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The present paper investigates whether Semitic languages impose a rigid tri-
consonantal structural principle on root-morpheme representation, by
examining morphological priming effects obtained with primes consisting
of weak roots. For weak roots, the complete three-consonantal structure is
not kept in most of their derivations, and only two letters are consistently
repeated in all derivations. In a series of masked priming experiments
subjects were presented with primes consisting of the weak roots letters
which are repeated in all derivations. The results showed that the two
consistent letters of weak roots facilitated the recognition of targets derived
from these roots. In contrast, any two letters of complete roots did not
facilitate the recognition of complete root derivations. The implications of
these results to Parallel-Distributed models and to localist-representational
approaches, are discussed.

Although lexical structure is traditionally regarded as an interplay of
orthographic, phonological, and semantic units, the view that morpholo-
gical considerations need to be introduced into any model of the mental
lexicon has been gaining increasing support. How morphological factors
determine lexical organisation is, however, the focus of recent debates.
Two contrasting approaches can be outlined to describe the present
controversy. The Parallel-Distributed Processing (PDP) view of lexical
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structure focuses on patterns of activation over processing units that
correspond to the orthographic, phonological, and semantic sublexical
features of a word. The PDP approach thus argues that there is no level of
explicit and discrete representation that corresponds to morphological
units. Rather, groups of intermediate or ‘‘hidden’’ units learn to mediate
between phonology and semantics or orthography and semantics (e.g.,
Plaut & Gonnerman, 2000; Rueckl, Mikolinski, Raveh, Miner, & Mars,
1997; Seidenberg, 1987). Morphological effects, on this view, reflect a fine-
tuning of the system to the statistical structure that exists among the
phonological, orthographic, and semantic properties of words (see Plaut &
Gonnerman, 2000, for a discussion).

In contrast to the present PDP models, the traditional localist frame-
work posits that the lexicon should be modelled through representations at
the level of meaningful units. Thus, localist models typically assume that
morphemic units are explicitly represented in the mental lexicon, such that
morphological representations are discrete and non-distributed. Although
some investigators within a localist approach have suggested that all
morphologically complex words are listed in the lexicon independently of
the base forms from which they are derived (e.g., Butterworth, 1983;
Henderson, Wallis, & Knight, 1984), current opinion is moving more
strongly towards some form of morphemic account in which analysis and
decomposition occurs for most morphologically complex words (e.g.,
Baayen, 1991; Burani & Laudanna, 1992; Caramazza, Laudanna, &
Romani, 1988; Laudanna, Burani, & Cermele, 1994; Frauenfelder &
Schreuder, 1991; Frost, Forster, & Deutsch, 1997; Marslen-Wilson, Tyler,
Waksler, & Older, 1994; Schreuder & Baayen, 1995; Taft, 1994).

Distinguishing between localist and distributed approaches on the basis
of pure empirical evidence is not a simple matter. When morphological
processing is concerned, the two approaches often yield similar predic-
tions. For example, localist models predict effects of morphological
priming, expecting a facilitation that is due to the lexical interconnection
between morphologically related words, or alternatively, to the mediation
of morphemic units. In contrast, PDP models would predict the same
effects, but describe them as a result of weight changes in the connections
between the semantic, orthographic, and phonological layers, given the
repeated exposure of the speaker to words having similar forms and
meanings. Since PDP models focus on the amount of structure between
surface forms and meaning, and this measure is continuous and non-
discrete in character, languages having a rich and complex morphological
system provide a natural ground for examining the validity of the
distributed versus localist approaches.

Research on morphological processing in Hebrew is of special
significance in the context of this debate, because of its great richness
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and unique characteristics. Morphological complexity is created in
different languages according to different principles. As a rough
approximation, the morphological structure of Indo-European languages
can be characterised by a linear and sequential concatenation of
morphemic units to form multimorphemic words. Thus, both inflectional
and derivational morphology is based on appending prefixes or suffixes to
a base morpheme, and as a general rule the orthographic integrity of the
base form remains intact. In Hebrew, on the other hand, most words can
be decomposed into two abstract morphemes: the root and the word
pattern. Roots in most cases consist of three consonants, whereas word
patterns can be either a sequence of vowels or a sequence consisting of
both vowels and consonants. Roots and word patterns are abstract
structures because only their joint combination results in specific phonemic
word-forms with specific meanings.

The most salient feature of Semitic languages’ morphology concerns,
however, the special manner with which morphemic units are combined to
form morphological complexity. Roots and word-patterns are not
appended one to the other linearly, as in languages with concatenated
morphology. Rather the consonants of the root are intertwined with the
phonemes (and therefore, the corresponding letters) of the word-pattern
(see Frost et al., 1997, for detailed description of Hebrew morphology).
For example, the Hebrew word /tirkovet/ (meaning ‘‘combination’’),
consists of the combination of the root morpheme r.k.v (conveying the
meaning of ‘‘combining’’) with the nominal pattern ti--o-et which conveys
the syntactic information that the word is a feminine noun (the dashed
lines stand for the places where the root’s consonants are to be inserted).
The same principle also applies to the verbal system. For example, the
word /hirkiv/ (meaning ‘‘he combined’’) is formed by the same root r.k.v
interwoven with the verbal pattern hi--i-.

Although Hebrew words are basically composed of two morphemes,
these morphemic units play different linguistic roles in the derivational
system of Hebrew. Whereas the root carries the core meaning of the
words, the word-pattern provides mainly grammatical information such as
definition of word class. A series of recent studies have employed both
masked priming and cross-modal priming to examine the role of roots and
word patterns in Hebrew lexical organisation and lexical access (Frost et
al., 1997, 2000; Frost, Deutsch, & Forster, 2000; Deutsch, Frost & Forster,
1998; Frost, Deutsch, Gilboa, Tannenbaum, & Marslen-Wilson, 2000).
Within the nominal system, when primes and targets shared an identical
word-pattern, lexical decisions and naming of targets were not facilitated.
In contrast, root primes facilitated both lexical decision and the naming of
target words that were derived from these roots. In addition, in a further
series of experiments within the verbal system, clear evidence was found
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for a facilitatory priming effect induced by the verbal word-patterns as well
as by roots (Deutsch et al., 1998). These results suggest that roots as well as
verbal patterns determine lexical organisation and govern lexical access.
Thus, they are both recovered from the printed input. However, given the
nonconcatenated nature of Hebrew morphology, morphemic units are, in
most cases, represented by noncontiguous letters. How exactly are these
units recognised in the very brief exposure durations of the masked
priming paradigm?

At a first blush, it seems that a necessary condition for fast
decomposition of printed words into their morphemic constituents requires
a rigid structural system that provides native speakers with reliable cues
regarding which letters (or phonemes) of a given word belong to the root
and which belong to the word-pattern. For example, one possible cue could
be a general constraint that roots in a Semitic language such as Hebrew
necessarily include three consonants. When such a structural constraint is
adopted, one can easily suggest an algorithm that separates the root letters
from the other letters of the printed word with a reasonable error rate.
This is because the distribution of the word-pattern letters is highly biased.
For example, most word patterns begin with the letters H, M, T, or N.
Many of them end with the letter T, etc. When the distributional properties
of word-pattern letters are considered along with the requirement that
three letters should be allocated to the root-morpheme, in most cases a
single solution for parsing a printed word into a root and a word-pattern
emerges.

To examine the possibility that Hebrew readers use constraints such as a
tri-consonantal structure, Frost et al. (2000) employed a special subset of
verbal forms that poses a genuine difficulty in parsing. These forms are
labelled in Hebrew ‘‘weak roots’’. Weak roots are roots in which the
complete three-consonantal structure is not kept in some of the
derivations. These belong to two main classes: defective roots, charac-
terised by an assimilation of one consonant in certain derivations, and
mute roots, in which one consonant is almost never pronounced and
becomes a quiescent letter in print. This is because of some linguistic
processes (such as sound shifting analogies in derivation or conjugation,
and phonetic assimilation). Although the phenomenon of weak roots
seems to be a peculiar case anchored in phonetic and historical linguistic
processes, we should emphasize that there are many weak roots in Hebrew
(about 10% of the roots), and many of them form common, frequently
used verbs.

In the defective roots, when the weak radical (usually the initial
consonant /n/), has a zero vowel (a quiescent schwa), it is assimilated into
the following phoneme. This phonetic process is systematic and occurs
always at the same phonetic environment, i.e., it will always occur in the
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same word patterns whether they are nominal or verbal.1 The only clue to
this assimilation is the gemination of the following (second) consonant.
The phonetic expression of the gemination is of an emphasised
articulation. However, in Modern Hebrew, only three consonants have
preserved this phonetic emphasis, the fricative consonants /v/, /x/, and /f/
(represented by the letters , , and respectively), which change to stops
once geminated (namely change to /b/, /k/, and /p/ respectively).
Orthographically, the gemination is marked by a diacritical point, which
is inserted into the geminated consonant. Hence, in unpointed Hebrew the
gemination remains unmarked (Berman, 1978; Blaue, 1971).

Since the phonetic and orthographic clues indicating the consonantal
assimilation are not reliable in Modern Hebrew in both modalities (the
change of articulation in the spoken form, and the diacritic mark in the
written form), the end result is a ‘‘missing’’ consonant or letter in both the
spoken and the visual modalities. Moreover, even if the gemination
marking would have existed, the gemination by itself does not reveal the
identity of the consonant which was assimilated. As a consequence,
without specific training in linguistics, the existence of a defective root
radical in the form is far from being obvious to any naı̈ve speaker.
However, the identity of the ‘‘missing’’ consonant could be revealed, by
considering the quasi-regular appearance of the missing consonant. This is
because the defective roots may appear as complete forms in some
derivations, and readers may use this information to identify the consonant
that is missing in the weak forms. For example, when the Hebrew root n.p.l
(conveying the action of falling) is conjugated in the causative verbal
pattern hi- -i-, the verbal form /hinpil/ changes to /hipil/, and the identity of
the missing consonant becomes obscure. However, since the conjugation of
the same root with the reflexive verbal pattern hit-a-e- produces the form
/hitnapel/, Hebrew speakers may gain some cues regarding the missing
consonant in /hipil/.

The mute roots present an entirely different case. There are three
different kinds of mute roots, and those are classified according to the
specific radical and the position of the mute radical in the root (the first,
the second, or the third phoneme of the root). The weak radicals are
always one of the semi-vowel consonants /y/ or /w/ (the letters / ) or the
plosive or fricative glottal consonant / / or /h/ (the letters / ). Once a
mute root is embedded in a word pattern (either verbal or nominal), the
metric structure of the word pattern changes, because of the unpronounced
radical. The scope of the metrical change may vary, depending on the
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specific weak radical and the specific word-pattern. These metrical changes
usually also entail some changes in the vowel structure of the word-
pattern. For example, the regular form of the complete root r.g.s (‘‘to
feel’’) conjugated with the verbal pattern hi- -i- is a two syllabic CVC-CVC
word, /hirgish/ (‘‘he felt’’). However when the same verbal pattern is
conjugated with a mute root like b.y.n (‘‘to understand’’) which has the
weak radical ‘y’ in second position, the conjugated form is /hebin/ with the
metric structure of CV-CVC, and a different vowel in the first syllable. The
same verbal-pattern conjugated with the root g.l.h, (‘‘to deport’’) in which
the weak radical is the third radical, /h/, becomes /higla/ with the metric
structure of CVC-CV, and a different vowel in the second syllable. The
circumstances are even more complicated because in many cases there are
alterations between the two semi-vowels /y/ and /w/ within one root so that
the same root will appear in print in some occasions with the quiescence
letter /y/ and in other occasions with the quiescent letter /w/. Similarly, in
the few cases when the weak radical is pronounced and the derived form
appears as a complete root, the weak radical can be pronounced
sometimes as /y/ and sometimes as /w/. Thus unlike the defective roots,
in which the specific identity of the weak radical can be unequivocally
inferred from the cases in which the root appears in its complete form, the
identification of the weak radical in the mute root is much more
complicated and is not unequivocal. Another complication comes from
the written manifestation of the mute roots. Apparently, the weak radical
is explicitly presented in the written form of the word as a quiescent letter.
However, the radicals of the mute roots, i.e., ‘y’ , ‘w’ , and ‘h’
serve also as vowel letters in Hebrew to denote each of the five vowels (/i/,
/e/, /o/, /u/, and /a/) that exist in Modern Hebrew. Consequently, the
appearance of these letters in the mute root can be perceived by the naı̈ve
reader of the language as representing the vowel of the syllable rather than
the mute radical. In sum, the existence of a weak radical in the mute root
and its specific identification is a very vague matter, which is almost
impossible to decipher for the native speaker of the language. This is
because of three main reasons. First, the great variety in the metrical
changes in the various root derivations given the location and identity of
the specific weak phoneme of the root. Second, the alternations between
the weak radical within one root, and third, the confounding with vowel
letters in printed forms. These characteristics are in sharp contrast to the
defective roots, in which the metrical changes are very consistent and thus
probably more transparent (Berman, 1978; Blau, 1971).

To explore the process of morphological decomposition in Hebrew,
Frost et al. (2000) used weak-root derivations in a series of experiments.
These experiments revealed that the robust verbal-pattern priming effects
in Hebrew (Deutsch et al., 1998), could not be obtained if primes and/or
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targets consisted of weak root derivations. Thus, when one consonantal
letter was missing in the derived forms, subjects did not seem to be able to
retrieve the verbal-pattern of the printed word. More importantly, once
the weak forms were made to be complete by inserting a random
consonant into their phonological structure thereby forming a pseudoverb,
the verbal-priming effect re-emerged. These findings were interpreted to
suggest that, in contrast to derivations composed of full forms, derivations
composed of weak roots do not undergo morphological decomposition.
Frost et al. (2000) thus argued that weak root forms present a genuine
parsing problem to the native speaker. For if three consonants of the form
are assigned to the root, there would be one missing for the verbal-pattern,
and if all the correct consonants are assigned to the verbal-pattern
morpheme, there would be only two consonants left for the root. This
would violate the formal tri-consonantal structural representational
constraint presumably adopted by the reader of Hebrew.

The present paper is thus concerned with the following question: Do
Semitic languages indeed impose a rigid tri-consonantal structural
principle on root-morpheme representations? Note that this question is
not simply relevant for describing the psycholinguistic constraints imposed
on any model of morphological processing of Hebrew. More importantly,
it concerns whether distributed models will be able to account for the full
range of morphological effects in languages with rich morphological
systems (see Plaut & Gonnerman, 2000, for discussion). One major
difference between distributed and localist approaches concerns whether
behaviour is characterised as rule-based or not. Localist models typically
regard the occurrence of morphological priming as a discrete cognitive
event that reflects the existence or nonexistence of morphological
connections. By contrast, PDP models focus on the amount of statistical
structure between inputs and outputs, which is fundamentally continuous
in nature. Thus, in general, any morphological effect that appears to have
an all-or-none character constitutes an important, although not necessarily
insurmountable challenge to the distributed approach (see also Marcus,
Brinkmann, Clahsen, Weise, & Pinker, 1995). For example, returning to
the context of Hebrew morphology, the fact that the robust verbal-pattern
priming observed when stimuli have structurally intact three-consonant
roots, totally collapses when primes or target contain only two root
consonants, seems, on the face of it, more compatible with a rule-based
processing system than with a distributed system.

This conclusion, however, may be premature and requires further
empirical examination. The claims regarding distributed systems were
based entirely on the failure to obtain a verbal-pattern priming effect with
weak roots. The logic of this investigation was that the verbal-pattern
priming effect necessarily reflects morphological decomposition, and if
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morphological decomposition cannot be demonstrated for weak roots then
they are not represented as morphemic units in the Hebrew lexicon. It is
possible, however, that although weak-root forms are not decomposed as
fast as full forms, Hebrew speakers are nevertheless sensitive to the two
consonants that are repeated in all of the weak-roots’ derivations. The
possibility that the two repeated letters of weak roots have a special lexical
status relative to the other letters was not directly examined by Frost et al.
(2000). The present research was aimed at conducting this investigation.

In a series of masked priming experiments, subjects were presented with
primes consisting of the letters of mute and defective roots. We measured
whether these letters facilitated the recognition of targets derived from
those roots. The previous study on weak roots (Frost et al., 2000) did not
differentiate between mute and defective roots. However, models of
distributed representations have clear and differential predictions regard-
ing their processing. First, PDP models suggest that the two consonants
that are repeated in all derivations of mute and defective roots will reveal
morphological priming effects. Similarly they suggest that the ‘‘formal’’
three consonants of mute roots will not reveal priming. This is because the
third consonant does not have any consonantal (and therefore) explicit
formal realisation. Finally, they predict that the three consonants of
defective roots will reveal morphological priming effects, at least to some
extent. This is because the third consonant appears in many of the
derivations although not in all of them.

In contrast to prediction of the distributed approach, the view that
Semitic languages impose a rigid structural constraint on the representa-
tion of root morphemes suggests that any primes consisting of two letters
rather than three will not facilitate the recognition of derived targets. On
this localist view, no difference is expected between mute and defective
roots: none of them will reveal morphological priming.

EXPERIMENT 1

In Experiment 1, we investigated the processing of mute roots. The aim of
the experiment was to examine whether a prime consisting of the two root-
letters that are repeated in all of the root derivations can facilitate lexical
decisions to the root derivations. Subjects were presented with target
words, all mute-root derivations, which were paired with three different
primes: in the related condition, the primes were the two repeated letters
of the mute roots. In the orthographic control condition, the primes for the
same targets were two letters contained in the targets, but not the two
repeated root letters. Finally, in the identity condition the primes were
identical to the targets. The purpose of the identity condition was to obtain
a baseline for the maximal priming effect when the targets are primed by
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themselves. As in previous studies, facilitation in the related condition was
assessed relative to the orthographic control condition in which an
orthographic but not a morphological relationship existed between primes
and targets. Greater facilitation for the two repeated root-letters would
suggest that these letters have a special status relative to other letters of
the targets.

Method

Participants. The participants were 48 undergraduate students at the
Hebrew University, all native speakers of Hebrew, who took part in the
experiment for course credit or payment.

Stimuli and design. The stimuli consisted of 48 target words. All targets
were nouns which were derived from mute roots. Targets were four to six
letters long, and contained two or three syllables with four to seven
phonemes. Their mean number of letters was 4.73 and their mean number
of phonemes was 5.46. The words were root derivations that were
combined with a variety of common word patterns in Hebrew. The target
words were paired with 48 primes to create three experimental conditions:
in the identity condition, primes and targets were the same word. In the
related condition, the primes consisted of the two letters of the root that
are repeated across all the various derivations of the root, and the targets
were the root derivations. In the control condition, the primes consisted of
a sequence of two letters contained in the target, which were not the two
letters of the root (although one root letter could be present). An example
of the stimuli used in the experiment is presented in Table 1, the stimuli
are presented in Appendix B. Similar to the word targets, the nonwords
were also divided into three experimental conditions, identity, pseudo-
related, and control.
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TABLE 1
Examples of the stimuli used in Experiment 1 in the identity, related

and control conditions. Stimuli are derived from mute roots

Identity Related Control

Mask ####### ####### #######

Prime /hokara/

(respect)

y.q.r

hwqrh qr hq

Target hwqrh hwqrh hwqrh
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The stimuli were divided into three lists. Each list contained 16 words
and 16 nonwords in each of the three experimental conditions. The stimuli
were rotated within the three conditions in each list in a Latin Square
design. Sixteen different participants were tested in each list, performing a
lexical decision task. This procedure allowed each participant to provide
data points in each condition while avoiding stimulus repetition effects.

The stimuli in Experiment 1, as well as in all other experiments of the
present study, were presented in unpointed Hebrew characters. Unpointed
script was used because this is the way in which adults read Hebrew. Since
we employed unpointed print, some of our letter-pairs in the related and
the control conditions could be read as words. For example, the two letters
‘QR’ could have been read as /kar/ meaning ‘‘cold’’. Previous studies from
our laboratory suggested that prime lexicality does not affect masked
morphological priming in Hebrew (e.g., Frost et al., 1997, Expt 3).
However, to ensure that prime lexicality did not introduce a confound in
our study, we calculated the number of times the primes could be read as
words in the related and the control conditions, for the purpose of
conducting post hoc-analyses. The number of possible word readings was
41 in the related condition, and 19 in the control condition.

Procedure and apparatus. The experiment was conducted on an IBM
Pentium computer. The software used for presentation of stimuli and for
measuring the reaction times was the DMDX display system developed by
K. I. Forster and J. C. Forster at the University of Arizona. Each trial
consisted of three visual events. The first was a forward mask consisting of
a row of seven hash marks, which appeared for 500 ms. The mask was
immediately followed by the prime, with an exposure duration of 40 ms.
The prime was in turn immediately followed by the target word, which
remained on the screen for an additional 1000 ms. The time lag between
the subject’s response and the next stimuli was 1000 ms. All visual stimuli
were centred in the viewing screen and were superimposed on the
preceding stimuli. Although only the Hebrew square font was used, two
versions of this font, which differed in their relative size, were included.
Targets were always presented in the larger font (20% larger than the
primes). This guaranteed complete visual masking of the primes by the
targets and made the primes and the targets physically distinct stimuli.

Results and discussion

The reaction times (RTs) were averaged for correct responses in the three
experimental conditions across participants and across items. Within each
participant, RTs that were outside a range of 2 SD from the participant’s
mean were curtailed. Establishing cutoffs of 2 SD above and below the
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mean for each participant minimised the effect of outliers. Any RTs
exceeding these cutoffs were replaced by the appropriate cutoff value.
Trials on which an error occurred were discarded. This procedure was
repeated in all of the following experiments. The effect of the identity and
related primes were assessed relative to the control baseline. The results
are presented in Table 1a. Lexical decisions to targets were facilitated in
the identity condition (32 ms) when the primes and the targets were the
same word. The more interesting results, however, concern lexical
decisions to target words with morphologically related primes. When
primes consisted of the two letters repeated in all derivations, a significant
facilitation of 13 ms was obtained.

The results were subjected to a two-way analysis of variance (ANOVA)
in which the prime condition was one factor, and the word list was the
other. This procedure was used in all of the following experiments, but
only the main effect of the prime will be reported because the list variable
was introduced merely to extract any variance due to counterbalancing.

The prime-condition factor was significant in both the participants and
the item analyses, F1(2, 90) ¼ 36.17, MSE ¼ 348, p 5 .001; F2(2, 90) ¼ 20,
MSE ¼ 637, p 5 .001. Planned comparisons revealed that the difference
between the related and the control conditions was significant for both
participants and items, F1(1, 45) ¼ 14.29, MSE ¼ 303, p 5 .001; F2(1, 45) ¼
7.69, MSE ¼ 604, p 5 .008. The error analysis revealed a non-significant
prime condition factor for both participants and items, F1(2, 90) ¼ 1.46,
MSE ¼ 36, p 5 .238; F2(2, 90) ¼ 2.02, MSE ¼ 26, p 5 .138. The prime
condition for nonwords revealed a significant effect for participants but not
for items, F1(2, 90) ¼ 3.18, MSE ¼ 475, p 5 .046; F2(2, 90) ¼ 1.47, MSE ¼
814, p 5 .236. No effect was found for errors for nonwords, F1(2, 90) ¼ 2.4,
MSE ¼42, p 5 .096; F2(2, 90) ¼ 2.46, MSE ¼ 42, p 5 .092. In general,
priming does not occur reliably for nonword targets under masked
presentation. This is because facilitation in this paradigm is considered to
reflect lexical processes, depending on the existence of a lexical
representation (Forster, 1987; Forster & Davis, 1984; Forster et al. 1987).
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TABLE 1a
Reaction times (RTs, in ms, and per cent errors for lexical decision to target words and

nonwords in the identity, related and control conditions of Experiment 1

Words Nonwords

Identity Related Control Identity Related Control

546 565 578 624 626 634

4.2% 5.6% 6.4% 8.4% 5.6% 7.5%

+32 +13 +10 +8
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To ensure that prime lexicality did not affect our results, we compared
response latencies when the two-letter primes could be read as a word and
when they could not. Planned comparisons revealed that lexical decisions
to the targets did not differ significantly when the two-letter primes were
words or not, in both the related and the control conditions, t(46) ¼ 0.5, p
5 .6; t(46) ¼ 0.2, p 5 .8; respectively. These results are similar to the
findings reported by Frost et al. (1997).

The striking result of Experiment 1 is that primes consisting of the two
letters of a mute root that are repeated in all of the root derivations
facilitated the recognition of targets derived from these roots. This
outcome demonstrates that the two repeated letters have acquired a lexical
role that is different from all other letter combinations. From a
representational perspective, the results of Experiment 1 suggest that, at
least when mute roots are considered, a tri-consonantal structural principle
is not necessarily imposed on root-morpheme representation.

EXPERIMENT 2

In Experiment 2, subjects were presented with primes consisting of the
three formal letters of the mute roots. It should be emphasised that the
linguistic origin of the three consonants of mute roots is well-defined in
Hebrew grammar.2 However, from a pure psychological perspective, since
the weak radical of mute roots became a quiescent consonant, its exact
identity is far from being transparent to native speakers of Hebrew. Note
that some root derivations contain the ‘‘missing’’ letter in their printed
forms. But since this letter is perceived as a vowel letter, it appears to
belong to the word-pattern. The aim of Experiment 2 was to examine
whether the presentation of all three root-letters of mute roots as primes
facilitates lexical decisions to targets derived from them. Subjects were
therefore presented with the same targets of Experiment 1, except that the
primes contained the elusive quiescent letter, in addition to the repeated
two letters of the roots.

Method

Participants. The participants were 48 undergraduate students at the
Hebrew University, all native speakers of Hebrew, who took part in the
experiment for course credit or payment. None of the participants had
taken part in Experiment 1.
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2 Although for some mute roots there are arguments regarding whether the quiescent

letter is a ‘‘y’’ or a ‘‘w’’.
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Stimuli and design. The stimuli consisted of the same 48 target words
which were used in Experiment 1. As in Experiment 1, the target words
were paired with 48 primes to create three experimental conditions: in the
identity condition, primes and targets were the same word. In the related
condition, the primes consisted of the three formal letters that form the
root, and the targets were the root derivations. Note that because
Experiment 2 deals with mute roots, one of the letters of the root does not
necessarily appear in the target word. In the control condition, the primes
consisted of a sequence of three letters contained in the target, which were
not the root letters. The number of possible word readings was 38 in the
related condition and 17 in the control condition. An example of the
stimuli used in the experiment is presented in Table 2A, the stimuli are
presented in Appendix C. As with the word targets, the nonwords were
also divided into three experimental conditions. The stimuli were divided
into three lists. Each list contained 16 words and 16 nonwords in each of
the three experimental conditions. The stimuli were rotated within the
three conditions in each list in a Latin Square design.

Procedure and apparatus. The procedure and apparatus were identical
to those in Experiment 1.

Results and discussion

Response times were averaged for correct responses in the three
experimental conditions across participants and across items. The results
are presented in Table 2B. Lexical decisions to targets were facilitated in
the identity condition (14 ms) when the primes and the targets were the
same word. The interesting results, however, concern lexical decisions to
target words with morphologically related primes. In the related condition
no facilitation whatsoever was obtained.
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TABLE 2A
Examples of the stimuli used in Experiment 2 in the identity,

related, and control conditions

Identity Related Control

Mask ####### ####### #######

Prime /hokara/

(respect)

y.q.r

hwqrh yqr hqr

Target hwqrh hwqrh hwqrh
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The results were subjected to a two-way ANOVA in which the prime
condition was one factor and the word list was the other. The prime-
condition factor was significant in both the participants and the item
analyses, F1(2, 102) ¼ 6.78, MSE ¼ 529, p 5 .0017; F2(2, 90) ¼ 6.18, MSE
¼ 653, p 5 .0031, but this was due only to the faster latencies in the
identity condition. The important result, however, was the identical
latencies in the related and the control condition. The error analysis
revealed a significant prime condition factor F1(2, 102) ¼ 3.86, MSE ¼ 34,
p 5 .024; F2(2, 90) ¼ 3.42, MSE ¼ 34, p 5 .037. This was mainly due to
fewer errors in the identity condition. The number of errors in the related
and the control conditions did not differ significantly (F1 and F2 5 1). The
prime effect for nonwords was not significant for both participants and
items. F1(2, 102) ¼ 2.24, MSE ¼ 482, p 5 .112; F2(2, 90) ¼ 2.24, MSE ¼
575, p 5 .113. No effect was found for errors to nonwords (F1 and F2 5 1).

Similar to Experiment 1, planned comparisons were conducted to assess
whether prime lexicality had any effect on response latencies. As in the
previous experiment, lexical decision latencies to the targets did not differ
significantly when the three-letter primes could be read as words or not, in
both the related and the control conditions, t(46) ¼ 0.7, p 5 .5; t(46) ¼ 0.7,
p 5 .5; respectively).

The results of Experiment 2 show that, unlike complete roots, the formal
tri-consonantal root of mute roots does not facilitate the recognition of
forms derived from it. One possible explanation to consider is that the
identity priming effect obtained in the Experiment was relatively small (14
ms only), whereas a larger effect (32 ms) was obtained in Experiment 1. By
this view, perhaps the priming in the related condition was partly
eliminated given the overall small priming effects obtained in the
experiment (variations in the size of the identity priming are not
uncommon in masked priming experiments). However, from a theoretical
perspective, the lack of morphological priming is not surprising. In order to
establish any form of root representation, or, alternatively, in order to pick
up on the statistical structure between form and meaning, the three
consonants of the root need be transparent to the speaker. In the case of
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TABLE 2B
Reaction Times (RTs, in ms) and per cent errors for lexical decision to target words and

nonwords in the identity, related and control conditions of Experiment 2

Words Nonwords

Identity Related Control Identity Related Control

569 583 583 638 647 642

5% 7.2% 8% 8.1% 7.7% 8.4%

+14 +0 +4 –5
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mute roots, they are not. If this interpretation is indeed correct, then we
should note that the two repeated letters of mute roots were present in the
priming stimuli, as they were in Experiment 1. Thus, it seems that the mere
presentation of the additional formal letter, which is missing in the
derivations, was enough to eliminate the priming effect. We will refer to
the implications of this finding in the General Discussion.

EXPERIMENT 3

In Experiment 3, the processing of defective roots was investigated. As
described in the introduction, unlike mute roots, defective roots are
characterised by an assimilation of one of the consonants of the root in
certain derivations, whereas in other derivations all the letters and
phonemes of the root are transparent. Readers of Hebrew are therefore
exposed to the third consonant, although not to the same extent as they are
with complete roots. The aim of Experiment 3 was to examine whether
defective roots are processed by native readers as mute roots are. Thus, in
Experiment 3 subjects were presented with primes consisting of the two
letters of the defective root, which are repeated in all derivations. We
examined whether the two repeated letters of defective roots facilitate
lexical decisions to targets that are root derivations.

Method

Participants. The participants were 48 undergraduate students at the
Hebrew University, all native speakers of Hebrew, who took part in the
experiment for course credit or payment.

Stimuli and design. The stimuli consisted of 36 target words that were
both verbal (past, singular, masculine) and nominal forms which were
derived from defective roots. All the targets were words in the defective
form, namely, the first letter of the root was opaque. Targets were three to
six letters long and contained two or three syllables with five to seven
phonemes. Their mean number of letters was 4.06 and their mean number
of phonemes was 5.44. The target words were paired with 36 primes to
create three experimental conditions, identity, related, and control. In the
related condition, the primes consisted of the two letters of the root which
are repeated across all the various derivations of the root, and the targets
were the root derivations in their defective form. In the control condition,
the primes consisted of a sequence of two letters contained in the target,
which were not the two letters of the root. The number of possible word
readings was 21 in the related condition and 16 in the control condition. An
example of the stimuli used in the experiment is presented in Table 3A; the
stimuli are presented in Appendix D. As with the word targets, the
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nonwords were also divided into three experimental conditions. The
stimuli were divided into three lists. Each list contained 12 words and 12
nonwords in each of the three experimental conditions. The stimuli were
rotated within the three conditions in each list in a Latin square design.

Procedure and apparatus. The procedure and apparatus were identical
to those in Experiment 1.

Results and discussion

Response times were averaged for correct responses in the three
experimental conditions across participants and across items. The results
are presented in Table 3B. Lexical decisions to targets were facilitated in
the identity condition (29 ms) when the primes and the targets were the
same word. The interesting result, however, is that, similar to Experiment
1, there was a large priming effect in the related condition (19 ms).

The results were subjected to a two-way ANOVA in which the prime
condition was one factor and the word list was the other. The prime-
condition factor was significant in both the participants and the item
analyses, F1(2, 90) ¼ 10.50, MSE ¼ 959, p 5.001; F2(2, 66) ¼ 11.55, MSE ¼
643, p 5 .001. Planned comparisons revealed that the difference between
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TABLE 3A
Examples of the stimuli used in Experiment 3 in the identity, related

and control conditions

Identity Related Control

Mask ####### ####### #######

Prime /mapolet/

(landslide)

n.p.l

mpwlt pl pt

Target mpwlt mpwlt mpwlt

TABLE 3B
Response times and per cent errors for lexical decision to target words and nonwords

in the identity, related and control conditions of Experiment 3

Words Nonwords

Identity Related Control Identity Related Control

601 611 630 683 685 679

8.7% 8.3% 11.8% 13% 12.3% 12%

+29 +19 –4 –6
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the related and the control conditions was significant for participants and
for items, F1(1, 45) ¼ 8.30, MSE ¼ 976, p 5 .006; F2(1, 33) ¼ 18.06, MSE ¼
421, p 5 .001. The error analysis was not significant in the participants
analysis but reached significance in the item analysis, F1(2, 90) ¼ 2.13,
MSE ¼ 82, p 5 .124; F2(2, 66) ¼ 3.25, MSE ¼ 40, p 5 .045. The number of
errors in the related and the control conditions differed significantly for
items but nor for participants. F1(1, 45) ¼ 3.59, MSE ¼ 80, p 5 .064; F2(1,
33) ¼ 7.68, MSE ¼ 28, p 5 .009. The prime effect for nonwords was not
significant for participants and items (F1 and F2 5 1), nor was the effect for
errors (F1 and F2 5 1). As in the previous experiments, planned
comparisons revealed that lexical decision latencies to the targets did
not differ significantly when the two-letter primes could be read as words
or not, in both the related and the control conditions, t(34) ¼ 0.2, p 5 .8;
t(34) ¼ 1.1, p 5 .3; respectively.

In essence, the results of Experiment 3 replicate those of Experiment 1.
Primes consisting of the two letters of a defective root which are repeated
in all the root derivations facilitate lexical decision to the respective
derivations. This outcome suggests again that a tri-consonantal structural
constraint is not imposed on the root morpheme representation.

EXPERIMENT 4

The main difference between mute and defective roots concerns the quasi-
regular appearance of the third consonant. Thus, in defective roots one
radical is assimilated into the following radical only in certain derivations,
whereas for the rest of the derivations the three consonants of the
defective root are entirely transparent. The aim of Experiment 4 was to
examine whether the partial exposure to the assimilated radical in certain
derivations is sufficient to establish a tri-consonantal representation for
defective roots that is similar to that for complete and intact Hebrew roots.
For this purpose, subjects were presented with the three root letters of
defective roots as primes, while the targets consisted of root derivations
which included the assimilated radical (i.e., targets appearing in their
complete forms).

Method

Participants. The participants were 48 undergraduate students at the
Hebrew University, all native speakers of Hebrew, who took part in the
experiment for course credit or payment. None of the participants had
taken part in Experiment 3.

Stimuli and design. The stimuli consisted of 36 target words that were
both verbal and nominal forms, which were derived from the same
defective roots employed in Experiment 3. All the targets in Experiment 4,
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however, were derivations in which the three letters of the defective roots
were transparent. Targets were four to six letters long, and contained two
or three syllables with five to eight phonemes. Their mean number of
letters was 4.64 and their mean number of phonemes was 5.92. The target
words were paired with 36 primes to create three experimental conditions,
identity, related, and control. In the related condition, the primes consisted
of the three letters of the root and the targets were the root derivations in
their complete form. In the control condition, the primes consisted of a
sequence of three letters contained in the target which were not the three
letters of the root. The number of possible word readings was 29 in the
related condition and 11 in the control condition. An example of the
stimuli used in the experiment is presented in Table 4A, the stimuli are
presented in Appendix E. As with the word targets, the nonwords were
also divided into three experimental conditions. The stimuli were divided
into three lists. Each list contained 12 words and 12 nonwords in each of
the three experimental conditions.

Procedure and apparatus. The procedure and apparatus were identical
to those in the previous experiments.

Results and discussion

Response times were averaged for correct responses in the three
experimental conditions across participants and across items. The results
are presented in Table 4B. Lexical decisions to targets were facilitated in
the identity condition (22 ms) when the primes and the targets were the
same word. However, similar to the primes consisting of the two repeated
letters, but in sharp contrast to the results of Experiment 2 with mute roots,
there was a significant and robust priming effect in the related condition
(17 ms).
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TABLE 4A
Examples of the stimuli used in Experiment 4 in the identity, related

and control conditions

Identity Related Control

Mask ####### ####### #######

Prime /nefila/

(fall)

n.p.l

npylh npl plh

Target npylh npylh npylh
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The results were subjected to a two-way ANOVA in which the prime
condition was one factor and the word list was the other. The prime-
condition factor was significant for both participants and items, F1(2, 108)
¼ 5.94, MSE ¼ 1265, p 5 .0036; F2(2, 66) ¼ 5.72, MSE ¼ 1051, p 5 .005.
Planned comparisons revealed that the difference between the related and
the control conditions was significant for both participants and items, F1(1,
54) ¼ 6.50, MSE ¼ 1285, p 5 .014; F2(1, 33) ¼ 5.42, MSE ¼ 1215, p 5 .026.
The error analysis revealed a significant effect for participants and a
significant effect for items. F1(2, 108) ¼ 5.25, MSE ¼ 57, p 5 .007; F2(2, 66)
¼ 4.13, MSE ¼ 46, p 5 .020. The number of errors in the related the
control conditions differed significantly, F1(1, 54) ¼ 10.17, MSE ¼ 54, p 5
.002; F2(1, 33) ¼ 8.19, MSE ¼ 42, p 5 .007. RTs in the identity and the
control conditions for nonwords were virtually identical. Once again,
planned comparisons revealed that response latencies to the targets did not
differ significantly when the three-letter primes could be read as words or
not, in both the related and the control conditions, t(34) ¼ 0.4, p 5 .7; t(34)
¼ 1.4, p 5 .2; respectively).

The conclusions from Experiment 4 are straightforward. Primes that
include the variably missing letter of defective roots facilitate the
recognition of targets that are defective-root derivations.

EXPERIMENT 5

Experiment 4 yielded one interesting outcome: similar to complete roots
(Frost et al., 1997), the three consonants of defective roots produced
significant root priming. These results, however, do not concur with the
findings obtained with mute roots in Experiment 2. The possible difference
between the two experiments is that the targets employed in Experiment 2
did not include the third consonantal letter which appeared in the priming
stimulus, whereas the targets employed in Experiment 4 included the three
letters of the defective roots. Thus, the overall orthographic similarity
between primes and targets may have been larger for the defective roots
than for the mute roots. The aim of Experiment 5 was to examine whether
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TABLE 4B
Response times and per cent errors for lexical decision to target words and nonwords

in the identity, related and control conditions of Experiment 4

Words Nonwords

Identity Related Control Identity Related Control

618 623 640 689 699 688

8.2% 7.2% 11.6% 8.9% 10.8% 6.6%

+22 +17 –1 –11
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root priming can be obtained when the three letters of defective roots are
presented as primes but the weak radical is missing in the target. Any
priming effect obtained in this experimental manipulation will emphasise
the morphological origin of the priming effect, and will reinforce the
conclusion that defective roots have acquired a tri-consonantal representa-
tion for readers of Hebrew. For this purpose, participants were presented
with target words, all defective root derivations, in which the weak radical
was missing. The targets in the related condition were primed by the three
letters of the defective roots. This introduced an additional orthographic
dissimilarity relative to the manipulation employed in the previous
experiment.

Method

Participants. The participants were 48 undergraduate students at the
Hebrew University, all native speakers of Hebrew, who took part in the
experiment for course credit or payment. None of the participants had
taken part in Experiments 3 or 4.

Stimuli and design. The stimuli consisted of the same 36 target words
as in experiment 3 with slight changes. Like Experiment 3, the target words
appeared in their defective form (one letter of the root was missing).
Targets were three to six letters long, and contained two or three syllables
with five to seven phonemes. Their mean number of letters was 4.11 and
their mean number of phonemes was 5.47. The target words were paired
with 36 primes to create three experimental conditions: identity related,
and control. In the related condition, the primes consisted of the three
letters of the root, whereas the targets were the root derivations in their
defective form. In the control condition, the primes consisted of complete
roots that contained two letters of the defective roots, the letters which are
repeated in all of the roots’ derivations, in addition to another letter which
did not belong to the root. This ensured complete orthographic similarity
between the related and the control conditions. The number of possible
word readings was 31 in the related condition and 33 in the control
condition. An example of the stimuli used in the experiment is presented in
Table 5A, the stimuli are presented in Appendix F. The stimuli were
divided into three lists, each list contained 12 words and 12 nonwords in
each of the three experimental conditions. The procedure and apparatus
were identical to those in the previous experiments.

Results and discussion

Response times for correct responses were averaged in the three
experimental conditions across participants and across items. The results
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are presented in Table 5B. Lexical decisions to targets were facilitated in
the identity condition (35 ms). The interesting result, however, is, that
similar to Experiment 4, there was a significant priming effect in the
related condition (19 ms) even though not all the three consonants of the
root were present in the targets.

The results were subjected to a two-way ANOVA in which the prime
condition was one factor and the word list was the other. The prime
condition factor was significant in both the participants and the item
analysis, F1(2, 90) ¼ 15.49, MSE ¼ 969, p 5 .001; F2(2, 66) ¼ 10.94, MSE ¼
866, p 5 .001. Planned comparisons revealed that the difference between
the related and the control conditions was significant for both participants
and items. F1(1, 45) ¼ 9.50, MSE ¼ 944, p 5 .004; F2(1, 33) ¼ 7.48, MSE ¼
756, p 5 .001. The error analysis revealed a nonsignificant effect for both
participants and items (F1 and F2 5 1). The number of errors in the related
and the control conditions did not differ significantly (F1 and F2 5 1). The
prime effect for nonwords revealed a significant effect for both participants
and items. F1(2, 90) ¼ 8.87, MSE ¼ 1057, p 5 .001; F2(2, 66) ¼ 5.93, MSE
¼ 852, p 5 .005. The error analysis of nonwords revealed a nonsignificant
effect for both participants and items F1(2, 90) ¼ 2.27, MSE ¼ 113, p 5
.109; F2(2, 66) ¼ 2.92, MSE ¼ 66, p 5 .061.3 Since almost all primes had a
word reading in both the related and the control condition, we did not
assess the effect of lexicality.

The results of Experiment 5 clearly demonstrate the differences between
mute and defective roots. Unlike Experiment 2, the three letters of
defective roots facilitated the recognition of root derivations even though
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TABLE 5A
Examples of the stimuli used in Experiment 5 in the identity, related

and control conditions

Identity Related Control

Mask ####### ####### #######

Prime /mapolet/

(landslide)

n.p.l

mpwlt npl kpl

Target mpwlt mpwlt mpwlt

3 We have no explanation for the effect obtained for nonwords, since the printing obtained

under masked presentation is considered a lexical effect. We can only report that such effects

have sometimes been found and reported in our laboratory (e.g., Frost et al., 2000, Expt 3).
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one of the letters of the root was missing in the target. From a
representational perspective, the results of Experiment 5 together with
Experiment 4 seem to suggest that defective roots have an allomorphic
representation. The priming effects obtained with the two repeated letters
of the root and with the full three letters are virtually identical.

EXPERIMENT 6A AND 6B

The priming effects obtained for both mute and defective roots suggest
that the two repeated letters of the root are sufficient to induce
morphological priming. The aim of Experiment 6a and 6b was to
investigate whether this finding extends to complete roots as well. None
of the previous experiments investigating root priming with complete roots
tested whether two root letters facilitate target recognition better than any
other letters of the word. If all three root letters yield robust priming but
any pair of root letters do not, it would implicate highly conjunctive,
nonlinear processing in morphology that would place strong constraints on
graded, distributed accounts. To avoid inferential problems related to
statistical power, two sets of participants as well as two sets of items were
tested in two independent experiments, 6a and 6b.

Method

Participants. The participants were 48 undergraduate students at the
Hebrew University, all native speakers of Hebrew, who took part in the
experiment for course credit or payment.

Stimuli and design. The stimuli consisted of 48 target words. All targets
were derived from complete roots. Targets were four to six letters long,
and contained two or three syllables with five to eight phonemes. Their
mean number of letters was 4.92 and their mean number of phonemes was
6.19. The target words were paired with 48 primes to create three
experimental conditions, identity, related, and control. In the related
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TABLE 5B
Response times and per cent errors for lexical decision to target words and nonwords

in the identity, related and control conditions of Experiment 5

Words Nonwords

Identity Related Control Identity Related Control

570 586 605 634 653 662

9.2% 10.1% 11.1% 17.2% 13.4% 13%

+35 +19 +28 +9
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condition, the primes consisted of two out of the three letters of the root.4

In the control condition, the primes consisted of a sequence of two letters
contained in the target, which were not the two letters of the root. In both
the related and the control conditions, half of the trials involved the
disruption of the prime’s sequence within the target, and half of the trials
did not. The number of possible word readings was 34 in the related
condition and 22 in the control condition. An example of the stimuli used
in the experiment is presented in Table 6A; the stimuli are presented in
Appendix G. Forty-eight target nonwords were employed and similar to
the words, they included three experimental conditions. The stimuli were
divided into three lists. Each list contained 16 words and 16 nonwords in
each of the three experimental conditions. The stimuli were rotated within
the three conditions in each list in a Latin Square design. Sixteen different
participants were tested in each list, performing a lexical decision task. The
procedure and apparatus were identical to the previous experiments.

Results

Response times for correct responses were averaged in the three
experimental conditions across participants and across items. The results
are presented in Table 6B. Lexical decisions to targets were facilitated in
the identity condition (26 ms) when the primes and the targets were the
same word. The important result, however, concerns lexical decisions in
the related condition: only a small facilitation was obtained (7 ms).

The prime-condition factor was significant in both the participants and
the item analyses, F1(2, 90) ¼ 23.86, MSE ¼ 384, p 5 .001; F2(2, 90) ¼ 5.22,
MSE ¼ 1979, p 5 .008. Planned comparisons revealed that the difference
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TABLE 6A
Examples of the stimuli used in Experiment 6 in the identity, related

and control conditions

Identity Related Control

Mask ####### ####### #######

Prime /maxberet/

(notebook)

x.b.r

mxbrt xr mb

Target mxbrt mxbrt mxbrt

4 One third of the primes were the first and second letters of the root, a third were the first

and last letters of the root, and a third were the second and third phoneme of the root.
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between the related and the control conditions was not significant for both
participants and items. F1(1, 45) ¼ 2.89, MSE ¼ 374, p 5 .096; F2 5 1. The
error analysis revealed a non-significant prime condition factor for both
participants and items. F1(2, 90) ¼ 1.94, MSE ¼ 38, p 5 .150; F2 5 1. The
number of errors in both the related condition and the control condition
did not differ significantly (F1 and F2 < 1). The prime effect for nonwords
revealed a nonsignificant effect for participants and for items. F1(2, 90) ¼
2.96, MSE ¼ 392, p 5 .057; F2(2, 90) ¼ 2.22, MSE ¼ 752, p 5 .114. No
effect was found for errors to nonwords. F1(2, 90) ¼ 1.94, MSE ¼25, p 5
.15; F2 5 1. Similar to all previous experiments, planned comparisons
revealed that response latencies to the targets did not differ significantly
when the two-letter primes could be read as words or not, in both the
related and the control conditions, t(46) ¼ 0.6, p 5 .6; t(46) ¼1.5, p 5 .1;
respectively.

EXPERIMENT 6B

Since Experiment 6a presents a critical constraint on the distributed
approach, the null-effect obtained in the experiment seems to offer non-
conclusive evidence regarding the ability of two root letters to prime root
derivations. This outcome may be due simply to a lack of power. The aim
of Experiment 6b was to allow an operational replication of Experiment
6a. Thus, the design of the experiment was identical to that of Experiment
6a, while 48 different participants were tested with 48 novel stimuli, the
stimuli are presented in Appendix H.

Results and discussion

The results are presented in Table 6C. Lexical decisions to targets were
facilitated in the identity condition (25 ms) when the primes and the
targets were the same word. However, while considering the related
condition, no priming was observed whatsoever. In fact, the related
condition was slightly slower than the control condition (�4 ms).

ANOVA revealed that the prime-condition factor was significant in both
the participants and the item analyses, F1(2, 90) ¼ 29.25, MSE ¼ 398, p 5
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TABLE 6B
Response times and per cent errors for lexical decision to target words and nonwords

in the identity, related and control conditions of Experiment 6a

Words Nonwords

Identity Related Control Identity Related Control

536 555 562 606 604 613

6 8.3 7.8 5.2 7.1 5.9

+26 +7 1 +9
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.001; F2(2, 90) ¼ 8.63, MSE ¼ 1434, p 5 .001. Planned comparisons
revealed that the small inhibition observed in the related condition was not
significant for both participants and items, F1 and F2 5 1. The error
analysis revealed a non-significant prime condition factor for both
participants and items. F1(2, 90) ¼ 2.65, MSE ¼ 40, p 5 .076; F2 5 1.
The prime effect for nonwords revealed a non-significant effect for
participants and for items, F1(2, 90) ¼ 1.49, MSE ¼ 361, p 5 .231; F2 5 1.
No effect was found for errors as well (F1 and F2 5 1). Planned
comparisons revealed that response latencies to the targets did not differ
significantly when the two-letter primes could be read as words or not, in
both the related and the control conditions, t(46) ¼ 0.4, p 5 .7; t(46) ¼ 0.6,
p 5 .5; respectively.

The striking result of Experiments 6a and 6b is that two letters of a
complete root do not facilitate complete root derivations. In other words,
unlike the mute and defective roots respectively, two letters of complete
roots cannot prime the roots’ derivations. This outcome suggests that
morphological priming is not a linear product of increasing orthographic
overlap. We will discuss the implications of this finding in the following
General Discussion.

GENERAL DISCUSSION

The present study examined the processing of mute and defective Hebrew
roots. Our experiments were motivated to a large extent by the two
contrasting views of morphological representation and processing: the
traditional localist view, which holds that the processing of morphologi-
cally complex words involves parsing the input into explicit morphemes
and activating discrete units corresponding to these morphemes, and the
PDP approach which holds that morphological processing reflects the
learned sensitivity of internal distributed representations to the statistical
structure among surface forms of words and their meanings. Although
certain general characteristics of these theories as applied to morphology
can be used to derive contrasting predictions (localist theories typically
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TABLE 6C
Response times and per cent errors for lexical decision to target words and nonwords

in the identity, related and control conditions of Experiment 6b

Words Nonwords

Identity Related Control Identity Related Control

547 576 572 615 621 622

5.6 8.3 7.9 9.4 9.1 8.1

+25 –4 +7 +1
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treat the derivation of component morphemes as an all-or-none event,
whereas PDP theories treat morphological relatedness as a matter of
degree), distinguishing between localist and distributed theories of
cognitive processes is notoriously difficult (see, e.g., Schwartz, Martin,
Saffran, & Gagnon, 1997). From this perspective, we assume that any given
set of experiments may provide important constraints to any of the present
approaches. Thus, our discussion of the results will focus on the
implications to both the localist and the PDP theories.

From a representational perspective, the results of the present study
provide novel data that need to be incorporated into our previous model of
processing morphological information in Hebrew (Deutsch et al., 1998;
Frost et al., 1997). According to this model, all words, whether nouns or
verbs, which are derived from a given root, are linked to a shared
morphological unit corresponding to the root. The Hebrew lexical system
is regarded as consisting of multiple levels of representations; a level of
lexical units (i.e., words) and a level of sub-word units of root morphemes.
These two levels are interconnected, so that the root morpheme can be
accessed via the lexical level from words containing that root or,
alternatively, directly following a process of morphologically decomposing
the orthographic structure. By this view, the recognition of printed words is
often aided by access to their respective roots. Therefore, presenting the
root information in a fast priming paradigm facilitates the recognition of
the target derived from that root. Given the unique characteristic of
Semitic morphologies, we suggested that Hebrew readers decompose a
printed word into its morphemic constituents by using a general constraint
that is structural in nature—mainly, that root morphemes are tri-
consonantal entities (Frost et al., 2000).

The results of Experiment 1 and 2, which manipulated mute roots, do
not support this assumption. Our findings clearly demonstrated that the
two letters of mute roots which are repeated in all derivations facilitated
the recognition of targets derived from these roots. Thus, our findings seem
to compel localist models of Hebrew to accommodate morphemic units
that are bi-consonantal as well. Note, however, that this may have
implications for any word-parsing algorithm for Hebrew. Since root letters
are not necessarily contiguous, relinquishing the tri-consonantal constraint
may result in too many degrees of freedom regarding the possible identity
of the root letters, rendering decomposition slow and inefficient. The only
possible solution for such a stalemate would be to draw a demarcation line
between our theory of representation and our theory of morphological
decomposition. This solution would lead us to suggest that although
morphemic units can, in principle, be bi-consonantal, the fast process of
morphological decomposition still uses a tri-consonantal constraint for
parsing the printed word. Hence, the reported absence of verbal-pattern
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priming for weak roots (Frost et al., 2000) reflects a simple decomposition
failure rather than an absence of root-morpheme units for mute roots. In a
nutshell, the tri-consonantal parsing constraint would work for most
Hebrew words, but not for words derived from weak roots.

The findings of the experiments manipulating defective roots provide
additional potential complications for the representational view. These
experiments demonstrate that targets derived from defective roots can be
primed either by a bi-consonantal or by a tri-consonantal root unit. This
finding leads us to suggest that defective roots have an allomorphic
representation. Thus, both the three consonants of the root and the two
consonants which are repeated in all root derivations are represented at
the morphemic level, and both units mediate the recognition of defective
roots. Admittedly, this view lacks parsimony but it does accommodate all
findings reported in Hebrew in a coherent framework.

An alternative explanation for the effects obtained with primes
consisting of the three root letters of defective roots considers these
priming effects as reflecting lexical priming rather than root priming. Since
all defective roots in unpointed print can be read as nouns or verbs
inflected in simple past tense, it is possible that the priming effects in this
experiment resulted from the interconnections of morphologically related
words at the lexical level rather than from connections between root-
morpheme units and word units (see Frost et al., 1997; Experiment 3, for a
discussion). On this view, defective roots, like mute roots, have only bi-
consonantal representations.

On the PDP approach, lexical representations are not stipulated in
advance but are derived in the process of learning internal representations
that mediate among the written and spoken forms of words and their
meanings. These internal representations are initially biased toward
picking up direct correlations among input and output features. As a
result, the network tends to map similar inputs to similar outputs,
supporting effective generalisation. However, for those aspects of the
mappings for which lower-order correlations are insufficient, the internal
representations are pressured to develop sensitivity to higher-order
structure. For example, internal units might learn to respond to
conjunctions of input features but not to the features in isolation, as in
the classic exclusive-OR (XOR) problem. It is important to emphasise,
though, that such non-linear sensitivity generally arises only when lower-
level structure is absent or misleading.

These properties are directly relevant to understanding the implications
of the PDP approach for morphological processing. Morphology is the
lowest level of linguistic structure for which similarity in form is (partially)
predictive of similarity in meaning; for individual morphemes, the
relationship among form and meaning is essentially arbitrary. As a
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consequence, correlations among lower-level features like letters or
phonemes and semantic features are largely absent, and there is strong
pressure for internal representations to develop sensitivity to higher-order
structure at roughly the level of morphemes. Note, however, that the
system retains its bias toward relying on lower-level structure whenever
possible, so that internal representations would be expected to reflect sub-
morphological structure when it is, in fact, predictive of semantic
properties.

The results of the first five experiments in the current series can be
understood as natural implications of this theoretical perspective.
Although not a full, three-consonant root in their own right, two of the
consonants of a weak root are nonetheless reliably present in the surface
forms derived from them and also have equivalent semantic correlations
with meaning as complete roots. Thus, a PDP system would be expected to
learn to represent two-consonant forms of weak roots much like standard
roots, and exhibit priming to forms derived from them (Experiments 1
and 3).

The PDP account can also explain the observed difference among mute
versus defective roots; namely, that full tri-consonantal forms of defective
but not mute roots serve as effective morphological primes (Experiments
2, 4, and 5). This is because only for defective roots is the tri-consonantal
form unambiguously available in the input. For mute roots, by contrast, the
system has had little opportunity to learn the relationship between the tri-
consonantal form and the bi-consonantal form that actually occurs in
derivations, even though, from a linguistic point of view, the former
provides more complete evidence for the root morpheme.

The results of Experiment 6a and 6b, on the other hand, are less natural
to account for within a PDP theory of Hebrew morphology, and thus place
strong constraints on such a theory. These experiments showed that the
priming from two-consonantal forms of weak roots does not generalise to
complete roots; for the latter, two of three root consonants provided no
greater priming of a derived form containing the root than did two non-
root letters. This pattern of results implies a very strong degree of non-
linearity in how the three consonants of standard roots are represented.
Indeed, such fully conjunctive representations are, for all intents and
purposes, functionally equivalent to localist representations of standard
roots. On the PDP account, such conjunctive representations would be
expected to develop through learning only when sensitivity to all lower-
level structure is still insufficient to accomplish the mapping among forms
and meanings. In fact, it is typically the case that any pair of consonants
from a standard root also occur in many other roots. Thus, on its own, any
given pair has little if any coherent implications for semantics. By contrast,
although the two reliable consonants of a weak root may also occur in
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other roots, they do, on their own, have coherent semantic implications as
a weak root.

In this way, the current findings provide evidence for sensitivity both to
graded statistical structure and to ‘‘all-or-none’’ conjunctions in morpho-
logical processing. Although the PDP approach provides a theoretical
basis for reconciling these properties, considerable work remains to
develop an explicit implementation that accounts for all of the relevant
findings. In addition, the approach must also account for existing empirical
findings that suggest all-or-none, structure-dependent morphological
parsing. In the current context, the clearest examples of such findings
are the lack of word pattern priming for forms with weak roots and the
reinstatement of such priming when the missing root letter is replaced by a
random consonant (Frost et al., 2000). Such findings appear particularly
problematic for PDP theories in that the presence or absence of
morphological priming is tied, not to semantic or formal factors, but to
the kinds of structural manipulations that would be expected to affect an
all-or-none parsing mechanism.

However, Plaut and Frost (2001, in preparation) showed that a
distributed connectionist network trained on an abstract version of
Hebrew exhibited the same pattern of priming with weak roots, even
though it lacked any explicit morphological parsing mechanism. Rather,
over the course of learning, the system developed a high degree of
sensitivity to the predominant tri-consonantal root structure of Hebrew,
such that weak-root exceptions to this structure were represented very
differently (and did not yield priming of words with the standard
structure). Whether such a distributed approach can be extended to
account for the more specific findings from the current set of studies
remains to be demonstrated in future work.
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APPENDIX A

The Hebrew Alphabet

Hebrew

Print

Orthographic

Transcription

Phonetic

Transcription

a The letters k, m, n, p, and c have different orthographic forms

when they appear at the end of the word.
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APPENDIX B

Stimuli used in Experiment 1

Target
Morphological

Prime Control

Word
Ortho.
Trans.

Phonetic
Trans. Letters

Ortho.
Trans. Letters

Ortho.
Trans.
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APPENDIX C

Stimuli used in Experiment 2

Target
Morphological

Prime Control

Word
Ortho.
Trans.

Phonetic
Trans. Letters

Ortho.
Trans. Letters

Ortho.
Trans.
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APPENDIX D

Stimuli used in Experiment 3

Target
Morphological

Prime Control

Word
Ortho.
Trans.

Phonetic
Trans. Letters

Ortho.
Trans. Letters

Ortho.
Trans.
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APPENDIX E

Stimuli used in Experiment 4

Target
Morphological

Prime Control

Word
Ortho.
Trans.

Phonetic
Trans. Letters

Ortho.
Trans. Letters

Ortho.
Trans.
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APPENDIX F

Stimuli used in Experiment 5

Target
Morphological

Prime Control

Word
Ortho.
Trans.

Phonetic
Trans. Letters

Ortho.
Trans. Letters

Ortho.
Trans.
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APPENDIX G

Stimuli used in Experiment 6a

Target
Morphological

Prime Control

Word
Ortho.
Trans.

Phonetic
Trans. Letters

Ortho.
Trans. Letters

Ortho.
Trans.
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APPENDIX H

Stimuli used in Experiment 6b

Target
Morphological

Prime Control

Word
Ortho.
Trans.

Phonetic
Trans. Letters

Ortho.
Trans. Letters

Ortho.
Trans.


