rules (e.g., having lexical tones) as
other Chinese words and usually have fixed written forms. The
phonological forms of compound words are usually the simple concatena-
tions of the syllables corresponding to their constituent morphemes,
although under certain circumstances the tone of one constituent can be
altered due to the influence of the neighbouring tone. The orthographic
forms of compound words or disyllabic, two-character monomorphemic
words are always the concatenations of the orthographic forms (i.e.,
characters) of their constituents. In both orthographic and phonological
forms, there are clear clues to the boundaries between constituents of
Chinese two-character words.

The few previous studies on morphological processing in Chinese
addressed the issue of how compound words are represented in the
lexicon. Zhang and Peng (1992) found that both word and character
(morpheme) frequencies affect lexical decision times to visually presented
compounds. In auditory word recognition, Zhou and Marslen-Wilson

! Syllables with the same segmental elements but different tones are treated as different
syllables. Tones are used to differentiate between lexical items. If tones are not counted, there
are only about 400 syllables in Mandarin Chinese. The four tones are represented by numbers
in parentheses in this paper.
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(1994) observed similar word and morpheme frequency effects, together
with a syllable frequency (i.e., cumulative frequency of homophonic
morphemes) effect. These findings, however, led the authors to suggest
different models of lexical representation. While Zhang and Peng (1992)
maintained a decomposed lexical structure in which compound words are
represented in terms of their constituent morphemes, Zhou and Marslen-
Wilson (1994, 1995) proposed a multi-level representational model which
distinguished a syllabic (phonological) layer, a morphemic layer, and a
whole word layer. The morphological structure of compound words is
represented or marked at all the levels, with constituent morphemes
linking to whole word representations through excitatory connections, and
homophonic morphemes linking to each other through inhibitory
connections. A similar kind of structure was also suggested by Taft and
Zhu (1995, 1997) to account for lexical processing in reading compound
words.

In an auditory-auditory priming study, Zhou and Marslen-Wilson (1995)
systematically manipulated morphological and phonological relations
between primes and targets and the constituent positions of related
morphemes in primes and targets. While consistent facilitatory priming
effects were found for words sharing common morphemes, the priming
effects between words having homophonic morphemes could be either
inhibitory, facilitatory, or null, depending on the constituent positions of
critical morphemes in primes and targets (see also Chen & Cutler, 1997).
These positional priming effects between words having homophomic
morphemes are difficult to explain in a lexical representation model with a
single layer of morphemic representation. The multi-level morphological
representation model, on the other hand, fits the data well. The
complicated pattern of priming effects between words having homophonic
morphemes was interpreted as the result of interactions between
homophonic morphemes and between morpheme- and word-level
representations in the time course of lexical activation.

However, the multi-level lexical representation model was not explicit
about (a) what the nature of morphemic and whole word representations is
and (b) whether it is necessary to arrange morpheme and word
representations in a hierarchy. Zhou and Marslen-Wilson (1997) suggested
that morpheme and whole-word representations in the multi-level
representation model are semantic in nature. They are semantic
representations corresponding to constituent morphemes and whole
words. It follows that semantic representations for morphemes and whole
words can be arranged at the same level, with phonological representations
(i.e., syllables) connecting to both of them. It also follows that semantic
representations of words and morphemes can be seen as composed of
semantic features, with representations for words and representations for
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their constituent morphemes sharing some of their features, depending on
semantic compositionality (transparency) of compound words (Zwitser-
lood, 1994).

The modified model can easily incorporate orthographic representations
(Zhou & Marslen-Wilson, 1999c). It can be envisaged that there are
orthographic representations for constituent morphemes that connect
directly to their phonological and semantic representations, as well as to
semantic representations of compound words containing these mor-
phemes. Figure 1 illustrates prototypical orthographic (O), phonological
(P), and semantic (S) representations and connections between them for a
compound word (O102, such as bathroom or butter [y). Both compound
words and their constituents are represented at orthographic, phonologi-
cal, and semantic levels. However, the representations for compound
words are not independent from the representations for the constituent
morphemes. At orthographic, phonological and semantic levels, the
representations for compound words have much overlap with the
representations for morphemes. In most cases, the orthographic and
phonological representations of compound words are simply concatena-
tions of the forms of their constituent morphemes. There are no separate
representations at these levels for whole words. Similarly at the semantic

FIG. 1. A prototypical model of lexical representation of compound words.
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level, compound words may share many semantic features with constituent
morphemes. The degree of overlap reflects the semantic transparency of
compound words. Representations at different levels are excitatorily
connected, so that activation spreads bidirectionally between them.

Clearly, the schematic model illustrated in Fig. 1 assumes triangular
relations between orthography, phonology, and semantics (Seidenberg &
McClelland, 1989), where activation can spread either directly between
two types of representations or indirectly via a third type of representation.
In visual word recognition, access to semantics could be through direct
links between orthographic and semantic representations and through
activation of phonological representations. Moreover, this model assumes
that the morphological structure of Chinese compound words is explicitly
used to guide the mapping of visual input onto lexical representations. In
projecting onto the lexicon, the visual input of a compound word is
decomposed into smaller units, which activate orthographic (i.e., char-
acter) and phonological (i.e., syllable) representations of constituent
morphemes, and semantic representations of both morphemes and the
whole word. Morphological effects in lexical processing of compound
words come from the interaction between form and meaning of constituent
morphemes and the interaction between constituent morphemes and
whole words. A more detailed discussion of this model and its possible
implementation in connectionist framework can be found in Zhou and
Marslen-Wilson (1999c).

The processing of constituent morphemes in reading compound words is
related to the processing of single-character, monomorphemic words,
which has been subject to a number of studies in recent years. These
studies concentrate mainly on the role of phonology in visual word
recognition. The critical questions addressed are whether phonology is
mandatorily activated in visual word recognition and to what extent
phonology constrains access to semantics. A majority of studies show that
phonological information is automatically activated in reading single-
character words, even when this activation is harmful to the completion of
the experimental task required (Perfetti & Zhang, 1995; Zhou, 1997; Zhou
& Marslen-Wilson, 1999, in press a; but see Chen et al., 1995). What is
more contentious is the extent to which this phonological activation plays a
role in constraining initial access to semantics.

There is a prominent view that phonological activation not only occurs
very early in visual character recognition, but also plays a predominant
role in constraining access to semantics (Perfetti & Zhang, 1991, 1995;
Perfetti & Tan, 1998). To extend this argument to the processing of the
compound word, access to the semantic representations of the constituent
morphemes and of the whole word could be assumed to be mainly
mediated by the phonological activation of constituent syllables (and
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information about the co-occurrence of these syllables, see Zhou &
Marslen-Wilson, 1999a). Direct access from orthography to semantics
could play at most a minor role. One problem with this strong phonological
view, however, is that most of the supporting experimental evidence, which
is mainly based on the comparison of the relative time course of
phonological and semantic activation in reading characters, proves to be
difficult to replicate (see, for example, Chen & Shu, 1997; Zhou &
Marslen-Wilson, in press a, b).

Zhou and Marslen-Wilson (in press a, b) promoted an interactive view
according to which access to semantics in reading Chinese is constrained
by both orthography and phonology operating in interaction with each
other. Both direct computation from orthography to semantics and
mediation through phonological activation and the interaction between
the two routes play roles in the multiple constraint-satisfaction process of
accessing semantics in skilled reading. Based on evidence from studies
using different experimental paradigms tapping directly into semantic
activation, including semantic categorisation (Chen et al., 1995; Leck et al.,
1995; Sakuma, Sasanuma, Tatsumi, & Masaki, 1998; Wydell, Patterson, &
Humphreys, 1993), semantic judgment (Xu, Pollatsek, & Potter, 1999;
Zhou, Pollatsek, & Marslen-Wilson, 1999), and phonologically mediated
semantic priming (Zhou, 1997; Zhou & Marslen-Wilson, in press b), Zhou
and his colleagues further argued that it is orthography, rather than
phonology, that plays a relatively more important role in determining
semantic activation in reading Chinese.

In this study, we investigated whether this interactive view applies to
visual recognition of two-character, two-syllable compound words. We
used masked and visual-visual priming lexical decision tasks and
manipulated systematically the morphological, orthographic, and phono-
logical relations between primes and targets. The stimulus onset
asynchrony (SOA) between primes and targets was also manipulated to
track the time course of orthographic and phonological activation and their
constraints on semantic activation. Masked and visual-visual priming and
the SOA between primes and targets were manipulated as a between-
subject factor, with each sub-experiment for each SOA condition.

The lexical decision task was used to focus participants more on
semantic processing than processing of orthographic or phonological forms
of compound words. The notion of wordhood can be ambiguous for some
Chinese compound words. Subjects in this study were explicitly instructed
that real words were those used in the language and had relatively fixed
meanings while non-words were those not used in the language and had no
fixed or commonly accepted meanings. Because nonwords were composed
of meaningful characters, both words and nonwords could activate
orthographic and phonological forms and indeed morphemic meanings
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of their constituent morphemes. Although theoretically the activation of
co-occurrence information between constituent orthographic forms or
syllables could be used to discriminate real words from nonword, such
information by itself does not seem to be used efficiently in lexical decision
(see Zhou & Marslen-Wilson, 1999a). Consequently lexical decision to
compound words is biased towards the use of semantic information of
whole words.

EXPERIMENT 1

Experiment 1 and the following Experiments 2 and 3 were essentially the
visual version of the auditory-auditory priming experiments reported in
Zhou and Marslen-Wilson (1995). In the present experiments, primes and
targets either shared a common morpheme, or had homophonic-homo-
graphic morphemes, or had orthographically different homophonic
morphemes. The crucial questions for these experiments were, firstly,
whether morphological relations between primes and targets influence the
processing of target compound words; secondly, whether morphological
effects on lexical processing can be separated from the influences of
orthographic and phonological forms of constituent morphemes, and
thirdly, how orthographic and phonological processing of constituent
morphemes interacts with morphological processing and with access to
semantics of compound words.

Table 1 presents the design and sample stimuli of Experiment 1. A target
word (e.g., % hua[2] gui[4], luxurious) was preceded by four types of
primes. The first was a morphological prime (e.g., *£f hua[2] li[4],
magni [cdnt) which shared the initial constituent morpheme with the
target. The shared morpheme exhibited the same orthographic and
phonological form in the two compounds. The second type was a character
prime (e.g., ‘E£43f hua[2] giao[2], overseas Chinese) whose initial morpheme
had the same orthographic and phonological forms with the initial
morpheme of the target. However, the same character represented two
different morphemes, i.e., having different morphemic meanings, in the
prime and target (e.g., # means “magnificent” in ‘£ % hua[2] gui[4],
luxurious, and “Chinese” in %4 hua[2] qgiao[2], overseas Chinese). The

TABLE 1
Design and Sample Stimuli for Experiment 1
MORPH CHAR HOM CON TARGET
T MaRE'SY == =
ERm 4 Gz SEHE 18 5

hua(2) li(4) hua(2) qiao(2) hua(2) xiang(2) wan(2) zheng(3) hua(2) gui(4)
magni [cant overseas Chinese glide intact luxurious
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initial morpheme of the third type of prime (e.g., ¥ hua[2] xiang[2],
glide) was homophonic to the initial morpheme of the target. These
homophonic morphemes, however, had different orthographic forms and
different morphemic meanings. Finally, the same target was also preceded
by a morphologically, semantically, orthographically and phonologically
unrelated compound word (e.g., /¢ % wan[2] zheng[3], intact).

There were at least two reasons for predicting a facilitatory priming
effect between words sharing initial morphemes. Firstly, repeated access to
morphemes shared between primes and targets, i.e., their orthographic and
phonological forms and morphemic meaning, should facilitate the form
and semantic activation of the targets. Secondly, primes and targets as
wholes were semantically related as well, in the same way as words sharing
no common morphemes (e.g., &4 yi[1] sheng[1], doctor; and 4+ hu[4]
shi[4], nurse). For words having homographic and homophonic morphemes
(e.g., ' hua(2) giao(2), overseas Chinese and ‘€% hua(2) gui(4),
luxurious), one would normally predict an inhibitory effect between them
in visual-visual priming. The visual input of the critical character in a prime
should activate two different morphemic meanings, one corresponding to
the morpheme in the prime and one corresponding to the morpheme in the
target. There should be competition between the activation of these
morphemic meanings, with the one used in the prime taking the upper
hand. When the target is presented, the critical morphemic meaning used
in the prime is initially activated further. It takes time for the morphemic
meaning used in the target to overcome this competition and to activate
semantics of the whole word (Laudanna, Bedecker, & Caramazza, 1989,
1992; Zhou & Marslen-Wilson, 1995). On the other hand, it was not clear
what kind of effects we would expect for masked priming. Words sharing
orthographic properties tend to facilitate each other in this paradigm (e g,
Shen & Forster, this issue), but competition between morphemic meanings
would reduce this facilitatory effect.

The prediction for the priming effect between words having orthogra-
phically different homophonic morphemes (e.g., #¥#H hua[2] xiang[2],
glide; and £ 5% hua[2] gui[4], luxurious) depends crucially on whether
phonological mediation is the predominant route for accessing semantics.
If phonology plays a predominant role in lexical processing of Chinese, we
should expect to find a facilitatory effect in processing the compound
target. At least at a short SOA, the processing of the initial morpheme of
the prime should activate the semantic representation of the initial
homophonic morpheme of the target. Because constituent morphemes
share many semantic properties with the whole compounds, this
morphemic semantic activation should lead to a facilitatory effect in
lexical decision to the target. On the other hand, if phonological activation
by itself has limited effects on semantic activation (Zhou, 1997; Zhou &
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Marslen-Wilson, in press a, b), pre-activating a constituent syllable of the
target may have no significant influence on lexical processing of the target.

Method
Design and Materials

Forty compound words were selected as targets, completed with the four
types of primes illustrated in Table 1. The four priming conditions were
labelled respectively as MORPH (for morphological priming), CHAR (for
character priming), HOM (for homophonic or phonological priming), and
CON (for control priming). Reaction times to targets in the CON
condition provided baselines for measuring priming effects in other
conditions. MORPH primes were not only morphologically but also
semantically related to the target words, as indicated in a semantic
relatedness judgement pretest. The average semantic relatedness between
these words was 6.4 on a 9-point scale, where 1 represented “completely
unrelated” and 9 “‘highly related”. CHAR, HOM and CON primes were
not semantically related to the targets. The average frequencies were 22,
23,19, 20 per million respectively for the four types of primes. The average
frequency of targets was 47 per million.

In addition to the critical word design, a nonword design was also
created. Not only did the lexical decision task require nonword foils, but
also the nonword stimuli could be organised to act as the counterpart of
the word design and to provide additional information concerning the
extensiveness of morphemic or form priming and strategic contribution to
priming effects. The nonword design here mirrored the word design. In the
BASE condition, a nonword target (i.e., #1% yan[3] gai[1]) was preceded
by its base word (e.g., # & yan[3] gai[4], conceal) from which the nonword
was derived. The creation of nonword targets were carried out by replacing
the second constituents of BASE primes with characters sharing segmental
templates or rhyming parts with the base characters. In the MORPH
condition, the same nonword target was preceded by a compound word
sharing the initial morpheme with the BASE prime (e.g., ##" yan[3]
hu[4], cover). In the HOM condition, the initial morpheme of the prime
(e.g., T % yan[3] bian[4], evolve) was homophonic to, but orthographically
different from the initial morpheme of the BASE prime and nonword
target. Finally, the nonword target was also preceded by an unrelated word
(e.g., #*h tian[2] bu[3], OI). Note, nonword targets here and other
nonword fillers were all composed of meaningful morphemes.

There were 40 nonword targets, each having the four types of primes.
Fifty-four word-word pairs and 54 word-nonword pairs were also used as
fillers in the experiment. The primes and targets in these pairs were neither
semantically nor orthographically nor phonologically related. None of the
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syllables or characters in the filler primes and targets had been used in the
critical primes and targets. Twenty prime-target practice pairs, which had
the same compositions as formal test items, were also selected.

A Latin square design was used to assign critical primes and their targets
to four counter-balanced test versions. In each version, there were ten
primes from each of the four priming conditions for the critical word
targets, and ten primes for each of the four priming conditions for the
critical nonword targets. The same 108 filler prime-target pairs were used
in the four test versions. A single pseudo-random order was used to
arrange prime-target pairs, so that the same targets appeared at the same
positions across the four test versions. The only difference between
versions was that the primes for a particular critical word or nonword
target were different. Not more than four consecutively presented targets
were words or nonwords.

Procedure

All the stimuli were generated using a computer word processing
program and captured as pictures on the screen by a snapshot program.
Each word or nonword was excised and stored as an image file on a
computer hard disk. Because primes and targets sometimes shared the
same characters, they were created respectively in Kaiti and songti fonts to
avoid the abnormality of the shared characters being fixed on the computer
screen in visual presentation. A target was about 3.4 X 5.4 cm in size and
the prime was slightly smaller.

The presentation of stimuli to subjects and the recording of reaction
times and response errors were controlled by the experimental software
DMASTR, developed by Ken and Jonathan Forster. In visual-visual
priming, an eye fixation signal (‘‘+”’) was first presented at the centre of
the screen for 300 ms, followed by a 300 ms blank interval. A prime was
then presented either for 57 ms or for 200 ms, depending on the SOA,
followed immediately by the corresponding target, which was presented
for 400 ms. Both primes and targets were presented at the centre of the
screen, with targets overwriting primes. In masked priming, a pattern
mask, composed of lines and with a similar size to a compound word, were
presented at the centre of screen for 300 ms, followed immediately by a
prime, which was presented for 57 ms. The target was then presented for
400 ms. In this situation, subjects could not report the prime and most of
them were not even aware of the presence of the prime. There was a 3-s
interval between the disappearance of the last target and the appearance of
the next eye fixation signal or the pattern mask.

Subjects were seated in a quiet room in groups of three or less, about 60
cm away from the screen. They were told to decide as quickly and as
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accurately as possible, by pressing “yes” and “no’” buttons on the response
boxes in front of them, whether each target was a real word or not. The
dominant hand was used for the “yes’ keys. Each subject saw first a list of
20 prime-target practice items. There was a break after practice and a
break in the middle of the main test session. The first three pairs after each
break were always fillers. The complete test session for each subject was
less than 20 minutes.

Subjects

A total of 137 native speakers of Mandarin Chinese were tested, 52 in
masked priming, 45 in visual-visual priming with SOA of 57 ms, and 40 in
visual-visual priming with SOA of 200 ms. Each test version had roughly
equal number of subjects. Subjects in masked priming and in visual-visual
priming with SOA of 200 ms were either students or visiting scholars at
universities in London while subjects in visual-visual priming with SOA of
57 ms were undergraduate students at Beijing Normal University. They all
were paid for their participation.

Results

Three words in masked priming, four words in visual-visual priming with
SOA of 57 ms, and two words in visual-visual priming with SOA of 200 ms
were deleted from analyses because over 50% of responses to these items
in one or more[
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TABLE 2

Mean Reaction Times (ms) and Error Percentages in Experiment 1
MORPH CHAR HOM CON

Masked 563 583 611 609
(5.1) 9.1) (10.1) (8.1)

SOA 57 ms 575 595 628 618
(58) (7.6) ©93) (62)

SOA 200 ms 606 648 637 644
(3.7) (7.1) (6.8) (7.1)

[F1(3,402) = 42.038, P < .001, F»(3,105) = 16.63, P < .001]. Post hoc
Newman-Keuls tests showed that the mean reaction times for MORPH
primes (580 ms) and CHAR primes (608 ms) were all significantly shorter
(P < .01 or .05) than the times for HOM primes (625 ms) and CON primes
(623 ms). Moreover, while the 28 ms difference between MORPH primes
and CHAR primes was significant (P < .01), the 2 ms difference between
HOM and CON primes was not (P > .1), indicating that words having
orthographically different homophonic morphemes did not prime each
other. The interaction between prime type and sub-experiment was
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FIG. 2. Priming effects (ms) in Experiment 1.
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significant by subjects [Fi(6,402) = 299, P < .01], and marginally
significant by items [F1(6,210) = 2.08,.05 < P < .1], suggesting that the
patterns of priming effects were not uniform across sub-experiments.
Figure 2 suggests that this interaction was mainly due to the change of
priming direction of CHAR primes.

Detailed analyses of priming effects, as assessed against control priming
conditions, were conducted respectively for MORPH, CHAR, and HOM
primes. The main effect of morphological priming was highly significant
[F1(1,134) = 80.73, P < .001, F»(1,35) = 37.40, P< .001]. This effect did
not vary significantly across sub-experiments, as its interaction with sub-
experiment was not significant [F1 < 1, F, < 1]. The priming effect of
CHAR primes was significant [F1(1,134) = 8.38, P < .01, F2(1,35) = 4.29,
P < .05], and interacted with sub-experiment [F1(2,134) = 4.26, P < .05,
F2(2,70) = 2.52, .05 < P < .1], indicating that CHAR primes did not
produce the same pattern of priming effects across sub-experiments. In
planned tests, the 26 ms facilitatory effect in masked priming was
significant [t;(51) = 3.24, P < .01, t(35) = 3.46, P < .01], as was the 23
ms effect in visual-visual priming with SOA of 57 ms [t;(44)
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1995). This effect can be interpreted as indicating that compound words
are represented in the lexicon as individual morphemes and repeated
access to the same morphemes induces the priming effect for target words.
The model illustrated in Fig. 1, however, provides us with a more explicit
way to account for the priming effect—in terms of activation of semantic
(and form) properties of compound words and their constituent
morphemes. In this semantic account, the activation of constituent
orthographic representations of primes leads to the activation of semantic
representations of both the whole words and the initial morphemes. The
visual input of the initial characters of targets maps onto the same
constituent orthographic and phonological representations, activating
further the constituent semantic representations. Because semantic
representations of target words share many properties with their
constituent morphemes, the processing of target words is thus facilitated.
Primes and targets could also share some semantic properties that were not
shared with the critical constituent morphemes and these shared properties
contributed to the priming effect of MORPH primes as well.” We will try
to tear apart the morphological priming effect from the “pure” semantic
effect in later experiments.

The variation in priming effects between words having homographic-
homophonic morphemes can also be accommodated by the semantic
account of morphological priming. The activation of
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of HOM primes and targets were activated when the primes were
presented.® However, this phonological activation by itself had little effect
on the activation of morphemic semantic representations of the initial
morphemes. The projection of visual input of the initial morphemes of
targets onto the already activated morphemic phonological representa-
tions does not contribute much to the semantic activation of these initial
morphemes and of the whole targets.

EXPERIMENT 2

Experiment 2 was essentially a replication of Experiment 1, but with the
critical morphemes now at the second constituent position of both primes
and targets. The purpose of this experiment was to collect converging
evidence concerning morphological, orthographic and phonological
processing of compound words. The empi