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Abstract. Three measures have been found to be predictive of developmental language impairment: nonword repetition, the production
of English past tense, and categorical speech perception. Despite this, direct comparisons of these tasks have been limited. The present
study explored the associations between these measures and other language and cognitive skills in an unselected group of 100 children
aged 6 to 11 years. The children completed standardized tests of nonverbal ability, receptive language, and reading, as well as nonword
repetition, past tense production, and categorical speech perception tasks. Nonword repetition and past tense were highly correlated.
Variance in nonword repetition was explained additionally by digit recall, whereas receptive language, age, and digit recall accounted
for significant portions of variance in past tense production. Categorical speech perception was not associated with any of the measures
in the study. The extent to which common and distinct facts underlie the key language-related measures is discussed.
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In recent years, three measures have consistently been
found to be predictive of developmental language impair-
ment: nonword repetition – the ability to repeat novel pho-
nological forms such as fowmoychee; the production of
morphologically complex words such as English past
tense; and the perception of acoustic cues necessary to cat-
egorize or discriminate speech sounds. Children with spe-
cific language impairment – an unexpected failure to de-
velop language skills at a typical rate – tend to perform
poorly on all of these tasks (Dollaghan & Campbell, 1998;
Rice & Wexler, 1996; Tallal & Stark, 1981). These findings
have sparked considerable debate as to what underlying
deficits may account for low scores on these tasks, with
some arguing that they tap distinct cognitive processes
(e.g., Bishop, Adams, & Norbury, 2006; Bishop et al.,
1999) and others suggesting that they are different mea-
sures of a single, language processing construct (e.g., Mac-
Donald & Christiansen, 2002). One problem hampering
this debate is that most studies include just one or two of
these measures and, thus, a clear picture of how perfor-
mance on these tasks may be related has yet to emerge.
Leonard (2003) has called for the inclusion of these three
measures in all studies of specific language impairment
(SLI) in order to allow comparison across groups. Howev-
er, it is important also to gain an understanding of how
these tasks are related in typical development. The purpose
of the present study was to investigate the relationships be-
tween nonword repetition, past tense production, speech

perception, and other measures of language and cognitive
skill in a representative sample of school-age children.

The research literature pertaining to SLI is replete with
attempts to identify consistent areas of deficit in these chil-
dren. Both nonword repetition (Bishop, North, & Donlan,
1996; Conti-Ramsden, 2003[not in refs]; Conti-Ramsden,
Botting, & Faragher, 2001) and grammatical tense marking
(Rice, 2003; Rice & Wexler, 1996) have been suggested as
clinical markers of the disorder. The finding by Tallal and
colleagues (Tallal & Piercy, 1973; Tallal & Stark, 1981) of
an impairment in auditory temporal processing has been
highly influential also. Few studies have attempted to com-
pare these measures directly, however. A notable exception
is a study by Bishop and colleagues, who used a twin study
methodology to examine the joint heritability of these dif-
ferent difficulties in SLI. They found that nonword repeti-
tion and auditory temporal processing deficits in SLI were
genetically independent (Bishop, et al., 1999), as were the
nonword repetition and verb tense marking impairments
(Bishop et al., 2006). These data suggest that even though
auditory temporal processing, nonword repetition, and
grammatical difficulties are all poor in language impaired
children, they are not caused by a single underlying neuro-
biological factor.

One impediment to studying individual differences in
these three abilities in SLI is the notoriously small sample
sizes of children with SLI available to participate in studies,
resulting in power issues for statistical analyses such as
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regression. This problem is avoided by studying the rela-
tionship among different language variables in samples of
children representing the full range of abilities, who can be
identified and recruited in sufficient numbers. The rele-
vance of information drawn from such a sample to SLI was
established in a study involving a latent class analysis of
the language skills of a large sample of 3-year-old and 4-
year-old children (Dollaghan, 2004). The results of this
study revealed a dimensional distribution of language skills
with no indication that a subgroup of children with SLI
formed a qualitatively distinct group for three clinical in-
dicators, receptive vocabulary, mean length of utterance,
and mean number of different words. The present study
builds on this by including an unselected group of school-
age children and exploring relationships between the three
key language-related measures of interest. The literature
pertaining to each of these measures, including their possi-
ble relationship to language development, is summarized
below.

Nonword Repetition

Nonword repetition is a deceptively simple task that mim-
ics new word learning in that one way by which we may
learn novel words is repeating their phonological form.
Consistent with this, nonword repetition is highly associat-
ed with vocabulary knowledge of both native language
(e.g., Gathercole & Baddeley, 1989; Gupta, 2003) and for-
eign language (e.g., Cheung, 1996; Masoura & Gathercole,
1999). In experimental studies, poor nonword repetition
has been linked with slower or less accurate new word
learning (Gathercole, Hitch, Service, & Martin, 1997; Pa-
pagno & Vallar, 1995), and difficulties acquiring foreign
vocabulary (Palladino & Cornoldi, 2004). In addition to
vocabulary acquisition, there has been some suggestion
that the ability to repeat phonological forms may be related
to the learning of grammatical forms, either because the
necessary accumulation of word forms for rule abstraction
is delayed (Baddeley, Gathercole, & Papagno, 1998) or
grammatical markers are preferentially lost due to their fre-
quent appearance in nonsalient, final positions (Leonard,
1989, 1998). Consistent with this suggestion, some studies
have demonstrated associations between nonword repeti-
tion and language skills more broadly such as spoken nar-
rative skills (Adams & Gathercole, 1996), utterance length,
and range of syntactic constructions used (Adams & Ga-
thercole, 1995, 2000).

Nonword repetition was originally proposed as a rela-
tively pure index of phonological short-term memory – the
ability to hold phonological information in mind for brief
periods of time (Gathercole & Baddeley, 1993). There is
now considerable evidence in support of this. For example,
it is more difficult to recall longer than shorter nonwords,
consistent with temporal forgetting from a limited storage
mechanism (e.g., Baddelely, Thomson, & Buchanan,

1975). Also, repetition is less accurate for nonwords that
are particularly unlike known words, reflecting a greater
reliance on short-term memory when recall cannot be sup-
ported by existing lexical knowledge (e.g., Hulme et al.,
1997). High correlations between nonword repetition and
performance on more conventional short-term memory
measures, such as digit recall, provide additional corrobo-
rative evidence (e.g., Gupta, MacWhinney, Feldman, &
Sacco, 2003).

It must be acknowledged, however, that the act of re-
peating a nonword involves several steps, including hear-
ing, perceiving, and segmenting the phonological form; en-
coding and retaining the phonological representation; and
planning, programming, and executing the output. Alterna-
tive accounts suggest that nonword repetition taps other
cognitive processes, including lexical knowledge (Snow-
ling, Chiat, & Hulme, 1991), phonological sensitivity (e.g.,
Bowey, 1996), and output phonology (Wells, 1995). It is
apparent, though, that the extent to which other cognitive
processes influence nonword repetition depends on the na-
ture of the nonwords. Wordlikeness (e.g., Hulme et al.,
1997), phonotactic frequency (e.g., Munson, 2001), and
prosodic pattern (Roy & Chiat, 2004) have all been found
to influence nonword repetition. Even patterns of group
differences between children with SLI and typically devel-
oping children vary when two tests of nonword repetition
that differ in nonword length, wordlikeness, and articula-
tory complexity are compared (Archibald & Gathercole,
2006a).

Past Tense Production

Past tense forms in English are typically marked by adding
the -ed suffix to a verb stem (e.g., bake-baked). However,
like many morphological systems, this process is only part-
ly regular, such that many exceptional cases also exist (e.g.,
irregulars such as take-took). Past tense productions typi-
cally emerge in the second year of life. The appearance of
such relational structures is widely held to reflect the ability
of the human cognitive apparatus to abstract categories and
schemas (Tomasello, 2001) or linguistic rules (Pinker,
1991) from the amassed lexicon. Children with SLI are
both delayed and less consistent in the use of inflectional
verb morphology such as past tense (e.g., Leonard, Borto-
lini, Caselli, McGregor, & Sabbadini, 1992; Oetting & Ho-
rohov, 1997; Rice & Wexler, 1996; Rice, Wexler, & Cleave,
1995), and fail to achieve mastery in later years (e.g.,
Marchman, Wulfeck, & Ellis Weismer, 1999; Rice, Wexler,
& Hershberger, 1998).

It has been suggested that there is a close link between
phonological processing and the ability to learn past tense
forms (Joanisse, 2004). This view appeals to the observa-
tion that there is typically a strong degree of phonological
similarity between a present and past tense form (e.g.,
walk-walked), as well as overlap among past tenses of dif-
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ferent verbs (e.g., ripped, walked, and typed are all formed
by adding the same alveolar consonant to the end of the
stem). Finally, the regular past tense ending is phonologi-
cally realized in one of three ways, depending on the pho-
nological characteristics of the stem, as observed in the
cases of walked, sailed, and tasted (/-t/, /-d/, and /-Id/). In
all these cases, learning to generate past tenses involves
close analysis of the phonological form of both inflected
and uninflected forms to acquire an adequate generaliza-
tion to new forms. This observation is also not restricted to
regulars; subregularities are also observed in irregular
forms such as sing-sang, ring-rang, and across regular and
irregular forms such as hugged versus held.

A key test of rule-like representations in morphology is
the so-called wug task (Berko, 1958), in which a speaker is
asked to produce the past tense of a novel form (e.g., He
likes to wug everyday. Just like today, yesterday, he . . .).
Typically developing children and adults tend to produc-
tively apply the regular past tense ending to novel forms,
although this tends to lag the development of familiar verbs
to some extent (Berko, 1958). In contrast, children with SLI
have greater difficulty with these types of forms, suggest-
ing they have poorly-developed representations of the past
tense morpheme (van der Lely & Ullman, 2001).

Speech Perception

In addition to nonword repetition and past tense produc-
tion, a third key language-related measure involves speech
perception. In some respects the relationship between the
perception of speech sounds and the development of robust
phonological representations may be considered reciprocal
in nature. It is well known that although infants can dis-
criminate most speech contrasts during the first few months
of life, phonetic categories specific to a child’s language
environment are acquired during the first few years of de-
velopment (Werker & Tees, 1999). It is assumed from these
findings that exposure to the native language improves
phonological representations that in turn shape the percep-
tion of speech sounds. The importance of speech percep-
tion, on the other hand, is reflected by two lines of converg-
ing evidence: Improvements in speech perception via per-
ceptual identification training leads to better speech
production (Bradlow, Pisoni, Akahane-Yamada, & Toh-
kura, 1997; Bradlow, Akahane-Yamada, Pisoni, & Toh-
kura, 1999), and poor speech perception is often associated
with difficulties in language and/or reading acquisition
(e.g., Chiappe, Chiappe, & Siegel, 2001; Tallal & Stark,
1981).

Speech perception deficits have been raised as a poten-
tial causal factor in the phonological impairments observed
in dyslexia and SLI (Joanisse, Manis, Keating, & Seiden-
berg, 2000). Using a connectionist model, Joanisse and Sei-
denberg (2003) demonstrated that a phonological deficit
could give rise to a sentence processing deficit similar to

that observed in SLI. It must be acknowledged, however,
that phonological impairments can have causes other than
a speech perception deficit and, thus, poor speech percep-
tion may be present in only a subset of those affected with
language disabilities. In a study of children with either pho-
nological dyslexia only, dyslexia plus language impair-
ment, or a global reading delay, only the group with a con-
comitant language deficit demonstrated impairments on
speech perception tasks (Joanisse et al., 2000). The sugges-
tion that developmental language and reading difficulties
may have multiple origins is certainly not a new one (e.g.,
Aram & Nation, 1975; Conti-Ramsden, Crutchely, & Bot-
ting, 1997; Nation, 2001; Tomblin & Zhang, 1999).

One of the most commonly employed speech perception
tasks involves the categorization of speech sounds. The
acoustic change associated with minimal speech sound
contrasts of voicing (e.g., /p/ – /b/) or place of articulation
(e.g., /b/ – /d/) can be represented along a continuum. For
example, small changes in onset frequency of the second
formant can gradually make the syllable /da/ sound more
like /ba/. In spite of this continuity, children and adults tend
to produce a nonmonotonic response curve marked by sim-
ilarly consistent responses for both endpoint and midpoint
stimuli (Liberman, Harris, Hoffman, & Griffith, 1957).
Weak or distorted categorization has been reported in some
studies of dyslexia (e.g., Werker & Tees, 1987) and SLI
(e.g., Sussman, 1993), typically characterized by less con-
sistent responses for midpoint and occasionally endpoint
stimuli.

As discussed above, there is some disagreement as to the
extent of such difficulties both in dyslexia and SLI (Rosen,
2003). One possible reason for the lack of consistent find-
ings related to speech perception in language-disabled
groups is task sensitivity. Synthetic speech, for example, is
more difficult to categorize than naturally spoken syllables
(Coady, Evans, Mainela-Arnold, & Kluender, 2007) while
a voicing continuum may be less demanding than a contin-
uum based on place of articulation (Joanisse et al., 2000).
It has been suggested also that children may recover from
early speech perception deficits that cause long-term pho-
nological impairments (Fitch & Tallal, 2003). If this is the
case, children with early difficulties perceiving speech
sounds may be indistinguishable from same-age peers on
speech perception tasks in their school-age years.

Overview of Present Study

The purpose of the present study was to investigate the
relationships between nonword repetition, past tense pro-
duction, and speech perception, and to explore broader as-
sociations with other measures of language and cognitive
skill. One aim was to examine the extent to which scores
across tasks share common variance. Strong associations
between these measures would reflect a common factor in-
fluencing performance. A second goal was to examine the
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influence of other cognitive processes on the key tasks. A
pattern of differential associations with short-term memo-
ry, receptive language, or the remaining measures would
point to the importance of distinct underlying cognitive
mechanisms.

Phonology is, on at least some accounts, the common
factor among the three measures that we have described
above; it provides the information for retention in nonword
repetition, a probabilistic influence in past tense produc-
tion, and influences recognition in categorical speech per-
ception. The three measures, then, should show some de-
gree of association that may be explained by a common
phonological processing factor. Nevertheless, there are im-
portant additional influences for at least two of the tasks:
the capacity for retention in nonword repetition and the role
of prior knowledge (semantics) in past tense production. It
follows from this that different patterns of association may
be expected between these three language-related tasks and
other measures. Nonword repetition may exhibit a greater
association with memory-based tests such as immediate re-
call, whereas past tense production may be more related to
knowledge-based measures. The case for categorical
speech perception is more difficult to predict. Associations
with all language-related measures would provide strong
evidence of the role of speech perception in language de-
velopment. It may be, however, that the importance of
speech perception diminishes as the phonological system
develops. If this is the case, an overall weak relationship
between categorical speech perception and other language-
related measures may be observed in children with well-
developed language skills.

Method

Participants

A total of 97 children in grades 2 to 5 ranging in age from
6.9 to 11.1 years (see Table 1) were recruited from two
primary schools in the city of London, Ontario. All were
native English speakers, and were considered to be display-
ing typical development generally by teachers and parents.
Only children with diagnosed neurological, cognitive, or
developmental impairments (assessed by parent report)
were excluded from the study.

Procedure

All participants were tested in a quiet room in their school
over two individual sessions not longer than half an hour
each. Each child completed tests tapping the following ar-
eas in the order indicated: Session 1, word and nonword
reading, receptive grammar, and nonverbal cognitive abil-
ity; Session 2, nonword repetition, past tense production,
categorical speech perception, and digit recall.

Nonword Repetition

The Nonword Repetition Test (NRT; Dollaghan & Camp-
bell, 1998) consisted of 16 nonwords, four stimuli each
containing one, two, three, and four syllables. The non-
words were constructed from a limited set of phonemes (11
consonants, 9 vowels) excluding late developing sounds.
The nonwords followed an alternating consonant-vowel
structure, and none of the syllables correspond to English
lexical items. Only tense vowels were used, and therefore
the stress patterns of the nonwords were unlike typical Eng-
lish words in that they had no weak syllables. A detailed
description of the criteria guiding the development of the
NRT is provided in Dollaghan and Campbell (1998). The
nonwords were presented auditorily in fixed random order
via a digital audio recording of an adult female speaker
following the phonetic transcription and pronunciation
guidelines described by Dollaghan and Campbell (1998).
Responses were digitally recorded and scored offline by
computing the number of phonemes correct for each non-
word, and the percent phonemes correct at each nonword
length and overall.

Speech rate was measured from all fluent productions
of 3- and 4-syllable nonwords on the NRT. Nonwords were
judged by the first author as fluent if the item was produced
without perceptible pauses between syllables, hesitations,
or phoneme duplications. On average, participants pro-
duced 6.51 (SD = 1.30) out of 8 possible trials fluently.
Measurements were taken from the initial burst or aperio-
dicity of the first consonant to the end of aperiodicity of
the final consonant. Average speech rate across fluent trials
in syllables per second (syl/s) was calculated for each par-
ticipant.

Past Tense Production

In this task the child was asked to complete phrases of the
form “They print letters. Yesterday, they . . .” The test in-
cluded 48 items, 24 real words and 24 nonwords. Twelve
of the real words were irregular verbs (e.g., dig-dug), and
12 were regular verbs with 6 realized phonologically as a
final /t/ (e.g., pass-passed), 2 as a final /d/ (e.g., play-
played), and 4 as a final /Id/ (e.g., want-wanted). For the
nonwords, trials in which participants produced the regular
endings were scored as “correct,” with 8 realized phono-
logically with a final /t/ (e.g., goss-gossed), 8 with a final
/d/ (murn-murned), and 8 with a final /Id/ (mund-munded).
The number of correct responses for words, nonwords, and
overall, were computed for each participant.

Speech perception

The categorical speech perception task contrasted sounds
differing in place of articulation, /b/ and /d/. An eight-mem-
ber ba-da series was created using a digital implementation
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of the Klatt (1980) cascade/parallel speech synthesizer, re-
corded as 16-bit, 22.05-kHz digital sound files. Place of
articulation was manipulated by varying the onset frequen-
cy of the second formant (F2) between 900 and 1600 Hz,
while keeping all other parameters constant (F1 onset:
200 Hz; F3 onset: 2550 Hz; F4 onset: 3300; F0 was initially
120 Hz, falling to 100 Hz mid-vowel; see Joanisse, Robert-
son, & Newman [2007] for details of the synthesis proce-
dure). Each syllable was presented six times for a total of
48 trials presented in fixed random order. On each trial, the
child was asked to identify the syllable as either /ba/ or /da/.
Response profiles were quantified by computing the pro-
portion /da/ identifications for each item in the continuum,
yielding a response curve for each participant. This curve
was then fitted subject-wise to a logistic function using a
curvefitting procedure in SPSS 14. The slope of this curve
was used as the participant’s score on this task.

Short-Term Memory

The Digit Recall subtest of the Wechsler Intelligence Scale
for Children – IV (WISC-IV; Wechsler, 2003) involved the
presentation of a sequence of digits that the child was re-
quired to recall in correct serial order. Two lists were pro-
vided at each length to a maximum of eight digits. Testing
commenced with a list length of two, and continued until
both lists of a particular length were recalled incorrectly.
The raw score equalled the number of lists correctly re-
called.

Receptive language

The Test for Reception of Grammar (TROG; Bishop, 1982)
is a multiple choice comprehension test. The child was re-
quired to select a picture to match a sentence spoken by the
tester. All items used simple vocabulary; grammatical com-
plexity increased as the test proceeded, and understanding
of 20 sentence types was tested. Four items were adminis-

tered per sentence type and correct responses were required
for all four items in order for the block to be considered
correct. The raw score equalled the number of blocks com-
pleted correctly.

Reading

In the Word Identification of the Woodcock Reading Mas-
tery Test (Woodcock, 1989), the child was asked to read
aloud each real word presented on a page. The test began
with simple words and continued until six consecutive
failed responses occurred. For the Word Attack subtest, the
child was required to read aloud a nonword presented in
written format. Testing commenced with two-phoneme
nonwords and continued with increasingly longer and more
complex nonwords until six consecutive errors occurred. It
should be noted that both word attack and word identifica-
tion skills are known to be highly correlated with tradition-
al measures of phonological awareness (e.g., Saunders &
DeFulio, 2007).

Nonverbal Cognition

Both the Block Design and Matrix Reasoning subtests of
the WISC-IV (Wechsler, 2003) were administered. These
subtests comprise part of the core performance measure of
the WISC-IV and were intended to measure general non-
verbal ability in children. Block design involved arranging
colored blocks in shapes based on a model; matrix reason-
ing involved completing a visual pattern.

Results

Descriptive statistics for all standardized measures are pro-
vided in Table 1. Standard scores within grades and for the
entire group were in the average range for all tests. The data

Table 1. Descriptive statistics for all standardized measures by grade

Block design Matrix reasoning TROG Word identification Word attack

Grade N Age RS SS RS SS RS SS RS SS RS SS

2 28 M 7.52 18.50 9.14 13.43 9.57 14.46 97.89 52.79 106.04 20.32 108.00

SD 0.28 13.99 2.92 5.22 3.43 2.85 13.25 11.15 9.96 8.17 9.29

3 37 M 8.46 27.94 11.19 18.14 10.81 16.44 101.86 59.72 101.86 23.86 105.50

SD 0.32 10.07 2.64 4.37 2.64 2.74 12.54 10.87 10.34 8.02 9.92

4 23 M 9.62 31.57 10.91 22.26 11.70 17.17 104.22 69.30 105.43 27.35 107.48

SD 0.33 9.85 2.58 3.06 1.94 1.58 14.10 8.83 10.24 8.57 10.14

5a 9 M 10.49 27.11 8.33 20.56 9.78 16.44 93.11 73.89 101.67 31.33 105.67

SD 0.39 9.84 2.87 3.94 2.54 2.30 13.45 8.61 11.35 5.96 10.72

All 97 M 8.65 25.81 10.22 17.92 10.54 15.99 100.21 61.14 103.75 24.29 106.62

SD 1.01 12.26 2.91 5.43 2.83 2.72 13.57 12.55 10.40 8.61 9.78
aincludes one child in grade 6.
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are representative of the typical range of abilities observed in
school age children. Raw scores tended to increase with grade
level reflecting the developmental nature of these tasks.

Preliminary Analyses of Individual Measures

Mean phoneme accuracy scores for each nonword length
and overall score on the NRT are summarized for each
grade group in Figure 1. Accuracy was highest for the 2-
syllable nonword length, and lowest for the 4-syllable non-
words for all groups. A one-way ANOVA completed on the
accuracy data as a function of nonword length was signif-
icant, F(3, 288) = 91.88, p < .001, ηp

2 = 0.49. Pairwise
comparisons with Bonferroni correction for multiple com-
parisons revealed that accuracy for 2-syllable words was
significantly higher than all of the other nonword lengths
(1-syl: p = .02; 3- & 4-syl: p < .001), and significantly low-
er for the 4-syllable nonwords than any of the other non-
word lengths (p < .001, all cases). It should be noted that

accuracy on both the 1- and 2-syllable nonwords ap-
proached ceiling levels.

Descriptive statistics for the remaining experimental
measures are presented in Table 2. Similar to the standard-
ized measures, a developmental trend was apparent in both
the past tense production and digit recall tasks. In contrast,
all groups performed at similar levels on the categorical
perception and speech rate tasks. Performance on past tense
production for regular verbs approached ceiling for all
groups except the youngest (2nd grade). It should be noted
that the categorical speech perception data were highly
skewed due to the nonlinear nature of how curve slopes
change in response to small changes in response rates, and,
thus, a log transformation of the data was employed for all
statistical analyses.

Associations Between Measures

In order to explore associations between the key experi-
mental measures and all remaining measures, a correlation
matrix was computed. Both zero and partial correlations
controlling for age are summarized in Table 3. Nonword
repetition and past tense production were significantly cor-
related even after effects due to age were partialled out,
whereas categorical speech perception was not correlated
with these, or any of the measures. Additional significant
correlations persisted for nonword repetition after adjust-
ments for age with digit recall and speech rate, and for past
tense production, with digit recall and word identification.
None of the experimental measures were significantly cor-
related with the two measures of nonverbal ability (block
design, matrix reasoning), the TROG, or word identifica-
tion.

A further correlation matrix was computed to examine
whether the relationships between digit recall, past tense
production, nonword repetition, and speech rate vary as a
function of nonword length or past tense type (Table 4).

Table 2. Descriptive statistics for nonstandardized measures by grade

Past tense
production

Digit recall Categorical Speech rate

Grade N Regular Irregular Nonwords Overall

2 28 M 9.75 4.68 15.64 30.07 6.89 0.29 2.01

SD 2.44 3.59 3.92 8.12 1.34 0.13 0.27

3 37 M 11.00 8.14 16.06 35.19 7.44 0.29 2.08

SD 1.79 3.58 5.04 8.33 2.02 0.01 0.30

4 23 M 11.50 8.73 17.43 37.73 8.09 0.28 2.05

SD 0.93 2.55 3.93 6.27 1.66 0.20 0.23

5a 9 M 11.44 7.56 18.33 37.33 8.00 0.36 2.05

SD 1.01 2.65 3.87 7.07 2.24 0.29 0.25

All 97 M 10.77 7.11 16.44 34.33 7.45 0.30 2.05

SD 1.93 3.67 4.39 8.17 1.81 0.16 0.27
aincludes one child in grade 6.
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Figure 1. Percent phonemes correct on NRT at each sylla-
ble length and overall for each grade.
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Ceiling effects may have influenced the data for the 1- and
2-syllable lengths in nonword repetition resulting in low
r-values for these subscores across the board, and the pro-
duction of regular past tense yielding poor correlations with
all but the other past tense tasks. Both the repetition of 4-
syllable nonwords and digit recall were significantly cor-
related with all of the remaining measures including speech
rate, 3-syllable nonword repetition, past tense production
for irregulars and nonwords, and with each other. None of
the past tense measures were associated with speech rate.

Three stepwise regression analyses were completed in
order to investigate the extent to which variance in each of
the key language-related measures (nonword repetition,
past tense production, speech perception) may be explained
either by each other (shared variance) or by different rela-
tionships with other variables. For each analysis, one of
these tasks was entered as the dependent measure and the
remaining two were entered as possible predictor variables
together with age (months), measures of nonverbal ability
(block design, matrix reasoning), phonological awareness
(word attack), receptive language (TROG), digit recall, and
speech rate. The regression performed on the categorical

speech perception task yielded no significant predictor
variables. The outcome of the regression analyses on non-
word repetition and past tense production are summarized
in Table 5. In the analysis on nonword repetition, a large
proportion of the variance was explained by digit recall
(32%), with an additional 4% accounted for by past tense

Table 3. Zero order (upper; df = 96) and partial correlations controlling for age (lower; df = 92) for all measures

BD MR TROG WID WA DR CSP Rate PTtot NRTtot

Block design .49** .33** .30** .18 .19 .04 –.08 .24** .14

Matrix reasoning .41** .60** .62** .46** .23* .08 .09 .15 .18

TROG .25* .56* .37** .26** .05 –.03 .08 .20 –.03

Word identification .16 .45** .26* .80** .23* .001 .08 .33** .16

Word attack .06 .33** .17 .76** .14 .15 .15 .20* .09

Digit recall .13 .15 –.03 .15 .06 –.10 .22* .41** .55**

Categorization slope .08 .14 .02 .05 .20 –.07 .14 –.15 –.03

Speech rate –.10 .07 .05 .06 .14 .21* .14 .17 .255*

Past tense (total) .18 .03 .12 .24** .12 .38** –.14 .15 .42**

Nonword rep (total) .11 .15 –.07 .11 .05 .55** –.04 .24* .40**

*p < .05, **p < .01.

Table 4. Zero order (upper; df = 97) and partial correlations controlling for age (lower; df = 92) for selected measures

Rate DR PTreg PTirreg PTnwd PTtot nrt1 nrt2 nrt3 nrt4 NRTtot

Speech rate .22* .05 .19 .14 .17 .01 –.003 .19 .25* .255*

Digit recall .21* .17 .39** .36** .41** .06 –.003 .36** .55** .55**

Past tense (regular) .01 .14 .57** .49** .75** .07 .23* .11 .15 .20*

Past tense (irregular) .16 .36** .53** .44* .82** .27** .20 .23* .39* .46**

Past tense (nonwords) .14 .34** .49** .43** .85* .08 .11 .14 .29** .30**

Past tense (total) .15 .38** .74** .80** .86** .18 .20* .21* .37** .42**

Nonword rep (1-syllable) .003 .06 .05 .27* .08 .18 –.02 .16 .11 .30**

Nonword rep (2-syllables) –.01 –.05 .20 .15 .09 .16 .09 –.06 .07 .22*

Nonword rep (3-syllables) .18 .34** .09 .21* .12 .18 .16 –.09 .36** .63**

Nonword rep (4-syllables) .24* .57** .12 .39** .29* .36** .10 .06 .36** .91**

Nonword rep (total) .24* .55** .17 .44** .29* .40** .29* .20 .63** .92**

*p < .05, **p < .01.

Table 5. Summary of stepwise regressions with unique
variance explained by each significant predictor
variable for respective analyses of nonword repe-
tition and past tense production

Step Predictor variable ΔR2

Nonword Repetition Test (NRT) total score

1 Digit recall 0.318**

2 PT overall 0.42**

Past tense (PT) production (overall score)

1 NRT 0.172**

2 Digit recall 0.042*

3 TROG 0.034*

*p < .05, **p < .01.
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production (overall). For past tense production, nonword
repetition explained the greatest portion of variance among
the variables entered (17%) with an additional 4% and 3%
accounted for by digit recall and TROG, respectively.

In order to ensure that ceiling effects (in nonword repe-
tition of 1- and 2-syllable nonwords, and regular past tense
production) were not influencing these analyses, corre-
sponding regression analyses were completed on
1) Nonword repetition collapsed across the 3- and 4-sylla-

ble nonwords only,
2) Past tense production of irregulars, and
3) Past tense production for nonwords.

The results of the analysis on the 3- and 4-syllable non-
words were unchanged from the overall nonword repetition
score. For past tense irregulars, 21% of the variance was
explained by nonword repetition and an additional 6% by
age. For past tense on nonwords, digit span accounted for
12% of the variance and the TROG, an additional 4%.

Discussion

Recent studies have suggested that nonword repetition,
past tense production, and speech perception predict typi-
cal and impaired language development in children. The
present study explored associations among these tasks, and
also how they are related to broader measures of language,
and cognition. School-age children completed measures of
nonword repetition, past tense production, categorical
speech perception, short-term memory, receptive language,
reading, and nonverbal ability. The results indicated that
nonword repetition and past tense production were highly
correlated, with each explaining a significant portion of
variance in performance on the other measure. This rela-
tionship was driven largely by the longest nonwords in the
nonword repetition task and the production of irregulars in
the past tense test. Distinct associations were noted also. A
large amount of variance in nonword repetition was ac-
counted for by digit recall whereas past tense production
was explained also by digit recall and receptive language.
More specifically, this latter finding was qualified by the
observation that nonword past tenses were specifically pre-
dicted by TROG scores, whereas variance in irregular past
tenses were instead explained by age. In contrast, perfor-
mance on the categorical speech perception task was not
associated with any of the measures included in the study.

The present findings provide evidence for a common
factor influencing performance on both the nonword repe-
tition and past tense tasks. Given that this relationship was
strongest among the longest nonwords and irregular past
tenses, it is tempting to conclude that the unifying feature
tapped by these two tasks is related to memory skills. There
are indications, though, that this is not the case. First, the
association between nonword repetition and past tense was
present even when variance due to short-term memory as

measured by digit recall was taken into account. Second,
only the past tense task was linked to the measure of long-
term knowledge-based receptive language (TROG), and
this association was present only for the production of past
tense for nonwords, and not irregulars. It may be, too, that
performance was most variable for four-syllable nonwords
and irregular past tenses, and as such these subtasks were
the most likely to show significant correlations.

That said, nonword repetition and past tense production
generally appear to tap a common cognitive process sepa-
rate from short-term or long-term memory skills. What ad-
ditional cognitive demands might be shared among these
two skills? Unfortunately, there are few hints in the present
data to answer this question. One suggestion is that they
both tap more basic phonological processing skills related
to analyzing the phonological structure of words and non-
words. While the present lack of an association between
these measures and categorical speech perception does not
provide support for this hypothesis, it does not rule it out
either. There is good evidence that speech perception abil-
ities are not always the best predictor of phonological pro-
cessing, in that many children with phonological problems
are unimpaired on speech perception tasks (Joanisse et al.,
2000). Nevertheless, there was a strong correlation be-
tween past tense production and word identification. Given
the strong role that phonological processing plays in read-
ing (Saunders & DeFulio, 2007), this seems to support the
idea of a link between phonology and past tense skills in
the present data.

The role that age plays in nonword repetition and past
tense production merits some consideration here. Develop-
mental factors explained variance in irregular past tense
production – consistent with the later acquisition of these
forms (Brown, 1973; Bybee & Slobin, 1982), which in turn
accounted for variance in repetition of longer nonwords. It
may be that the lexicon becomes better equipped to deal
with atypical forms as the system develops.

Results of this study also reflect different relationships
with other language and cognitive measures for at least two
of the three key measures. Consistent with many previous
findings, nonword repetition was highly correlated with a
conventional measure of short-term memory, digit recall
(see Baddeley et al., 1998, for a review). It has been sug-
gested that the repetition of novel word forms facilitates
lexical learning by generating a brief phonological repre-
sentation, thereby mediating the creation of a phonological
entry within the long-term lexical store (Baddeley et al.,
1998; Gathercole, 2006). Not all of the variance in non-
word repetition performance was explained by digit recall,
however.

There were differences also in the pattern of associations
for digit recall and repetition of the longest nonwords, in-
dicating that digit recall and nonword repetition are not just
mirror measures. The suggestion that nonword repetition
may tap additional cognitive processes other than short-
term memory is supported by findings that nonword repe-
tition is more sensitive to SLI than conventional serial re-
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call measures such as digit recall (Archibald & Gathercole,
2006b). It may be that long-term phonological knowledge
is tapped to a greater extent by the unfamiliar sequences in
nonword repetition than the automatic, over-learned items
in digit recall. The unique associations between past tense
production and both  the receptive language measure
(TROG) and age suggests also that past tense production
relies on some underlying cognitive and linguistic process-
es separate from that tapped by nonword repetition.

While not entirely unexpected, the findings regarding
categorical speech perception were disappointing. In this
group of school-age children, categorical speech percep-
tion was unrelated to any of the other study measures. One
of the most likely but uninteresting explanations for this
result is that the measure employed was not sensitive
enough to capture the variability in performance of this age
range. Another possibility is that while speech perception
tasks of this type are able to detect gross differences be-
tween language impaired children and typically developing
age-mates, they do not appear to capture potentially graded
differences in speech abilities across all speakers. Conse-
quently, we observed very good categorical perception
skills across nearly all children in the study, regardless of
age.

Conclusions

In this study, school-age children’s performance on non-
word repetition and past tense production tasks were highly
correlated, but each also exhibited unique associations with
other language, memory, and cognitive measures. Categor-
ical speech perception was unrelated to any of the study
measures. The results indicate that a common factor may
be tapped by both nonword repetition and past tense pro-
duction. While the present results provide little information
as to the nature of this process, theories relevant to each of
these tasks converge on the role of phonology. The findings
also provide support for the notion that nonword repetition
is an index of short-term memory, consistent with many
previous findings (Baddeley et al., 1998). The lack of a
relationship of any of the language or language-related
measures with categorical speech perception in a school-
age group may reflect a diminished role of speech percep-
tion on language in older children, or a general insensitivity
of the task in capturing variability in most typically-devel-
oping children. The results do suggest that both common
and distinct mechanisms underlie nonword repetition, past
tense production, and categorical speech perception – three
measures that have been found to be highly sensitive to
language and reading impairments in children. It would
seem important, then, that more studies of children with
SLI and dyslexia employ all three of these tasks in order to
facilitate understanding of the cognitive processes impli-
cated and comparisons across studies.

References

Adams, A.M., & Gathercole, S.E. (1995). Phonological working
memory and speech production in preschool children. Journal
of Speech and Hearing Research, 38, 403–414.

Adams, A.-M., & Gathercole, S.E. (1996). Phonological working
memory and speech production in preschool children. Journal
of Speech and Hearing Research, 38, 403–414.

Adams, A.M., & Gathercole, S.E. (2000). Limitations in working
memory: Implications for language development. Internation-
al Journal of Language and Communication Disorders, 35,
95–117.

Aram, D., & Nation, J. (1975). Patterns of language behavior in
children with developmental language disorders. Journal of
Speech and Hearing Research, 18, 229–241.

Archibald, L.M.D., & Gathercole, S.E. (2006a). Nonword repe-
tition: A comparison of tests. Journal of Speech, Language,
and Hearing Research, 49, 970–983.

Archibald, L.M.D., & Gathercole, S.E. (2006b). Short-term and
working memory in children with specific language impair-
ments. International Journal of Language and Communica-
tion Disorders, 41, 675–693.

Baddeley, A.D., Gathercole, S.E., & Papagno, C. (1998). The
phonological loop as a language learning device. Psychologi-
cal Review, 105, 158–173.

Baddeley, A.D., Thomson, N., & Buchanan, M. (1975). Word
length and the structure of short-term memory. Journal of Ver-
bal Learning and Verbal Behavior, 14, 575–589.

Berko, J. (1958). The child’s learning of English morphology.
Word, 14, 150–177.

Bishop, D.V.M. (1982). Test for reception of grammar. Medical
Research Council. Oxford, UK: Chapel Press.

Bishop, D.V.M., Adams, C.V., & Norbury, C.F. (2006). Distinct
genetic influences on grammar and phonological short-term
memory deficits: Evidence from 6-year-old twins. Genes,
Brain and Behavior, 5, 158–169.

Bishop, D.V.M., Bishop, S.J., Bright, P., James, C., Delaney, T.,
& Tallal, P. (1999). Different origin of auditory and phonolog-
ical processing problems in children with language impair-
ment: Evidence from a twin study. Journal of Speech, Lan-
guage and Hearing Research, 42, 155–168.

Bishop, D.V.M., North, T., & Donlan, C. (1996). Nonword repe-
tition as a behavioral marker for inherited language impair-
ment: Evidence from a twin study. Journal of Child Psychol-
ogy and Psychiatry, 37, 391–403.

Bowey, J.A. (1996). On the association between phonological
memory and receptive vocabulary in five-year-olds. Journal
of Experimental Child Psychology, 63, 44–78.

Bradlow, A.R., Akahane-Yamada, R., Pisoni, D.B., & Tohkura,
Y. (1999). Training Japanese listeners to identify English /r/
and /l/: Long-term retention of learning in perception and pro-
duction. Perceptual Psychophysics, 61, 977–85.

Bradlow, A.R., Pisoni, D.B., Akahane-Yamada, R.A., & Tohkura,
Y. (1997). Training Japanese listeners to identify English /r/
and /l/: IV. Some effects of perceptual learning on speech pro-
duction. Journal of the Acoustical Society of America, 101,
2299–2310.

Brown, R. (1973). A first language: The early stages. London:
Allen & Unwin.

Bybee, J.L., & Slobin, D.I.. (1982). Rules and schemas in the

170 L.M.D. Archibald et al.: Key Language-Related Measures in Typically Developing School-Age Children

Zeitschrift für Psychologie / Journal of Psychology 2008; Vol. 216(3):162–172 © 2008 Hogrefe & Huber Publishers



development and use of the English past tense. Language, 58,
265–289.

Chiappe, P., Chiappe, D., & Siegel, L. (2001). Speech perception,
lexicality, and reading disability. Journal of Experimental
Child Psychology, 80, 58–74.

Cheung, H. (1996). Nonword span as a unique predictor of sec-
ond-language vocabulary learning. Developmental Psycholo-
gy, 32, 867–873.

Coady, J., Evans, J.L., Mainela Arnold, E., & Kluender, K. (2007).
Children with specific language impairments perceive speech
most categorically when tokens are natural and meaningful. Jour-
nal of Speech, Language, and Hearing Research, 50, 41–57.

[not in text]Conti-Ramsden, G. (2003b). Processing and linguis-
tic markers in young children with specific language impair-
ment. Journal of Speech, Language and Hearing Research, 46,
1029–1037.

Conti-Ramsden, G., Botting, N., & Faragher, B. (2001). Psycho-
linguistic markers for specific language impairment (SLI).
Journal of Child Psychology and Psychiatry, 42, 741–748.

Conti-Ramsden, G., Crutchley, A., & Botting, N. (1997). The ex-
tent to which psychometric tests differentiate subgroups of
children with SLI. Journal of Speech Language and Hearing
Research, 40, 765–777.

Dollaghan, C.A. (2004). Taxometric analyses of specific language
impairment in 3- and 4-year-old children. Journal of Speech,
Language, and Hearing Research, 42, 464–475.

Dollaghan, C., & Campbell, T.F. (1998). Nonword repetition and
child language impairment. Journal of Speech, Language and
Hearing Research, 41, 1136–1146.

Fitch, R.H., & Tallal, P. (2003). Neural mechanisms of language
based learning impairments: Insights from human populations
and animal models. Behavioral and Cognitive Neuroscience
Reviews, 2, 155–178.

Gathercole, S.E. (2006). Nonword repetition and word learning:
The nature of the relationship. Applied Psycholinguistics, 27,
513–543.

Gathercole, S.E., & Baddeley, A.D. (1989). Evaluation of the role
of phonological STM in the development of vocabulary in
children: A longitudinal study. Journal of Memory and Lan-
guage, 28, 200–213.

Gathercole, S.E., & Baddeley, A.D. (1993). Working memory and
language. Hillsdale, NJ: Erlbaum.

Gathercole, S.E., Hitch, G.J., Service, E., & Martin, A.J. (1997).
Short-term memory and long-term learning in children. Devel-
opmental Psychology, 33, 966–979.

Gupta,P. (2003). Examining the relationship between word learning,
nonword repetition, and immediate serial recall in adults. Quar-
terly Journal of Experimental Psychology, 65A, 1213–1236.

Gupta[INITIALS?], MacWhinney[INITIALS?], Feldman[INI-
TIALS?], & Sacco,[INITIALS?] (2003). Phonological mem-
ory and vocabulary learning in children with focal lesions.
Brain and Language, 87, 241–252.

Hulme, C., Roodenrys, S., Schweickert, R., Brown, G.D.A., Mar-
tin, S., & Stuart, G. (1997). Word frequency effects on short-
term memory tasks: Evidence for a reintegration process in
immediate serial recall. Journal of Experimental Psychology:
Learning, Memory, and Cognition, 23, 1217–1232.

Joanisse, M.F. (2004). Specific language impairments in children:
Phonology, semantics and the English past tense. Current Di-
rections in Psychological Science, 13(4), 156–160.

Joanisse, M.F., Manis, F.R., Keating, P., & Seidenberg, M.S.

(2000). Language deficits in dyslexic children: Speech percep-
tion, phonology and morphology. Journal of Experimental
Child Psychology, 71, 30–60

Joanisse, M.F., Robertson, E.K., & Newman, R.L. (2007). Mis-
match negativity measure of sensory vs. phonetic speech per-
ception. NeuroReport, 18, 901–905.

Joanisse, M.F., & Seidenberg, M.S. (2003). Phonology and syntax
in Specific Language Impairments: Evidence from a connec-
tionist model. Brain and Language, 86, 40–56.

Klatt, D.H. (1980). Software for a cascade/parallel formant synthe-
sizer. Journal of the Acoustical Society of America, 67, 971–995.

Leonard, L.B. (1989). Language learnability and specific lan-
guage impairment in children. Applied Psycholinguistics, 10,
179–202.

Leonard, L.B. (1998). Children with specific language impair-
ments. Cambridge, MA: MIT.

Leonard, L.B. (2003). Specific language impairment: Characteriz-
ing the deficits. In Y. Levy & J. Schaeffer (Eds.), Language com-
petence across populations: Toward a definition of specific lan-
guage impairment (pp. 209–232). Mahwah, NJ: Erlbaum.

Leonard, L., Bortolini, U., Caselli, M.C., McGregor, K., & Sab-
badini, L. (1992). Morphological deficits in children with Spe-
cific Language Impairment: The status of features in the un-
derlying grammar. Language Acquisition, 2, 151–179.

Liberman, A.M., Harris, K.S., Hoffman, H., & Griffith, B. (1957).
The discrimination of speech sounds within and across phoneme
boundaries. Journal of Experimental Psychology, 54, 358–368.

MacDonald, M.C., & Christiansen, M.H. (2002). Reassessing
working memory: A comment on Just & Carpenter (1992) and
Waters & Caplan (1996). Psychological Review, 109, 35–54.

Marchman, V., Wulfeck, B., & Ellis Weismer, S. (1999). Morpho-
logical productivity in children with normal language and spe-
cific language impairment: A study of the English past tense.
Journal of Speech, Language, and Hearing Research, 42,
206–219.

Masoura, E., & Gathercole, S.E. (1999). Phonological short-term
memory and foreign vocabulary learning. International Jour-
nal of Psychology, 34, 383–388.

Munson, B. (2001). Phonological pattern frequency and speech
production in adults and children. Journal of Speech, Lan-
guage, and Hearing Research, 44, 778–792.

Nation, K. (2001). Reading and language in children: Exposing
hidden deficits. The Spearman medal lecture. The Psycholo-
gist, 14, 238–242.

Oetting, J.B., & Horohov, J.E. (1997). Past tense marking by chil-
dren with and without specific language impairment. Journal
of Speech and Hearing Research, 40, 62–74.

Palladino, P., & Cornoldi, C. (2004). Working memory perfor-
mance of Italian students with foreign language learning dif-
ficulties. Learning and Individual Differences, 14, 137–151.

Papagno, C., & Vallar, G. (1995). Verbal short-term memory and
vocabulary learning in polyglots. Quarterly Journal of Exper-
imental Psychology, 38A, 98–107.

Pinker, S. (1991). Rules of language. Science, 253, 530–535.
Rice, M.L. (2003). A unified model of specific and general lan-

guage delay: Grammatical tense as a clinical marker of unex-
pected variation. In Y. Levy & J. Schaeffer (Eds.), Language
competence across populations: Toward a definition of specif-
ic language impairment (pp. 63–94). Mahwah, NJ: Erlbaum.

Rice, M.L., & Wexler, K. (1996). Toward tense as a clinical marker

L.M.D. Archibald et al.: Key Language-Related Measures in Typically Developing School-Age Children 171

© 2008 Hogrefe & Huber Publishers Zeitschrift für Psychologie / Journal of Psychology 2008; Vol. 216(3):162–172



of specific language impairment in English-speaking children.
Journal of Speech and Hearing Research, 39, 1239–1257.

Rice, M.L., Wexler, K., & Cleave, P. (1995). Specific Language
Impairment as a period of extended optional infinitive. Journal
of Speech and Hearing Research, 38, 850–863.

Rice, M.L., Wexler, K., & Hershberger, S. (1998). Tense over
time: The longitudinal course of tense acquisition in children
with specific language impairments. Journal of Speech, Lan-
guage, and Hearing Research, 41, 1412–1431.

Rosen, S. (2003). Auditory processing in dyslexia and specific
language impairment: Is there a deficit? What is its nature?
Does it explain anything? Journal of Phonetics, 31, 509–527.

Roy, P., & Chiat, S. (2004). A prosodically controlled word and
nonword repetition task for 2- to 4-year olds: Evidence from
typically-developing children. Journal of Speech, Language,
& Hearing Research, 4, 223–234.

Saunders, K.J., & DeFulio, A. (2007). Phonological awareness
and rapid naming predict word identification in adults with
mild mental retardation. American Journal on Mental Retar-
dation, 112, 155–166.

Snowling, M., Chiat, S., & Hulme, C. (1991). Words, nonwords and
phonological processes: Some comments on Gathercole, Willis,
Emslie, & Baddeley. Applied Psycholinguistics, 12, 369–373.

Sussman, J. (1993). Perception of formant transition cues to place
of articulation in children with language impairments. Journal
of Speech and Hearing Research, 36, 1286–1299.

Tallal, P., & Piercy, M. (1973). Deficits of nonverbal auditory
perception in children with developmental aphasia. Nature,
241, 468–469.

Tallal, P., & Stark, R. (1981). Speech acoustic cue discrimination
abilities of normally developing and language impaired children.
Journal of the Acoustical Society of America, 69, 568–574.

Tomasello, M. (2001). Acquiring syntax is not what you think. In
D.V.M. Bishop & L.B. Leonard (Eds.), Speech and language
impairments in children: Causes, characteristics, intervention,
and outcome (pp. 1–16). East Sussex, UK: Psychology Press.

Tomblin, J.B., & Zhang, X. (1999). Language patterns and etiology
in children with specific language impairment. In H. Tager-Flus-
berg (Ed.), Neurodevelopmental disorders: Developmental cog-
nitive neuroscience (pp. 361–382). Cambridge, MA: MIT.

van der Lely, H.K.J., & Ullman, M. (2001). Past tense morphol-
ogy in specifically language impaired children and normally
developing children. Language and Cognitive Processes, 16,
177–217.

Wells, B. (1995). Phonological considerations in repetition tasks.
Cognitive Neuropsychology, 12, 847–855.

Wechsler, D. (2003). Wechsler Intelligence Scales for Children –
IV. San Antonio, TX: Psychological Corporation.

Werker, J.F., & Tees, R.C. (1987). Speech perception in severely
disabled and average reading children. Canadian Journal of
Psychology, 41, 48–61.

Werker, J.F., & Tees, R.C. (1999). Influences on infant speech
processing: Toward a new synthesis. Annual Review of Psy-
chology, 50, 509–535.

Woodcock, R.W. (1989). Woodcock Reading Mastery Tests-Re-
vised. Circle Pines, MN: American Guidance Service.

Lisa Archibald

Department of Psychology
University of Western Ontario
[full address, please]
London, Ontario
N6A 5C2
Canada
Tel. +1 519 661-2067
Fax. +1 519 661-3961
E-mail larchiba@uwo.ca

172 L.M.D. Archibald et al.: Key Language-Related Measures in Typically Developing School-Age Children

Zeitschrift für Psychologie / Journal of Psychology 2008; Vol. 216(3):162–172 © 2008 Hogrefe & Huber Publishers



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 50
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1800 1800]
  /PageSize [595.276 841.890]
>> setpagedevice




