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Abstract
This work is an extension of a study by Waber, Wélbrbes, and Weiler (2000) in which the
specificity of naming speed deficits to readingathifity (RD) was examined. 193 children (ages
8 to 11) evaluated for learning disabilities wettedged. It was determined how well rapid
automatized naming (RAN) discriminated betweened#ht diagnostic groups (learning
impaired (LI) with and without RD) from controls dufrom each other. Whereas Waber et al.
concluded that RAN was an excellent tool for detgctisk for learning disabilities in general,

the results of the present study point to a moeeifip connection between RAN and RD.

Keywords: rapid naming, learning disabilities, negddisabilities, comorbidity
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Rapid Automatized Naming and Learning Disabilitibses RAN Have a Specific Connection
to Reading or Not?

Growing research evidence supports the viewdhe of the background skills affecting
reading israpid automatized namin@RAN), the ability to recall names of serially peaited
familiar objects or symbol$laming speed deficiffNSD) is the term used to describe slow and
laborious recall of familiar objects, especiallyempresented as serial stimuli (for review of
rapid naming, see Bowers & Newby-Clark, 2002; WBlbwers, & Biddle, 2000; Vukovic &
Siegel, 2006).

Most of the research within rapid naming leeh place within the framework of dyslexia
and reading research. Indeed, in various studpmd reaming has been connected to reading
accuracy (e.gSpring & Davis, 1988), reading speed (e.g. Bermngbbott, Thomson, &
Raskind, 2001; Wimmer, 1993; Young & Bowers, 1988) reading comprehension, either
directly (Badian, 1993; Sprugevica & Hgien, 2004yia laborious word decoding (Spring &
Davis, 1988).

In the context of reading and language, thmeotions of rapid nhaming to phonological
skills (e.g. Wolf et al., 2000) and to orthograpkimwledge (e.g. Bowers, Golden, Kennedy &
Young, 1994; Manis et al. 2000) have been studisdhas RAN’s connection to broader skill
areas like general processing speed (Kail, Halla&Key, 1999). The results of these studies
vary widely, and many of the conclusions are cahttary. Despite speculation on its
connections to several cognitive abilities, it seghowever, that naming speed is not connected
to general intelligence (Bowers, Steffy, & Tate8&89Denckla & Rudel, 1976; Meyer, Wood,
Hart, & Felton, 1998). Alongside the many hypotlsesencerning the link between individual

skills and RAN are studies that support an eclegéws according to which RAN is best seen as
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a multicomponential skill that has connections withny background skills (Denckla &
Cutting, 1999; Narhi et al., 2005; Wolf et al., )0

Because RAN can be measured before readitrgatisn begins, the strong findings on its
reading-related predictive power has made RAN drikeomost useful tools for predicting
children at risk for reading difficulties (De Jo&gvan der Leij, 2003; Puolakanaho et al.,
2007). RAN has also been found to predict readisghdlities at school age (e.g. Manis, Doi &
Bhadha, 2000; Korhonen, 1995; Scarborough, 1998}@differentiate children with reading
disability (RD) from controls without RD (Denckla Rudel, 1976; O’Malley, Francis,
Foorman, Fletcher, & Swank, 2002; Wolf, 1986). Bifinces between RD and control groups
seem to occur also in adulthood (Vukovic, WilsonN&sh, 2004).

Despite suggestions that naming speed cowe s&s a diagnostic measure of reading at
school age (Carver, 1991; Davis & Spring, 1990ntdrased diagnostic tests have been
developed that are more effective than RAN in disicrating RD children from Non-RD
children (Hammill, 2004), and RAN has not alway8ilfed the criteria for an acceptable
measure for clinical use (Hammill, Mather, AllenR&berts, 2002). Therefore one of the
suggestions for the primary clinical use of RAN iedo use it as a predictor of reading
performance before reading instruction begins @e001; Wolf et al. 2000) and during
school age as one of the tools for exploring thekeound of reading disabilities more
thoroughly (Hammill, 2004).

When exploring RAN in the context of learniigabilities, children with learning
disabilities without RD have been faster namers ttfaldren with RD (Denckla & Rudel,
1976; Denckla, Rudel, & Broman, 1981; Ho, Chan,ngu ee, & Tsang, 2005). Comparisons

between different kinds of learning disabilitievbdeen rare and most of the studies of rapid



Rapid Automatized Naming 5

naming have focused on either reading, languagaimmgents or specific learning problem such
as attention deficit/ hyperactivity disorder ortlametic disabilities. One of the few studies that
has pointed to a connection between RAN and legmisabilities in general is the original
study by Denckla and Rudel (1976) in which a specihnnection between RAN and dyslexia
was found. They also noticed that learning-impaaiedtren without dyslexia were slower
namers than control children.

In the studies on RAN that focus on learnirgglilities other than RD support has been
found for the view that rapid naming is connectedrithmetic disabilities (Van der Sluis, de
Jong & van der Leij, 2004), number fact disorddmniple & Sherwood, 2002) and calculation
fluency (Koponen, Mononen, Rasanen, & Ahonen, 26@fonen, Aunola, Ahonen, & Nurmi,
2007), while in other studies the connection betwagid naming and arithmetic skills has not
been unambiguously supported (de Jong & Van dgy 1899).

The connection between rapid naming and attemias been studied as well, also with
mixed results. In comparisons between children aitantion problems and children with
reading disabilities, most studies have found caiidvith RD to be slower namers than
children with attention problems (Felton, Wood, 8 Campbell, & Harter, 1987; Narhi &
Ahonen, 1995), and poor performance in rapid narhasbeen found to be associated with RD
and not ADHD (Felton & Wood, 1989; Raberger & Winmi2003). However, results may be
affected by the type of attention problem. When parng children with ADHD-inattentive
type with children with ADHD-hyperactive type, tfeemer group has been significantly slower
in rapid naming than the latter (Hynd et al. 19Biomson et al., 2005).

With the aim of addressing the issue of rag@ching and learning disabilities in general,

Waber, Wolff, Forbes, and Weiler (2000) studiedgpecificity of naming speed deficits (NSD)
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in relation to reading disability (RD) in 188 chih (ages 7 to 11 years) referred for evaluation
of learning disabilities (RD, ADHD-inattentive typand mathematics disability). In their study,
RAN differentiated children with RD from the contahildren very effectively. However, RAN
was not as effective in differentiating childrertivkRD fromlearning-impaired(LI) children
without RD(Non-RD). In addition, RAN also differentiated taang impaired Non-RD children
from controls, although not as effectively as aaldwith RD from controls (the discriminating
power was of about the same size as in the RD sé@&tsn-RD comparison). It also seemed that
in their sample of LI children, the prevalence @DMlincreased with the comorbidity of
different learning disabilities, but was not depemidon the type of diagnosis. The authors
concluded that RAN was an excellent tool for detgckearning impairment in general, but was
less effective in distinguishing RD children frorther LI children. Waber et al. also studied the
optimal cut-off score for RAN performance, i.e.ttidnich would produce the greatest
percentage of correct classifications. Determimetthis way, -1.0 SD from the mean of the
control population seemed to be the best cut-affesc

The aim of this study was to extend the stoglyaber et al. (2000) to see if their results on
RAN'’s ability to detect learning impairments in geal were confirmed among subjects from a
different cultural and language background. Thalrfeefurther study also arises from the fact
that studies conducted with clinical samples oftesduce biased results and usually can not be
generalized without robust research evidence.

Methods

Participants

The sample consisted of 193 children refetoeal child neuropsychological clinic for

evaluation of learning disabilities. The sample Wessame as that used in the study by Narhi et
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al. (2005). Selection was made according to tHevahg criteria: Finnish as the mother tongue,
age 8-11 years, either verbal or performance WISIQ-Bf 80 or above, no acquired central
nervous system damage, and no physical illnesh#tatesulted in excessive absence from
school. All the measures used in this study wersiaidtered to the children as part of the
assessment. To cope with missing observationsiddiea (5,2%), a real value imputation
method was developed (for details on the methagN&ghi, Laaksonen, Hietala, Ahonen, &
Lyytinen, 2001).

All the children in the clinical group werdexdted by some form of learning or other school-
related problems. The most common learning digaslivereReading DisabilitRD),
Attention Deficit AD), andMathematics DisabilitfMD). All the children in the clinical
sample were from middle-class families residerthenCentral Finland area. The mean age of
the LI sample was 9.6 years (standard deviationan@ 76.6 percent of the sample were boys.
Information on the cognitive ability and naming @racores of the clinical sample is presented
in Table 1. As can be seen, there were differemcesgnitive ability between the present
sample and that of Waber et al., the present sahgvieg significantly lower 1Q. One should
also note that while the naming times were verymarable between the studies in LI groups,
the control group of Waber et al. was significarifigter than the control group of this study.
This may have effects on the prevalence of the [d&dalso on the ROC analyses, as discussed
later.

Table 1 about here

Design

Reading disability (RD) was diagnosed sepfrdte speed and accuracy on the basis of one

of two text reading tests (as the test used atlthie was changed during the data collection),
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one normed by grade and the other by age (NiiloiM#kitute, 2004). The reading speed
criterion for RD was 1.5 SD below the mean textlneg rate for age or grade, and the accuracy
criterion for RD was 1.5 SD below the mean peragmtaf correctly read words for age or
grade. The RD diagnosis was based on text readhlygthe discrepancy-based criterion used in
Waber’s et al. study was not used in this study.tke analyses, the LI children not having RD
were also grouped. Children not having RD by speed assigned to a Non-RD-speed group
and children not having RD by accuracy were assiga@ Non-RD-accuracy group. Because
of the overlap between the RD groups, the Non-R&dmgroup contained children with RD-
accuracy and the Non-RD-accuracy group includedescmidren with RD-speed.

The presence of Attention Deficit (AD) was kexsied using a Child Behavior Checklist
filled in by the child’s parents (Achenbach, 199I&)a Child Behavior Checklist — Teacher’'s
Report Form filled in by the child’s primary schaebcher (Achenbach, 1991b). The criterion
for AD was a T-score greater than 60 on the Attemsicale in either the parental or teacher
evaluation.

Mathematics disability (MD) was diagnosed gdivo tests. The primary test used was the
RMAT (Raséanen, 2004) or if the RMAT was not yetikalde, the Arithmetic subtest of the
Kaufman ABC (Kaufman, 1983) was used with localmative data (Niilo Maki Institute,
2004). For both measures, a cut-off of 1.5 SD bdlmwnormative group mean was used as the
criterion for MD. Of the measures, the RMAT is thimaited accuracy measure and the
Kaufman-ABC purely a measure of accuracy.
Measures

Rapid Automatized Naming (RARRapid automatized naming was assessed using two

stimulus cards, one containing letters and theratbitaining numbers. Each of the stimulus



Rapid Automatized Naming 9

cards consisted of five different items, each ogpéd 10 times. The items were arranged in a
fixed pseudo-random order, so that no individuahitwas repeated successively. The children
were instructed to name the stimulus as quickly@mdectly as possible, and the time taken to
read each card was used as the outcome scores Eraole were not considered in the analyses.
To compare the results with Waber et al., the noédhe letter and number naming scores was
used in the analyses and in the NSD definition.amscore one SD slower than the normative
mean served as the criterion for NSD.

The normative data on rapid naming were obtafinom 605 children, aged 8-11 years
(Ahonen, Tuovinen, & Leppasaari, 2003). The dateeveellected from four different schools in
two cities, and included children who had receispdcial education services. To obtain a ratio
between the size of the clinical group and cordroup similar to that in Waber et al., a random
sample of 119 children was selected from the naueatroup for analysis. The age distribution
in the normative group used in this study (N=11lpfved that of the clinical sample. The
remainder of the normative group not used in thudyg (N=486) was used for the purpose of
defining naming speed deficit (NSD).

Statistical Methods

Statistical analysis was carried out with SR8Sion 11.5Receiver operating characteristic
(ROC) analysis was applied and #rea under the curv@AUC) obtained from the ROC
analysis was taken as a measure of how accuratdlygerformance predicted group
membership. The AUC value ranges between 0.5 @hdHe former indicating a non-
informative result and the latter a perfect disonator. According to an arbitrary guideline an
AUC value of 0.5-0.7 indicatespoor or less-accuratg0.7-0.9 dair or moderately accurate,

and 0.9-1.0 aexcellent or higly accuratdiscriminator (Swets, 1988; Tape, n.d.).
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In the ROC analysis, the mean z-score for rarmahd letter naming was used as a dependent
variable and group membership as a dichotomous gtaiable. The group comparisons
consisted of LI children vs. controls, LI childresth RD vs. controls, LI children without RD
vs. controls and LI children with RD vs. LI childrevithout RD.

Logistic regression analysis was used to ed@roptimal cut-off scores for RAN that would
discriminate between the groups. The prevalenceéslatributions of the different diagnoses
were conducted with cross-tabulations.

The distributions of all the rapid naming meas were skewed; hence they were normalized
using natural logarithmic transformations. The efi&f age on the rapid naming results was
taken into account by using z-scores obtained lbyitog the norms for each age group (8, 9,
10, and 11 years) separately.

Results
Prevalence of Reading Disability and Naming Speeficid

The prevalence of RD in the LI and NSD groigpsresented in Table 2 and the prevalence
of NSD in the different diagnostic groups in TaBlelhe prevalence of RD defined by speed
(RD-speed) was significantly greater than the denee of RD defined by accuracy (RD-
accuracy) both in the LI group?(1) = 19.03p < .001) and in the NSD group?(1) = 8.58,p =
.003). Of the LI children, 78% had RD of some ki@d.the RD sample 35% had RD-speed
only, 11% had RD-accuracy only, and 55% had bothdRignoses.

The prevalence of NSD was clearly greateheéRD groups than in the Non-RD groups
(r3(1) = 28.64p = .000 for RD-speed, and(1) = 11.49p = .001 for RD-accuracy). However,

the proportion of children having NSD in the Non-B®ups was relatively large compared to
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the control group, in which the prevalence of NS&wW 6% %?(1) = 4.04p = .045 compared to
Non-RD-speed, angf(1) = 22.03p = .000 compared to Non-RD-accuracy).

In comparison with Waber et al., the prevageoENSD in the present study was
significantly smaller in all groups (see Table Byis may in great part be due to the difference
between naming times in control groups used. Asvahia Table 1, there were no differences in
the naming times of the alphanumeric stimuli betwée LI samples. Instead, the children in
Waber’s control group were significantly faster resin both subtasks than the controls used
in the present study. The faster naming times i&¥a controls thus increased the distance
between the LI and the control group and incredisegrevalence of NSD.

The prevalence of RD in the LI and NSD groap$oth RD definitions was significantly
greater in the present study than in Waber esak {[able 2). Despite the greater prevalence of
NSD in the Non-RD groups than control group inphesent study, the tendency for NSD to be
more common in the LI sample without RD was strongéVaber et al. than in the present
study §?(1)=9.50,p<.01 andy?(1)=9.64,p<.01, Non-RD-speed and Non-RD-accuracy,
respectively).

Tables 2 and 3 about here
ROC Analyses

For the ROC analysis the meascore of the naming times in the RAN numbers aitieils
tests was entered as a continuous variable anthatdmous group variable was used as a state
variable. Table 4 displays the AUC statistics aB®%3onfidence intervals for every comparison
obtained from the ROC analysis. The analysis shdhaiin all the comparisons, RAN time

discriminated between the groups significantly dretihan chance.
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To compare RAN’s ability to discriminate difémt groups from each other in this study and
in Waber et al., a critical valugfor the comparisons between AUC statistics wasutatled.

The formula used wazg=(A1—A,)/( Sa2+ Se?)” in which A and A mark the AUC statistics to
be compared, and Sand Sethe standard error for the corresponding AUC \aliliopley &

van Schalkwyk, 2001). The critical valug,followed the standardized normal distribution, and
a p-value was obtained from the table in whichdimaulative distribution functions were
presented (StatSoft, Inc.).

The test described above was also used fopaong the AUC statistics within this study.
The test showed that the AUCs were significantBaggr in the RD—Control comparisons than
other comparisons, except one (see tabl&-4glues ranging from 1.90 to 4.97, gmaalues
from .029 to .000, respectively. The AUC for the@ntrol comparison can be classified as
good(Tape, n.d.). RAN also discriminated reliably beén the whole LI group and control
children, and between children with RD-speed and-R®-speed (AUC between 0.7-0.8
indicatingfair or moderately accuratdiscrimination according to Swets, 1988 and Tapz).
The AUCs for the Non-RD versus control comparis@mnerclassified afir andpoor and thus
could not be considered very reliable (Tape, nkhg comparison between RD-accuracy and
Non-RD-accuracy also showedor discrimination.

The AUC values were systematically lower ia giesent study than in Waber et al. Both the
RD vs. control comparisons and Non-RD vs. contashparisons obtained a significantly lower
AUC value than Waber et al. (see table 4), whilelifierence between the studies in the LI-
control and RD—Non-RD comparisons were found. Tdrgrols in Waber et al. were relatively

fast namers as compared to controls in this stlildig might explain the relatively large AUC
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values in LI-control comparisons of Waber et alj #me difference between studies in these
comparisons.

Waber et al. found that 1) RAN discriminatdcchildren from controls (AUC .84),
especially if they had RD (AUCs .92 and .95 fortrols vs. RD-speed and RD-accuracy,
respectively), and 2) also, but to a lesser exthatriminated Non-RD children from controls
(AUCs .72 and .79 when RD was defined by speedhandracy, respectively), and RD from
Non-RD children (AUCs .74 for RD-speed and .76R@-accuracy). The results of this study
were basically the same, but whereas Waber epatleded that RAN had some utility in
distinguishing between RD children and other Lldtan but showed greater reliability in
discriminating between LI children and controls tlesults of the present study showed that
when RD was defined by speed, the discriminatingggaof RAN was about the same size
(AUC .79) in both the LI vs. control and RD-speed Mon-RD-speed analyses. In this study
RAN also discriminated better between RD and Non{RDC .79) than between Non-RD and
controls (AUC .60), when RD was defined by spedti/enin Waber et al. these statistics were
about the same size.

Table 4 about here
Cut-off Scores

Logistic regression was used to estimate wbutkoff score best discriminated between the
groups. This was done by assigning a dichotomotsf€wariable for each cut-off score used
in the analysis. A separate logistic regressiontivas computed for each cut-off, the group
variable being the dependent variable and the ffutaniable the categorical predictor variable.

The analysis yielded correctly and incorrectly sifisd cases.
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Following Waber et al., the best cut-off scamas the one that produced the greatest
percentage of correct classifications. For moshefcomparisons, -0.5 SD was the best cut-off
although the difference between -0.5SD and -1.@v@B small. The highest percentage of
correct classifications was 78% for the RD (spesd)Non-RD comparison, with 23% false
positives and 21% false negatives. For the othewpesisons, at the point where the percentage
of correct classifications was at its highest,ghgportion of false positives ranged from 19% to
46% and false negatives from 21% to 41%.

Table 5 about here
Comorbidity of Diagnoses and the Prevalence of WBDifferent Clinical Groups

As in Waber et al., a description of the datiprofiles of the LI children was provided. The
distribution of the RD, AD, and MD groups, and th#erent combinations of these, are
displayed in Table 6, with information on the prevece of NSD in each group. The groups
identified were all mutually exclusive. There wemme gaps in the clinical data with respect to
the diagnoses of MD and AD. The most likely reamra missing diagnosis was that children
referred for the evaluation of learning problent ot exhibit any signs of the deficit in
guestion, and therefore were not examined for therather words, a missing diagnosis would
in high probability mean no problems in the skiltst evaluated. On this assumption, children
with missing diagnostic information were coded ashaving the disorder in question. The
prevalence of NSD in the different diagnostic gdpl not change markedly with the
replacement of missing information (see Table 6).

The prevalence of NSD in the clinical groupssvgomewhat different in the present sample
compared to that in Waber et al., as can be se€ahle 6. The prevalence of NSD in the

present sample was 26-30% in the LI groups wittiiditand 59%-89% in the LI groups with
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RD of some kind. Thus, unlike in the sample of Waddeal. in which the prevalence of NDS
increased with the comorbidity of learning impaintse in the present sample the prevalence of
NSD increased with diagnosed RD.
Table 6 about here

Another difference between Waber et al. amdpifesent study was in the composition of the
groups. In the present sample the prevalence oiiteadisabilities was rather high (RD 78%,
AD 60%, and MD 45%) compared to the sample in Wabat. (RD 32%, AD 13%, and MD
43%). Accordingly, the comorbidity of different di@oses was fairly high in the present clinical
sample: 64% of the sample had more than one diagand only 4% of the sample had none. In
the LI sample in Waber et al., comorbidity wasrfaare uncommon: only 23% of the sample
had more than one diagnosis and 37% of the samapled diagnoses. The difference between
the studies in the prevalence of comorbidity wgsificant (2(1)=64.72p<.001).

Discussion

The aim of this study was to extend the stogyVaber et al. (2000) on rapid naming and to
test the efficacy of RAN in discriminating betweearious clinical and control groups. The
results of this study concurred with those obtaibgdVaber et al. and previous studies in that
RAN differentiated RD from controls (e.g. DencklaR&udel, 1976; O’Malley et al.; 2002;
Wolf, 1986) and that the connection between RAN RBdwas found to be stronger than the
connection between RAN and learning problems ireganThe results of the Non-RD vs.
control and RD vs. Non-RD comparisons were paralléhat all the discriminations were
statistically significant but not as robust asha RD vs. control comparisons. Over and above
the minor differences between the studies, thegptestudy seemed to differ from Waber et al.

in one major respect. While Waber et al. conclutiad RAN was an excellent diagnostic
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indicator of learning problems that may includet & nor limited to, reading (p. 258), the
results of the present study point to a more sjgeciinnection between RD and RAN. There are
three main reasons for this.

First, in the study by Waber et al. the likelbd of NSD increased with the number of
diagnoses, but was not dependent on the type ghdsas. Children with more than one
diagnosis had a nearly 100% likelihood of havingdN&hich was interpreted to mean that
prolonged naming speed was an indicator of learpimglems in general, independently of any
specific diagnosis. In the present study, the pesa of NSD did not increase with the number
of diagnoses. Instead, the prevalence of NSD vgasfgiantly greater in the groups with RD
(59-89%) than in the LI groups without RD (26-30%)xhould be noted that this comparison
was made against a Non-RD-group in which there werproblems in either reading accuracy
or reading speed.

Second, the ROC analyses revealed that RArdiftiated between the RD groups
significantly better than any of the other grouqmf the control group. According to Tape’s
(n.d.) classification for AUC statistics, RAN wag@od discriminator only for the RD vs.
control comparisons, showing fair or poor discriating power in all the other comparisons.
RAN was not especially good in discriminating betwéhe Non-RD-LI children and control
children, RAN’s discriminating power being at be&t, which means barely fair in Tape’s
classification. In addition, RAN reliably differeated the RD-speed group from the Non-RD-
speed group.

Third, although the prevalence of NSD was @greia the Non-RD groups than in the control
group, the trend was significantly stronger in Wadteal. than in the present study. The present

results are in line with those of previous studi®vious research has shown that RAN is one
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of the strongest and most persistent variablesexird to reading disabilities (e.g. De Jong &
van der Leij, 2003; Korhonen, 1995; Wimmer, 1998)cording to Wolf and Bowers (1999),
the processes involved in reading and RAN are fiigbinparable, which explains the strong
connection between these two tasks. In light of¢hstudies the result that RAN was strongly
connected to RD was no less than expected.

A more interesting result was that the cotinadetween RAN and the other learning
disabilities failed to be replicated. Beginninghwéttention problems, the results of this study
are in line with those of previous studies thatehaot found a consistent connection between
RAN and ADHD (e.g. Felton et al. 1987; Narhi & Aten 1995; Semrud-Clikeman, Guy,
Griffin & Hynd, 2000) and have claimed that RANnmre strongly connected to RD than
ADHD (e.g. Felton & Wood, 1989; Raberger & Wimm2003). However, the link between
RAN and attention may be mediated by the subtyptehtion problems, in which case the
inattentive type of ADHD would be expected to bikéd to RAN while the hyperactive type
would not (Hynd et al. 1991; Thomson et al., 200%}he study by Waber et al., only children
with the inattentive type of ADHD were studied wias the present study included children
with a range of attention problems. This differenoald explain the stronger connection
between RAN and attention problems in Waber @hah in the present sample; however, this
hypothesis remains to be confirmed in further ssdi

The connection between RAN and MD also wasrambre profound investigation. In the
MD groups the prevalence of NSD varied between 28%89% and hence the result does not
reveal very much about the connection between RAMNMD. However, the fact that the
highest prevalence of NSD was found in the MD+RBugrmight lend support to the previous

suggestion that NSD, or “retrieval deficit” is ookthe contributors to the comorbidity of MD
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and RD (Geary, 1993; Geary, Hanison, & Hoard, 20@@ereas difficulties in number naming
were not evident in the children with MD alone (Beet al., 2000). In light of the studies by
Koponen (Koponen et al., 2006; Koponen et al., 2@0% arguable that had the measure used
in the identification of MD been based on calcuigtspeed rather than accuracy, the connection
between RAN and MD might have been stronger.

Taken together, the results of this study upitethe results of previous studies in which the
connection between RAN and RD has been strongertbieaconnection between RAN and
learning problems in general (Denckla & Rudel, 193énckla, Rudel, & Broman, 1981).
However, because of the comorbidity commonly fobativeen different kinds of learning
disabilities (Adler, Barkley, Wilens, & Gingsber2006; Biederman et al., 2004; Knopik,
Alarcon, & DeFries, 1997), the results of both #tisdy and that of Waber et al.strongly
indicate the need to take comorbid LIs into accaumen studying RAN and RD.
Methodological and Statistical Considerations

Because clinical samples often differ greatltheir composition, it is important to look
more closely at he samples used when comparingestuthe differences between the present
study and that of Waber et al. are unlikely to be tb subjects’ socioeconomic status, age or
the selection criteria used since they were higbiyparable. However, some of the differences
between the two studies may in part have been dawsstatistical and sample-related
differences. These will be discussed briefly.

First, the prevalence of NSD was significamfigater in Waber et al. than in the present
study. As explicated before, this may in great partlue to the difference between naming
times in control groups while the naming times Irgkoups were about the same size between

studies (Table 1). In addition to the prevalencBISD this difference between studies also has
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implications on the AUC statistics so that the kIl gontrol comparisons reach greater values in
Waber et al. than in the present study. This mayan explain the difference between studies in
this matter. What made the Finnish control childskrwer namers than the US children is not
easy to say, while both of the normative groupsevegpropriate. However, the discrepancies
between the studies on these measures may haweoretical importance relative to the
primary question, since the relationships betwéaergtoups remain the same.

The second difference between the studiesetnathe composition of the clinical groups
with their different combinations of learning didéles. The comorbidity of different diagnoses
was far more common in the present study than ibaWat al., which may partly be a resultof
the inclusion criteria used, especially for AD. Véalket al. excluded children with hyperactivity,
and no such exclusion criterion was applied inpgiesent study. This naturally increased the
prevalence of attention problems in the presenpsaand thus comorbidity. There was also a
difference between studies in the prevalence aingadisabilities, the present sample including
more children with RD. This was not likely to beedio the reading tasks used because of the
high correlation between text reading and word irgatluency in the second grade both in
children whose languages have transparent orthbgr@®9 in Greek) and also in English (.91,
Georgiou, Parrila, & Papadopoulos, 2008). Whileittodusion criterion for RD was stricter in
the present study (1,5 SD from the normative mézan) in the study by Waber et al. (1.0 SD
from the normative mean or a reading level -1,5f®Ih expected according to 1Q), and hence
should not lead to a higher prevalence of RD, ifferénces between the studies are more
likely to be based on differences in the referralkcpdures of the clinic, as explicated below.

Third, there was difference between the ssigfientelligence, the present sample being

lower in 1Q. There was a minor difference betwdsngtudies in the selection criterion for the
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LI samples, as the present sample included sontdrehiwith Full Scale 1Q below 80, which
was an exclusion criterion in Waber et al. Howewdren these children were excluded, the
difference between the studies remained. One refasdine lower IQ and also for the higher
comorbidity of learning disabilities in our samphay be the selection of children to the clinic
for the evaluation of learning disabilities. Thend serves a relatively large area covering
several municipalities and children were referethe clinic if the local services for assessment
and support had not been sufficient. This couldarpvhy comorbid disorders, which are often
considered more problematic, were more frequentimsample. While some of the LI groups
(math only and no LI groups this study and almdstfahe comorbid groups in Waber et al.)
were very small, the outcomes within these shoalddnsidered cautiously.

Finally, there was a problem in the definitmfrthe RD subgroups and their Non-RD
controls in Waber et al. While the RD subgroupsengzfined by problems of either speed or
accuracy, the Non-RD-speed group might includedegil with reading accuracy problems and
the Non-RD-accuracy group children with readingespproblems. For this reason, the
comparisons between the Non-RD and RD or contalgs are difficult to interpret. This
problem should not affect the difference betweenstiudies, but it might explain why the
discriminatory power of RAN was at its lowest ire$le particular comparisons.

Conclusion

To conclude, the results of the present stndigated that in a clinical sample, RAN seemed
to be more connected to RD than to other learnisgilities. This conclusion diverged from
that of Waber et al. (2000), in which RAN was cadesed as an excellent tool for detecting

learning disabilities in general but not specifigébr detecting reading disabilities.
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The results also indicate that RAN may havieint connections with different learning
disabilities; this would mean that the results ofgd for a specific learning impairment may not
be generalizable to all learning impairments. Hosvefurther research is needed on this issue,
especially on whether problems in RAN performarmeesamilar among different diagnostic
groups and whether such groups differ in the bamkap skills needed for the successful
performance of a RAN task. As Waber et al. mentipuifferent diagnostic groups may
demonstrate naming speed deficits for differensoaa, and thus there is a need to explore
whether the cause of slow naming lies in linguiskils, non-linguistic processing skills, or
something else. In addition, there is an obviowedrfer more studies in this area to confirm the
present results, as the criteria used to identigydnd clinical samples vary widely and may be
biased in several ways.
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Table 1.
Mean Cognitive Ability of Referred Children and RbBp\utomatized Naming in Learning

Impaired and Control Groups in the Present Studg emWaber et al.

Mean _ Standard deviation _ Difference
Measure (N This study Waber etal. This study Waber et al. -scdre(df)
WISC (193/188)
Verbal IQ 89.0 103.9 9.8 13.7 8.73(336)
Performance IQ 93.2 101.2 12.3 12.6 4.48Y37
Full Scale 1Q 90.0 102.7 8.6 11.8 8.57(340)

RAN score, LI sampfe(193/188)
Letters 38.0 35.5 14.5 12.5 1.81(374)
Numbers 41.1 37.9 23.3 12.5 1.66(232)
RAN score, normative samplél19/115)
Letters 28.3 23.8 7.8 4.7 7.32(150)

Numbers 30.1 24.0 8.0 5.6 8.80(131)

Note LI = Learning impaired, Difference = Differencettveen studies on cognitive ability.

®The first N gives the sample size in the presamdysaind the second the sample size in Waber
et al."WISC-R was used in the present study, Wisc-Ill inB&r et al°The information on the
RAN-score statistics needed to compare the stwdgssreceived from Peter Forbes (Personal
communication 31.5.2005).

*p < 001
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Table 2.

The Prevalence of RD in Learning Impaired and Nanfipeed Deficit Groups in the Present

Study and in Waber et al.

% RD-speed (N) % RD-accuracy (N)
Group (N) This study  Waber Difference  This study Waber ffddence
LI (193/188) 69.4 (134) 58.0(109) 5.47* 50.8 (98) 32.0 (60) 14.02***

NSD (111/128)  84.7 (94) 67.9(87)  10.20* 61.3 (68) 40.6 (52) 11.28*

No NSD (82/60) 48.8 (40)  36.6(22)  5.42* 36.6 (30) 15.0 (9)  11.32%*

Note RD = Reading disability; LI = Learning impairetiilcren; NSD = Learning impaired
children with naming speed deficits. No NSD = Llildren without NSD. RD was diagnosed
separately using either reading speed or readiagracy as a criterion.

4The first N gives the sample size in the presamysaind the second the sample size in Waber
et al.

*p < .05, **p < .01. ***p < .001
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Table 3.

The Prevalence of NSD in LI, RD, Non-RD, and Cdr@mups in the Present Study and in

Waber et al.

% NSD (N) _ Difference
Group (N) This study  Waber et al. y2(1)
LI (193/188) 57.5 (111) 68 (128) 4.62*
RD-speed (134/109) 70.1 (94) 80 (87) 5.50*
RD-accuracy (98/61) 69.4 (68) 85 (51) 13.74%***
Non-RD-speed (59/79) 28.8 (17) 51 (41) 9.50**
Non-RD-accuracy (95/127)  45.3 (43) 60 (76) 9.64**

Note. NSD = Naming speed deficits; LI = Learning impairelildren; RD = Children with
reading disabilities (defined by reading speed/eaxy); Non-RD = Learning impaired children
without RD (defined by reading speed/accuracy).

&The first N gives the sample size in the presamysaind the second the sample size in Waber

et al.

*p < .05, **p < .01. **p < .001
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Table 4.
Area Under the Curve (AUC) and 95% Confidence irakr (Cl) for Group Comparisons.

Difference Between the Studies in AUC Statistics.

Group AUC (95% CI) _ Difference
comparison This study Waber et al. z-score
LI vs. Control .79 (.74 ,.84) .84 (.79 ,.89) 1.36

RD vs. Control
Speed .87(.83,.9%) .92 (.88,.96) 1.68*
Accuracy .86 (.81 ,.91) .95 (.91 ,.99) 2.81%

Non-RD vs. Control

Speed 60 (.51,.69) .72 (.64 ,.80) 1.95*

Accuracy .71 (.64 ,.78) .79 (.73 ,.85) 1.68*
RD vs. Non-RD

Speed 79(71,86) .74 (.67,.81) -0.98

Accuracy .67 (.59 -.74) .76 (.68 ,.84) 1.59

Note. LI = Learning impaired children; RD = Learning imga children with reading
disabilities, RD defined by reading speed and aamuyrNon-RD = Learning disabled children
without RD, defined by speed and accuracy.

% In this study the AUC statistics for the RD vsntrol comparisons were significantly greater
than the AUC statistics in the other comparisorih) ane exception (see B)n this comparison

Z =1.60; p = 0.55.

*p < .05. **p < .01.
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Table 5.
The Percentage of Correct Classifications on DdfearRAN Cut-Off Scores (False Positives /

False Negatives on the Best Cut-off Points).

Group Comparison 0.5SD 1.0 SD 1.5SD 2.0SD 25SD

LI vs. Control .71 (.19/.39) .68 (.15/.45) .63 57 .50

RD vs. Control

Speed 78 (.23/.21) .77 (.117/.29) .73 .68 .60

Accuracy .76 (.30/.18) .77 (.22/.23) .76 71 .68
RD vs. Non-RD

Speed 75 (.19/.41) .70 (.15/.49) .64 56 A7

Accuracy .60 (.42/.34) .51 (.39/.63) .61 .58 .60

Note. Ll=Learning impaired children; RD = Learning impad children with reading
disabilities, RD defined by reading speed and aamuyrNon-RD = Learning disabled children

without RD, defined by speed and accuracy.
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Table 6.

Percentage of Naming Speed Deficits (NSD) in Graufls Different Combinations of Reading,

Mathematics, or Attention Deficits.

% with NSD N

Deficits This study Waber et. al. This study Wadsieal.
RD, MD, AD 64 (64) 100 42 (42) 3

RD, AD 59 (54) 100 44 (26) 2

MD, AD 30 (30) 100 10 (10) 5

RD, MD 89 (91) 94 27 (22) 33

RD 60 (54) 82 37 (24) 23

MD 29 (29) 82 7(7) 39

AD 26 (17) 64 19 (12) 14

None 29 (0) 43 74 69

Note RD = Reading disability, MD = Mathematic disatyiJi AD = Attention deficit. RD is
defined by speed and accuracy of text reading.rimition before replacement of missing

values is given in parentheses.



