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Zusammenfassung

Erfolgreiches Leseverstehen setzt einerseits diggkéit voraus, geschriebene Worter Buchstabe
fur Buchstabe in eine phonetische Reprasentatiodbaufliihren ghonologischefkekodierej
andererseits die Fahigkeit, geschriebene Worterarmhhihrer Wortform zu erkennen
(orthografisches Dekodiergn Phonologisches Rekodieren spielt eine beson&eée beim
Lesenlernen und dient daruber hinaus vor allem d&rkennen neuer und seltener Worter.
Orthografisches Dekodieren hingegen ist poteneiéitienter, wodurch Leseprozesse auf Satz-
und Textebene erleichtert werden. Untersuchungerenglischsprachigen Kindern belegen die
Relevanz beider Wege der Worterkennung. Die Fralgeind in welchem Umfang diese auch von
jungen deutschen Lesern/-innen genutzt werden, rdagegen noch geklart werden. Anhand
querschnittlicher Daten deutscher Zweit- bis Vikgker wurde untersucht, ob und in welchem
Ausmald phonologisches Rekodieren und orthografiséhekodieren mit dem Verstehen von
Satzen N = 666) und TextenN = 149) assoziiert sind und wie sich diese Zusanté@ege im
Grundschulalter entwickeln. Die Ergebnisse zeigass sowohl phonologisches Rekodieren als
auch orthografisches Dekodieren fur das Lesevatstarwichtig sind, wobei sich ihr relatives

Gewicht Uber die Klassenstufen hinweg nicht verénde

Abstract
To become skillful readers, children have to acgjthie ability to translate printed words letter by
letter into phonemic representationsh@nological recodingand the ability to recognize the
written word forms holisticallydqrthographical decoding Whereas phonological recoding is the
key for learning to read and useful for recogniaimgnown or low-frequent words, orthographical
decoding is often more efficient and takes lesstithus facilitating reading processes on the

sentence and text level. Several studies with Ehglpeaking children provided evidence for the
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relevance of the two routes but the question whedhe to what extent both word recognition
skills contribute to reading comprehension in yo@egman readers requires further clarification.
Based on data from a cross-sectional study withm@erprimary school children we investigated
whether and to what extent both types of word rattmm skills are associated with sentenide=(
666) and text comprehension skill € 149) and how these relationships develop fromdér2

to 4. The results indicate that both phonologieabding skills and orthographical decoding skills
are important for reading comprehension skills.ifredative weight does not change across grade

levels.

Keywords Reading comprehension, reading acquisition, repdidevelopment,

phonological recoding, orthographical decoding
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Research on reading comprehension has focusecearetttral role of word recognition skills in
skillful reading (e.g. Gough & Tunmer, 1986; Hoo®eGough, 1990; Perfetti, 1985). According
to thedual route cascaded model (DR@pposed by Coltheart, Rastle, Perry, and Zig@ed1)
word recognition can be achieved via two differemites: a phonological route by which every
word has to be recoded letter by letter based aphgrme-phoneme-correspondence rules, and an
orthographical route by which written words candrectly mapped onto mental representations
of word forms without an intermediary step of grapte-to-phoneme-translation. Several studies
with English-speaking children and adults proviéstence for the relevance of the two routes
(e.g. Paap & Noel, 1991; Shankweiler, Lundquisgy@r, & Dickinson, 1996) and the implication
of the dual route model that both phonological d#eg skills and orthographical decoding skills
should be fundamental for children's reading commgnsion (Cunningham & Stanovich, 1990;
Shankweiler et al., 1999; Tunmer & Chapman, 20H2wever, most of the available evidence
comes from studies with English-speaking childrdmclv differs from languages such as German
in orthographic transparency. Thus, the questiogtiadr and to what extent phonological recoding
skills and orthographical decoding skills also cimite to the reading comprehension of children
learning to read in German requires further cleatiion. A second and related issue refers to the
time course of development of both skills duringdieag acquisition. Frith (1986) assumes that
children learning to read proceed from a lettellditer recoding strategy to an orthographical
decoding strategy which becomes the dominant glyateskillful readers. In the present study we
addressed these questions by examining the reledinibutions of phonological recoding and
orthographical decoding skills to reading comprei@m skills in primary school children from
Grades 2 to 4.

In the following sections we will highlight the shanant role of successful word recognition

as precursor of reading comprehension. Afterwands,will discuss the role of phonological
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recoding and orthographical decoding in visual wexbgnition and its implications for individual
differences in reading comprehension skill. Subsatly, we will turn to the time course of
development of word reading skills. Finally, welitesent our study and discuss the findings and
implications with respect to cognitive models obwal word recognition (e.g. DRC model,
Coltheart et al., 2001; strong phonological moéehst, 1998) and the developmental model of
word recognition proposed by Frith (1986).
The Role of Word Recognition in Reading Comprehamsi

To become skillful readers children have to aagseveral cognitive skills at the word,
sentence, and text level (Muller & Richter, 2018rfetti, 2001; Richter & Christmann, 2009).
They have to learn to recognize written words gtoieve their meanings from the mental lexicon,
to integrate word meanings into sentence interpoets, and to build and continously update a
coherent mental model of the text. An importang lof research has focused on the crucial role of
well-functioning word-level processes for good liegccomprehension. As pointed out by Pefetti
in hisverbal efficiency hypothes($985) and by Perfetti and Hart in thieixical quality hypothesis
(2001, 2002; see also PerfetiddC Decoding, Vocabulary, and Comprehension triang@10),
reliable representations of word forms and meanamgktheir rapid and efficient retrieval is at the
core of skillful reading comprehension. Efficiembpesses at the word level are assumed to release
cognitive resources that can be used at higheftdefgrocessing such as the sentence and text
level. Another approach stressing the unique rbileoosd recognition in reading comprehension is
thesimple view of readingGough & Tunmer, 1986; Hoover & Gough, 1990). Acliog to this
view, reading comprehensioR)(is defined as the product of decoding skilly &nd linguistic
comprehension@): R=D X C. Thus, Gough and Tunmer assume that reading cowpsen can
be perfectly predicted by a reader’s ability toatEwords from written text and his or her general

ability to comprehend language. Thus, the only jgted specific to reading comprehension that
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differs from spoken language comprehension is divitual's ability to recognize written words.
In support of this assumption, several studies igexlevidence for a strong correlation of word
recognition abilities and reading comprehensionhitdren using various tasks to measure word
recognition (e.g. word and pseudoword reading: iixolif & Rosinski, 1976; Hoover & Gough;
1990; Shankweiler, Lundquist, Katz et al., 1999shio& Aaron, 2000; letter and word
identification: Kendeou, Savage, & van den Bro€l)2, lexical decision tasks: Knoepke, Richter,

Isberner, Naumann, & Neeb, 2013; Richter, Isbemdaymann, & Neeb, 2013).

Word Recognition: Phonological Recoding and Orthpgical Decoding

The question of how to conceptualize and to opmralize word recognition skills is a
matter of debate (Kirby & Savage, 2008; Knoepkal£t2013; Tunmer & Champman, 2012; see
also Hoover & Gough, 1990). Gough and Tunmer (198&gd that “word recognition skill (in an
alphabetic orthography) is fundamentally dependemon knowledge of letter-sound
correspondence rules” (p. 7). However, this debniincorporates only one of two possible routes
of word recognition assumed by the DRC model (Galthet al., 2001; Coltheart, 2005), namely
the route of phonological recoding or then-lexical routeVia this phonological route, words are
translated letter by letter into a phonologicalebg means of grapheme-phoneme-correspondence
rules. Based on the phonological code the respedtixical entry is retrieved from the mental
lexicon in a way similar to auditory word recogaiti This route is most important for beginning
readers because it enables the reader to recodamdwnknown word forms based on single
grapheme-phoneme mappings. However, more expedeneaders have built up sight
vocabulary (Ehri, 2005a) that allows a more rapid and effitiarord recognition. The reader
recognizes orthographic word forms as a whole aagsnthem directly onto his or her lexical

entries without the preliminary step of graphemgltoneme translation. This route of



RUNNING HEAD: WORD RECOGNITION IN READING ACQUISITON 7

orthographical decoding is called thexical route (Coltheart et al.; Coltheart). Orthographical
decoding allows effortless recognition of famili@ords and words with irregular spelling which
are already part of the sight vocabulary. Accordmtghe DRC model, both routes start to operate
in parallel when encountering a word. The routé teeognizes the word faster and more reliably,
I.e. the more efficient route, gains stronger atton and accesses the lexical entry: In particular
when known words with high frequency are procestdezlprthographical route is more efficient.
In contrast, low-frequent and unknown words are enbkely to be recognized via the
phonological, non-lexical route (see Paap & No@R1; for an application of the DRC model to
German see Ziegler, Perry, & Coltheart, 2000).

The assumption of the DRC model that skillful reisduse phonological information only
for reading low-frequent or unknown words implibattorthographic decoding skills should be far
more important in these readers than phonologieabding skills. In contrast to this view, the
connectionist triangle model (Plaut, McClellandjdgaberg, & Patterson, 1996; Seidenberg &
McClelland, 1989) and the strong phonological mg@ebst, 1998) suggest a slightly different
conclusion. According to the triangle model, phagital information is stored in the mental
lexicon and used along with orthographic and meanmgpresentations whenever words are
processed. Thus, word recognition regularly invelyghonological information. The relative
importance of phonological and orthographic infatiora is assumed to depend on the word
characteristics (frequency and consistency) andimggoroficiency. Importantly, hoewever, the
triangle model implies that phonological informatics always used to some degree in word
recognition. Similarly, the strong phonological nebdFrost, 1998) posits that phonological
information is accessed automatically and earlyvord processing, suggesting that it plays a
regular role in word recognition (for meta-analygicidence from masked priming studies, see

Rastle & Brysbaert, 2006).
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Development of Phonological Recoding and Orthogeghtibecoding

Beginning readers must recode an unknown writterd\at least once letter by letter before
information about its orthographic form can be atitte the mental lexicon. As a consequence,
phonological recoding is the prerequisite for tegelopment of the orthographical decoding route.
Thus, beginning readers should basically rely erpttonological route because almost every word
in its written form is new and unknown to them. Précognizing the same written word over and
over again allows the reader to build up a repiasiem of the word form as part of the mental
lexicon. These orthographical representations lvan be used for word recognition as well, either
in a direct way (lexical route according to the DR@Gdel, Coltheart et al., 2001) or in concert with
phonological and meaning representations (accortirthe triangle model, Plaut et al., 1996).
Thus, the assumption seems reasonable that woodmnition in beginning readers is primarily
accomplished via the phonological recoding routkiarexperienced readers via the orthographical
decoding route (Hoover & Gough, 1990; Tunmer & Ghap, 2012).

A prominent approach describing the developmentwofd-recognition skills during
reading acquisition is the three-stage developnhentalel by Frith (1986). She assumes three
reading strategies of word recognition, which arguéred in a serial order. It is important to note
that the strategies in Frith's model are not utiderstrategic control of the reader: Rather, they
describe processes that occur automatically anallysuithout conscious awareness of the reader,
at least when they are sufficiently routinized (EBDO5b). The first strategy children employ is
thelogographic strategyOften prior to entering reading instruction, dnén are able to recognize
a small sample of words based on their graphicifeati.e. children are not aware of the grapheme
structure of words but read them in an iconic fashiThe second strategy children use when they
enter reading instruction is tlaphabetic strategyThey systematically recode words letter by

letter, translating each grapheme into its corredpg phoneme (this strategy is consistent with
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the phonological recoding route; for a more diffgi@ed distinction of alphabetic strategies see
Ehri, 2005b). The final and most mature strategydoén acquire when learning to read is the
orthographic strategyChildren recognize words as whole orthographitsumithout translating
graphemes into phonemes first (this strategy isistant with the orthographical decoding route
assumed in the DRC model, Coltheart et al., 2001th further assumes that the acquisition of the
three strategies is serial, i.e. children proceedhfone strategy to the next whereby each strategy
is built on the previous one. Accordingly, childneroceed from the logographic strategy to the
alphabetic strategy and subsequently to the orépbge strategy.

The developmental model of reading proposed iy £1i986) differs from the dual route
model (Coltheart et al., 2001) and — even morefsorr the triangle model (Plaut et al., 1996) and
the strong phonological model (Frost, 1998) inimgplications for the relative importance of
phonological recoding and orthographical decodikglss Although, as discussed earlier,
experienced readers should assign more weighetorthographical decoding route because it is
more efficient, dual route models such as the DRigleh(Coltheart et al.) nevertheless predict
readers to make use of both routes: In case ofawmkror low-frequent words readers are expected
to use the phonological recoding route and in cddamiliar, high-frequent, and irregular words
they should employ the route of orthographical déog. The triangle model (Plaut et al.) and the
strong phonological model (Frost) even assign aenppominent role to phonological recoding
skills in more experienced readers. The reasomas these models predict that phonological
information is regularily used whenever words am@cpssed. In line with these assumptions, the
importance of both orthographic and phonologicdlskvas confirmed in several studies with
children (e.g. Richter et al., 2013; Shankweileragét 1999; Tunmer & Chapman, 2012),
adolescents, and adults (Paap & Noel, 1991; Shakdeweundquist, Dreyer, & Dickinson, 1996),

which found both phonological recoding and orthpbieal decoding abilities to be highly
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predictive of reading comprehension. However, givet orthographical decoding is usually more
efficient, it seems reasonable to assume that readight at least gradually shift from a rather
phonologically based to a rather orthographicalgdal word recognition strategy during reading

acquisition.

The Present Study

The present study followed three related aims.fireeaim was to investigate whether both
phonological recoding skills and orthographical atbng skills are predictive of reading
comprehension skills in German primary school e¢kildand which unique contributions both
skills make to reading comprehension skill. All retedof word recognition discussed so far and
the developmental three-stage model (Frith, 198&eweriginally proposed for English-speaking
children. However, German is a language with highrénographical consistencthan English
(e.g. Landerl, Wimmer, & Frith, 1997; Wimmer & Goami, 1994), that is, most German words
have a regular spelling perfectly consistent withe tGerman grapheme-to-phoneme-
correspondence rules. As a consequence, the plyealloecoding route might be more efficient
than it is in languages such as English which hegacterized by a comparatively high amount of
irregularly spelled words (e.g. Seymour, Aro, &Ene, 2003). It would therefore not be surprising
to find phonological skills to be more strongly giative of reading comprehension in German
than they are in English (see the discussion iglgreet al., 2000).

A second aim of the present study was to exantieepotential shift from a rather
phonologically based recoding strategy in beginniegders to a rather orthographically based
decoding strategy in advanced readers as predigtedth (1986). If such a shift occurs, we would
expect to find a decrease in the strength of thaioaship of phonological recoding skills and

reading comprehension skills with increasing gradel. At the same time, we would expect the
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strength of the relationship of orthographical aBog skills and reading comprehension skills to
increase. However, if children do not shift fromphonological to an orthographical word
recognition strategy but instead rely on both wardognition skills once they are sufficiently
developed (Coltheart et al., 2001; Coltheart, 20@88)would expect to find phonological recoding
skills to remain highly predictive of reading combension skills across all grade levels. A
somewhat different prediction is implied by theosty phonological model (Frost, 1998) and by
the connectionist triangle model (Plaut et al.,&8;%eidenberg & McClelland, 1989) according to
which phonological processing is always involvedisual word identification.

Another issue to be addressed by the present stagyvhether skills of word recognition
gradually become less predictive of reading comgmsion skills in children with enhanced
phonological recoding and orthographical decodkiliss The simple view of reading formuk
=D X C (Gough & Tunmer, 1986; Hoover & Gough, 1990) pceslithat on a high level of word
recognition skills D) reading comprehension skillR)(should depend exclusively on general
(higher-level) comprehension skill€Y and vice versa. Thus, the improvement of phorioédg
recoding and orthographical decoding skills shawduce their predictive power for reading
comprehension because variance in reading comsmeskills might then be better accounted
for by general comprehension skills at the sentemzktext level (such as inference skills and
meta-cognitive strategies, e.g. Oakhill, Cain, &drt, 2003). In contrast to this view, studies with
normally developing adolescents and adults fouatl¢len for older and more advanced readers
both types of skills are highly predictive of reaglicomprehension (Paap & Noel, 1991,
Shankweiler et al., 1996). Thus, the third aim e present study was to explore whether the
relationship of phonological recoding and orthotpiepl decoding skills with reading

comprehension are linear across the complete raiigelividual differences in word-level skills
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or whether the relationships follow a quadratiatrgvith a stronger relationship in the lower range
of word-level skills.

M ethod
Participants

Participants were 992 primary school children regedufrom 21 schools (72 classes) in
Cologne, Frankfurt am Main and Kassel (Germany).tli@ise children, 967 took part in the
sentence comprehension task and 214 children tadkip the text comprehension task; 189
children participated in both tasks.

Participants of the sentence comprehension taklk. data of 100 children (10.3%) were
excluded from the analyses of the sentence compseire data because data were missing for
more than 20% of the trials in at least one oft#s&s included in the analysis. Moreover, the data
of 201 non-native German speaking children (20.8% also excluded from the analyses. Of the
remaining 666 children (325 boys and 329 girls,ifdrchildren gender information was missing),
232 children were in Grade 2 (ad@:= 8.41;SD= 0.39;Min = 7.25;Max = 10.25), 190 children
were in Grade 3 (ag® = 9.44;SD = 0.56;Min = 8.17;Max = 11.83), and 244 children were in
Grade 4 (agavl = 10.42;SD= 0.42;Min = 9.00;Max = 12.42).

Participants of the text comprehension talke data of 22 children (10.3%) were excluded
from the analyses of the sentence comprehensi@nbdamiause data were missing for more than
20% of the trials in at least one of the tasksudel in the analysis. The data of 43 non-native
German speaking children (20.1%) were also excldded the analyses. Of the remaining 149
children (68 boys and 74 girls, for 7 children genphformation was missing), 58 children were
in Grade 2 (ageM = 8.29;SD= 0.35;Min = 7.58;Max = 9.08), 40 were in Grade 3 (a§&= 9.38;
SD=0.41;Min = 8.33;Max = 10.42), and 51 were in Grade 4 (age= 10.29;SD= 10.38;Min =

9; Max=11.17).
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Socio-demographic data were collected via a quasdive completed by the parents and
were supplemented by a questionnaire completedhdyeiacher when information was missing.
Children only participated in the study when paseurovided written consent.

Variables

The phonological recoding task, the orthographdetoding task, and the sentence
comprehension task described in the following paalgs were taken from the computerized
German-speaking test battery ProDi-L (Richter, isbe Naumann & Kutzner, 2012; Richter,
Naumann, Isberner, Neeb & Knoepke, in press).

Phonological Recoding Skills. Children’s phonological recoding skills were assesby
the computerized phonological comparison task eah@dn ProDi-L. Children were presented
with 64 pairs of pseudowords (62 test pairs andrdtme pairs), i.e. meaningless strings of
phonemes or graphemes that were congruent witipltbaological and orthographical rules of
German. They were asked to indicate whether thepsgadowords matched (etigamo- risamg
or mismatched (e.gtebedika-tebudiki The first pseudoword was presented orally over
headphones, the second pseudoword was presenttjgently in written form on the notebook
screen. Children responded by pressing a greearbatt the keyboard fanatchor a red button
for mismatch Half of the pseudoword pairs consisted of matghihe other half of mismatching
pseudowords. They consisted of one to four opefaldgs with a simple consonant-vowel
structure. The mismatching pseudowords containtéreone or two mismatching vowels, which
occurred in stressed or unstressed syllables. iy presented stimuli were recorded by a male
speaker.

Orthogr aphical Decoding Skills. Children’s ability to orthographically decode wendas
assessed by a computerized lexical decision t&ek faom ProDi-L. Children were presented with

92 written words (e.dlraktor/ tractor) and pseudowords (e.8pinfen. Their task was to indicate
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whether the presented item was a real word or Half. of the presented items were existing
German words and the other half were pseudowortigdr€n responded by pressing a green
button on the keyboard fges, this is a real wordr a red button fono, this is not a real word
Both words and pseudowords varied in length (nurobb&ord characterdvl = 5.68,SD = 1.08;
Min = 3; Max = 10; number of pseudoword charactés= 6.09;SD = 2.02;Min = 3; Max = 12)
and frequency (log-transformed frequency of wolds: 1.81;SD= 1.03;Min = 0.00;Max= 3.77,
Mannheim Corpus of the CELEX data base for wriGemman; Baayen, Piepenbrock, & Gulikers,
1995). The words which were used to construct geaigowords (e.g. the pseudowMdumwas
created by replacing the first letter®dum/ tree) were matched in frenquency with the real words
used in this task (log-transformed frequengly= 1.66,SD = 0.97). Pseudowords varied in the
degree to which they resembled real German wosluddwords similar to existing words (e.g.
Nand were based on words with a regular German sef{ng.Sand/ sand and pseudowords
dissimilar to existing words (e.goveay were based on words with an irregular Germanlisgel
(e.g.Niveau/ level). Some of the pseudowords were pseudohomophoriesh \wound like an
existing German word but have a different orthobsafe.g.Heckseinstead oHexe/ witch).
Sentence compr ehension skills. Children’s ability to comprehend sentences wasssesl
by a computerized sentence verification task tdf@n ProDi-L. Children were presented with 46
written declarative sentences (44 test sentena2 aractice sentences), which either contained a
true statement about the world (eZgige fahren auf Schienénfrains run on rail} or a false
statement (e.glreppen sind ein rotes Gemusgtairs are red vegetablp<Children were asked to
verify the statements by pressing the green buiotine keyboard foyes, the statement is correct
or the red button fono, the statement is not correttalf of the sentences contained true and the
other half false statements. The sentences variggeinumber of propositions and length (number

of charactersM = 34.87;SD = 12.37;Min = 15;Max = 61). The true statements also varied in
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predictability (e.g. predictableGiraffen haben lange Haélse / Giraffes have longksetess
predictableZitronen sind gesunde Friichte.emons are healthy frujtsand the false sentences
varied in the degree to which they violated genexald knowledge (e.gSchnecken sind schnell
/ snails are fas}, i.e. expressed propositions that were sensiienocongruent with well-known
facts, or rather semantic knowledge (ettusten ist blau/ Cough is blug i.e. expressed
propositions that were incongruent with basic semdeatures of the focal word (for a discussion
of the distinction between world knowledge violagoand semantic anomalies, see Isberner &
Richter, in press).

Text comprehension skills. Children’s text comprehension skills were assebgdtie sub
testText Comprehensioof ELFE 1-6 (computerized version, Lenhard & Satleg 2006), which
is a standardized reading comprehension test pdtierGerman primary school children from
Grade 1 to Grade 6. Children were presented wighd@ texts and were asked to answer questions
concerning the content of each text by choosingadrieur multiple-choice items.
Procedure

Phonological recoding skills, orthographical deéngdskills, and sentence comprehension
skills were assessed in the context of a crossesettstudy investigating processes of listening
and reading comprehension in German primary satfollren with various measures on the word,
sentence, and text level (ProDi-L: ProzessbezogBiegnostik des Leseverstehens bei
Grundschulkindern, Richter, Naumann, Isberner, N&elKnoepke in press; see also Richter,
Isberner, Naumann, & Kutzner, 2012, Richter, IsberMaumann, & Neeb, 2013). Children were
tested together in classrooms of the participasicigools. All written items were presented on
notebook computers (font: Verdana, visual anglg:degrees). The three tasks were embedded in
a story of an extraterrestrial named Reli who cémnearth to learn the earthlings’ language. He

asked the children to help him by indicating whendid something wrong. Reli introduced the
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tasks in short animated video clips and walkeddhi&lren through them. All test items were
presented in randomized order. Prior to each tsldren saw two practice items for which they
received feedback from Reli. When children gavaramorrect answer, the practice items were
repeated until they answered all practice itemgectly. As measures of efficiency log-
transformed response times (measured from stimarigst to the press of the response button),
which are assumed to reflect the degree of rowiiws of cognitive processes, and response
accuracies, which are assumed to reflect the ikfjabf cognitive processes, were recorded. The
log-transformation served to normalize the distifiuof the otherwise skewed response time data.
For each child and each task, the mean was cadcudaross all items for response accuracies and
log-transformed response times respectively. Intexid the log-transformed reaction times were
screened and adjusted for outliers by a two-steggoiure. First, reaction times 3 standard
deviations or more below the item-specific meanewdiscarded from the analysis. Second,
reaction times 2 standard deviations or more bebovabove the person-specific mean were
replaced by this person's mean across all itengsn Fne two measures, an integrated test score
was calculated by dividing children’s mean accuragytheir mean log-transformed response
times. These integrated test scores reflect balddgree of reliability and routinisation, i.e. the
overall efficiency of a cognitive process. In tl@ldwing analyses we will therefore primarily
focus on the results found for integrated testesarhile taking accuracy and response time results
into account to support their interpretation.

Subsequent to the tasks of the cross-sectionay,stine computerized ELFE subtd&stxt
Comprehensiowas conducted. The ELFE test scores, which welileded by counting the
number of children’s correct responses, servedessuare of text comprehension skills. The tasks
were presented in two separate sessions, whidgdlagproximately 45min, and were carried out

on different days.
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Results

Mean log-transformed response times, mean adesrand integrated test scores as
measures of sentence comprehension and the ELF&Ctees as measures of text comprehension
were analyzed using Hierarchical Linear Models (HLRaudenbush & Bryk, 2002) with
intercepts randomly varying between school classksnodels were estimated with the software
packagdme4 for R (Bates, Maechler, & Bolker, 2012). All sifjoance tests were based on a
Type | error probability of .05 (two-tailed). Degaiive statistics for the sentence comprehension
measures are reported in Table 1 and for the terpoehension measures in Table 2.

Separate models were estimated for sentence coemmien and text comprehension
measures as dependent variables. For both thenserdemprehension and the text comprehension
data, we first estimated a model for the integratst scores which reflect measures of the
efficiency of component processes of reading. Terpret the results for the integrated test scores,
we subsequently estimated models for the respatsgacies and the response times. Because the
only measure that was available for the ELFE sgbTiext Comprehensiowas the number of
correct responses, the outcome variable was the sarall three models. The predictors were
entered into the model in two steps. (1) In thestfistep, phonological recoding skills
orthographical decoding skillandgrade levelwere included as grand-mean centered predictors.
Moreover, grade-level interaction terms with phagital recoding skills and orthographical
decoding skills were included into the model. Thederaction terms accounted for possible
developmental changes in the extent to which plogichl recoding and orthographical decoding
skills predict sentence and text comprehensiotsski) In the second step, phonological recoding
skills and orthographical decoding skills were sgdaand added to the model. The quadratic terms

allowed to test for the assumption that the lineanrelations between both word recognition
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measures and sentence and text comprehension rskijls be more strongly pronounced for
children with poor word recognition skills as comgxh to children with more advanced word
recognition skills. Finally, we included the intetian terms of grade level with the squared
predictors into the model to account for possibkvaopmental changes in the quadratic
relationships. In all models, the intercepts wél@iged to vary randomly betweesthool classes
to account for the nested data structure (studesgted within classes). The parameter estimates
for the fixed and random effects in the HLMs arevued in Table 3 for the sentence
comprehension measures as dependent variablesnamdbie 4 for the text comprehension
measures as dependent variables.
Sentence Comprehension Task

Integrated test scores. The HLM for the integrated test scores revealediBggnt main
effects for phonological recoding skills and ortregghical decoding skills (Table 3, Model 1).
Children with more efficient phonological recodipgpcesses(= 0.08;t (660) = 3.8p < .05) and
more efficient orthographical decoding proces$es 0.37,t (660) = 16.3p < .05) also exhibited
more efficient sentence comprehension skills. Thesitiwe relationship with sentence
comprehension skills was more strongly pronouncedfthographical decoding skills than for
phonological recoding skills. Including the squapeddictor variables and their interactions with
grade level did not change the significance of lthear effects (Table 3, Model 2). However,
Model 2 revealed significant main effects for theadratic terms of phonological recoding skills
(B = 2.49;t (656) = 3.24p < .05) and orthographical decoding skifisq(-4.03;t (656) = -3.62p
< .05) as well as a significant interaction of grdelvel and squared orthographical decoding skills
(B =-3.54;t (656) = -3.03p < .05). The quadratic regression for the squaredigtor variables is
displayed in Figure 1a and 1b. The positive retediop between orthographical decoding skills

and sentence comprehension skills was strongdbeifower range of orthographical decoding
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skills and became weaker with increasing orthoggbtdecoding skills. Moreover, this pattern

became more pronounced with increasing grade levebntrast, for phonological recoding skills,

the quadratic relationship with sentence comprabanskills showed a reverse pattern:

Unexpectedly, the positive relationship with sentecomprehension skills was weaker in the
lower range of phonological recoding skills and @we stronger with increasing phonological
recoding skills.

In order to clarify the sources of the effectstfug integrated measures, we estimated two
further models with the accuracy and reaction tiag.

Accuracy data. The HLM for the mean accuracy data revealed Bggmt main effects for
phonological recoding and orthographical decodikigjss(Table 3, Model 1). Children who
responded with high accuracy in the phonologicebdang task §f = 0.09;t (660) = 3.6p < .05)
and with high accuracy in orthographical decodiagktf3 = 0.30;t (660) = 9.0;p < .05) also
responded with higher accuracy to the sentencethensentence comprehension task. This
relationship was stronger for orthographical decgdikills than it was for phonological recoding
skills. Including the quadratic terms and theirenaction with grade level in the model did not
change the significance of the linear effects (€a&l Model 2). However, Model 2 revealed a
significant main effect for squared orthographidatoding skills f§ = -1.52;t (656)= -5.64p <
.05) and a significant interaction of grade levwatl squared orthographical decoding skifls=(-
0.95;t (656)=-3.42p < .05). The relationship between orthographicabdéng skills and sentence
comprehension skills was strongest in the lowegeaof orthographical decoding accuracy and
became weaker the more the accuracy values apgaat®0%. This pattern became more
pronounced with increasing grade level.

Response latencies. The HLM for the mean log-transformed responsez$iniTable 3,

Model 1) again revealed significant main effectsgbonological recoding skill$E 0.10;t (660)
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= 2.8,p < .05), orthographical decoding skillg € 0.75;t (660) = 24.1p < .05), and grade level
(B = -0.06;t (660) = -4.8,p < .05) as well as a significant interaction of dgalevel and
orthographical decoding skill§ € -0.09;t (660)= -2.4;p < .05). The main effect for grade level
indicates an overall increase in response spedrdndteasing grade level. Children who provided
faster responses in the phonological recoding laadtthographical decoding task also responded
faster in the sentence comprehension task. Thaseakhip was slightly more pronounced for the
response times in the orthographical decodingdaskpared to the phonological recoding task but
it decreased slightly with grade level. Includirige tquadratic terms and their interactions with
grade level into the model did not change the figamce of the linear effects (Table 3, Model 2).
In contrast to the integrated test scores and tceracy data, none of the squared predictor
variables or their interactions reached signifi@anc

The results of the sentence comprehension taskeaammarized as follows: Consistent
with the assumptions of the DRC model (Coltheaa €2001) and the triangle model (Plaut et al.,
1996) orthographical decoding skills were predief sentence comprehension skills at all grade
levels. Second, phonological recoding skills wds® associated with sentence comprehension
skills. This relationship was weaker than the oherthographical decoding skills and sentence
comprehension but it was nevertheless substamithtial not decrease from Grade 2 to Grade 4.
The consistently strong relationship of phonolobreaoding skills with sentence comprehension
is compatible with the triangle model as well as $trong phonological model (Frost, 1998) but
not so much with the DRC model and the developnhentalel by Frith (1986). The described
pattern was found in the integrated test scoredatidof its components, that is the accuracy data
and the reaction time data. Moreover, the streofttne positive relationship of orthographical
decoding skills with sentence comprehension wamggst in the lower range of orthographical

decoding skills. This pattern was found for thegnated test scores and also for the accuracy data
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but not for the reaction time data. In contrass,ridationship between phonological recoding skills
and sentence comprehension skills was more stropgiynounced in the upper range of
phonological recoding skills. This pattern was foumly for the integrated test scores. Thus, the
assumption derived from the simple view of readi@dgugh & Tunmer, 1986) that the relationship
of word recognition skills and reading comprehenskills is weakest in the upper range of word
recognition skills was supported only partiallythe data.
Text Comprehension Task

Integrated test scores. The HLM for the ELFE test scores and the integrééstiscores as
measure of phonological recoding and orthographdeabding skills revealed significant main
effects for phonological recoding and orthographieecoding skills (Table 4, Model 1). Children
with more efficient phonological recoding procesfes 50.78;t (143) = 2.5p < .05) and more
efficient orthographical decoding procesges @01.711 (143) = 8.0p < .05) also reached higher
test scores in the text comprehension task sldée Figure 2a and 2b). The positive relationship
with text comprehension skills was more stronglgn@unced for orthographical decoding skills
than for phonological recoding skills. Includingettsquared predictor variables and their
interactions with grade level did not change tlgmificance of the linear effects (Table 4, Model
2). However, Model 2 revealed a significant maife&f for the quadratic term of phonological
recoding skills § = 1970.45¢ (139) = 2.4p < .05). The quadratic regression is depicted gufe
2a. Again, unexpectedly, the positive relationgbgpween phonological recoding skills and text
comprehension skills was weaker in the lower rasfgghonological recoding skills.

Again, in order to clarify the sources of the efégfor the integrated measures, we estimated
two further models with the accuracy and reactioretdata.

Accuracy data. The HLM for the ELFE test scores and the meanraotes as measure of

phonological recoding and orthographical decodikiissrevealed a significant main effect for
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orthographical decoding skills (Table 4, Model ©Ohildren who provided highly accurate
responses in the orthographical decoding task@i@aded highly accurate responses in the text
comprehension tasif (= 38.70;t (143) = 8.7;p < .05). Including the quadratic terms and their
interaction with grade level changed the signifc@of one of the linear effects (Table 4, Model
2). Now, Model 2 revealed a significant main effletphonological recoding skill$ (= 10.14;t
(139) = 2.4;p < .05). Children who responded with higher accyiacdhe phonological recoding
task also responded with higher accuracy in thedemprehension task. The positive relationship
with text comprehension skills was more stronglgnmunced for orthographical decoding skills
than for phonological recoding. None of the squapeedictor variables or their interactions
reached significance.

Response latencies. The HLM for the ELFE test scores and the meantiagsformed
response times as measure of phonological recatidgprthographical decoding skills revealed
significant main effects for grade level and orttaggpical decoding skills (Table 4, Model 1).
Overall, children reached higher test scores ine comprehension task with increasing grade
level 3 =1.38;t (143) = 2.9p <.05). Children who provided faster responsekeérorthographical
decoding task also provided more accurate responghe text comprehension tagk= -5.72;t
(143) = -4.1p < .05). Including the quadratic terms and theiieriaction with grade level did not
change the significance of the linear effects (€abl Model 2). However, Model 2 revealed a
significant main effect for squared phonologicalaging skills § = -7.31;t (139) =-2.0p < .05),
indicating that the relation between phonologiealding skills and text comprehension skills was
strongest in the upper range of response timdgeiplhonological recoding task.

The results for the text comprehension task @saummarized as follows: Again,
phonological recoding skills as well as orthographidecoding skills were predictive of text

comprehension across all grade levels, as wasqgbeelddy the DRC model (Coltheart et al., 2001)
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and the triangle model (Plaut et al., 1996). Cleidwith better phonological recoding skills and
better orthographical decoding skills exhibitedidéretext comprehension skills. This pattern was
found in the integrated test scores and the acgudata for phonological recoding and
orthographical decoding skills and for orthographatecoding skills in the reaction time data. The
positive relationship was strongest for orthographdlecoding skills and text comprehension skills
as predicted by the DRC model in particular. Néwddss, the relationship of phonological
recoding skills and text comprehension was subisfant all grade levels. This finding coheres
well with the triangle model and the strong phogatal model (Frost, 1998). Finally, the strength
of the positive relationship of phonological reaagliskills and text comprehension skills was
weaker in the lower range of phonological recodkilis. This was found for the integrated test
scores. In contrast, the negative relationship bbnplogical recoding times and text
comprehension skills was weakest for faster phajcéd recoding times. This finding was
predicted by the simple view of reading (Gough &mner, 1986). However, the assumption that
the relationship of word recognition skills anddieey comprehension skills is weakest in the upper
range of word recognition skills was supported qudytially by the data.
Discussion

The first aim of the present study was to inveggégwhether and to what extent
phonological recoding skills and orthographical atéog skills are both predictive of reading
comprehension skills in German primary school ¢bild We found both phonological recoding
and orthographical decoding skills to be predictifsentence and text comprehension skills at all
grade levels. The one exception was that text cehgrsion skills were not predicted by the speed
of phonological recoding processes but only byrtheturacy and the integrated test scores. Given
that the integrated test scores capture both thedsand the reliability aspect of the efficiency of

phonological recoding processes, our results ineliteat, overall, phonological recoding skills are
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predictive of text comprehension as well. Consisteith the DRC model of word recognition
(Coltheart et al., 2001, Coltheart, 2005), orthpbreal decoding skills appeared to be more
strongly predictive of sentence and text compreloanskills than phonological recoding skills.
Apparently, by the end of Grade 2, many German gnynschool children have already built a
sufficient sight vocabulary that enables them toeas the lexical entries of many words directly
and efficiently from their written forms via thexieal route. Nevertheless, phonological recoding
skills made a significant contribution to readirmgrgprehension across all grade levels. Given that
the test items of the sentence comprehensionResD{-L, Richter et al., 2012, in press) and the
text comprehension test (ELFE 1-6, Lenhard & Salerei2005) did not contain very rare words
or words likely to be unknown to primary schoolldhen (at least not to those in upper grade
levels), we infer that phonological skills are kelat for word recognition in primary school
children beyond the restricted category of unknawrow-frequent words. Thus, the results
indicate that the children regularly made use adngtogical information whenever words were
recognized. This conclusion is in line with theatrgle model (Plaut et al., 1996) as well as the
strong phonological model (Frost, 1998). Furtheendoecause of the high orthographical
consistency in German words (Landerl et al., 198nmer & Goswami, 1994), it seems not
surprising that phonological decoding abilitiesygorominent role during reading comprehension
in beginning and more experienced German readevglaésee discussion in Ziegler et al., 2000).
The second aim of the present study was to iryestia potential shift from a rather
phonologically based recoding strategy in beginniegders to a rather orthographically based
decoding strategy as predicted by Frith’s (1986dbkstage developmental model of reading. Such
a shift would be indicated by interactions of grdeéeel with phonological recoding and
orthographical decoding skills. However, only ongeraction with grade level reached

significance and its pattern runs counter the pteis implied by Frith's model: The overall speed
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of children’s orthographical decoding processesapg to decrease slightly from Grade 2 to 4 in
the sentence-comprehension task. Yet, this inferagtas in contrast to Frith’s predictions. No
further grade-level interactions with one of theekr predictors reached significance. In sum,
phonological recoding and orthographical decodkilissvere both strongly predictive of reading
comprehension at all grade levels. However, itassgble that we might have observed evidence
in favor of a shift if we had investigated a broadege of grade levels. In contrast to children at
the end of Grade 2, first graders and early segpaders might have relied more strongly on a
phonological strategy and less strongly on an gntiyohic strategy. Nevertheless, according to
Frith we would then expect to find orthographicatdding skills to be exclusively predictive of
reading comprehension in Grades 2 to 4. Althoughographical decoding skills were more
strongly predictive of reading comprehension thaonrwlogical recoding skills, they were not
exclusively predictive of reading comprehensione@rplanation supporting Frith’s model might
be that children gradually shift from one stratégyhe next with an intervening phase where the
two strategies overlap for some time (see Frith)r f@sults might reflect this phase of overlap
where children rely on both the phonological areldithographical strategy before finally shifting
to the orthographical strategy. However, it seeery unlikely that such an overlap would persist
for two years without any indication of a changkug, we found no evidence in favor of the three-
stage developmental model of reading proposed illy fer German primary school children from
Grades 2 to 4.

The final issue we addressed was whether thegitrerf the relationship of phonological
recoding and orthographical decoding skills witadieg comprehension depends on the level of
children's word recognition skills. To this end, wvirecluded phonological recoding and
orthographical decoding skills as squared prediciato the multilevel regression analyses. We

found that orthographical decoding skills predicsamhtence comprehension more strongly in
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children with poorer decoding skills and less sgtgnn children with highly developed decoding
skills (this was found for integrated test scomes accuracy data). In addition, this effect wasemor
strongly pronounced for older than for youngerdfgh. One possible interpretation of this pattern
of results is that the more efficient orthograptécoding functions, the more variance in reading
comprehension skills has to be attributed to ofkéls. This explanation is consistent with the
simple view of reading (Gough & Tunmer, 1986, Hao8&eGough, 1990), which states that an
improvement in word recognitioD reduces its predictive power of reading compreioen? by
leaving the remaining variance Rito be explained by listening comprehension skilisee e.g.
Stothard & Hulme, 1992). It is also consistent with lexical quality hypothesis (Perfetti & Hart,
2001) and the verbal efficiency hypothesis (Parfé®86) according to which efficient word
recognition skills are a necessary but by no mesarcient condition for successful reading
comprehension. Previous studies have identifiegrsggkills that affect reading comprehension
performance in primary school children beyond snglord recognition such as semantic
integration processes, comprehension monitoringtkiwg memory (Oakhill et al., 2003),
inference making (Cain & Oakhill, 1999), and grantioa sensitivity (Willow & Ryan, 1986).
Thus, we would assume that in children with highdyeloped orthographical decoding skills, such
higher-order reading skills might play a more intpat role in reading comprehension.
Remarkably, the squared predictor orthographicebdiag skill explained a significant amount of
variance only in sentence comprehension skills foott in text comprehension skills. One
explanation for this difference could be the fdwttdifferent types of tasks were used to assess
children’s sentence and text comprehension skille. will return to this issue later when we
address potential limitations of the present study.

One unexpected finding requiring further clarifioa is that, in contrast to orthographical

decoding skills, phonological recoding skills wemere strongly associated with sentence and text
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comprehension skills in children with highly devatal phonological recoding skills compared to
children with poorly developed phonological recapskills (this was found for integrated test
scores in both the sentence and text comprehenagkand for response times in the text
comprehension task). How can this unexpected fqtmexplained? As can be seen from Tables
1 and 2, the majority of children have already digwed fairly high phonological recoding skills
and only few children appear to have extensiveidilties with phonologically recoding
pseudowords. This is not surprising. As discussetieg, it seems reasonable to assume that by
the end of Grade 2 the majority of children haveady acquired sufficient phonological recoding
skills. However, it seems that within this majorogp of children with highly developed
phonological recoding skills there is a smaller hexertheless systematic amount of variance left
to account for differences in reading comprehendioontrast, the variance in the smaller group
of children with very poor phonological recodingliskmight be rather unsystematic. A possible
explanation is that children with poor phonologieatoding skills use word recognition strategies
other than phonological recoding to compensatéhigr poor word recognition performance. For
example, they might recognize many words basedoressalient graphical features rather than
grapheme-to-phoneme translations (logographicegyatFrith, 1986). It might also be the case
that they use sentence- or text-level skills suslc@ntext or world knowledge in a top-down
fashion to infer the words they have difficulties recognize (as assumed by theeractive
compensatory modbl Stanovich, 1980). Overall, we assume that oiildvith poor phonological
recoding skills probably rely on other skills belonbeyond the word level to compensate for poor
word recognition abilities.

In sum, we found that both word recognition skilishonological recoding and
orthographical decoding, are associated with regpdomprehension skills throughout all grade

levels. If we assume a causal relationship betwieetwo word-level and reading-comprehension
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skills, namely that efficient phonological recodiagd orthographical decoding are at the core of
skilled reading comprehension even at Grades 3laodr results have some practical implications
with respect to reading education. First, becausth Iskills, phonological recoding and
orthographical decoding, make individual and sdgaraontributions to reading comprehension,
early reading acquisition should be supported lagtgzal exercises aimed at fostering these skills.
Furthermore, the fact that we found significantatiehships of phonological recoding and
orthographical decoding skills with reading com@msion skills even in third and fourth graders
highlights the possibility that fostering both wdelel skills even in older and more advanced
readers might be fruitful to enhance their readoognprehension skills. Another implication
concerns children who exhibit word recognition idiffties. Here, it is essential to find out which
word level skill exactly is impaired to what extemtd to create an optimal individual support plan
to ensure target-oriented training for the impaneaders.

The results of the present study need to be irgggg with its limitations in mind. First, we
differentiate between only two skills of visual wlorecognition: phonological recoding and
orthographical decoding skills. However, we havectmsider the possibility that there are
processing units on a level between single grapeemehole orthographical word forms, which
might assist word recognition during reading, sashmorphemes and syllables. For example,
several studies have established syllable-frequefifegts or syllable-length effects in Spanish
(e.g. Barber, Vergara, & Carreiras, 2004), Frerch.(Ferrand & New, 2003), and German (e.qg.
Conrad & Jacobs, 2004), suggesting that syllablg @ role in visual word recognition. Due to
the fact that the phonological recoding task in etudy does not differentiate between the
recognition of single graphemes and whole syllgbAescan not rule out the possibility that our
phonological recoding measures reflect syllablegedion skills to some extent. As a result, it is

possible that children’s ability to efficiently egnize written syllables account for a unique
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portion of variance in reading comprehension. Tisssie requires further clarification in future
research.

The second potential limitation concerns the cawpility of the sentence- and text-
comprehension tasks. Both tasks assess comprehénsiare likely to differ in terms of cognitive
requirements and measures. Whereas children haatifp whether sentence contents made sense
in the sentence comprehension task by provigegno-answers under mild time pressure, the
ELFE subtest text comprehension required the psitg®f text passages, of a multiple-choice-
guestion following each passage, and the identifinaof the correct response out of four
possibilities. Thus, performing the text comprel@mgask might have involved more complex
linguistic cognitive processes (such as the esfainient of local and global coherence, see van
Dijk & Kintsch, 1983) and extra-linguistic cognigyprocesses (such as keeping information active
in working memory and comparing several alternaéimswers) than the sentence comprehension
task. In part, these differences are simply duédfact that text comprehension per se is a more
complex task than sentence comprehension. Howevayst be noted that due to the multiple-
choice format of the text comprehension task thedemprehension data might also to some extent
reflect offline comprehension processes and stiege¢at are not part of text comprehension itself.
Nevertheless, the results we found for both théesee and the text comprehension task were
fairly comparable for all grade levels, schoolg] aohool classes.

A third limitation of the present study is its ssesectional design. In fact, the best way to
investigate developmental questions (such as thmicapility of Frith’'s, 1986, three-stage
developmental model of reading to German primahpstchildren) is by means of longitudinal
designs. We cannot rule out the possibility tha #tbsence of a potential shift from a rather
phonological to a rather orthographical word recogm strategy as predicted by Frith (1986) in

our data is due to accidental grade level diffeesn®oreover, Frith points out that each child
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progresses from one strategy to the next at hieoown pace independent of age or grade level.
Thus, a longitudinal investigation might possibdyeal evidence in favor of her theory, which we
failed to track down with a cross-sectional deskgowever, our findings are perfectly in line with
several recent studies demonstrating that bothglbgital recoding and orthographical decoding
are highly associated with reading comprehensicrhildren, adolescents, and even adults (e.qg.
Paap & Noel, 1991; Richter et al., 2013; Shankweilal., 1996, Shankweiler et al., 1999; Tunmer
& Chapman, 2012). Furthermore, our findings appedre consistent throughout all three grade
levels as well as for different schools and sclaasses. Therefore, it seems unlikely that our

findings were simply due to accidental grade leferences.

To conclude, our results consistently demonsthaeignificant role that both phonological
recoding and orthographical decoding skills plaguccessful reading comprehension throughout
the elementary school years, somewhat surprisexgiy in Grades 3 and 4. Educators should take
both routes of word recognition processes into astavhen designing reading curricula and

interventions for poor readers.
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Table 1:
Descriptive Statistics for Response Time (Log-ti@msed), Accuracy, and Integrated Test
Scores as Dependent Variables in the PhonologieabRing Task, Orthographical Decoding

Task, and the Sentence Comprehension Task (N = 666)

Total Grade 2 Grade 3 Grade 4
M (SD) M (SD) M (SD) M (SD)

Phonological Recoding Task

Integrated Test Scores 0.115 0.107 0.117 0.121
(0.02) (0.02) (0.01) (0.01)
Response Accuraky 0.853 0.812 0.865 0.882
(0.12) (0.14) (0.11) (0.09)
Response Tinfe 7.432 7.574 7.424 7.305
(0.31) (0.33) (0.28) (0.26)
Orthoraphical Decoding Task
Integrated Test Scores 0.117 0.105 0.118 0.127
(0.02) (0.01) (0.01) (0.01)
Response Accuraky 0.857 0.797 0.866 0.905
(0.09) (0.09) (0.08) (0.07)
Response Tinfe 7.374 7.616 7.373 7.146
(0.38) (0.36) (0.33) (0.28)
Sentence Comprehension Task
Integrated Test Scores 0.113 0.108 0.113 0.118
(0.01) (0.01) (0.01) (0.01)
Response Accuraty 0.932 0.918 0.934 0.943
(0.07) (0.07) (0.08) (0.06)
Response Tinfe 8.264 8.528 8.251 8.024
(0.40) (0.39) (0.32) (0.29)

Note N = 666; Grade 2n = 232; Grade 31 = 190; Grade 4n = 244.2Response Accuracy/Response
Time,Prelative frequencylog-transformed
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Table 2:
Descriptive Statistics for Response Time (Log-ti@msed), Accuracy, and Integrated Test
Scores as Dependent Variables in the PhonologieabRing Task and the Orthographical

Decoding Task, and the ELFE Test Scores of thedaxiprehension Task (N = 149)

Total Grade 2 Grade 3 Grade 4
M (SD) M (SD) M (SD) M (SD)

Phonological Recoding Task

Integrated Test Scores 0.114 0.108 0.114 0.121
(0.02) (0.02) (0.02) (0.01)
Response Accuraky 0.843 0.807 0.845 0.881
(0.12) (0.13) (0.12) (0.10)
Response Tinfe 7.412 7.515 7.410 7.296
(0.29) (0.26) (0.29) (0.29)
Orthoraphical Decoding Task
Integrated Test Scores 0.118 0.107 0.118 0.129
(0.02) (0.01) (0.01) (0.01)
Response Accuraky 0.860 0.807 0.866 0.917
(0.09) (0.08) (0.07) (0.06)
Response Tinfe 7.358 7.561 7.376 7.114
(0.40) (0.42) (0.33) (0.25)
Text Comprehension Task
ELFE Test Score 11.604 9.241 12.025 13.961
(4.88) (4.08) (4.65) (4.72)

Note N = 149; Grade 2n = 58; Grade 3n = 40; Grade 4n = 51.2Response Accuracy/Response Time,
brelative frequencyflog-transformedinumber of correct responses
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Table 3:

Fixed Effects and Variance Components in the HLNh Wesponse Accuracy, Response Time (Log-
transformed), and Integrated Test Scores as Dependariables for Sentence Comprehension Skills and
Response Accuracy, Response Time (Log-transformaed),Integrated Test Scores as Measures of

Phonological Recoding Skills and Orthographical baing Skills

Sentence Comprehension Task

Integrated Test Scote  Response Accuraly Response Tinfe

Model 1 Model 2 Model 1 Model 2 Model 1  Model 2

Parameter
B (SB B(SB B(SB B(SH B(SB B (SB
Fixed Effects
Intercept 0.113* 0.113* 0.934*  0.940* 8.249* 8.255*
(0.00) (0.00) (0.00)  (0.00) (0.01) (0.01)
Phonological Recoding SKiI 0.078* 0.135* 0.088* 0.129* 0.097* 0.100*
(0.02) (0.03) (0.02) (0.04) (0.04) (0.04)
: - 0.372* 0.377* 0.301* 0.251* 0.751* 0.737*
Orth hical Decod
a0 peeaBeeeding 0,02 (0.03) (0.03)  (0.04) 0.03)  (0.03)
0.000 0.001 -0.007 -0.001 -0.060*  -0.053*
Grade level (0.00) (0.00) (0.00) (0.00) (0.01) (0.01)
- -0.002 -0.006 -0.027 -0.008 -0.013 -0.012
Grade level X Phonological
Recoding Skil (0.02) (0.03) (0.03) (0.04) (0.04) (0.05)
. -0.046 -0.010 -0.039  0.030 -0.085*  -0.110*
Grade level X Orthographical
Decoding Skil (0.03) (0.03) (0.04) (0.04) (0.04) (0.04)
2.495* 0.214 0.019
Phonological Recoding SKil (0.77) (0.13) (0.05)
: - -4.032* -1.523* -0.089
Orthographical Decoding
Skill2 (1.11) (0.27) (0.06)
Grade level X Phonological 0.876 0.137 0.000
Recoding Skift (0.90) (0.15) (0.06)
- -3.539* -0.952* -0.077
Grade level X Orthographical

Variance Components

School Class 0.000 (0.00) 0.000 0.000  0.000 0.001 0.001
(0.00) (0.01)  (0.01) (0.04) (0.04)

Note.?Response Accuracy/Response TifRepportion of correct responses (person meéog)transformed
(person meansygrand-mean centered
*p<.05.* p<.01l.** p<.001 (two-tailed)
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Table 4:
Fixed Effects and Variance Components in the HLM thie ELFE Test Scores as Dependent Variable for
Text Comprehension Skills and Response AccuraspoRse Time (Log-transformed), and Integrated Test

Scores as Measures of Phonological Recoding SkilisOrthographical Decoding Skills

Text Comprehension Task

Integrated Test Scdre Response Accuraly Response Tinfe

Model1  Model 2 Model 1 Model 2 Model1  Model 2
Parameter
B (SB B (SB B(SB B(SB B(SB B (SB
Fixed Effects
Intercept 11.603* 11.340* 11.378* 10.939* 11.672* 12.524*
(0.34) (0.48) (0.33)  (0.44) (0.40) (0.47)
Phonological Recoding SKill  50-778*  90.796* 4930 10.142* 2529  1.795
(20.30)  (28.46) (2.68) (4.18) (1.73) (1.87)
: : 201.715* 206.836* 38.698* 39.477* -5.724*  -AT77T*
Orth hical Decod
e D opiealBecoding - o536)  (31.17) (4.46)  (5.27) (1.39)  (1.50)
-0.190 -0.253 0.022 -0.148 1.383* 1.509*
Grade level (0.41) (0.58) (0.40)  (0.54) (0.48)  (0.55)
Grade level X Phonological 7.719 43.743 -0.932 5.315 -1.590 -4.421
Recoding Skill (23.50)  (34.28) (3.13) (5.18) (2.08) (2.40)
- -4.435 -7.622 6.202 1.090 1.194 1.065
Grade level X Orthographical
Decoding Skil (27.69)  (36.61) (4.87)  (6.06) (1.64) (1.83)
1970.453* 26.803 -7.308*
Phonological Recoding SKilI (814.98) (15.81) (3.63)
; ; -1818.701 17.278 -3.717
Orth hical Decod
aylz ) opea Becoding (1495.19) (44.30) (2.51)
Grade level X Phonological 1733.629 29.316 2.557
Recoding Skift (926.87) (18.91) (3.54)
; -2648.430 -45.782 -2.272
Grade level X Orthographical
Variance Components
School Class 0.000 0.375 0.000 0.000 0.000 0.000
(0.00) (0.61) (0.00) (0.00) (0.00) (0.00)

Note.?Response Accuracy/Response TifR¥pportion of correct responses (person meéog)transformed
(person meansygrand-mean centered
*p <.05.* p<.01l.** p<.001 (two-tailed)
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Figure 1 Linear and quadratic relationships between (anplogical recoding skills
(integrated test scores) and (b) orthographicabdieg skills (integrated test scores) with
sentence comprehension skills (integrated tesesgor
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Figure 2 (a) Linear and quadratic relationships between phoncébgecoding skills

(integrated test scores) and text comprehensioREEEst scores) and (b) linear relationship
between orthographical decoding skills (integrdaesd scores) with text comprehension skills.



