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Morphological processing of derived words develops simultaneously with reading
acquisition. However, the reader’s engagement in morphological segmentation may
depend on the language morphological richness and orthographic transparency, and
the readers’ reading skills. The current study tested the common idea that morphological
segmentation is enhanced in non-transparent orthographies to compensate for the
absence of phonological information. Hebrew’s rich morphology and the dual version
of the Hebrew script (with and without diacritic marks) provides an opportunity to
study the interaction of orthographic transparency and morphological segmentation
on the development of reading skills in a within-language design. Hebrew speaking
2nd (N = 27) and 5th (N = 29) grade children read aloud 96 noun words. Half of the
words were simple mono-morphemic words and half were bi-morphemic derivations
composed of a productive root and a morphemic pattern. In each list half of the
words were presented in the transparent version of the script (with diacritic marks),
and half in the non-transparent version (without diacritic marks). Our results show that in
both groups, derived bi-morphemic words were identified more accurately than mono-
morphemic words, but only for the transparent, pointed, script. For the un-pointed script
the reverse was found, namely, that bi-morphemic words were read less accurately than
mono-morphemic words, especially in second grade. Second grade children also read
mono-morphemic words faster than bi-morphemic words. Finally, correlations with a
standardized measure of morphological awareness were found only for second grade
children, and only in bi-morphemic words. These results, showing greater morphological
effects in second grade compared to fifth grade children suggest that for children raised
in a language with a rich morphology, common and easily segmented morphemic
units may be more beneficial for younger compared to older readers. Moreover, in
contrast to the common hypothesis, our results show that morphemic segmentation
does not compensate for the missing phonological information in a non-transparent
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orthography, but rather that morphological segmentation is most beneficial in the highly
transparent script. These results are consistent with the idea that morphological and
phonological segmentation processes occur simultaneously and do not constitute
alternative pathways to visual word recognition.

Keywords: morphological segmentation, reading acquisition, orthographic transparency, Hebrew, root, diacritic

marks, children, reading

INTRODUCTION

Work in recent years demonstrates the critical contribution
of morphological processing abilities to reading and reading
acquisition (Treiman and Cassar, 1996; McBride-Chang et al,,
2003; Deacon and Kirby, 2004; Kieffer and Lesaux, 2012).
Morphological processing ability is the reader’s sensitivity to the
smallest units of meaning in words, the ability to extract roots
and affixes from whole-words and manipulate them to produce
grammatically correct words. When these manipulations are
performed intentionally, or through conscious reflection, they
are referred to as ‘morphological awareness’ (Carlisle and
Nomanbhoy, 1993; Kuo and Anderson, 2006; Bowers et al., 2010;
Carlisle, 2010; Nagy et al., 2014).

While there is a growing body of literature on the strong
relationships between morphological skills and reading, it
is not yet clear how morphological segmentation processes
interact with phonological processing during reading and
reading development (Carlisle and Nomanbhoy, 1993; Fowler
and Liberman, 1995). The effect of morphological skills on
reading changes with age and reading experience (Casalis and
Louis-Alexandre, 2000; Carlisle and Stone, 2005; Marcolini
et al, 2011). Moreover, the degree to which morphological
segmentation processes facilitates visual word recognition during
reading depends on the morphological properties of the language
(Marslen-Wilson et al., 1994; Bertram et al., 1999; Rispens
et al., 2008; Duncan et al., 2009; Tolchinsky et al., 2012), on
morphological transparency of the orthography (the degree to
which derived words perserve the form of the morphemic
units; Clahsen et al., 1997; Carlisle and Stone, 2005), and on
the phonological consistency of the orthography (Frost, 2012;
Casalis et al., 2015). A language with a rich morphology may
promote strong reliance on morphological processes already at
early stages of reading acquisition. One common hypothesis
is that morphological decomposition is especially helpful in
deep orthographies, where there is no consistent mapping
of graphemes to phonemes, because it compensates for the
scarce phonological information (Bar-On and Ravid, 2011;
Vaknin-Nusbaum and Miller, 2011). In contrast, in a shallow
orthography, where readers can rely on the direct correspondence
of letters to sounds, the reliance on morphemes to access meaning
is expected to be low (Frost, 2006).

Hebrew has two interesting properties: a rich Semitic
morphological system, in which most words are composed of a
root and a morphemic pattern, and a dual version of orthography
one transparent and one opaque. These characteristics provide
an opportunity to examine the interaction between orthographic
transparency and morphological complexity on reading

processes among developing readers in a within language
design. The goal of the current study is to examine the effect
of the phonological information present in the script on
children’ tendency to engage on morphological segmentation
in Hebrew speakers. Specifically, we aim to determine (a) The
contribution of basic morphological derivation processes to word
reading rate and accuracy in Hebrew speaking second and fifth
grade children; (b) Whether this contribution differs between
transparent and non-transparent scripts; and (c) whether the
involvement of morphological processes in reading changes with
reading experience and age.

Engagement of Morphological
Processing in Word Recognition in
Children

As the smallest meaning-bearing linguistic unit, morphemes
have the potential to serve as the elementary building blocks of
word representations, supporting an economical, non-redundant
body of lexical knowledge that facilitates the learning of novel
forms and morphological variants of known words (e.g., Rastle
and Davis, 2008; Merkx et al., 2011). However, while the
role of phonological awareness in reading acquisition has been
extensively studied for three decades and shown in a variety
of orthographies (e.g., Vellutino and Scanlon, 1987; Ben-Dror
et al., 1995; Ziegler et al., 2010; Melby-Lervag et al, 2012),
the importance of morphological segmentation skills to reading
development was the focus of researchers’ attention mainly in
the last decade (Carlisle and Nomanbhoy, 1993; Carlisle, 2000;
Deacon and Kirby, 2004). The notion is that children’s ability
to recognize familiar morphemes embedded in morphologically
derived and inflected words facilitates their ability to recognize
written words. Although some of the earlier studies (Fowler
and Liberman, 1995; Shankweiler et al., 1995) suggested that
the role of morphological awareness in reading is attributed to
its covariance with phonological awareness, more recent studies
showed the unique contribution of morphological awareness to
reading achievements in children (Casalis and Louis-Alexandre,
2000; Mahony et al., 2000; Nagy et al., 2003; Deacon and Kirby,
2004).

While there is no question today about the importance
of morphological knowledge for reading acquisition, the
developmental trajectory of morphological knowledge and
its effect on reading acquisition is less clear. Morphological
knowledge of spoken language develops over time, through
accumulating language experience. Children, as young as
3 years of age are aware of the morphological components
of words and how they can be manipulated to create new
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words (Berman, 1982). Studies in English speaking children
show that morphological awareness of inflections and simple
derivations might emerge early whereas an understanding of
more complex derivational relations may come into place later.
For example, while kindergarten and first grade children display
some competence with simple derivations that do not involve
phonological changes in the morphemes (Clark and Cohen,
1984), older children adeptly tackle more complex derivational
relations (such as between electric and electricity), by about
the fourth grade (Carlisle, 1988; Tyler and Nagy, 1989). As in
spoken language, children’s ability to extract morphemes from
written words increases simultaneously with the improvement in
reading accuracy, fluency and comprehension during elementary
school years (Kieffer and Lesaux, 2012; Nagy et al., 2014; Sparks
and Deacon, 2015). Children’s performance on morphological
awareness tasks (e.g., judgment of decomposability and defining
the correct usage of complex words) increases from first to third
grade (Carlisle and Fleming, 2003). Share (1995) suggests that
recognition of morphemic regularities is an indication of a child’s
consolidation and fluency of print-sound correspondences.

Many studies suggest that in addition to the improvement of
morphological awareness and segmentation skills, there is also
an increase in the contribution of these abilities to reading in
later stages of reading acquisition, mainly due to the increase in
the proportion of complex words in the lexicon (Adams, 1990;
Anglin, 1993; Mahony et al., 2000; Singson et al., 2000; Kuo and
Anderson, 2006; Rispens et al., 2008). A study of French speaking
children (Casalis and Louis-Alexandre, 2000) showed that
morphological awareness had a significant contribution to the
variance in words decoding skills, in second grade but not in first
grade. However, readers’ reliance on morphological segmentation
does not depend only on their morphological knowledge, but also
on the complete set of reading skills available to them while trying
to identify written words. Hence, morphological segmentation
can serve as a compensatory reading strategy for children and
adults with low reading skills, who do not fully master whole-
word processing, with a decrease in reliance on morphology in
more skilled readers. For example, Italian speaking children and
adult with dyslexia benefit from the morphological structure of
derived words in an oral reading task more than skilled adult
readers (Burani et al., 2008; Marcolini et al., 2011). Similarly, a
study in French showed that the morphemic status of words had a
facilitative effect on spelling only in poor readers but not in skilled
readers (Quemart and Casalis, 2017). Other studies, in English
and French (Nunes et al., 2003; Carlisle and Stone, 2005; Quemart
et al,, 2011), show the contribution of morphological knowledge
to reading acquisition already at the beginning of elementary
school and suggest that some morphological regularities may
have very early effects on reading, and some may even have
greater effects in early compared to later stages of reading
development.

In addition to the individual’s reading skills, the reliance
on morphemic units during reading also depends on the
morphological structures of the language (Marslen-Wilson et al.,
1994; Bertram et al., 1999), as well as the transparency of
orthography to phonology correspondence (Clahsen et al.,
1997; Carlisle and Stone, 2005; Frost, 2012; Casalis et al.,

2015). A study that tested the effect of morphological cues
on spelling in school-age children (1-6 grade) found a greater
reliance on morphological cues in Hebrew compared to Dutch
speaking children (Gillis and Ravid, 2006), presumably due
to the rich Semitic morphology of the Hebrew language. It
has been suggested that morphological decomposition may
compensate for incomplete phonological information in opaque
orthographies in which the phonological code cannot be easily
accessed through mapping of smaller units (Ziegler et al.,
1997; Frost, 2006; Bar-On and Ravid, 2011; Vaknin-Nusbaum
and Miller, 2011). However, a study that compared French
and English speaking children showed stronger morphological
effects in French, which has a more transparent orthography
(Casalis et al., 2015). The authors suggest that the rich
morphological productivity in French has outweighed the effect
of the opaque English orthography. The unique properties of
the Hebrew orthography provide an opportunity to test the
complex interactions between morphological complexity and
orthographic transparency in a within language and within
subject design.

Hebrew Orthography and Morphology
Hebrew has one script with two versions that differ in their
orthographic transparency. The opaque version is the un-pointed
“Abjad” orthography that represents mostly consonants, and
partially represents vowels using vowel letters. Vowel letters,
provide only ambiguous vowel information because they denote
both consonants and vowels, and some of them represent
more than one vowel, creating extensive phonological under-
specification (Bar-On, 2010). The transparent version is pointed,
with diacritic marks superimposed under or above the letters,
providing full representation of words’ phonology. Children learn
to read the transparent (pointed) version first, and are only
exposed to the un-pointed version around 2nd or 3rd grade, with
the transformation to the un-pointed script completed around
4th grade (Bar-On and Ravid, 2011).

The Hebrew language is also characterized by high
morphological density in both its inflectional and derivational
word formation. In the Hebrew derivational system, as in other
Semitic languages, most words are morphologically complex as
they are composed of two abstract morphemes: the root and
the word pattern (Mishkal/Binyan). All the verbs and most of
the nouns and adjectives in Hebrew are derived via non-linear
formation in which a consonantal root is interleaved with a vocal
pattern which adds the vowels between the root consonants
[ie., “GIDUL, “N7¥, (growth) root — G.D.L. (associated with
growing) pattern CiCuC] (Ravid and Malenky, 2001). The
root that provides the basic meaning to the word, is not an
independent word. It typically consist of three (but sometimes
four) consonants. The morphemic pattern consists of the vowels,
and can also include consonants, but only at the beginning [e.g.,
“MIGDAL’, “?7a1”, (tower) root — G.D.L. pattern miCCacC]
and/or at the end [e.g, “MAGDELET”, “N?731", (magnifying
(glass)) root — G.D.L. pattern maCCeCet] of the word. Thus, the
orthographic representation of the root is an almost continuous
sequence, which is only interrupted occasionally by narrow
vowel letters (vav- “Y”, which represents the vowels /o/ and /u/,
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or yod-“9” which represent the vowel /i/). Other vowels (i.e.,
/a/ or /e/ which can be represented by the letters he’-“7” or
aleph-“N”) are never represented by a vowel letter when they
appear amidst the root consonants (Ravid and Malenky, 2001;

Vaknin-Nusbaum et al., 2015).

The Effect of Diacritics and Derivational
Morphology on Reading in Hebrew

Diacritics facilitate word recognition in early stages of reading
acquisition (Navon and Shimron, 1981; Shimron and Sivan,
1994; Ravid, 1996; Harel-Koren, 2007; Shany and Share, 2011).
In skilled adult readers diacritics have mixed effects, showing
either facilitation (Navon and Shimron, 1981; Shimron and
Navon, 1982; Koriat, 1984, 1985) or no effect (Bentin and
Frost, 1987; Shimron and Sivan, 1994; Schiff and Ravid, 2004;
Harel-Koren, 2007) on speed and accuracy of word recognition.
However, both behavioral (Weiss et al., 2015a) and brain imaging
(Weiss et al., 2015b) studies, of word reading in Hebrew show that
even skilled adult readers who do not benefit from diacritics in
terms of accuracy or RT, resort to a more piecemeal segmentation
approach of decoding small units when reading pointed words.

Morphological segmentation has a prominent role in reading
Hebrew words. Studies in skilled adult readers found long lasting
priming effects of both the root and the morphemic pattern,
suggesting that these units are activated when skilled Hebrew
readers recognize written words (Bentin and Feldman, 1990;
Frost et al., 1997). Studies in Hebrew speaking children show that
children’s awareness of the root morpheme in spoken language is
already evident at the age of 3 years (Berman, 1982), however, the
awareness of patterns develops later, and only reaches an adult
level in 9th grade (Ravid and Malenky, 2001). School children’s
(2nd-6th grades) performance in morphological analogies of
written words and pseudowords also shows early robust explicit
knowledge of roots and patterns (Ravid and Schiff, 2006).
Furthermore, children’s morphological awareness in explicit
judgment tasks was shown to correlate with their reading skills
in 2nd (Vaknin-Nusbaum et al., 2015, 2016a,b) and 5th grade
(Cohen-Mimran, 2009; Vaknin-Nusbaum et al., 2015), suggesting
that morphological knowledge affects children’s ability to read
Hebrew already in early stages of reading acquisition. The triplex
model of Hebrew reading development (Share and Bar-On,
2017) denotes three phases of development with growing sizes
of units: the phonological (sub-lexical) sequential spelling-to-
sound translation (in Grade 1); the higher-order string-level
(lexical) lexico-morpho-orthographic processing (in Grade 2)
followed by a supra-lexical contextual level (in upper elementary
grades). According to this model first grade readers practice their
decoding skills in reading phonologically transparent script. In
second grade, readers gradually begin using their lexico-morpho-
orthographic knowledge to cope with the incompletely vocalized
Hebrew, a process which promotes their reading fluency. Then,
during third grade and the transition to the unpointed script
readers must rely on context in order to solve ambiguities, due
to the extensive homography (Share and Bar-On, 2017).

While many of the above studies used explicit judgment
tasks of morphological awareness, another study examined
morphological segmentation skills in an online reading task

of unfamiliar words and pseudowords. Hebrew speaking
children (2nd to 11th grade) read aloud unfamiliar words and
pseudowords containing real morphemic patterns, written in the
opaque un-pointed script (Bar-On and Ravid, 2011). The results
show a dramatic improvement in children ability to rely on
morphosyntactic cues to identify unfamiliar words during 2nd
grade, with a more gradual improvement throughout the rest of
the school years. This study shows that Hebrew speaking children
are able to extract morphological patterns from written words
in very early stages of reading acquisition and this knowledge
facilitates identification of new words. However, it is not clear
to what extent these segmentation skills are also applied when
reading real and familiar words. Moreover, the authors note
that this ability facilitates reading of the opaque un-pointed
script. However, since this study did not compare pointed
and un-pointed words, it is not clear whether the reliance on
morphological segmentation was indeed enhanced by the opacity
of the un-pointed script.

The Current Study

The goal of the current study is to examine the interaction
between morphological and phonological segmentation
processes during reading development. For this aim we tested
the effect of orthographic transparency on children’s reliance
on morphological segmentation when reading Hebrew derived
words. Children (in 2nd and 5th grade) read single words (nouns)
presented with or without diacritic marks, and the reliance on
morphological segmentation was tested by comparing the speed
and accuracy of reading bi-morphemic words (composed of
a productive root and pattern) and mono-morphemic words.
These two age groups represent lower and higher reading skills
and reading experience within elementary school, and specifically
2nd grade children have a very a low level of experience with the
unpointed script.

Many of the previous studies that tested the effect of
morphological knowledge on reading development in Hebrew
(Cohen-Mimran, 2009; Vaknin-Nusbaum et al., 2015) and other
languages (Carlisle, 2000; Deacon and Kirby, 2004; Kieffer
and Lesaux, 2012) used an explicit measure of morphological
awareness. By comparing between oral reading of bi-morphemic
and mono-morphemic words the current study tests the reliance
on morphological segmentation in an online method. This
approach, which was previously used in studies of Italian speakers
(Burani et al., 2008; Marcolini et al., 2011) measures the reader’s
sensitivity to the words morphological structure implicitly and
directly, without relying on their meta-linguistic awareness. This
approach may be better suited to tapping young children’s mental
processes.

Based on previous studies, showing the sensitivity of young
Hebrew speakers to roots and patterns in spoken and written
derived words (Berman, 1982; Bar-On and Ravid, 2011) we
expect that: (1) the morphological structure will facilitate word
recognition as would be evident in higher accuracy of bi-
morphemic compared to mono-morphemic word reading. (2)
This effect is expected to be stronger in 2nd grade compared
to 5th grade children, because the older children may rely
more on whole-word recognition when reading familiar words
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(Burani et al., 2008; Marcolini et al., 2011). (3) Finally, based
on the notion that reliance on morphological segmentation can
compensate for the sparse phonological information in opaque
orthographies (Ziegler et al., 1997; Frost, 2006; Bar-On and Ravid,
2011), we predict that the facilitating effect of the morphemic
structure would be stronger in un-pointed compared to pointed
words.

MATERIALS AND METHODS

Participants

Twenty-nine 2nd grade students (ages 7:01-8:04 years, 16 girls)
and 29 5th grade students (ages 10:01-11:04 years, 17 girls)
were recruited from a regular elementary school in north Israel.
Written informed consent was obtained from the parents of all
participants. The study was approved by the ethics committee
of the Faculty of Social Welfare and Health Sciences at the
University of Haifa, and by the Ministry of Education. All
were native Hebrew speakers without learning disabilities as
reported by their teachers and confirmed by our assessment.
Their reading level was tested using the Word Recognition and
the Pseudo Word Decoding Tests, from “Alef-Taf, Diagnostic
test battery for written language disorders” (Shany et al., 2006)
described below. The inclusion criterion was having a score
higher than one standard deviation below the norm in both tests
and both measures: reading rate and accuracy. No student was
excluded based on this criterion. One 2nd grade participant was
excluded from the group analysis because their performance on
the experimental task was lower than 3 standard deviations below
the group average in three of the four experimental conditions, in
both accuracy and reaction time. This resulted in 28 participants
in 2nd grade and 29 participants in 5th grade who were included
in the analysis.

Stimuli

The experimental stimuli consist of 96 concrete Hebrew nouns in
two levels of orthographic transparency and two morphological
conditions. Morphologically rich (bi-morphemic) words are
composed of two morphemes: a root + a morphemic pattern.
Examples of the stimuli are shown in Table 1. All roots were three
consonantal productive roots, which are also used in existing
Hebrew verbs, as judged by a linguist. Morphologically simple
(mono-morphemic) words cannot be decomposed into smaller
morphemes. We did not include words that can be decomposed
into base + suffix (e.g., /gagon/: /gag/+-/on/ ‘small roof’) even if
they did not include a root.

In each morphological level, half of the words (24) were
presented with diacritics and half without diacritics. None of the
words in the experiment were homographs even when presented
with no diacritics. Word lists were matched across conditions
for the number of consonants (3-4), the number of vowel letters
(0-2), the number of syllables (2-3), and for written frequency.
As there is no available consensus corpus for written Hebrew
frequency, we based the frequency ranking on the rating of
ten elementary school teachers on a Likert scale of 1-5, that
represents a range of low to high frequency for second graders.

TABLE 1 | Example of stimuli.

Bi-morphemic
(root and template)

Mono-morphemic

With Diacritics Fiwm w30
MXSOL SNTR
/mixshol/ /santer/
(obstacle) (chin)
Without diacritics N0 D10
TLMID SNPIR
/talmid/ /snapir/
(student) (fin)

The frequency of the selected words ranged from 2 to 4.8, and
the average frequency was equal in all conditions (between 3.4
and 3.6).

Standardized Tests

All participants underwent three standardized screening tests,
in order to assess their reading and decoding abilities, and
their vocabulary knowledge. In addition, phonological and
morphological abilities were measured in order to assess
the correlation of these abilities with performance on the
experimental task. The first two screening tests were taken from
the "Alef-Taf” battery (Shany et al., 2006): (1) Word recognition:
participants read aloud 38 nouns with diacritics which represent
different levels of frequency, length, and phonological structure.
Different age-appropriate lists are used for different age groups.
The scores indicate the number of accurately read words per
minute and the percentage of errors. (2) Pseudo-word decoding:
participants read aloud 33 pseudo-words with diacritics. 24 of
these items represent familiar morpho-phonological structures
in Hebrew and nine contained sound structures non-existent in
Hebrew. Different age-appropriate lists are used for different age
groups. The obtained scores indicate the number of accurately
read pseudowords per minute and the percentage of errors.
(3) Vocabulary subtest (WISC-III) (Wechsler, 1994): participants
provided the definition for 25 words presented orally by the
examiner. The final score is the total number of correctly defined
words.

One phonological and two morphological
awareness tests were included in order to test the correlation
between performance on the experimental task and these
abilities: (1) Phonological awareness (from the "Alef-Taf” battery;
Shany et al., 2006): includes 16 mono and bi-syllable words
read aloud by the examiner. Participants produce pseudo-words
obtained by omitting a designated phoneme positioned at the
beginning, middle or end of the word. The score reflects the
percentage of correctly produced items. (2) Morpho-syntactic
awareness (from the "Alef-Taf” battery; Shany et al., 2006): the
ability to inflect and derive words in a context of a sentence
is tested in both identification and production. Identification—
participants identify the missing word in a sentence from five
given options, which are all morphologically related to the
target word. The score indicates the error percentage in the task.
Production —participant s are required to complete a missing

awareness
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word in a sentence by deriving it from a given root. Other items
include completing a missing pseudo-word in a sentence by
inflecting a given pseudo-root. (3) Passive production test (Ravid
and Saban, 2008). The examiner reads aloud a sentence and the
participant is required to say it in the passive form. The test
includes 12 sentences and the score represents the percentage of
correct items.

Experimental Procedure

We employed an oral naming task because of its high ecological
validity for testing reliance on morphological and phonological
representations during word recognition (Koriat, 1984, 1985;
Burani et al., 2008). Stimuli were presented on a computer
monitor and participants were required to read them aloud,
while responses and reaction times were recorded using a
voice-activated-key (E-prime, Serial Response Box, PST). The
trial began with the presentation of a fixation cross, and the
presentation of the word was triggered by the participant. The
word appeared on the screen 250 ms after the button press and
remained there until 1200 ms after the onset of the vocal response
when it was replaced by a fixation cross. Reaction times (RT)
were collected starting from the stimulus presentation to the
onset of vocalization. The 96 words from the current experiment
were presented together with 152 words from another experiment
(see Weiss et al., 2015a,b) which were similar in length and
frequency and also appeared in both the pointed and un-pointed
versions. Hence, the total number of trials for both experiments
together was 248. Pointed and un-pointed words were presented
in separate blocks of 124 words each, to minimize interference
from frequent switching between strategies associated with
reading pointed and un-pointed words. Block order was counter
balanced across individuals, while morphological complexities
were randomly intermixed. Data were collected in two sessions
during the second trimester of the school year. In the first session
the participants performed the standardized tests individually in
a quiet room in the school. Participants who passed the selection
criteria were invited for a second session where they performed
the experimental task.

Data Analysis

Reaction time was analyzed only for correct responses. Self-
corrected responses and words read by sounding each letter
separately were coded as correct for the analysis of accuracy
but were omitted from the analysis of reaction time. 1% of the
responses were excluded from the analysis of RT due to technical
recording problems. In order to examine the effects of diacritics
and morphological complexity on reading, statistical analysis
incorporated a GLM analysis separately on response time and
accuracy as dependent variables with morphological complexity
(mono-morphemic vs. bi-morphemic) and diacritics (pointed
vs. un-pointed) as within subject variables and grade (2nd vs.
5th) as between subject variable. In order to test our specific
hypotheses within each age group, we have also conducted
separate analyses within each group although the interaction
with group was not significant. Finally, in order to examine
the linguistic and cognitive bases for the effects of diacritics
and morphological complexity found in our experimental

manipulation we have included scores of three standardized
measure (Passive production test, Morpho-syntactic awareness
and Phonological awareness) as covariates in three separate GLM
analyses, conducted as above across both groups. Significant
effects are reported with p < 0.05.

RESULTS

Characteristics of the Sample

Performance of all participants was within one standard
deviation from the mean in all screening measures (accuracy
and speed of words recognition and pseudo-words decoding, and
vocabulary) as computed based on the age-appropriate norms of
these standardized tests. These scores are presented in Table 2.
Raw scores are presented in Supplementary Table S1. The scores
of the other tests which were used for the correlation analysis are
presented in Table 3.

Experimental Task

Accuracy

A GLM repeated measures analysis for accuracy as the dependent
variable was conducted with morphological complexity
(mono-morphemic vs. bi-morphemic words) and diacritics
(with/without diacritics) as within-subject variables and

TABLE 2 | Participants’ average Z score (and SD) in the screening tests.

2nd grade 5th grade
(n =28) (n =29)

Reading pseudo-words 1.01 (0.55) There are no
(% errors z score) norms
Reading pseudo-words 0.79 (0.56) 0.96 (0.56)
(number per minute z score)
Reading words 0.89 (0.33) 0.56 (0.39)
(% errors z score)
Reading words 0.98 (0.67) 0.17 (0.72)
(number per minute z score)
Vocabulary 13.18 (2.80) 12.21 (2.02)

(scaled score)

For the vocabulary test the scaled scores are presented (mean = 10, SD = 3).

TABLE 3 | Participants’ average scores (and SD) in the Phonological and
Morphological awareness tests used in the correlation analysis.

2d grade 5th grade
(n=28) (n=29)
Phoneme omission 22.10 (26.92) 9.70 (14.99)
(% errors) 47.49 (26.89) 24.50 (24.35)
Morpho-syntactic awareness 12.69 (10.78) 6.51 (5.95)
(% errors) There are no 10.51 (11.12)
norms
Passive production 65.47 (20.38) 76.72 (12.87)
61.04 89.37

(% accuracy)

The mean and standard deviation of the norm sample appear below.
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FIGURE 1 | Accuracy in reading words with and without diacritics according
to grade. Error bars indicate standard errors. Asterisks represent significant
differences at p < 0.05.

b 2

With Diacritcs

1.00

0.98

Accuracy
o
{¥e)
()]

0.94

0.92
No Diacritics

M Bi-Morphemic B Mono-Morphemic

FIGURE 2 | Interaction between Morphological complexity and Diacritics
across groups. Error bars indicate standard errors. Asterisks represent
significant differences at p < 0.05.

grade (2nd vs. 5th) as a between subject factor. The analysis
showed significantly more accurate performance in 5th grade
[F(1,54) = 6.538, p = 0.013], and a significant effect of diacritics
[F(1,54) = 6.697, p = 0.012] showing that diacritics improved
accuracy across groups (see Figure 1). The analysis also showed
a significant interaction between diacritics and morphological
complexity [F(1,54) = 14.919, p < 0.001], and no interactions
with grade. Figure 2 present follow-up analyses across the two
groups showing that for the pointed script bi-morphemic words
were read significantly more accurately than mono-morphemic
words [#(55) = 3.154, p = 0.003], while for the un-pointed script
the pattern was reversed, with bi-morphemic words read less
accurately than mono-morphemic words [£(55) = (—2.569),
p = 0.013]. The results also showed that the pointed script
improved accuracy compared to un-pointed script only for
bi-morphemic words [£(55) = 4.139, p < 0.001], with no effect on
mono-morphemic words [#(55) < 1, NS].
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FIGURE 3 | Accuracy in 2nd grade. Error bars indicate standard errors.
Asterisks represent significant differences at p < 0.05.
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FIGURE 4 | Accuracy in 5th grade. Error bars indicate standard errors.
Asterisks represent significant differences at < 0.05.

Although no interaction with group was significant, in order
to see whether the above effects are evident in both age group and
test our specific hypotheses, separate analyses were conducted
within each age groups (see Figures 3, 4). The results show
that the main effect of diacritics was only significant in 2nd
grade [F(1,26) = 6.041, p = 0.021], however, the interaction
between diacritics and morphological complexity was significant
in both groups [2nd grade: F(1,26) = 7.692, p = 0.01; 5th grade:
F(1,28) =7.368, p = 0.011], with a similar pattern of results across
groups (see Figures 3, 4). For the pointed script bi-morphemic
words were read more accurately than mono-morphemic words
[significant in 5th grade (#(28) = 2.544, p = 0.017) and marginally
significant in 2nd grade (#(26) = 1.951, p = 0.062)]. Only
2nd graders showed the opposite pattern for the un-pointed
script, with lower accuracy for bi-morphemic compared to
mono-morphemic words [#(26) = —2.185, p = 0.038]. The two
groups also showed a similar pattern of effects within each
level of morphological complexity: the pointed script improved
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FIGURE 6 | Reaction time in mono-morphemic and bi-morphemic words in
both groups.

reading accuracy compared to the un-pointed script only for bi-
morphemic words [2nd grade: £(26) = 3.357, p = 0.002; 5th grade
£(28) = 2.544, p = 0.017], but had no effect on mono-morphemic
words in any age group.

Reaction Time

A GLM repeated measures analysis was conducted with reaction
time as the dependent variable, morphological complexity and
diacritics as within subject variables and with grade as between
subject factor. The analysis showed a significant effect for grade
[F(1,54) = 23.394, p < 0.001], with faster responses in 5th
grade (see Figures 5, 6). It also showed a significant effect for
diacritics [F(1,54) = 4.963, p = 0.03], with faster responses for
the pointed script, and a significant effect for morphological
complexity [F(1,54) = 8.785, p = 0.005] with faster responses for
mono-morphemic words. The two-way interaction for grade and
morphological complexity was also significant [F(1,54) = 9.712,
p = 0.003] and the interaction between grade and diacritics
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FIGURE 7 | Reaction time in 2nd grade.

was marginally significant [F(1,54) = 3.693, p = 0.06]. These
interactions were followed-up by analyses within each grade
level, showing that both of these effects were only significant
in the 2nd grade [morphological complexity: F(1,26) = 8.968,
p = 0.006; Diacritics: F(1,26) = 4.440, p = 0.045]. Hence, for 2nd
grade children reaction time was faster for pointed compared
to un-pointed words (Figures 5, 7) and for mono-morphemic
compared to bi-morphemic words (Figures 6, 7), with no effects
in 5th grade.

Correlations with Standardized Tests
Passive Production Test (Ravid and Saban, 2008)

In order to determine the linguistic mechanism underlying the
effects in our experimental task, three linguistic measures were
included in the GLM repeated measures analyses of accuracy
as covariates. The inclusion of the Passive production test as a
covariate in the GLM analysis of accuracy across groups showed
a main effect for the Passive production test [F(1,53) = 15.985,
p < 0.001], and no interaction with other factors. This was
due to positive correlations between performance on the Passive
production test and accuracy on the experimental task, which
was significant in three of the four conditions (unpointed bi-
morphemic words: r = 0.410, p = 0.002; un-pointed mono-
morphemic words r = 0.442, p = 0.001; pointed bi-morphemic
words: ¥ = 0.399, p = 0.002). None of the other effects were
significant (including those which were significant in the original
analysis, namely, diacritics, group and morphology x diacritics).
These findings indicate that participants with high morphological
awareness as measured by the Passive production test, generally
read words more accurately.

Morpho-Syntactic Awareness (Shany et al., 2006)

The inclusion of the Morpho-syntactic awareness test scores
as a covariate in the GLM analysis of accuracy across groups
showed a main effect for the Morpho-syntactic awareness
test [F(1,53) = 5.907, p = 0.019]. There were also significant
interactions between the score of the Morpho-syntactic
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awareness test and the experimental manipulation of
morphological complexity [F(1,53) = 4.231, p = 0.045], as
well as between the Morpho-syntactic awareness test and
grade [F(1,53) = 4.298, p = 0.043], indicating that the effect
of the morpho-syntactic awareness test is different for the two
grade levels. In addition, only the interaction of morphology
with diacritics remained significant as in the original analysis
[F(1,53) = 7.735, p = 0.007], while the other effects (diacritics
and group) were not. Separate GLM analyses were therefore
conducted in each grade level. Only 2nd grade children showed
a significant effect of the Morpho-syntactic awareness test
[F(1,25) = 12.229, p = 0.002], and an interaction between the
morpho-syntactic awareness test and the experimental task
morphological complexity [F(1,25) = 6.347, p = 0.019]. No
effects involving the Morpho-syntactic test were found among
5th graders [F(1,27) = 0.421, NS]. Pearson correlation analyses
within the 2nd grade group showed negative correlations
between the morpho-syntactic test scores (expressed as error
percentage) and reading accuracy in bi-morphemic un-pointed
words (r = —0.682, p < 0.001) and marginally significant in
bi-morphemic pointed words (r = —0.377, p = 0.053). The
correlations with mono-morphemic words were not significant
(r=—-0.179, p = 0.372; r = —0.269, p = 0.175; for the pointed and
un-pointed scripts respectively). Namely, the Morpho-syntactic
awareness test predicted reading accuracy only for 2nd grade
children and only for bi-morphemic words (see Figure 8).

Phonological Awareness

Including the Phoneme omission test scores as a covariate in
the GLM analysis of accuracy or RT across groups showed no
significant effect of the test [F(1,53) = 1.068, 1.125, NS for
accuracy and RT respectively].

DISCUSSION

Our study examined the hypothesis that the morphological
structure of root and pattern, in derived Hebrew words,

would facilitate children’s oral reading, as compared to mono-
morphemic words. We further expected that this facilitation
would be stronger in 2nd grade compared to 5th grade children,
and stronger in the opaque, un-pointed compared to the
transparent pointed script.

Our results showed faster and more accurate reading in 5th
grade compared to 2nd grade children. The transparent, pointed
script, was read faster and more accurately compared to the un-
pointed script, in 2nd grade children. 2nd grade children also
read mono-morphemic words faster than bi-morphemic words.
Interestingly we found an interaction between morphology
and diacritics across both groups. Specifically, in both groups,
derived bi-morphemic words were identified more accurately
than mono-morphemic words, but this was only true for the
transparent, pointed, script. For the un-pointed script the reverse
was found, namely that bi-morphemic words were read less
accurately than mono-morphemic words, especially in 2nd grade.

Correlation analyses with morphological awareness tests
showed a correlation between reading accuracy across conditions
and performance on the Passive production test (Ravid and
Saban, 2008) across both groups. Interestingly, the Morpho-
syntactic awareness test from the Alef-Taf battery (Shany et al,,
2006) was specifically associated with reading accuracy of bi-
morphemic words and only among 2nd grade children. The
following sections will discuss these results and their implications
for our understanding of morphological segmentation during
reading development in transparent and opaque scripts.

Morphological Segmentation and Its
Interaction with Orthographic

Transparency

The finding that across both groups, bi-morphemic words were
read more accurately than mono-morphemic words, in the
pointed script, is partly consistent with our hypothesis. We
predicted that the morphological structure of root and pattern
would facilitate word identification in general, but more so in
unpointed words. The facilitation found in pointed words is
consistent with findings in Italian, a transparent orthography,
showing higher accuracy in oral reading of bi-morphemic
compared to mono-morphemic words (Burani et al., 2008;
Marcolini et al., 2011). The authors suggest that morphological
segmentation facilitates reading by providing smaller units,
which could be identified with a shorter visual span. However,
in contrast to our hypothesis that morphological decomposition
would be more beneficial for unpointed words, because it could
compensate for the scarce phonological information (Ziegler
et al.,, 1997; Frost, 2006; Bar-On and Ravid, 2011), our results
revealed the opposite pattern. Bi-morphemic words were read less
accurately than mono-morphemic words in the un-pointed script
for 2nd grade children. A possible interpretation of these results
is that reading of bi-morphemic words, which contain productive
roots, is impeded by the competition from morphologically
related words containing the same root. The identification of
the target among these morphological competitors depends on
identifying the morphemic pattern (Mishkal), which is mostly
composed of vowels. Since most of the vowels are not represented
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in the un-pointed script, there is more interference from the
competitors. Thus, the extraction of the root from bi-morphemic
words can facilitate identification of the word when the script
is transparent, providing information about the morphemic
pattern, but when the script is non-transparent, it can create
competition, and even impede identification in less skilled
readers who have very little experience in reading un-pointed
words.

While the specific way in which orthographic transparency
interacts with morphological segmentation is unique to the
Semitic script and morphology, the general finding is consistent
with the results of a study that compared between French
and English speaking children in 3rd and 4th grade (Casalis
et al., 2015). They showed greater effects of morphology in a
lexical decision task in French, which has a richer morphology
and a more transparent letter-to-sound correspondence than in
English which has a deeper orthography. Moreover, in contrast to
French children, English speaking children showed a detrimental
effect for the presence of a real root in the word. The authors
suggest that this is due to competition between the full word
and its components because the form of the root is better
preserved in English than French (Casalis et al., 2015). This
finding is consistent with our results showing a disadvantage
for bi-morphemic compared to mono-morphemic words when
presented in the un-pointed script, and support the interpretation
that this is due to competition between morphologically related
words.

Developmental Changes in the Reliance
on Morphological Segmentation

Consistent with our hypothesis, the results show more pervasive
morphological effects in 2nd grade compared to 5th grade
children. This is reflected in the finding of stronger effect
of morphological complexity on reaction time in 2nd grade
compared to 5th grade children. Although both age groups
were sensitive to the words’ morphological structure, as evident
by the effect of morphological complextiy on accuracy in both
groups, only 2nd grade children showed slower reaction time for
bi-morphemic compared to mono-morphemic words, with no
effect in 5th grade children. This suggests that while the process
of morphological segmentation was faster and automatic in 5th
grade children it was more effortful and time consuming for
young children, regardless of whether it facilitated (in the pointed
script) or impedes (in the un-pointed script) reading accuracy.
Another evidence for the early effect of morphological
decomposition on reading is the stronger correlation found in
2nd grade compared to 5th grade children between morpho-
syntactic awareness (Shany et al., 2006), and high reading
accuracy of bi-morphemic words on the experimental task. The
inclusion of these morphological test scores as covariates in the
analysis rendered the effect of group insignificant, indicating
the important role these skills play in reading acquisition.
The specificity of this correlation to bi-morphemic words
supports our experimental manipulation and the suggestion
that processing of bi-morphemic words relies on morphological
segmentation. Importantly, the finding of these correlations
only in 2nd grade children suggests that the extraction of

roots and morphemic patterns contributes to word identification
more in these young unskilled readers compared to the older
children. It is consistent with the idea that morphological
segmentation in 5th graders is automatic and less demanding,
and hence identification of bi-morphemic words depends less on
the explicit morpho-syntactic awareness.

Our results are consistent with previous studies in Italian,
using the oral naming paradigm, that showed stronger
morphological effects in young or poor readers compared
to adult skilled readers (Burani et al., 2008; Marcolini et al,,
2011). In a similar vein, the morphemic status of French
words facilitated spelling in poor but not in skilled readers
(Quemart and Casalis, 2017). In Chinese, a morpho-syllabic
language, morphological awareness is associated with good
reading skills already in kindergarten and 2nd grade children
(McBride-Chang et al., 2003). These findings show that when the
morphological structure is salient and prevalent in the language,
it can compensate for low phonological and decoding skills in
young and poor readers.

These findings appear to contradict the claim for a
developmental increase in the reliance on morphological
segmentation skills during the elementary school years
(Carlisle, 1988; Tyler and Nagy, 1989; Kieffer and Lesaux,
2012; Nagy et al, 2014; Sparks and Deacon, 2015). Some
of the studies showing a developmental increase in reliance
on morphological awareness explain it by an increase in the
proportion of derivationally complex words children encounter
as they mature and become more fluent in reading languages such
as Dutch (Rispens et al., 2008) and English (Adams, 1990; Anglin,
1993; Singson et al., 2000). In contrast to this claim, derivationaly
complex words are ubiquitous in the Hebrew language, and
are thus very common and easily decomposed in the spoken
language even in young children (Berman, 1982; Ravid and
Malenky, 2001). Moreover, the morphological structure of words
in the Hebrew orthography is relatively transparent because the
root consonants appear as a continuous string, only interrupted
occasionally by a narrow vowel letter (Ravid and Malenky, 2001;
Vaknin-Nusbaum et al., 2015). These properties of the Hebrew
language may explain the early development of sensitivity to the
root in reading Hebrew derived words.

Indeed, our results are consistent with previous studies in
Hebrew, showing that 2nd grade children already show explicit
awareness of roots and patterns in written words (Ravid and
Schiff, 2006), and this awareness is correlated with their word
recognition skills (Vaknin-Nusbaum et al., 2015). Even in Ist
grade Hebrew speaking children show significant contribution
of morphological awareness to word reading (Schechter and
Katzir, unpublished). When reading unfamiliar pseudo-words
2nd grade children rely on their morphemic structure for
correct pronunciation (Shany et al., 2012). Altogether our
results are consistent with the claims of the Triplex model
for reading Hebrew (Share and Bar-On, 2017), suggesting
that by the end of 2nd grade Hebrew speaking children rely
less on low-level sub-lexical phonology, and more on higher-
order lexical and morpho-orthographic knowledge. Moreover,
studies in Hebrew speaking children that showed a continued
increase in morphological segmentation from grade 2 to higher
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school grades used unfamiliar words and pseudowords, rather
than real words (Bar-On and Ravid, 2011), or examined the
role of morpho-syntactic information when reading sentences
(Share and Bar-On, 2017). The current study shows that when
reading real familiar single words performance of 5 grade
children is less dependent on their morphological segmentation
skills compared to 2nd grade Hebrew speaking children.

Limitations

Our study focused on reading of single words in order to
control for word characteristics while testing the interaction with
orthographic transparency. Nevertheless, the use of sentences
which require more reliance on morpho-syntactic cues may
show a continued developmental increase in the reliance on
morphological segmentation in 5th grade children, and could
even reverse the effect of orthographic transparency. Moreover,
our study used nouns in order to manipulate the number
of morphemes in the word, because the Hebrew nominal
system includes both bi-morphemic (derivational) and mono-
morphemic words, whereas verbs are all bi-morphemic, and their
morphology is more systematic. This raises the possibility that
decomposition of verbs may be more beneficial for reading across
all groups and conditions.

Finally, our analyses showed no correlations between reading
in the experimental task and phonological awareness, as
measured by the phoneme-omission task in the Alef-Taf battery
(Shany et al., 2006), in any of the groups. This stands in contrast
to the ubiquitous evidence for the role of phonological awareness
in reading in both Hebrew and other languages (Goswami, 1991;
Bentin and Leshem, 1993; Ziegler et al., 2010). One possibility is
the high level of performance on the phoneme omission test of
even 2nd grade children in our sample. The average no. of errors
in our sample was around 1 standard deviation lower than the
average in the norms, in both groups (see Table 2).

CONCLUSION

The current study shows that children as young as 2nd
grade engage in morphological segmentation of Hebrew words
composed of a root and a morphemic pattern. This process is
effortful and time consuming for 2nd graders and automatic
for 5th grade children. Yet, for all children this morphological
structure facilitates word identification when the script is
transparent. When the script is not transparent, and the
vowels that constitute the morphemic pattern are not fully
represented, the presence of a root impedes word recognition
presumably due to competition from morphologically related
words that have the same root and a different morphemic
pattern. These results stand in contrast to the idea that
morphological segmentation of derived words is applied to
compensate for the under-specification of vowels in a non-
transparent orthography (Frost, 2006; Bar-On and Ravid,
2011; Vaknin-Nusbaum and Miller, 2011). The current study,
which was the first to test this idea empirically in a within-
subject experiment, showed an opposite effect of orthographic

transparency on morphological segmentation, with greater
benefit from morphological segmentation in the transparent
orthography. These results are consistent with previous studies
showing reliance on morphological segmentation even in
transparent orthographies such as Italian and French (Burani
et al., 2008; Casalis et al., 2015). Together these findings
show that morphological segmentation and decoding of single
letters do not constitute alternative-competitive pathways to
word recognition. They are consistent with the Grain-Size
Hypothesis, suggesting that orthographic units of multiple
sizes are mapped simultaneously to their phonological and
meaning representations, and together they converge during
word identification (Ziegler and Goswami, 2005).

Our results further show that 2nd grade Hebrew speaking
children engage in morphological segmentation of derived words
and this affects their reading more than for 5th grade children.
We suggest that this early peak in the reliance on morphological
segmentation is related to the structure of the Hebrew language
and orthography that facilitates such decomposition.
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