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Abstract

In a cross-sectional study, we examined the relakipp between the quality of lexical
representations and text comprehension skill im@erprimary school children (grades 1-4). We
measured the efficiency and accuracy of orthogegphphonological, and meaning
representations by means of computerized tests$.cbexprehension skill was assessed with a
standardized reading test with questions requi&eggnition of text information and
inferencing. Both the accuracy of and the efficieataccess to the three types of lexical
representations contributed to explaining interndtiial variation in text comprehension skill.
Results from a path-analytic model suggest a Spemftisal order of the three components of
lexical quality with the quality of meaning reprasstions partly mediating the effects of form
representations.

Keywords efficiency of lexical access, lexical qualityfluwgraphical representations,

meaning representations, phonological represensgtreading comprehension
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Lexical quality and reading comprehension in priyreshool children

According to the lexical quality hypothesis, reafeomprehension skill strongly depends
on the quality of lexical representations of wofBsrfetti, 2007; Perfetti & Hart, 2001). In
essence, the theory posits that for reading conepiean to function smoothly and successfully,
the mental representations of words must be bas@ag@urate lexical representations which can
be retrieved rapidly, that is, without much cogreteffort. The three lexical representations,
consisting of orthographical, phonological, and nieg components, are assumed to be of high
quality when all three components are fully spedifand tightly bound together so that the
retrieval of one type of information (e.g., a wardpelling) also leads to the activation of the
other types of information associated with the samsl (e.g., its correct pronunciation and
meaning). This latter assumption has attractediderable research and has received support in
studies with adult readers (e.g., experiments tigating form-meaning confusions, Perfetti,
2007). Evidence has shown, however, the compomreatsypically not (yet) closely associated
with one another in developing readers, forming&yp related dimensions of lexical skills rather
than tightly bound constituents of the represeoiatiof words (Perfetti & Hart, 2002). This lack
of association raises the important question of timsge lexical skills act in concert to achieve
good reading comprehension in developing readeithd present study, we attempted to answer
this question by investigating the relative conitibn of the three main components of lexical
quality (i.e., phonological, orthographical, andaniag representations) and the extent that they
account for grade-level differences in the readiogpprehension skill of primary school children.
We also aimed to establish a path-analytic modét@tomponent links to reading
comprehension skill. These two aspects of the samdlytheir theoretical rationale are

subsequently discussed.
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Lexical Quality and Grade-level Differencesin Reading Comprehension Skill

The lexical quality hypothesis posits that highdgydexical representations of words are
a necessary precondition of skilled reading comgmelon (Perfetti, 2007; Perfetti & Hart, 2001).
Lexical quality is based on the availabilityadcuratelexical representations, which can be
accessedéfficientlyduring comprehension (verbal efficiency, Perfdii85). Readers with poor
lexical representations risk retrieving imprecisencomplete lexical information during
comprehension, resulting in the need to allocateemmrking memory capacity to word-level
processes that is no longer available for higheelleomprehension processes such as
knowledge-based inferences (Perfetti, 1985). Bodhlpms can affect reading comprehension on
the text level.

The link between lexical quality and reading conmeresion skill is particularly important
in developing readers. Reading instruction in pritezhool places a strong emphasis on word-
level reading skills (e.g., phonics instructioncabulary instruction, and fluency training,
National Reading Panel, 2000) and not so much ginenilevel reading skills such as reading
strategies. This emphasis is consistent with thmthesis that most (if not all) of the differences
in reading comprehension skill between grades4ldan be accounted for by individual
differences in lexical quality. A number of studlesve already shown that word-level verbal
abilities and vocabulary knowledge in young readeesclosely related to reading
comprehension skill on the text level (e.g., J@lffith, & Gough, 1986). The simple view of
reading posits that reading comprehension skiésagoroduct of word-level skills and listening
comprehension, proposing not only that the knowgeaigd skills involved in visual word
recognition are important for reading comprehensgionalso that they are the only skills which
are specific to reading (Gough & Tunmer, 1986; Kkemd Savage, & van den Broek, 2009). The

present study builds on this research but takdéiglatly different approach by replacing the gross



LEXICAL QUALITY 5

measure of decoding, which is typically used ird&s on the simple view of reading, with
highly selective measures that refer to the qualitghonological, orthographical, and meaning
representations. By using separate measures qutdiy of these representations, their joint
contribution to grade-level differences in text goghension skill can be estimated. Moreover, in
contrast to previous studies which usually foctisezion accuracy-based or time-based
measures, we used computerized tasks to assesthbatbcuracy of and the efficiency of access
to lexical knowledge.
Components of Lexical Quality and Reading Comprehension Skill

The manner in which the quality of phonologicathographical, and meaning
representations act in concert to contribute tad¢aeling comprehension skill of primary school
children is still not fully understood. Perfetticaklart (2001) conceive of these representations as
tightly connected constituents of word identity. 8ilever one or several of the constituents are
not well specified or the constituents are onlyskelg connected, lexical quality is low, resulting
in problems for comprehension and other tasksréwatire word recognition such as spelling or
reading aloud. Although the idea that word idenstpased on lexical constituents is plausible,
individual differences in lexical quality might albe viewed from a slightly different
perspective. According to this perspective, thditjes of phonological, orthographical, and
meaning representations are linguistic abilitielsiclv form related but partly independent
dimensions. Such a componential perspective miglmaboticularly appropriate for beginning
readers whose lexical representations are not tigét]y connected. For example, Perfetti and
Hart (2002) found in a factor analysis of varioesital quality tasks that for less skilled (but not
for skilled) adult readers orthographic knowledgieonological knowledge, and meaning formed
separate dimensions. Thus, it is feasible, for gtanthat primary school children possess

accurate and rapidly retrievable phonological repn¢ations but poor meaning representations
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for many words (cp. Nation & Snowling, 1998). Likie, other patterns of strengths and
weaknesses in various components of lexical quadityexist.

Based on a componential perspective on lexicalityuéhe quality of one type of lexical
knowledge might be more directly relevant for readtomprehension than others. Cognitive
models of lexical processing assume that phonadbgicthographical, and meaning
representations all play a role in visual word grabon (Coltheart, Rastle, Perry & Langdon,
2011) even though their relative importance difgepending on properties of the word (e.g.,
frequency and regularity) and the task (e.g., Eiecision or naming; Balota, Cortese, Sergent-
Marshall, Spieler & Yap, 2004). Moreover, all thtgpes of knowledge are relevant for reading
comprehension, implying that individual differeneeghe quality of phonological,
orthographical, and meaning representations shmiltbrrelated with reading comprehension
skill. However, reading comprehension is fundamigngaprocess of extracting meaning from
written text that relies heavily on the qualityroéaning representations. Constraint satisfaction
accounts imply that syntactic parsing should beriefin high-quality meaning representations
as well (MacDonald & Seidenberg, 2006). In contremstividual differences in the quality of
phonological and orthographical representationsteieir effects on reading comprehension in
large parts because high-quality phonological atitbgraphical representations are instrumental
for efficient access to word meanings (van Orde@ddinger, 1994).

Against this background, assuming a path-analytdehthat incorporates a direct effect
of the quality of meaning representations on regdomprehension skill seems reasonable.
However, effects of the quality of phonological arthographical representations on reading
comprehension skill should also be in part mediatethe quality of meaning representations.
Nonetheless, high-quality orthographical and phogichl representations benefit non-semantic

aspects of text comprehension such as syntactsinggaas well (e.g., by releasing working
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memory capacity). Hence, direct effects of the iqpaf these representations on reading
comprehension are likely to emerge in additiorhhypothesized indirect effects. Finally, the
accuracy of lexical representations is only moddyatorrelated with the speed with which these
representations can be accessed, but both aspéetscal quality affect reading comprehension.
Accordingly, we assumed two separate mediationispfar the effects of accuracy and
efficiency of lexical representations on readinghpoehension skill. A newly developed set of
standardized tests for the assessment of word-teading skills in primary school children (in
German), which combines accuracy and reaction mm@asures, was used to assess both the
accuracy and speed of access to phonological,gmwbbic, and meaning representations within
a common framework (Richter, Isberner, Naumann,8zider, 2012; Richter, Naumann,
Isberner, & Kutzner, in press).
Hypotheses

One purpose of this study was to examine the extenhich grade-level differences in
reading comprehension skill of primary school ctgldcan be explained by individual
differences in the quality of phonological, orthaghical, and meaning representations. The
lexical quality hypothesis implies that the develgmt of proficiency in reading in the first
school years corresponds to the development afdéguality. Accordingly, we expected most
(if not all) of the differences in reading comprab®n skill that exist between grades 1 to 4 to
disappear when differences in lexical quality ateh into account. Another major aim was to
examine the joint contribution of the three compusef lexical quality to reading
comprehension skill. We estimated a path-analytdehthat allowed testing two complex
hypotheses. First, we assumed that because ofdihett relevance for reading comprehension,
the quality of meaning representations would partgdiate the effects of phonological and

orthographical knowledge on reading comprehendidh Second, we hypothesized that the
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accuracy of lexical representations and the spéadaess to these representations both
contribute to reading comprehension skill via tagkly separate mediational pathways.
M ethod

Participants

Participants were 247 primary school students fi@nschools in Cologne and Frankfurt
am Main (Germany) between the age of six and 16sy®h= 8.27,SD=1.19 years). The
sample comprised 116 girls and 111 boys (genderrmdtion was missing for 20 participants) of
which 25 (10.1% of the total sample) were in fgsdde, 83 (33.6%) in second grade, 57 (23.1%)
in third grade, and 82 (33.2%) in fourth grade. éwing to their parents (or teachers when first
language information from the parents could nobl@ined — 17.4% of all participants), 189
participants (77.5%) had learned German as thsirlinguage (first-language information was
missing for 3 participants). Among the studentdwaitnative language other than German, the
largest groups were those who had learned Turkiély%) and Albanian (14.7%) as their first
language, followed by English (8.8%) and Italiar8f8). The remaining students came from a
large variety of linguistic backgrounds, none ofietiwas shared by more than two participants.
None of the participating students received spexakation services. Socio-economic status was
measured according to the highest level of prodesdiqualification attained between a
participant’s father and mother. The parents opd#icipants (18.2% of all parents who
provided information on their professional quaktion) had completed lower-level vocational
training, 30 parents (12.2%) had received a defyoee a technical college or vocational school,
91 parents (36.8%) had received a university de{@aehelor or Master), 19 parents (7.7%) had
received some other kind of professional trainarg] seven participants (2.8 %) had no formal
professional qualifications. The distribution ofadjfication levels of the parents in our sample

roughly corresponds to the distribution in the dapan of Germans aged between 31 and 40
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(according to the German Microcensus 2010, Ststiséis Bundesamt, 2012) with a slight over-
representation of higher levels of professionalaament. The study was conducted at the end
of the school year (May/June 2010).
Assessment of Lexical Quality

The quality of phonological, orthographical, andameg representations were assessed
with three newly developed computerized tasks\{tbed-level tasks of the German
computerized reading skills td3toDi-L, Richter et al., 2012). The psychometric propsrtie
(reliability, factorial, and construct validity) all tasks were tested extensively and successfully
(Richter et al., 2012). Each of the tasks esséntialied on one of the three components of
lexical quality which were the focus of this stuéfpr all three tasks, accuracy as well as reaction
time for yes/no-responses (provided with two resgdkeys) were recorded to capture the
accuracy of the respective type of knowledge aedspeed of access to that knowledge. The
tasks were embedded in a cover story of an extesteial named Reli who wants to learn the
earthlings’ language. In the beginning, Reli introdd himself in an animated video clip and
explained the general logic of the tasks:

Hello, my name is Reli. | am from the planet Linguhave come to your planet

to learn more about your language. | have alreadsnkd a lot but | still feel

uncertain about many things. Can you help me? Oplanet, we do everything

with computers. Therefore, you will see various @goon the computer screen.

Sometimes you will also hear them. | would likdgarn more from you about

these words.

Reli continued to explain the use of the resporge land then walked students through a
general practice phase. Before each task, Relagad the task to the students via an animated

video clip. These instructions could be watchecadedly by the students in case they did not
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understand the task in the first trial. In eacl t&eli asked the students to correct the erras th
he made while trying to learn the earthlings’ laage. He also provided feedback for responses
to two practice items on each task, which wereegres! before the actual test items.

Phonological knowledge. The quality of phonological representations wassuezd with a
phonological comparison task based on 64 pairsefighowords. The first pseudoword in each pair
was presented auditorily and the second one visuRdlrticipants indicated whether the written
pseudoword matched the spoken pseudoword. Rekiexgal the task to the students as follows:

You will soon hear a spoken word. This word doetsreally exist in your

language; it is from my extraterrestrial languafyieer that, you will see a written

word on the computer screen. Is the word that yaxehread the same as the word

that you have heard? If it is the same word ibigect. Then press the key with

the "J" and the green dot on it. If the words akthe same it is wrong. Then

press the key with the "F" and the red dot on it.

The pseudowords were constructed by permuting af 8 syllables with a simple
consonant-vowel structure (e.gi, matozj banufegofor a similar structure, see Frith, Wimmer, &
Landerl, 1996; Wimmer, 1996). Item difficulty waaned by the number of syllables (1-4) in each
pseudoword. In 32 of the items, the phonologicaicttre of the spoken and written word matched;
in the other half, a mismatch appeared in one orghonemes.

Orthographical knowledge. The quality of orthographical representations was agskss
with a lexical decision task comprising 94 itemg (ords and 47 pseudowords). Reli explained the
task to the students as follows:

I have fooled around and made up a number of nesdsv&ome of the words are

very similar to actual words. Now | do not know dagger which words really

exist and which ones | have made up! Can you help ¥ou will soon see
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written words. If you see a word that really exjstsss the key with the “J* and

the green dot on it. If the word does not exiseprie key with the “F” and the

red dot on it.

In the word stimuli, item difficulty was varied warying the frequency of the word
stimuli and the number of orthographical neighbbrghe pseudoword stimuli, item difficulty
was varied by varying the similarity of the pseudods to actual German words. Pseudowords
similar to actual words were constructed by chaggie first character of an existing word, such
as the pseudoworBlamefor the wordName Pseudowords dissimilar to actual words were
constructed by combining the syllables of two emgstvords with irregular spellings, such as the
pseudowordChilancewhich was constructed by combining the first sydadif the wordChili
and the second and third syllables of the wathnce All of the pseudowords were
phonologically legal and were matched in lengtthe®word stimuli.

M eaning. The quality of meaning representations was medswith a categorization
task comprised @2 items that included a spoken categorical womgl,@nimal) and a written word
(e.g.,dog) presented after a short delay of 200 T participants’ task was to decide whether the
written word fell into the category designated hg spoken word. This task essentially requires an
access to word meanings (e.g., Thompson-Schill Briék, 1999). Reli explained the task to the
students as follows:

You will soon hear a word such fisit. Several kinds of fruits belong to this

word. Apples, pears, and so on, belong to fruitdsgquently, you will see

another word, for example the wdrdnana You are supposed to decide whether

the second word belongs to the first one or nahdfword you have read belongs

to the word you have heard it is correct. In tlase; press the key with the "J" and
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the green dot on it. If the two words do not beltogether it is false. In this case,

press the key with the "F" and the red dot on it.

In half of the items, test word and category nanagchred (e.g.TiereHund[animal-dog),
and in the other half they did not match (eMpusikinstrumentérucker[musical instruments-
printer]). Matching and non-matching words were paralldigdength and frequency. All category
names corresponded to commonly known everyday aaésg(on the basic or superordinate level
according to Rosch, 1975), kthie degree of familiarity of the categories fonpairy school
children was varied systematically to generate stenth different degrees of difficulty (children's
familiarity with the words was estimated throughethindependent ratings from school teachers;
ICC(3,3hbsolute agreemert -84; cf. McGraw & Wong, 1996YVithin the 16 non-matching items, the
degree of semantic association between the categong and the test word was varied as well, with
a high degree of association in half of the itemd @ low degree of association in the other half of
the itemsThe degree of semantic association was validatemimputing the cosine values of a
Latent Semantic Analysis (LSA) for the English siation of the word pairs
(http://lsa.colorado.edu/; semantic sp@aneral Reading up to 1st Year Collggehe eight pairs
of category names and test words with a high degfrassociationNl = 0.27,SD = 0.10) differed
strongly from those with a low degree of assocmafd = 0.03,SD= 0.03),t(15) = 6.83p < .001,
d=3.91.

Test scores. Mean response latencies were computed for eaklotathe basis of
logarithmically transformed response latencies. Wa@articipant responded unusually fast or slow
(two standard deviations below or above the iteramresponse time across all items of this test),
response latencies were replaced with the meaomssgime for this participant. Accuracy scores
were computed according to the proportions of @vmesponses, which were arcsine-transformed to

linearize their relationships with the other valeshin the study (Cohen, Cohen, West, & Aiken,
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2003). Reliability estimates (Cronbacli¥for the accuracy and latency of each task imptiesent
sample are provided in Table 1 (main diagonala study based on a larger sample of primary
school childrenN = 536), Richter et al. (2012) used confirmatomgtda analysis to estimate and test
two separate measurement models for the respaeseiles and the accuracy data. The measurement
models included the three intercorrelated lateriaiaées Phonological Knowledge, Orthographical
Knowledge, and Meaning. Each latent variable waasmed with four item parcels that included test
items of the corresponding task. The models inaared a strict homogeneity assumption by
restricting the factor loadings of all four itenrpels on their latent variable to be equal. Both th
measurement model for the accuracy data and thé&otiee response latencies fitted the data very
well (accuracyy? (60) = 77.17p = .07, RMSEA = 0.03, CFI = 1.00; response latepgy60) =
113.90,p<.001, RMSEA=0.04, CFI=1.00; for a rationale fomgsthese indices of model fit, see the
sectionResulty. To obtain a model-based reliability estimate,cmmputed the Average Variance
Extracted (Fornell & Larcker, 1981), which is tlaio of the indicator variance explained by the
latent variable (the sum of the squared factorilugg) to the total variance of the indicator valésb
(the sum of the squared factor loadings plus tihe althe error variances), for each latent variable
For the accuracy data, the Average Variance Exddagstimates were .55 (meaning), .72
(orthographical knowledge), and .70 (phonologicadwledge). For the response latencies, the
Average Variance Extracted estimates were .92 (mggn94 (phonological knowledge), and .97
(orthographical knowledge). According to Bagozail & (1988), estimates of the Average Variance
Extracted greater than .50 are usually considaledate.
Assessment of Reading Comprehension Skill

Reading comprehension skill on the text level wassared with the sub teBext
Comprehensionf ELFE 1-6 (computerized version, Lenhard & Sétlag 2006). ELFE 1-6 is a

standardized test widely used in Germany for assgpssading comprehension skill. The subiBstt
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Comprehensiomcludes 20 short texts with 4 multiple choicerigeeach. The items require
identifying specific information in texts, estalblisg anaphoric references across sentences, and
global inferences. Test scores were computed bgtoauthe number of correct responses. In all
analyses, the raw test scores (unadjusted for dead were used.
Procedure

The study took place in a classroom environmenild€n of the same class were tested
simultaneously. Each child was seated in front lafotop and wore headphones. An
experimenter explained to the children that theyldde performing reading and listening tasks
with the extraterrestrial Reli who had come tole#otlearn their language. They were also told
that participation was voluntary and that they doagk questions when they did not understand a
task. Experimenters had been familiarized withtédsts and were trained to instruct the children
and answer questions in a standardized and motgratanner. Task-specific instructions were
given by Reli via the headphones. The assessmetitanfological knowledge, orthographical
knowledge, and meaning which we report here wasedada in a battery of reading and (for
some children) listening comprehension tests omibrel- and sentence-level, the overall length
and difficulty of which was adapted to the gradeeleEach test began with two practice trials
(one positive and one negative example) for whegddback was given. During the subsequent
test phase, children did not receive feedback e tasponses. The first two trials of the test
phase served as icebreaker trials and were disténala the analysis. All subsequent trials were
presented in random order. Afterwards, childrengleted the computer version of the reading
comprehension test ELFE 1-6. Finally, a subsamplbkeochildren were administered paper-
pencil-tests (not included in the analyses repadneré) to assess vocabulary and intelligence.
Testing was conducted in two separate 45-minuteaddbssons, with an interval of several days

between each lesson.
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Results

All hypothesis tests were based on a type-I emrobgbility of .05. Data on reading
comprehension were missing from the data set (2884 data points) for 55 participants who
were too slow in working on the phonological, oghaphical, and meaning tasks and
subsequently ran out of time on the subsequentnrg@dmprehension test (12 from grade 1, 19
from grade 2, 13 from grade 3, and 11 from grad&#)en that reaction times were recorded in
the computerized tasks which were administered firs safe to assume that missingness was
conditional on the predictor variables in the mdul&l not systematically dependent on the
missing variable itself (after controlling for tpeedictor variables). This type of missing data
mechanism is calleshissing at randonfRubin, 1976; see also Enders, 2010). In thissta,
multiple imputation of missing data (Rubin, 1983 paisuitable option of dealing with missing
data, also in sample sizes and rates of missirggiath as those in the present study (Graham &
Schafer, 1999). In line with recent recommendati@&@rglers, 2010; Graham, Olchowski, &
Gilreath, 2007), we used a large number of 100 egbdata sets, which were generated as well
as pooled in the analysis step with Mplus 6 (Mut&éviuthén, 1998-2010). For each model, the
variables in the imputation and analysis modelswee same. However, none of the models had
more parameter restrictions than the imputationehercept for the full regression model
(Model 3) reported in the section “Grade levelelifnces in reading comprehension skill”. In
addition, we reran all analyses with listwise delebf cases with missing values. The results of
these analyses were very close to the resultsraatavith the imputed data set. Based on the
similarity of this comparison, they are not repdrteere (a report of the results based on the data
set with listwise deletion is available from thesfiauthor upon request).

Several indices were used to evaluate model fitferanalyses based on Structural

Equation Models. Given that tixé statistic strongly depends on sample size and mode
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complexity, thex” statistic and the associatedfalue were used as descriptive measures rather
than as a significance test.y4df ratio less than 2 is usually regarded to indieag@od model

fit and a ratio less than 3 to indicate an accdetaiodel fit. Ap value greater than .05 was
considered as good angb&alue between .01 and .05 as an acceptable mo@sthermelleh-
Engel, Moosbrugger, & Miiller, 2003). The Root Mé&quare Error of Approximation

(RMSEA) is a test of close fit, which should besl¢isan .05 in models with good fit and less than
.10 in models with acceptable fit (Browne & Cudetf93). Finally, the Comparative Fit Index
(CFI) was considered, which is a goodness-of-tielnbased on the comparison of fiealue

of the hypothesized model to that of a more rastadaseline model. The CFI compares the
hypothesized model to the independence model, wdgsbmes that all error variances and
intercorrelations of latent variables are equaldm and all factor loadings are equal to one. The
CFl is suitable for assessing model fit in reldin@mall samples and ranges from 0 to 1. Values
greater than .97 are usually regarded to indicatel git whereas values greater than .95 are
regarded to indicate acceptable fit (SchermellegeEat al, 2003).

Descriptive statistics of all variables, correlagpand partial correlations with grade level
partialled out are provided in Table 1. After cafitng for grade level, the intraclass correlation
for comprehension (students nested within classas)low (ICC = .02).

Covariance Structuresin Children With and Without German as Their First Language

Reading development of children with a foreign laage background may differ from
those who learn to read in their first language.this reason, we conducted a multisample
analysis with Lisrel 8 (J6reskog & Sorbom, 1996)est whether the covariance structure of the
study variables differed between participants @drman as their first language=£ 189) and

participants with another language than Germahaeis first languagen= 55). A strict model
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which assumed invariance across groups for alamags and covariances of the seven variables
in the study showed an overall acceptable fit eodhtay? (28) = 54.56p < .01, RMSEA = 0.09,
CFI = .96. An inspection of the modification indsceevealed that the differences between the
two groups were mainly due to the fact that theavenes of three variables (text comprehension,
accuracy of meaning representations, and speectega to orthographic knowledge) were
slightly higher in the sample of children who hadrhed another language than German as their
first language. A more liberal model in which theiances of these three variables were allowed
to vary across groups showed a good fit to the, qatg25) = 35.60p = .08, RMSEA = 0.06, CFI
=.98. In sum, the covariance structures in thedvamps of participants were assumed to be
equivalent and thus data from both groups weraided in the following analyses.
Correlations of L exical Quality and Reading Comprehension Skill

As expected, all three components of lexical qualre correlated with text-level
reading comprehension skill, with the strengththefrelationship ranging from medium to high
(Table 1). Notably, not only the accuracy ratesdisib the latencies of responses to the lexical
quality tasks were related to reading compreherskdh The correlations slightly dropped but
remained significant when grade level was partiatlat. The strongest decrease in strength of
relationship was observed in the negative coratif the response latency in the phonological
comparison task with reading comprehension skhiictv dropped from -.65 to -.20 when grade
level was partialled out.
Grade-level Differencesin Reading Comprehension Skill

To test the hypothesis that lexical quality caroaot for grade-level differences in
reading comprehension skill, we used a seriesretthested regression models with grade level

included in Step 1, the quality of phonological amthographical knowledge (accuracy and
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efficiency of access) included in Step 2, and tha&lity of meaning representations (accuracy and
efficiency of access) included in Step 3 (TableT)ese three nested regression models provide
hints at possible mediation relationships betwé&enpredictor variables (cf. the stepwise
procedure of mediation analysis, Baron & Kenny,@)9&tep 1 provides an estimate of the
proportion of variance in reading comprehensiofl skiich may be explained by class level.
Step 2 provides a test of whether the quality onfoepresentations (phonological and
orthographical knowledge) alone can account fodifferences between grade levels. According
to the stepwise procedure of mediation analysipgsed by Baron and Kenny (1986), the idea
that the quality of phonological and orthographicadwledge mediates class-level differences
would be supported if class level was no longenifigant after including these variables in the
model. Likewise, Step 3 provides a first test okttier and to what extent effects of the quality
of phonological and orthographic representationseanling comprehension skill are mediated by
the quality of meaning representations.

In Step 1, grade level accounted for 20% of théawnae in reading comprehension skill.
Reading comprehension skill monotonically increaséd participants’ grade level (see Table 2
for descriptive statistics of all variables by geddvel). However, both the accuracy and speed of
responses to the lexical quality tasks also ine@agth grade level (Figure 1). When the
indicators of the quality of phonological and oghaphical knowledge were included as
predictors in Step 2, grade level no longer conted to the explanation of variance in reading
comprehension skill. Instead, the accuracy of phlagical and orthographical knowledge exerted
significant effects on reading comprehension sKitle proportion of explained variance more
than doubled to 53%. In Step 3, the accuracy amefficiency of access to meaning
representations had additional significant effectseading comprehension skill but the effects

of the accuracy of phonological and orthographikcaiwledge remained strong and significant.
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The proportion of explained variance increased/5This pattern of results suggests that the
quality of meaning representations does not fulbdrate the effects of these variables. Still, it
may be a partial mediator, a possibility whichxplered in the path-analytic model estimated in
the next step of analysis. In sum, grade levekdifices disappeared when indicators of lexical
quality were included in the model. The three congmis of lexical quality accounted for a
considerable proportion of variance in reading ceghpnsion skill that by far exceeded the
proportion accounted for by grade level.
Components of Lexical Quality and Reading Comprehension Skill: A Path-analytic M odel
Finally, we used structural equation modeling &i tee hypothesized path-analytic model
that assumed the quality of meaning representatmngdiate the effects of the quality of
orthographical and phonological knowledge on regq@dommprehension skill. Two separate
mediational pathways were assumed for the accuflexical knowledge and the efficiency of
access to this knowledge. The Maximum Likelihoodlcedure implemented in MPlus 6 (Muthén
& Muthén, 1998-2010) was used for parameter esiimaConsidering that the purpose of the
model was to explain individual differences in regdcomprehension skill that exist between
students within each grade level, we used residuigiisgrade level partialled out as the basis for
parameter estimation (Table 1, correlations abbeentain diagonal). The parameter estimates
(standardized solution) are provided in Figurendirie with the expectations, the accuracy and
speed of access of orthographical and phonologimalledge exerted substantial and significant
indirect effects on reading comprehension skilbtigh the quality (accuracy and efficiency of
access) of meaning representations (Sobel tes#dl filmur indirect effectsEst/SE> 2.26,p <
.01, one-tailed). Moreover, the accuracy of ortiapgical knowledge and the accuracy of
phonological knowledge had direct effects on regdimmprehension skill. In addition to the

hypothesized relationships, a path from the acguoéorthographical representations to the
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latency of access to meaning representations whgded in the model (Figure 2). With this
modification, the model had an excellent fit to treta,x* (6) = 10.10p = .12, RMSEA = 0.05,
CFI = 0.99. To further corroborate the hypothesizesdiiation model, we tested two alternative
models in which (a) the two indicators of the gtyadif orthographical knowledge and (b) the two
indicators of the quality of phonological represgiuins served as mediators. Neither of the two
models fit the data well, even when all possibtedtieffects of the distal predictors to reading
comprehension skill were permitted (quality of oghaphical representations as mediator(5)
=39.79,p < .001, RMSEA = 0.17; quality of phonological repentations as mediatqr: (5) =
21.18,p<.001, RMSEA =0.11).
Discussion

By demonstrating that grade level differencesesding comprehension skill could be
fully accounted for by individual differences irxieal quality, our results underscore the
importance of lexical representations for readiognprehension skills in developing readers.
Overall, indicators of three different types ofilzat knowledge — phonological, orthographical,
and meaning representations — together explainadyr@0% of text-level reading
comprehension skill. Remarkably, not only the aacuyrof these representations was related to
reading comprehension skill but also the speed witith they could be retrieved. This finding
Is consistent with the idea that efficient accesexical representations releases working
memory resources which can be used for resourcendept higher-level comprehension
processes (Perfetti, 1985).

Given the correlational and cross-sectional charawtour data, any causal conclusions
are tentative and need to be substantiated byeiurésearch which includes longitudinal data

and training experiments. As a heuristic for tleisaarch, the path-analytic model tested here
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suggests a specific causal order of the three coews of lexical quality. The qualities of
phonological and orthographical representationgweked to reading comprehension skill
through the quality of meaning representationshkjgality representations of word meanings
seem to be essential to the comprehension of wiigbets but also seem to depend on high-
quality phonological and orthographical representet (whereas the reverse does not hold). One
consequence of this asymmetric relationship of fand meaning representations is that reading
comprehension difficulties can arise because atilein semantic representations even when
the quality of phonological and orthographical eantations is high (cf. Nation & Snowling,
1998, 1999). In addition, the path-analytic ressitggest that the quality of semantic
representations might serve as a mediator in rgatkrelopment that explains how good
phonological and orthographical skills in beginnnegders eventually lead to good text
comprehension skills (as suggested by the predigtdwer of rapid naming for reading
development, Landerl & Wimmer, 2008). Similarlyetimtegration of phonological,
orthographical, and meaning representations teblaonnected constituents, which
characterizes high-quality lexical representatioihdeveloped readers, might proceed in such a
way that representations of word forms are estaddigirst, whereas their integration with
meaning representations follows at a later pointtekt these assumptions, longitudinal studies
are needed that employ tasks that would tap irgodtationships of various lexical constituents
(including tasks that test for form-meaning condusi, Perfetti, 2007).

Interestingly, the accuracy of both orthographreglresentations and phonological
representations exerted direct effects on readingpcehension skill over and above the indirect
effect from the accuracy of meaning representatidhe direct effect of orthographical
representations was much stronger than that ofgbgital representations. This pattern of

results is consistent with the idea that high-dqualithographical and phonological
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representations are relevant for non-semantic é&spésentence and text processing (e.g.
syntactic parsing). In addition, although modelsistial word recognition agree that both
phonological and orthographical information carubed to recognize written words,
orthographic representations of word forms cleedgome more and more relevant as reading
skill develops. In particular, these representatioecome the primary basis for recognizing
frequent words (Coltheart et al., 2001). Moreotee, quality of orthographical representations
reflects the amount of reading practice (StanogidWest, 1989), which might contribute to its
strong relationship with reading comprehension.skibnsonant with these and the present
results, Hersch and Andrews (2012) found that spedbility, which taps into the quality of
orthographical representations, predicted senteocgrehension in skilled readers, in particular
reduced reliance on context in word access.

Finally, it should be noted that the accuracy mphonological knowledge task and in the
meaning task was high overall and associated withriance that was lower than the variance in
the orthographical knowledge task. The lower vargacould have been the result of the
relatively low internal consistency of the phonatad knowledge task (Table 1). Thus, we
cannot rule out completely that the slightly wealaationship of this component with reading
comprehension skill might have resulted from thg Wés component was assessed. However,
the correlations of the accuracy rates in bottpti@nological knowledge task and in the meaning
tasks with comprehension were substantial and didlisappear when all three types of
knowledge were included in the same model. Thikepabf effects suggests that the results were
not biased by ceiling effects in the phonologicabwledge tasks and the meaning tasks.

Another core finding of this study was that thelaecy of lexical representations and the
efficiency of access to these representations iboméd to reading comprehension skill via two

(largely) separate paths. Both types of variablesevonly moderately correlated with each other,
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suggesting that accuracy and speed of access sheuétjarded as two different and partly
independent facets of lexical quality. A practicaplication of this finding for educational
settings is that a detailed assessment of rea#lilig en the word level should go beyond
screening tests which often focus on the accuratsxecal representations or mix accuracy and
speed of access when responses are to be provitted avcertain time frame (e.g., the word-
level subtests of the Woodcock Reading Mastery, M#sbdcock, McGrew, & Mather, 2001,
vocabulary tests, word attack measures; or CBM oreasf reading, Deno, 1985). Similarly,
researchers interested in the role of lexical skillreading should take care to use measurements
that clearly distinguish the accuracy of the unged knowledge and the speed with which these
representations can be retrieved. Both the accumadythe speed of access to lexical
representations seem to contribute to reading celnemsion skill, but the effects for accuracy are
much larger compared to speed. This pattern ofrfgelsuggests that accuracy is the more
relevant aspect of lexical representations, undersg the primacy of code quality stressed by
the lexical quality hypothesis (Perfetti & Hart, ) which marks an advancement of the earlier
verbal efficiency theory. Reading comprehensioli dkies not benefit much from lexical
representations which are low in code quality, réigss of how fast they can be retrieved from
long-term memory.

Aside from the cross-sectional design of this studlyer aspects should be kept in mind
as potential limitations to the generalizabilityreults. One potential limitation is that the stud
was not based on a random sample of primary saildren (although the socioeconomic
background of the children in the sample appeahat® matched the general population quite
well) and that the subsamples drawn in grades 13aaré relatively small. Thus, a replication
with a larger sample with evenly distributed ageugs would be desirable to strengthen the

generalizability of the results. A second limitatiis that specific tasks were used to assess each
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of the quality of phonological, orthographic, andaning representations. Consequently, the
extent to which the current results are task depetncemains unclear. A third limitation is that
the indicators of lexical quality used in this state likely to be correlated with component
skills of comprehension on the sentence and te®l.I®revious research with primary school
children has shown that metacomprehension andeiméerskills explain a considerable amount
of variance in reading comprehension even when sevel skills had been controlled for (e.qg.,
Cain, Oakhill, & Bryant, 2004; see also Oakhill &i@, 2012). Likewise, as posited by the
Simple View of Reading (Gough & Tunmer, 1986), dasmguage comprehension skills beyond
the word level predict reading comprehension overaove decoding skills (Kendeou, Savage,
& van den Broek, 2009; Kendeou, van den Broek, &/l&tLynch, 2009). The present study did
not consider any component skills of comprehenbeyond the word level as predictors of
reading comprehension skill. For this reason, aictamable amount of the large proportion of
variance explained by indicators of lexical qualitythe present study might have been shared
variance with higher-order language comprehendidis.sin other words, the unique
contribution of lexical quality might be smaller ina broader array of linguistic skills is taken
into account.

We are currently undertaking a longitudinal studtghwwo cohorts that will be followed
from the beginning of primary school until the esfdourth grade. In this longitudinal study, the
lexical quality assessments used in the presedy still be applied along with other tests that
assess various reading comprehension skills rarigingthe word to the sentence level. With
this design, we will be able to test the causal @hedggested by the present results with a more
stringent analyses and determine the unique caniito of aspects of lexical quality to reading
comprehension. The clear and consistent resuttseofurrent study make us optimistic about

this endeavor.
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Table 1

Descriptive Statistics, Zero-Order Correlations (Ade Main Diagonal), Partial Correlations with Claksvel Partialled Out (Below

Main Diagonal) and Reliability Estimates (Cronbask’, Main Diagonal) for All Variables

Raw Transformed Correlations (Above Main Diagyrahrtial Correlations (Below Main

Diagonal) and Cronbachds(Main Diagonal)

M SD M SD 1 2 3 4 5 6 7
1 Phonological Knowledge (ACC) .83 0.13 117 0.17 (.59) 43 A7 .02 -.23 -22 51
2 Orthographical Knowledge .67 021 1.01 o0.27 .32 (.79) 46 -.38 -.65 -.57 72
(ACC)
3 Meaning (ACC) .87 0.12 1.24 0.19 40 .28 (.76) .46 -.38 -.65 57
4 Phonological Knowledge (RT) 1994 607 7.46  0.29 12 -.27 -.08 (.99) 46 -.38 5-.6
5 Orthographical Knowledge (RT) 2096 1041  7.48 0.45 -.10 -.50 -.06 .52 (.97) 46 38 -.
6 Meaning (RT) 1941 982 7.38  0.40 -.07 -35 -.08 .66 57 (.97) 9-4
7 Text Comprehension 10.44 4.90 - - 44 .62 42 -.20 -37 -.33 (.92)

Note RT: Reaction Time in ms (raw and after logarithtnansformation of reaction times to individuainits). ACC = Proportion of correct
responses (raw and after arcsine transformatiamyeations and partial correlations were comptitedogarithmically transformed reaction
times and arcsine-transformed proportions of comesponsest||> .12:p < .05; t| > .16:p < .01; t| > .21:p < .001 (two-tailed).

®Reported by Lenhard & Schneider (2005) for an ildejent sample of 100 primary school children (gsatito 4)
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Table 2

Descriptive Statistics by Grade Level for All Vélies

31

Raw data Transformed data (arcsine/ log. transformed)
Grade 1 Grade 2 Grade 3 Grade 4 Grade 1 Grade 2 Grade 3 Grade 4
M (SEy) M (SEv) M (SEw) M (SEw) M (SEw) M (SEv) M (SEv) M (SEv)
1 Phonological Knowledge (ACC) .77 (.03) .80 (.01) .84 (.02) .88 (.01) 1.09 1.12 1.19 1.23
(0.04) (0.02) (0.02) (0.01)
2 Orthographical Knowledge (ACC) .42 (.03) .54 (.02) .73 (.02) .82 (.02) 0.71 0.85 1.08 1.21
(0.04) (0.02) (0.03) (0.02)
3 Meaning (ACC) 77 (.03) .83 (.01) .92 (.01) .91 (.01) 1.10 1.17 1.31 1.31
(0.04) (0.02) (0.02) (0.02)
4 Phonological Knowledge (RT) 2443 2086 (67) 1968 (76) 1781 (52) 7.61 7.52 7.44 7.36
(157) (0.08) (0.03) (0.04) (0.03)
5 Orthographical Knowledge (RT) 3420 2591 2054 1583 (64) 7.83 7.68 7.44 7.21
(296) (129) (126) (0.12) (0.05) (0.05) (0.03)
6 Meaning (RT) 3285  2143(83) 1818(78) 1410 (52) 780  7.53 7.36 7.12
(366) (0.12) (0.03) (0.04) (0.03)
7 Text Comprehension 6.60 8.35 11.89 12.70 - - - -
(0.67) (0.40) (0.59) (0.57)

Note RT: Reaction Time in ms (raw and after logarithtnansformation of reaction times to individuainits). ACC = Proportion of correct

responses (raw and after arcsine transformation).
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Table 3

Parameter Estimates for Nested Regression ModéisRéading Comprehension Skill as Outcome VariabteClass Level and

Lexical Quality Variables as Predictors.

32

Model 1 Model 2 Model 3
Estimate Estimate Estimate
Est./SE AR Est./SE AR Est./SE AR
(SE) (SE) (SE)

Intercept 6.20 (1.16) 5.35 4.97 (8.30) 0.60 5564) 0.66
Grade 2 vs. 1 (dummy-coded: 1 vs. 0)  2.24 (1.29) 744. .02 -0.28 (1.12) -0.25 .00 -0.58 (1.12) 052 00.
Grade 3 vs. 1 (dummy-coded: 1vs.0)  5.51(1.33) 14%* .08 -0.14 (1.20) -0.12 .00 -0.77 (1.212) -0.64 .00
Grade 4 vs. 1 (dummy-coded: 1vs. 0)  6.56 (1.27) 17%5* A2 -0.57 (1.23) -0.46 .00 -1.29 (1.26) -1.02 .00
Phonological Knowledge (ACC) 6.61(1.87)  3.50** .03 4.83 (1.94) 2.48% .03
Phonological Knowledge (RT) -0.69 (1.24) -0.55 .00 0.58 (1.30) 0.45 .00
Orthographical Knowledge (ACC) 16.11 (2.46) 61354 .10 13.68 (2.52) 5.44% .08
Orthographical Knowledge (RT) -2.13 (0.95) -2.25 .01 -2.00 (1.03) -1.94* .03
Meaning (ACC) 4.80 (1.60) 3.01** .04
Meaning (RT) -1.56 (0.87) -1.79* .02
Goodness of fit R=.20(0.05) 4.06*** RF=.53(0.05) 11.00*** RF=.57(0.05)  12.02%

Note * p < .05, *p <.01, *** p <.001 (one-tailed).
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Figure 1 (a) Grade level differences in the reading skillthe text level (ELFE 1-6, Lenhard &
Schneider, 2005), accuracies (error rates) andiogattmes (logarithmically transformed) of (b)

phonological knowledge, (c) orthographical knowledand (d) meaning representations.
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Figure 2 Parameter estimates (standardized solutionh®ohypothesized mediation model.

Dashed lines represent direct effectp.< .05,p < .01,p < .001 (two-tailed).



