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Abstract

In the past few decades, Rapid Automatized Naming (RAN) has evolved
as an efficient clinical tool to assess rapid processing and predict later
reading abilities in young children. Over the years, several variants
of the task came into existence such as inclusion of variety of stimuli,
varying picture size, different response modalities etc. However, very few
have addressed the influence of response modality and its relation with
reading. This study aimed to compare rapid processing skills in typical
children in verbal and nonverbal modalities and its relation with their
reading abilities. Thirty typically developing children in the age range of
5-7 years participated in the study. Picture arrays of five common nouns
served as the stimuli. Task comprised of picture naming and picture
pointing. The results revealed that there was no significant difference in
the processing of nouns between the two modalities. In addition, rapid
processing in both verbal and non-verbal modalities was found to have
a significant positive correlation with reading. Overall, the results point
to the utility of non-verbal task as a measure of rapid processing and to
predict later reading skills in children with limited verbal abilities.
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Background

Reading is a complex cognitive process en-
compassing several linguistic factors and other
lower (perceptual, visual-auditory) and higher or-
der (memory, inferential thinking, psycholinguistic)
skills. These factors are crucial to decode and com-
prehend written language (Siddaiah & Padakan-
naya, 2015). Over the last few decades, intense
research in the field of reading and associated
cognitive-linguistic processes has led to substantial
increase in our understanding of the same. It must
be noted that it is not just the multitude of pro-
cesses involved in reading but also the rapid inte-
gration of vast neural circuitry that defines an ef-
ficient reader. In other words, both accuracy and
speed are essential components of reading. As read-
ing abilities develop, each of the lower and higher
order functions work with both accuracy and speed
until a reader develops automaticity and reads ef-
fortlessly (Norton & Wolf, 2012).

Basic phonological abilities are considered to
be strong predictors of later reading achievements
(Bradley & Bryant, 1985; Castles & Coltheart,
2004; Fox & Routh, 1976; Liberman, Shankweiler
& Liberman, 1989; Mann & Liberman, 1984;
Stanovich, Cunningham & Feeman, 1984; Wagner

& Torgeson, 1987; Yopp, 1988). A few researchers
consider Rapid Automatized Naming (RAN) as a
basic phonological skill (Felton & Brown, 1990;
Shaywitz, 2003; Wagner, Torgesen, & Rashotte,
1999), while few others view it as an index of
processing speed (Ackerman, Holloway, Youngdahl,
& Dykman, 2001; Hammill, Mather, Allen, &
Roberts, 2003). RAN is defined as the ability to
name a sequence of familiar visual stimuli both
rapidly and accurately. RAN was first concep-
tualized by Geshwind and Fusillo (1966). Later,
Denckla and Rudel (1976a; 1976b) developed the
basic test to assess rapid naming skills which con-
sisted primarily of four categories (letters, numbers,
colors and objects). The plethora of studies avail-
able suggests that RAN is a strong predictor of later
reading achievements of a child.

Several theories have been postulated to resolve
the RAN-reading relationship. According to the
double deficit theory of reading disability (Wolf,
1996), RAN and phonological processing involve
different cognitive processes. Several literature re-
ports corroborate with this theory and indicate
deficits in both RAN and phonological processing
abilities in individuals with reading disability (Bow-
ers, 1996; 2001; Wolf, 2001; Wolf & Bowers, 1999).
In contrast to the double deficit theory, RAN is con-
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sidered as a phonological process governing read-
ing speed (Bowers & Wolf, 1993; Catts, Gillispie,
Leonard, Kail, & Miller, 2002; Torgesen, Wagner,
& Rashotte, 1994). This group of researchers sug-
gested that both RAN and reading demand rapid
execution of constituent processes and thus can
be considered as measures of the global speed of
processing. Roberts and Mather (1997) proposed
RAN as an appraisal of orthographic processing,
while Nicolson and Fawcett (2000) attributed the
deficits observed in RAN to impaired temporal pro-
cessing owing to underlying cerebellar dysfunction.
The recent view put forth by Shaywitz (2003) ex-
plained rapid naming as a measure of phonological
access. It is also suggested that RAN is related
to stages of brain development (Denckla, 1972),
myelin deposition during developmental period and
advances in language abilities (Dougherty, Ben-
Shachar, Deutsch, Hernandez, & Fox, 2007).

Research in the last few decades have witnessed
intensive research on RAN-reading relation, both
in typically developing children (Georgiou, Par-
illa, & Kirby, 2006, 2009; Siddaiah, Saldanha,
Venkatesh, Ramachandra, & Padakannaya, 2014;
Torgesen, Wagner, Rashotte, Burgess, & Hecht,
1997) and children with various developmental dis-
orders (Aroujo, Inacio, Francisco, Faisca, Peterson,
& Reis, 2011; Kirby, Parrila, & Pfieffer, 2003; La-
hey & Edwards, 1996; Loss, Esserman, & Pivon,
2010; Wiig, Semel, & Nystrom, 1982; Wolf, Bowers,
& Biddle, 2000; Wolf, Goldberg, O’Rourke, Gidney,
Lovett, Cirino, & Morris, 2002; Zaretsky, Velleman,
& Curro, 2010). While few of the researchers opine
that RAN and reading abilities share a developmen-
tal relationship (Bowers et al., 1993; Catts et al.,
2002; Torgesen, 1999; Wolf et al., 1999), few oth-
ers consider this relation to recede with increase in
age (Norton et al., 2012; Wolf, 2001). Nevertheless,
RAN has proved to be a sensitive measure to pre-
dict later reading skills in both typically developing
children and children with various developmental
disorders (Siddaiah et al., 2015).

Subsequent research exploring RAN-reading re-
lationship made modifications in terms of type of
stimulus (alphanumeric versus non-alphanumeric),
format of RAN task (serial versus discrete), number
of items or set size, mode of response (pantomime
gestures, cancellation task, Yes/No) and outcome
measure (accuracy based and fluency based). Mode
of assessment has often been a challenge when as-
sessing children with developmental disorders. The
cancellation and Yes/No task did not correlate with
reading abilities as strongly as the traditional RAN
(Georgiou, Parrila, Cui, & Papadopoulos, 2013).
Katz, Curtiss and Tallal (1992) used pantomime
gestures as the non-verbal task and found that
similar to the verbal RAN, non-verbal RAN also
helps to differentiate between typically developing
and language impaired children. Further RAN-

verbal and reading had significant correlation for
6-8 years old typically developing children and for
8 year old language impaired children. However,
pantomime gestures require relatively complex pro-
cessing and hence, may not be an appropriate mode
of response for younger children. Further, a shift
in word class is also involved as target pictures
were nouns and the expected responses (gesture)
were the corresponding verb forms. These limi-
tations pose a constraint for direct comparison of
performance on RAN tasks in two modalities. Bid-
dappa, Seth and Manjula (2016) conducted a pre-
liminary investigation to assess the rapid process-
ing of nouns and verbs in verbal and non-verbal
modalities. They used the traditional RAN task for
the verbal measure and pointing as the non-verbal
mode of assessment. Their findings revealed no sig-
nificant difference in the rapid processing of nouns
in the two modalities whereas differences were ob-
served for verbs. It must be noted that various
areas of frontal, temporal and parietal cortex are
involved in both naming and pointing tasks (Baldo,
Arévalo, Patterson, & Dronkers, 2013; DeLeon,
Gottesman, Kleinman, Newhart, Davis, Heidler-
Gary, Lee, & Hillis, 2007; De Langavant, Remy,
Trinkler, McIntyre, Dupoux, Berthoz, & Bachoud-
Lévi, 2011; Astafiev, Shulman, Stanley, Snyder,
Van Essen, & Corbetta, 2003). Given the well es-
tablished relationship between rapid automatized
naming and later reading skills and the similarities
in the rapid processing abilities in both verbal and
nonverbal modalities, it would be interesting to in-
vestigate the relationship between rapid processing
in the non verbal modality and reading. Hence, the
present study was taken up with the aim of utilizing
a non-verbal protocol to assess rapid automatized
processing of nouns and investigate its relation with
reading in typically developing children. In addi-
tion, the present study also made an attempt to
replicate the earlier investigations exploring rapid
automatized processing of nouns in verbal modality
and comparing it with the processing in non-verbal
modality for the same set of participants.

Materials and Method

Participants

30 typically developing children in the age
range of 5-7 years participated in the study. This
included 15 children from Upper Kindergarten
(UKG) (Mean age: 5;4 years) and 15 children from
Grade I (Mean age: 6;4 years). All the participants
spoke Kannada (a Dravidian language spoken in
the state of Karnataka, South India) as their na-
tive language and resided in an urban environment
of Kannada and English. The participants were
recruited randomly from schools with English as
the medium of instruction and which followed sim-
ilar teaching methods. The presence of speech, lan-
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guage, and hearing deficits were ruled out in all the
participants using WHO Ten Questions Disability
Screening Checklist (cited in Singhi, Kumar, Malhi,
& Kumar, 2007). All participants belonged to mid-
dle socio-economic status as assessed by the revised
NIMH Socio Economic Status Scale (Venkatesan,
2011). An informed consent was obtained from the
caregivers of all participants. The research method-
ology adhered to the ethical guidelines prescribed
by the Ethical Committee of the Institution.

Stimuli

Twenty common nouns were listed by the inves-
tigator, which were later given to ten undergradu-
ate students of Speech and Hearing for rating on a
three-point scale for familiarity as familiar, less fa-
miliar and not familiar with reference to typically
developing children in the age range of 5-7 years.
The five most common nouns based on the rating
were chosen as the final set of stimuli, while the next
four were included for the practice trials. These
items were designed as colored line drawings on a
computer by a graphic designer. The colored line
drawings were given to five undergraduate students
to rate for ambiguity on a 3 point rating scale as less
ambiguous, ambiguous or most ambiguous. Based
on the ratings, the items were modified till a rating
of ‘least ambiguous’ is obtained for all the items by
the same raters. Therefore, the final set of stimuli
consisted of colored line drawings of five most com-
mon nouns (cat, chair, house, pen & tree) arranged
in an array of 50 items (5 rows×10 columns). The
items were repeated 10 times each and distributed
on a random basis in the array. The entire array
was printed on an A3 size sheet for good visibility
and presented to the participants.

To assess the reading skills of children, a
wordlist with 20 common words in English selected
from the reading subsection of the ‘Dyslexia As-
sessment Profile for Indian Children’ (Kuppuraj &
Shanbal, 2009) and English textbooks of UKG and
Grade I was used.

Procedure

All the participants were seated in a quiet en-
vironment with adequate lighting and were as-
sessed individually. The entire assessment was
video recorded using a Sony Video Recorder. All
the participants had to perform three tasks: RAN
verbal (naming), RAN non-verbal (pointing) and
reading.

A familiarity check was carried out to ensure
that the participants were familiar with the stim-
uli used as test items. They were instructed to
name each of the five test items presented as pic-
ture cards. The participants were then explained
about the RAN task (verbal & non-verbal), fol-
lowed by practice trials. The practice trial was
carried out using an array of 12 items (3 rows×4

columns), which were different from the test items.
The participants were instructed in English and in
instances of uncertainty about the procedure in-
structions were repeated in their native language
(Kannada) for better understanding.

Instructions and scoring

RAN verbal: In the RAN verbal task, each child
was presented with the printed picture array and
instructed to name (in English) the items serially
as fast and as accurately as possible. The total du-
ration to name all the 50 items in the array was
noted.

RAN non-verbal: In the RAN non-verbal task,
the participants were asked to point to all occur-
rences of the indicated target item in the complete
array as quickly and as accurately as possible in a
serial manner. This was carried out for each of the
five target items. The video recorded samples were
used to calculate the time taken to point to each
of the items. The time taken to point to the five
target items were added to obtain the total time
taken for each participant.

Reading: In the reading task, children were asked
to read the words in the given list. Each participant
was instructed to read all the words as fast and as
accurately as possible. The time taken to read all
the words was noted.

Results

The present study aimed to investigate the
rapid automatized processing of nouns in two
modalities (verbal and non-verbal) and its correla-
tion with reading skills in typically developing chil-
dren. The total duration to perform each of the
tasks (RAN verbal, RAN non-verbal & reading)
was noted individually. The mean duration and
standard deviation for rapid processing of nouns in
two modalities (verbal and non-verbal) and reading
for all participants are given in Table 1.

Table 1: Mean duration (in sec) and Standard
Deviation (S.D.) for RAN verbal,RAN non-verbal and

Reading tasks

Parameter
U.K.G Grade I

Mean S.D. Mean S.D.

RAN verbal 59.00 10.92 54.86 6.46

RAN non-verbal 55.40 11.50 49.66 9.20

Reading 47.06 13.72 35.93 7.67

The mean duration for processing nouns was
found to be different in the two modalities as shown
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Figure 1: Scatter plot depicting the correlation of Reading with (a) RAN Verbal and (b) RAN Non-verbal.

in Table 1. The mean duration for the non-verbal
task i.e., pointing was found to be lesser when com-
pared to the verbal task of naming. It was found
that Grade 1 participants performed better than
participants from U.K.G. on all the three tasks of
naming, pointing and reading.

To verify these findings, the data was subjected
to analysis by suitable statistical tools using SPSS
(version 21). The data was analyzed for normality
using Shapiro-Wilk’s test of normality which indi-
cated a normal distribution pattern (p > 0.05). A 2
× 2 model of repeated measures ANOVA for modal-
ity was carried out with grade as the between sub-
ject factor. The results revealed no significant effect
of modality (F(1,28) = 3.789, p > 0.05, partial η2

= 0.122) and grade (F(1,28) = 3.194, p > 0.05, par-
tial η2 = 0.102). Further the interaction between
modality and grade was also found to be statisti-
cally insignificant (F(1,28) = 0.128, p > 0.05, par-
tial η2 = 0.005).

The study also aimed to understand the corre-
lation between reading and rapid processing in the
two modalities respectively. As there was no sig-
nificant grade effect, correlation analysis was per-
formed on the combined data for grade. Pear-
son product-moment correlation indicated a signif-
icant positive correlation between rapid process-
ing of nouns and reading in both verbal (r =
0.496, p<0.01) and non-verbal (r = 0.513, p <0.01)
modalities as depicted in Figure 1.

Discussion

The present study investigated the rapid pro-
cessing of nouns in both verbal and non-verbal
modalities and its correlation with reading. The
findings suggest no statistically significant differ-
ence in the rapid processing between the two
grades. These findings are in consensus with the

earlier study by Biddappa et al. (2016). However,
it may be reiterated that the findings should be
generalized with caution.

In addition to the grade, there were no signif-
icant effects of modality on performance of rapid
processing tasks. This finding reflects similarities
in verbal and nonverbal processing supporting the
findings of our earlier investigation (Biddappa et
al., 2016). Similar processing of nouns in the two
modalities could be attributed to the automatiza-
tion of noun class of words. Nouns are reported
to be acquired in the early years of language ac-
quisition (Gentner, 1982; Golinkoff & Hirsh-Pasek,
2008). Furthermore, researchers agree to the fact
that nouns are usually predominant in both recep-
tive and expressive vocabularies of young children
(Bornstein et al., 2004; Umek, Fekonja-Peklaj, &
Podlesek, 2013). It can be speculated that early
acquisition and extensive usage of nouns during the
developmental years is reflected as automatic pro-
cessing with no significant differences observed be-
tween the two modalities. These findings corrobo-
rate with the findings of Katz et al. (1982) who sug-
gested that both verbal and manual RAN measures
share lexical representations, memory and percep-
tuomotor processes. Therefore, it is plausible that
the sharing of these processes in the two modalities
could have led to no significant differences in the
two modalities.

The study also investigated the relationship be-
tween rapid processing of nouns in two modalities
and reading. A significant positive correlation was
found between rapid processing of nouns in the two
modalities and reading. Earlier reports in the lit-
erature have supported the positive correlation be-
tween RAN and reading (Georgiou, Parrila, Cui,
& Papadopoulos, 2013; Allor, 2002; Cutting &
Denckla, 2001; Wolf & Bowers, 1999). RAN and
reading are reported to share a series of common
processes including eye saccades, working memory,
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connection of orthographic and phonological repre-
sentations, serial processing and active production
of specific names (Norton & Wolf, 2012; Georgiou
et al., 2013).

In addition to the traditional RAN-reading re-
lationship, the study unveiled an interesting find-
ing i.e., a significant positive correlation of rapid
processing of nouns in the non-verbal modality
with reading. The absence of any significant dif-
ference for rapid processing in the two modalities
and a positive correlation of each of the modalities
with reading suggest the prospects of pointing as
a non-verbal mode of assessment of rapid process-
ing skills. It can be assumed that the non-verbal
mode of assessment also holds the potential to pre-
dict later reading achievements similar to verbal
mode of assessment. This may have specific impli-
cations in assessment of children with limited verbal
skills.

Conclusions

The study adds to the existing literature and
enhances our understanding on the significance of
rapid processing skills in young, typically develop-
ing children and its role in reading abilities. Similar
processing in both verbal and non-verbal modalities
serve as the behavioral evidence on the commonal-
ities of verbal and non-verbal processing in addi-
tion to the existing neuroanatomical correlates and
processing mechanisms. The correlation of non-
verbal mode of assessment with reading offers a
new perspective to assess rapid processing and pre-
dict reading skills in children with limited verbal
skills in whom administration of traditional RAN
tasks poses a challenge. However, the results should
be generalized with caution and future investiga-
tions of rapid processing skills through non-verbal
modalities and its correlation with reading in chil-
dren with different developmental disorders may of-
fer greater insights in this regard.
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Baldo, J. V., Arévalo, A., Patterson, J. P., & Dronkers,
N. F. (2013). Grey and white matter correlates of pic-
ture naming: evidence from a voxel-based lesion anal-
ysis of the Boston Naming Test. Cortex, 49 (3), 658-
667.

Biddappa, P. M., Seth, D., & Manjula, R. (2016). Rapid au-
tomatized processing of nouns and verbs in typical chil-
dren. International Journal on Disability and Human
Development. doi: 10.1515/ijdhd-2016-0030.

Bornstein, M. H., Cote, L. R., Maital, S., Painter, K., Par, S-
Y., Pascual, L., et al. (2004). Cross-linguistic analysis of
vocabulary in young children: Spanish, Dutch, French,
Hebrew, Italian, Korean, and American English. Child
Development, 75 (4), 1115-39.

Bowers, P. (1996). The effects of single and double deficits
in phonemic awareness and naming speed on new tests
of orthographic knowledge. Paper presented to the An-
nual Meeting of the Society for the Scientific Study of
Reading held in New York

Bowers, P. G. (2001). Exploration of the basis for rapid nam-
ing’s relationship to reading. In M. Wolf (Ed.), Dyslexia,
Fluency and the Brain (pp. 41-64). Timonium, MD:
York Press.

Bowers, P., & Wolf, M. (1993). Theoretical links among
naming speed, precise timing mechanisms and ortho-
graphic skills in dyslexia. Reading and Writing: An
Interdisciplinary Journal, 5, 69-85.

Bradley, L., & Bryant, P. (1985). Rhyme and reason in
reading and spelling (No. 1). University of Michigan
Press.

Castles, A., & Coltheart, M. (2004). Is there a causal link
from phonological awareness to success in learning to
read? Cognition, 91 (1), 77-111.

Catts, H. W., Gillispie, M., Leonard, L. B., Kail, R. V., &
Miller, C. A. (2002). The role of speed of processing,
rapid naming, and phonological awareness in reading
achievement. Journal of Learning Disabilities, 35 (6),
510-525.

Cutting, L. E., & Denckla, M. B. (2001). The relationship
of rapid serial naming and word reading in normally de-
veloping readers: an exploratory model. Reading and
Writing, 14 (7-8), 673-705.

De Langavant, L. C., Remy, P., Trinkler, I., McIntyre, J.,
Dupoux, E., Berthoz, A., & Bachoud-Lévi, A. C. (2011).
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