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ABSTRACT 

This study was an investigation of the relationship between rapid automatized naming 

(RAN) and reading in a sample of deaf and hard of hearing (DHH) students who use 

American Sign Language (ASL). Thirty DHH students, 10 to 18 years old, were given a 

series of assessments including measures of RAN, reading decoding, reading fluency, 

reading comprehension, expressive vocabulary, receptive vocabulary, and visual-motor 

integration. Significant correlations were found between RAN colors and reading 

decoding; RAN colors and reading comprehension; and RAN colors, numbers, and letters 

and reading fluency. A significant difference was found between symbolic (letters, 

numbers) and non-symbolic (objects, colors) RAN in this sample, with better 

performance noted on tasks of symbolic RAN. Hierarchical regression models were 

created for each type of RAN. Each model as a whole was significant. The proposed 

model for RAN objects accounted for 26.6% of the variance in RAN performance. The 

model for RAN colors accounted for 54.1% of the variance in RAN performance. The 

proposed model for RAN numbers accounted for 53% of the variance in RAN. The 

model for RAN letters accounted for 32.6% of the variance in RAN. Across all models, 

reading fluency and vocabulary were unique and statistically significant contributors in 

the model predicting RAN. Visual-motor integration performance was not a unique 

contributor to the model.     
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CHAPTER 1 
 

INTRODUCTION 
 

Reading permeates almost every aspect of the modern world. Reading is required 

to peruse menus, magazines, and books; use computers; acquire information; and 

function competitively in today’s job market. Given how reliant the modern world is on 

written language, it is difficult to imagine that the ability to read was not innate in the 

human brain’s biological structure. Although humans have been born with the neural 

architecture designed to support oral language acquisition, there are no such analogous 

structures or processes designated for the development of written language (Norton & 

Wolf, 2012).  

Successful reading abilities therefore require an individual to have integrated a 

variety of language based and non-language based neural systems with both speed and 

accuracy through much time and practice (Norton & Wolf, 2012). Specifically, Norton 

and Wolf propose that reading involves the interplay of phonology, morphology, syntax, 

and semantics; visual and orthographic processes; working memory; attention; motor 

movements; and higher-level comprehension and cognition. Given that processing of 

written language requires the integration of all of the above systems without a designated 

biological structure of the brain, the reason why so many children struggle with learning 

to read is readily apparent.  

Students in the United States continue to make minimal progress in reading. In 

fact, in The Nation’s Report Card for 2013 (National Center for Education Statistics 

[NCES], 2013), researchers reported that 32% of fourth-graders and 22% of eighth-

graders could not read at a basic level. The reading proficiency of students with 
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disabilities, which included those students receiving special education services through 

Individualized Education Programs (IEPs) or Section 504 of the Rehabilitation Act of 

1973, was worse than that of general education students (NCES, 2013). Of the students 

with documented disabilities in 2013, 69% of those in fourth grade and 60% of those in 

eighth grade could not read at a basic level (NCES, 2013).  

The long-term outlook for students who cannot demonstrate basic levels of 

proficiency with reading is bleak. In fact, according to the National Endowment for the 

Arts (NEA) (National Endowment for the Arts [NEA], 2007), individuals who read at 

only a basic level were less likely to have jobs in business, financial, and professional 

fields and more likely to earn lower weekly wages than individuals who read at a 

proficient level. One of the primary problems however, lies in what is known as the 

Matthew Effect in reading, which indicates that better readers read more and thus learn 

more and “get richer”; poor readers do not, and thus “get poorer”  (Stanovich, 1986). In 

fact, Nagy and Anderson (1984) found that readers who were less skilled and 

unmotivated read approximately 100,000 words per year, whereas readers who were 

average and skilled read upwards of 1,000,000 words per year. 

Statement of the Problem 

Like other students with disabilities, deaf and hard-of-hearing (DHH) students 

have historically experienced difficulties with literacy development. DHH students 

experience delays in the development of language, reading, and writing skills due to a 

late identification of hearing loss, a lack of consistent exposure to language, language 

models that are not proficient, and minimal opportunities for incidental learning as a 

result of communication challenges (Marschark, 2007). On average, DHH students tend 
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to have smaller vocabularies than their hearing peers as a result of the aforementioned 

language delays (Spencer & Marschark, 2010). A child’s reading achievement is 

dependent upon his or her vocabulary development and therefore, their expressive and 

receptive language abilities (Catts, Fey, Tomblin, & Zhang, 2002; Joseph, 2006). With 

DHH students in particular, researchers have demonstrated that their vocabulary skills are 

strongly correlated with their reading achievement, making vocabulary a critical 

consideration in examining overall reading skills (Hermans, Knoors, Ormel, & 

Verhoeven, 2008; Kyle & Harris, 2006; Paul & Gustafson, 1991; Spencer & Marschark, 

2010). DHH students are very likely to be poor readers when compared to their same age 

hearing peers (Kelly, 2003; Marschark, 2007; Traxler, 2000). On the normative sample of 

the Stanford Achievement Test, 9th Edition, the majority of DHH students’ performance 

on tasks of reading comprehension fell within a below basic range of ability (Traxler, 

2000).   

Moreover, the average reading level for an 18-year-old deaf student in the United 

States corresponds to approximately a 4th grade level (Kelly, 2003). Researchers have 

found evidence that English literacy has an impact on life outcomes of DHH individuals 

including independent living and self-beliefs (Garberoglio, Cawthon, & Bond, 2014). 

Links to employment and educational outcomes also have been noted, with higher hourly 

wages and postsecondary education attendance being more likely for those DHH 

individuals with higher levels of literacy (Garberoglio et al., 2014). Early identification of 

reading difficulties and early intervention are critical for the success of many students 

who struggle. Luckily, further understanding of neurology along with vast amounts of 

research have helped identify a potential pathway to early identification of students who 
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will experience substantial reading challenges through a seemingly simple measure:  

rapid automatized naming (RAN). RAN may be especially useful in the identification of 

reading difficulties in DHH students as it does not rely solely on phonologically based 

abilities, which are inherently challenging if not impossible for some DHH students.  

Purpose of the Study 

The purpose of this study is to determine whether a relationship exists between 

RAN and reading (e.g., fluency, comprehension) in deaf adolescents who use ASL as 

their primary language. The objectives of this study are to (a) expand the existing body of 

research pertaining to RAN as a correlate of reading difficulty, (b) expand the existing 

body of research pertaining to reading and deaf adolescents, (c) use a correlational 

research design as consistent with the body of literature on RAN and reading, and (d) lay 

the groundwork for the use of RAN as a potential tool for the early identification of 

reading difficulties in deaf students. 

Research Questions 

The following research questions were explored:  

1. What is the relationship between RAN and reading in deaf students who 

use ASL as their primary language?  

2. Do deaf students demonstrate variability in their performance on tasks of 

symbolic (letters, digits) versus non-symbolic (objects, colors) RAN?  

3. What is the relationship between RAN and the following variables in this 

sample:  

a. Reading fluency?  

b. Reading comprehension? 
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c. Reading decoding? 

d. Expressive vocabulary? 

e. Receptive vocabulary? 

f. Visual-motor integration? 

Hypothesis  

Within a sample of deaf adolescents who use ASL as their primary language, 

there will be a significant correlation between RAN and reading. Specifically, it is 

hypothesized that the speed of RAN performance will positively correlate with reading 

fluency and reading comprehension. With the regression, it is hypothesized that reading 

fluency and reading comprehension will account for a significant amount of variance in 

RAN performance with vocabulary and visual-motor skills as contributing factors.  

Significance of the Study 

The potential for measures of RAN to assist in the identification of DHH students 

with reading challenges would be a tremendous advancement for assessment and 

intervention in the field of deaf education. DHH students have historically been hard to 

identify as having reading difficulties or disabilities because of the lack of the 

phonological abilities that result from a hearing loss. Additionally, the potential 

confounds of language development delays and the differences in the structures of 

English and ASL have made the assessment of reading capabilities difficult to say the 

least. Measures of RAN have the potential not only to help identify students at a younger 

age who are struggling, but to do so in a way that removes the confounding language 

structure variable as the RAN measures are conducted at the single letter, single word, 

and thus single sign level. Finally, if correlations are found between RAN and reading in 
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the DHH population who use ASL to communicate, there is a possibility that a similar 

correlation could be found in other sign languages used across the globe, expanding the 

research base for RAN, and adding an additional language to the research base.  

Definition of Terms  

Criterion Variable:  In correlational research, the variable to be predicted by the predictor 

variable (Howell, 2013).  

Deaf and Hard-of-Hearing:  DHH; individuals who are considered hard-of-hearing or 

deaf based on an audiogram. 

Hearing Loss (Bess & Humes, 2003):   

Mild Hearing Loss:  26-40 decibels 

Moderate Hearing Loss:  41-55 decibels  

Moderate-Severe Hearing Loss:  56-70 decibels  

Severe Hearing Loss:  71-90 decibels 

Profound Hearing Loss:  loss >90 decibels 

Non-Symbolic RAN:  rapid naming of objects or colors; also known as non-alphanumeric 

RAN.  

Predictor Variable:  In correlational research, the variable from which a prediction is 

made (Howell, 2013).  

Pure-Tone Average:  PTA; the average of hearing thresholds at 500 Hz, 1000 Hz, and 

2000 Hz; approximates the speech reception threshold within 5 dB and the speech 

detection threshold within 6-8 dB (Bess & Humes, 2003).  

Rapid Naming: the ability to access and retrieve familiar visual symbols and stimuli 

quickly (Wolf, 2007).  
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Rapid Automatized Naming:  RAN; rapid, repetitive naming of pictured objects, colors, 

letters, and numbers (Denckla & Rudel, 1976b). 

Symbolic RAN:  rapid naming of numbers or letters; also referred to as alphanumeric 

RAN. 

Limitations 

 The most obvious limitation to this proposed research is that convenience 

sampling was used to recruit participants, which limits the generalizability of the results. 

However, given the population of interest, this is a risk inherent in conducting research 

with a low incidence disability population. Related to limitations of the sample, the small 

size also is problematic, with only 30 participants. Again, however, given the low 

incidence disability population being studied, a sample size of 30 participants with 

hearing impairments only is not atypical.   

Another limitation of the proposed study is the validity of the test measures. 

Although the principal investigator has more than adequate qualifications in terms of test 

administration and adaptation of measures to the DHH population, it is important to note 

that with changes to test administration (i.e., administration in ASL) the construct validity 

of the assessment measures may be compromised. The measures selected have met the 

standards of reliability and validity for assessment measures only when administered in 

the way in which they were intended, with strict adherence to test administration 

prompts, ceiling and basal rules, and permitted responses. Only one of the tests used, 

TOSWRF-2 has administration instructions for use with DHH students. Likely the most 

compromised tests in regard to construct validity are the RAN/RAS Tests. This 

assessment tool was designed for oral language, not manual language. As such, the 
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normative comparisons made in determining participant performance may result in lower 

standard score performance as response speed/time will be an impediment that must be 

acknowledged. However, as the stimuli used elicit responses at the single sign level, 

response modality may not significantly hinder speed. Regardless of overall speediness, 

the intra-individual comparison of the alphanumeric RAN performance versus the 

nonalphanumeric RAN performance is likely to be the most telling in terms of predicting 

reading difficulties.   

Not only will giving instructions in ASL alter the test administration, but also the 

normative group used in computing participant performance on these assessment tools is 

not representative of the study sample. Given the paucity of instruments designed 

specifically for administration in ASL and the lack of even small normative samples of 

DHH individuals collected by test publishers, however, this is a limitation that cannot be 

prevented. Although the issue of validity cannot be completely mitigated, the limitation is 

somewhat reduced in that the principal investigator is specially trained in administration 

of test measures to the DHH population.   

Efforts were made to address the violations of standardization by creating ASL 

translations, i.e., written gloss, of the instructions to ensure consistency in administration 

across all participants. Efforts were made to ensure that fatigue would not play a critical 

role in the test performance by splitting total administration into two sessions.    

Organization of the Study 

 Chapter 2 contains the review of the literature related to RAN, RAN and 

languages other than English, and then delves into the body of research available for 

RAN and the DHH population. In Chapter 3 the methodology and procedures used to 
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gather data in this study are explained. The results of the statistical analyses and the study 

findings are presented in Chapter 4. Finally, Chapter 5 contains a summary of the study 

and the findings, conclusions that were drawn from the findings, a discussion, and 

recommendations for further study.   
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CHAPTER 2 
 

REVIEW OF THE LITERATURE 
Overview of RAN 

Rapid automatized naming has been defined as the ability to access and retrieve 

familiar visual symbols and stimuli quickly (Wolf, 2007). Rapid naming abilities have 

been measured through tasks requiring individuals to name objects, digits, letters, colors, 

or a combination of these symbols in a quick and automatic fashion (Wolf, 2007). 

Researchers have demonstrated the effectiveness of rapid naming tasks for predicting 

difficulties with reading achievement at an early age.  In fact, researchers also have 

discovered that during early years of schooling naming speed for visual symbols, along 

with phonological awareness skills, had an important role in explaining growth in word 

recognition abilities (Torgesen, Wagner, Rashotte, Burgess, & Hecht, 1997). Although no 

singular measure to predict reading disabilities exists, the inclusion of a rapid naming 

measure within a psychoeducational assessment for a learning disability would improve 

the early identification of legitimate reading difficulties (Norton & Wolf, 2012). Teachers 

and educational specialists would then be able to develop and implement targeted, early 

interventions for students performing below grade level, thereby improving the academic 

outcomes of these students.  

The link between rapid naming and reading was first suspected in the field of 

neurology as a result of researchers investigating the connection between hemispheric 

injury and the ability to perform tasks measuring visual, tactile, or auditory association 

(Geschwind, 1965). Patients who had experienced injury to the angular gyrus exhibited a 

reduced capacity to name written words, colors, and numbers rapidly; however, the 

ability to name objects rapidly appeared unaffected by such injuries (Geschwind, 1965). 
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Geschwind suggested that discrepancies in the ability to name words, colors, and 

numbers rapidly were based upon deficits in the area of the brain where visual-auditory 

associations occurred. Given that early language experiences have been found to be 

dependent upon visual-auditory and auditory-auditory associations, researchers suspected 

that an individual’s performance on rapid naming tasks could serve as a predictor of 

possible delays in reading development (Geschwind, 1965). Researchers later examined 

the rapid color naming abilities of individuals with dyslexia, a reading based learning 

disability (Denckla, 1972; Denckla & Rudel, 1974; Denckla & Rudel, 1976a). They 

indicated that although the individuals with dyslexia were able to perform the color-

naming task, they were unable to do so as quickly as individuals without dyslexia 

(Denckla, 1972).    

Since the 1970s, rapid naming tests have been used to help identify children and 

adults with dyslexia (Denckla & Rudel, 1976a; Wolf, 2007). Researchers have 

documented that individuals with dyslexia exhibit slower performance speeds on naming 

tasks than individuals without dyslexia (Wolf, 2007). Researchers began to examine not 

only the correlation between naming speed and general reading achievement, but also the 

predictive ability of naming speed. In later years, Wolf and Bowers (1999) proposed the 

double-deficit hypothesis, which contrasted the long held belief that only phonological 

deficits underlie reading disabilities. Per the double-deficit hypothesis, these authors 

suggested that phonological deficits and the processes underlying naming speed were 

independent contributors that could result in reading dysfunction (Wolf & Bowers, 1999). 

Three subtypes of impaired readers could therefore be identified:  those with 
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phonological deficits, those with naming speed deficits, and those with a combined 

double-deficit (Wolf & Bowers, 1999).   

In considering the predictive value of RAN across development, the use of 

alphanumeric versus nonalphanumeric RAN stimuli along with the age of the child being 

assessed have been additional important considerations. Younger children, such as those 

around the ages 5 and 6, have had more experience and familiarity with colors and 

objects and, as such, will often perform more quickly on tasks of nonalphanumeric 

stimuli than alphanumeric stimuli (Norton & Wolf, 2012). Fluency with colors and 

objects is especially helpful when one considers the need for early identification and the 

fact that young children can often perform these types of RAN tasks long before they can 

read (Norton & Wolf, 2012). Once children gain more experience with letters and 

numbers, they are able to complete tasks of alphanumeric RAN more quickly and 

automatically than tasks of nonalphanumeric RAN (Norton & Wolf, 2012). Either way, 

RAN is correlated with reading ability in kindergarten and beyond whether one must rely 

on the use of nonalphanumeric RAN tasks with children before they can read or 

alphanumeric RAN tasks after they can read (Norton & Wolf, 2012). Moreover, in 

measuring both types of RAN, the researcher has an additional measure of internal 

consistency to consider when examining the research findings in that as children progress 

past the first and second grades, their performance on tasks of alphanumeric RAN 

becomes faster and more automatized than their performance on nonalphanumeric RAN 

(M. Wolf, personal communication, June 13, 2012).   

To date, along with phonological skills and knowledge of letter names and 

sounds, RAN remains one of the most robust early indicators of potential reading 
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difficulties  (Norton & Wolf, 2012). RAN’s robustness in predicting later reading abilities 

lies in the similarities between the reading process and the processes inherent in the 

performance of RAN tasks (Norton & Wolf, 2012). RAN and reading alike use eye 

saccades and working memory, rely on connections between orthographic and 

phonological representations, and require automaticity in the naming circuit (Norton & 

Wolf, 2012). Moreover, according to researchers, approximately 60% to 75% of 

individuals with reading or learning disabilities exhibit deficits with RAN, making this 

measure a useful tool in identifying struggling readers (Katzir, Kim, Wolf, Morris, & 

Lovett, 2008; Waber, Forbes, Wolff, & Weiler, 2004; Wolf, O’Rourke, Gidney, Lovett, 

Cirino, & Morris, 2002). 

RAN and Other Languages 

Rapid Automatized Naming (RAN) has been correlated with reading in a variety 

of language samples beyond English. Researchers have found correlations between RAN 

performance and reading in Dutch (Aarnoutse, van Leeuwe, & Verhoeven, 2005; Boets et 

al., 2010; de Jong & vander Leij, 2003; de Jong & Vrielink, 2004; Gijsel, Bosman, & 

Verhoeven, 2006; Vaessen et al., 2010; Vaessen & Blomert, 2010; van Bergen et al., 

2010; Vandewalle, Boets, Ghesquière, & Zink, 2010), Finnish (Lepola, Niemi, Kuikka, & 

Hannula, 2005; Puolakanaho et al., 2007; Torppa, Lyytinen, Erskine, Eklund, & 

Lyytinen, 2010), French (Plaza & Cohen, 2003), German (Landerl & Wimmer, 2008; 

Moll, Fussenegger, Willburger, & Landerl, 2009), Greek (Constantinidou & Stainthrop, 

2009), Hungarian (Vaessen et al., 2010), Italian (Di Filippo et al., 2006), Japanese 

(Kobayashi, Haynes, Macaruso, Hook, & Kato, 2005), Korean (Pae, Sevick, & Morris, 

2010), Latvian (Sprugevica & Høien, 2003), Norwegian/Swedish (Furnes & Samuelsson, 
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2010; Furnes & Samuelsson, 2011; Høien-Tengesdal & Tønnessen, 2011; Lervåg & 

Hulme, 2009; Olofsson, 2000), and Spanish (López-Escribano & Katzir, 2008). Given 

this information, researchers have found that RAN can be used in many different 

languages to identify early reading difficulties in children in the primary grades (e.g., K, 

1, 2) so that interventions can be implemented quickly. 

RAN and Deaf/Hard of Hearing 

Only six studies conducted to date have included a DHH sample using an explicit 

RAN task. One group of researchers evaluated several predictors of reading delay in deaf 

adolescents who used British Sign Language (BSL):  RAN, phonological awareness, and 

decoding (Dyer, Szczerbinski, MacSweeney, Green, & Campbell, 2003). Using a RAN 

task in which participants were required to speak their responses, DHH students in this 

sample were as fast as their chronologically age-matched peers and significantly faster 

than their reading age matched peers (Dyer et al., 2003). In addition, results indicated that 

RAN sign speed was strongly related to chronological age in this sample, with older 

students being faster signers of RAN (Dyer et al., 2003). Finally, a significant, negative 

correlation was found between RAN sign and reading delay, such that the larger the 

discrepancy between chronological age and reading ability, the faster the individual’s 

RAN performance was (Dyer et al., 2003). Despite these findings, their overall findings 

did not support a RAN-reading relationship in this sample of deaf students. However, the 

researchers cautioned that the RAN task used, a RAN-object task taken from the 

Phonological Assessment Battery (PhAB), was not optimal for the detection of a reading 

relationship or a delay in reading skills (Dyer et al., 2003). Dyer et al. (2003) also 
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concluded that they could not establish the existence of a subset of deaf readers whose 

reading difficulties were further compounded by poor RAN abilities. 

Another study evaluated tasks of letter naming fluency within the context of the 

Dynamic Indicators of Basic Early Literacy Skills (DIBELS) program with students who 

are deaf or hard of hearing (Luckner, 2013). Letter naming fluency, a task similar in 

nature to RAN-letters, was positively judged as appropriate for deaf ASL users (Luckner, 

2013).  The next step posited by the researcher was to collect empirical data on the use of 

DIBELS with additional deaf and hard of hearing children to determine the validity, 

efficiency, and effectiveness of DIBELS subtests in monitoring early literacy skills 

(Luckner, 2013). Luckner (2013) also encouraged researchers to identify other 

assessment tools and procedures designed to determine which students were in need of 

more intensive literacy-based interventions.    

Meronen and Ahonen (2008) explored rapid serial naming in the context of 

examining individual differences in sign language acquisition and use. A total of 85 

Finnish children who were deaf participated in the study (Meronen & Ahonen, 2008). 

The rapid serial naming task used by these researchers was based on the Rapid 

Automatized Naming (Denckla & Rudel, 1974) and the Rapid Altering Stimulus Naming 

tests (Wolf, Bally, & Morris, 1986), but was tailored to the Finnish language and culture. 

Rapid serial naming and other manual dexterity skills were significantly correlated with 

sign language skills in this sample of participants; however, rapid naming did not explain 

variations in sign abilities within the regression model (Meronen & Ahonen, 2008). The 

researchers also noted that within this sample, rapid serial naming was more significant in 

explaining sign language variability in the group of children ages 10 and older, than it 
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was at explaining the sign language skills of the younger children (Meronen & Ahonen, 

2008). In light of the significant correlations between sign language and manual dexterity 

skills, the authors hypothesized a potential common mechanism between the motor and 

linguistic areas of the brain (Meronen & Ahonen, 2008). Specifically, the researchers 

suggested that disorders in sign language might be connected to motor planning 

difficulties and they suggested future research in this area (Meronen & Ahonen, 2008).   

Park and Lombardino (2012) used RAN tasks from the Comprehensive Test of 

Phonological Processing as part of their study to compare the phonological processing 

skills of three groups of children:  children with mild to moderate sensorineural hearing 

losses, children previously diagnosed with dyslexia, and a group of age-matched peers 

who were typically developing (Park & Lombardino, 2012). The RAN tasks used in this 

study included rapid digit naming, rapid letter naming, and rapid object naming (Park & 

Lombardino, 2012). No significant differences were found between the participants with 

a hearing loss and their chronologically age-matched peers on any of the three RAN tasks 

(Park & Lombardino, 2012). Moreover, no significant correlations were found between 

degree of hearing loss via pure-tone average (PTA), age at identification, or duration of 

hearing aid use and rapid digit naming, rapid letter naming, or rapid object naming (Park 

& Lombardino, 2012). These researchers surmised that the lexical access and retrieval 

skills of the DHH participants were preserved despite their impaired phonological 

awareness skills as a result of deafness (Park & Lombardino, 2012).    

Yet another group of researchers investigated seven literacy-based skills in a 

group of deaf and hard of hearing children (Park, Lombardino, & Ritter, 2013). Their 

findings indicated that the measures of RAN were significantly negatively correlated with 
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two timed reading measures:  Sight Word Efficiency and Phonetic Decoding Efficiency 

from the Test of Word Reading Efficiency (Park et al., 2013). Thus faster naming times 

were correlated with higher reading scores on tasks of word reading fluency (Park et al., 

2013). Moreover, the researchers reported that RAN accounted for unique variance on 

both timed reading measures after controlling for phonological awareness and 

background variables (Park et al., 2013). RAN accounted for 25% of the variance in 

Sight Word Efficiency performance and 28% of the variance in Phonetic Decoding 

Efficiency performance (Park et al., 2013). RAN digits and letters were not significantly 

correlated with tasks of word identification, word attack, or spelling as assessed using the 

Woodcock Reading Mastery Test-Revised and the Wide Range Achievement Test-3 

(Park et al., 2013). The researchers suggested that future research should assess a broad 

range of children with varying spoken-language and literacy skills in an effort to identify 

children who are at high risk for reading difficulties (Park et al., 2013).  

Finally, RAN was investigated alongside language proficiency as a potential 

contributor to spontaneous memory rehearsal strategies of deaf and hard of hearing 

children (Bebko, Bell, Metcalfe-Haggert, & McKinnon, 1998). Findings indicated that 

automatization was a significant predictor of spontaneous rehearsal strategies for this 

sample of children. The researchers found that the faster a child’s RAN performance, the 

more likely he or she was to use spontaneous rehearsal strategies on the recall tasks. 

These findings supported their proposed model that automatized language skills were a 

mediating factor in the language proficiency to rehearsal loop.        

Although not large in number, the above findings support further exploration of 

the RAN-reading relationship with deaf ASL users. Dyer et al. (2003) reported that the 
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RAN measure used in their research was not optimal and that the significance of RAN as 

a correlate of reading for deaf individuals remains to be seen. Luckner (2013) reported on 

a measure of RAN within the context of the Dynamic Indicators of Basic Early Literacy 

Skills (DIBELS), but not by itself as a traditional measure including RAN objects, colors, 

letters, and digits.  Moreover, Luckner said that other assessment tools capable of 

identifying students in need of intervention should be explored. Park et al. (2013) 

reported a negative correlation between RAN and timed reading measures with deaf 

adolescents, thus supporting the findings from the research conducted in other languages.  

Additionally, they added that a wide range of spoken-language and literacy skills should 

be considered.  The participants had mild to moderate sensorineural hearing losses, 

meaning that a wider variety of students including those with profound losses should be 

explored. Finally, Bebko et al. (1998) reported the significance of RAN as it related to the 

use of memory rehearsal strategies with deaf children. Although RAN was only a partial 

mediator in the researchers’ proposed model, the contribution was statistically significant. 
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CHAPTER 3 
 

METHOD 
 

Participants 

 A total of 30 participants were recruited for the current study. Participants ranged 

in age from 10 to 18 years old with an average age of 13 years, 8 months (SD = 2.47). 

There were 15 girls and 15 boys in this sample. All participants had an educationally 

significant hearing loss for which they were receiving special education services. In 

addition, all participants used American Sign Language as their primary language. The 

study participants were recruited from special schools in the southwestern United States 

designed to educate students with a hearing loss. Although these schools were in different 

locations, they were a part of the same agency. One school served a large metropolitan 

area whereas the other school had a residential component, serving students from the 

local area as well as from around the state. Participants ranged in grade level from fifth 

grade to twelfth grade. Seventeen of the participants were Caucasian, five were Native 

American/American Indian, seven were reported as being of mixed ethnicity, and one 

was African American. Six of the participants had at least one deaf parent. Seventeen 

participants’ home language was reported as English; five participants’ home language 

was reported as Spanish, two participants’ home language was reported as a combination 

of English and Spanish, and six participants’ home language was reported as ASL.  

For the purposes of this study, participants’ level of hearing loss was calculated 

using pure tone averages (PTA) from the individual’s better ear with information 

obtained from their audiograms. Using the PTA, participants’ hearing losses ranged from 

a mild to a profound level of loss. In some instances, participants’ level of hearing loss 
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was rated as “no response,” because thresholds were unobtainable as his or her residual 

hearing was lost after the insertion of a cochlear implant electrode. The breakdown of 

hearing loss within the sample is as follows:  one participant had a mild hearing loss, one 

participant had a moderate hearing loss, four participants had a moderate to severe 

hearing loss, nine participants had a severe hearing loss, 12 participants had a profound 

hearing loss, and three participants demonstrated no response. Of these participants, 15 

were reported to use hearing aids, three used cochlear implants, and 12 used no assistive 

listening devices.  

Exclusionary criteria for study participation included the presence of an additional 

disability such as an intellectual disability, specific learning disability, autism, traumatic 

brain injury (TBI), other health impairment, or speech/language impairment as 

documented by the child’s special education eligibility categories. Further exclusionary 

criteria included the presence of an orthopedic impairment or other motor difficulties that 

would result in reduced speed in the production of ASL.    

Research Design 

A correlational research design was employed. Specifically, a multiple linear 

regression approach was used based on the research question in which there was only one 

criterion (Y) with multiple predictors (X1, X2, X3...Xp). The criterion (Y) was RAN/RAS 

and the predictors were reading fluency (Xfluency), reading comprehension (Xcomprehension), 

reading decoding (Xdecoding) expressive vocabulary (Xexpressive), receptive vocabulary 

(Xreceptive), and visual-motor (Xvisual motor). According to Howell (2013), the regression 

equation is as follows: 

Ŷ = b1X1 + b2X2 + b3X3 + b4X4 + b5X5 + b6X6 + b0 
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Criterion Variable 

The criterion variable was rapid naming. Rapid naming has been defined as the 

ability to access and retrieve familiar visual symbols and stimuli quickly (Wolf, 2007). 

Rapid naming abilities have been measured through tasks requiring individuals to name 

objects, digits, letters, or colors in a quick and automatic fashion (Wolf, 2007). In this 

study, rapid naming was measured via the rapid automatized naming subtests of the 

Rapid Automatized Naming and Rapid Alternating Stimulus Tests (RAN/RAS; Wolf & 

Denckla, 2005).  

The RAN/RAS Tests consist of four RAN tests (Objects, Colors, Numbers, 

Letters) and two RAS tests (2-set letters and numbers, and 3-set letters, numbers, and 

colors) (Wolf & Denckla, 2005). For the purposes of this study, the focus was on the 

relationship between RAN and reading, and therefore, the RAS tests were excluded. Each 

of the RAN tests was comprised of a total of five high-frequency stimuli that were 

randomly repeated a total of 10 times in an array of five rows (Wolf & Denckla, 2005). 

The examinee was tasked with naming each stimulus item as quickly as he or she could, 

without making any mistakes (Wolf & Denckla, 2005). Test-retest reliability coefficients 

ranged from .81 to .98 and interscorer reliability coefficients ranged from .98 to .99.    

Predictor Variables 

Reading Fluency. Norton and Wolf (2012) have differentiated the terms fluency 

and fluent comprehension when it comes to reading.  The traditional definition of fluency 

focuses on the speed and quality of oral reading, but fails to cover the comprehension 

goals of reading (Norton & Wolf, 2012). Therefore, fluent comprehension is used as a 

more inclusive definition for the reading process.  Fluent comprehension is “a manner of 
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reading in which all sublexical units, words, and connected text and all the perceptual, 

linguistic, and cognitive processes involved in each level are processed accurately and 

automatically so that sufficient time and resources can be allocated to comprehension and 

deeper thought” (Norton & Wolf, 2012, p. 429). It is the use of this multifaceted 

definition of reading fluency that will result in changes to instructional approaches and 

assessment methods for the identification of struggling readers (Norton & Wolf, 2012). 

Therefore, in the context of this research, reading fluency and reading comprehension 

will be understood from this aforementioned framework, but evaluated separately 

through a variety of measures.   

The predictor variable reading fluency was evaluated through the Test of Silent 

Word Reading Fluency, Second Edition (TOSWRF-2; Mather, Hammill, Allen, & 

Roberts, 2014) and the Sentence Reading Fluency and the Word Reading Fluency tests of 

the Woodcock-Johnson Fourth Edition Tests of Achievement (WJ IV ACH; Schrank, 

Mather, & McGrew, 2014).  

The TOSWRF-2 is a measure of word identification, word comprehension, and 

reading speed or silent reading fluency (Mather et al., 2014). The test consists of 220 

unrelated printed words that are ordered from pre-primer to adult level, with no spaces 

inserted between the words. The examinee is given 3 minutes to draw a line separating as 

many words as he or she can. Statistical analyses of the TOSWRF-2 have indicated 

strong alternate form and test-retest reliability with correlation coefficients ranging from 

.84 to .91 (Allen, Morey, & Hammill, 2013). Unlike the other measures used in this 

study, DHH participants were included as a clinical subgroup in the normative sample of 
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the TOSWRF-2. A total of 197 DHH individuals were assessed; results indicated a 

Standard Score mean of 90 and standard deviation of 16.  

The Sentence Reading Fluency test provides a measure of reading rate by 

requiring the examinee to read simple sentences silently and quickly, decide if the 

statement is true or false, and then circle yes or no in response (Schrank et al., 2014). The 

Word Reading Fluency test measures an individual’s vocabulary knowledge and semantic 

fluency (Schrank et al., 2014). Word Reading Fluency requires the examinee to read a 

row words and select the two that go together in each row (Mather & Wendling, 2014). 

The test-retest reliabilities for the Sentence Reading Fluency and Word Reading Fluency 

tests were above .90 (McGrew, LaForte, & Schrank, 2014).  

Reading comprehension. Reading comprehension was evaluated through the 

Passage Comprehension test of the WJ IV ACH (Schrank, Mather, & McGrew, 2014) 

and the Test of Silent Reading Efficiency and Comprehension (TOSREC; Wagner, 

Torgesen, Rashotte, & Pearson, 2010). The Passage Comprehension test measures one’s 

ability to use syntactic and semantic cues to identify a missing word within a piece of text 

(Mather & Wendling, 2014). Early items use symbolic learning tasks and a multiple-

choice format to measure comprehension; later items use a cloze approach to assessing 

comprehension (Mather & Wendling, 2014). The median reliability for the Passage 

Comprehension test is .89 in the 5 to 19-year-old age range (Mather & Wendling, 2014).  

The TOSREC measures silent reading efficiency and comprehension through the 

use of connected text (Wagner et al., 2010). The test is administered using grade level 

forms with four alternate forms to choose from within the grade level based on the time 

of year (Wagner et al., 2010). The optional form, Form O, was used in this study as this 
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form can be used at anytime throughout the year (Wagner et al., 2010). The examinee is 

given 3 minutes to read and authenticate the truthfulness of each sentence (Wagner et al., 

2010). Statistical analyses of the TOSREC alternate-form immediate administration 

indicated strong reliability with coefficients across grade levels ranging from .86 to .95. 

Average reliability for the TOSREC alternate-form delayed administration was also 

strong, with the coefficient reported at .85.  

Reading decoding. Reading decoding was evaluated only through the Letter-

Word Identification test of the WJ IV ACH, as strictly phonologically based tasks such as 

pseudoword decoding or word attack tasks are not possible when the individual uses ASL 

(Schrank, Mather, & McGrew, 2014). The Letter-Word Identification test measures an 

individual’s word identification skills by requiring him or her to correctly read individual 

words aloud (Mather & Wendling, 2014). For the purposes of this study, reading aloud 

meant expressing the word through ASL. Statistical analyses indicated that Letter-Word 

Identification has a median reliability of .94 (McGrew, LaForte, & Schrank, 2014). 

Although the test is not intended to measure whether or not the examinee knows 

the meaning of the word being read, when administering the test in ASL, the examinee’s 

understanding of the word becomes apparent. An individual who is hearing may be able 

to guess at a word using their knowledge of phonics whereas an analogous guessing 

opportunity is not available for an ASL user. For scoring purposes with ASL, there were 

several considerations that should be noted. First, many English words have several 

acceptable signs that can be used to express that word (e.g., run can be expressed as in 

running a track race or managing a meeting). As long as the examinee provided one of 

the acceptable signs for the multiple-meaning English word, his or her response was 
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scored as correct. Second, if the examinee fingerspelled their response when there was a 

standard acceptable sign for the printed word, this response was scored as incorrect (e.g., 

“man” as m-a-n instead of the sign for man). Another important consideration to the 

performance of an individual who uses ASL as their primary language is the fact that he 

or she is working within the context of two languages to complete this task:  ASL and 

English. He or she must first be able to read the English word and then express it in a 

different language, thereby making this task more than mere decoding, but also 

translation.    

Vocabulary. The predictor variables of expressive vocabulary and receptive 

vocabulary were measured via the Expressive One-Word Picture Vocabulary Test, Fourth 

Edition (EOWPVT-4; Martin & Brownell, 2011) and the Receptive One-Word Picture 

Vocabulary Test, Fourth Edition (ROWPVT-4; Martin & Brownell, 2011). The 

EOWPVT-4 measured expressive vocabulary by having the examinee look at an 

illustration and generate the word that best describes the object, concept, or action shown 

(Martin & Brownell, 2011). As with other measures administered, the participants 

expressed their responses in ASL. The ROWPVT-4 measured receptive vocabulary 

knowledge by requiring the examinee to attend to a word and then select the illustration 

that best fits the given word from an array of four choices (Martin & Brownell, 2011).  

Vocabulary knowledge is a central factor in understanding the acquisition of 

literacy skills in the DHH population (Spencer & Marschark, 2010). For DHH students 

especially, words that are mastered through conversation prior to the introduction of text 

play a significant role in potential reading abilities (Spencer & Marschark, 2010). 

Assessing vocabulary in addition to reading comprehension will aid in parceling out these 
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two critical elements of reading achievement as separate contributing factors (M. Wolf, 

personal communication, June 13, 2012). These two measures were chosen, as the tests 

are co-normed to allow for direct comparisons between receptive and expressive 

vocabulary. Statistical analysis has indicated that the correlation between the EOWPVT-4 

and ROWPVT-4 was .69 for the comparison of standard scores and .86 for the 

comparison of raw scores (Martin & Brownell, 2011). Statistical analyses for the 

EOWPVT-4 indicated reliabilities ranging from .93 to .97 with a median of .95 across all 

ages, and test-retest correlations ranging from .97 to .98 (Martin & Brownell, 2011). 

Statistical analyses for the ROWPVT-4 have indicated reliabilities ranging from .94 to 

.98 with a median of .97 across all ages, and test-retest correlations ranging from .91 to 

.97 (Martin & Brownell, 2011). 

Visual-motor integration. Finally, visual-motor integration was assessed using 

the Beery-Buktenica Developmental Test of Visual-Motor Integration, Sixth Edition 

(BEERY VMI; Beery, Buktenica, & Beery, 2010). The inclusion of a visual-motor 

integration measure was predicted to be useful in accounting for the ease of manual 

dexterity and motoric speed in the DHH population (Meronen & Ahonen, 2008). 

Visuomotor perceptions are an important consideration, as the task demands of the 

RAN/RAS measure will be altered from a verbal response to a motoric response given 

the nature of ASL. Also, the use of a visual-integration task will help determine if a 

subject’s visual-motor processing skills are a potentially confounding factor in his or her 

RAN performance (M. Wolf, personal communication, June 13, 2012).  

The BEERY VMI is a test of visual-motor integration that is comprised of 30 

geometric forms for the examinee to either imitate or copy with paper and pencil (Beery 
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et al., 2010). The BEERY VMI has a test-retest reliability coefficient of .88 and an inter-

rater reliability coefficient of .93 (Beery et al., 2010). 

Recruitment 

After meeting with the principal investigator, the program principals and 

supervisors identified potential participants based on the given criteria, i.e., educationally 

significant hearing loss, between the ages of 10 and 18, no additional disabilities. 

Recruitment letters were then mailed out to each eligible student’s parent or legal 

guardian with the permission form to participate in the research enclosed. Both English 

and Spanish versions were sent given the high percentage of Spanish speaking families in 

the southwest. Follow-up phone calls were placed to each student’s parent or legal 

guardian after mailing the recruitment packets. A phone call script following the contents 

of the recruitment letter was used to make these calls.  

Recruitment materials explained the purpose, time and materials involved, and the 

nature of the information being collected in the study. Because there was minimal risk to 

the child, only one parent was required to provide written consent. Parents were also 

given the opportunity to meet with the principal investigator upon request to address any 

questions or concerns he or she may have had prior to signing consent, or at anytime 

through the study.   

Participant Assent/Consent 

After their parent or guardian provided consent, participants were scheduled for 

testing activities. Before beginning the first session of testing, the project was explained 

to the participants in developmentally appropriate language. A videotaped version of the 

assent and consent forms were provided to ensure consistency in explanation. All 
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students were informed they did not have to participate if they do not want to and they 

were informed that they could stop participation at any time during the study. After 

completing testing sessions, as an incentive for their time and work, participants were 

given a choice of incentives totaling no more than $10 per participant.  

Data Collection 

 Each participant was administered the selected battery of tests over two sessions 

to reduce fatigue as a performance factor. For half of the participants, the first session of 

measures that were administered included visual-motor integration (BEERY VMI), RAN, 

reading decoding (WJ IV ACH Letter Word Identification), and reading fluency (WJ IV 

ACH Sentence Reading Fluency and Word Reading Fluency Tests, TOSWRF-2). In the 

second session, the measures of reading comprehension (WJ IV ACH Passage 

Comprehension Test, TOSREC), expressive vocabulary (EOWPVT-4), and receptive 

vocabulary (ROWPVT-4) were administered. This split the data collection into fairly 

equal administration times even though more subtests/tests were administered in the first 

session. The test administration was counterbalanced for the other half of the participants 

so that they received the measures of reading comprehension, expressive vocabulary, and 

receptive vocabulary first followed by the visual-motor integration, RAN, reading 

decoding, and reading fluency tasks on the second administration. Participants were 

alternately assigned into each administration order based on their assigned participant 

identification number. Participants with odd identification numbers received the session 

one tests first; alternatively, those with even identification numbers began with the 

session two tests. Participant numbers were assigned based on the order in which parental 

consent forms were returned.  
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 To help address individual factors and factors affecting test administration such as 

the testing environment and conditions, efforts were made to conduct testing in the same 

comfortable and quiet location on the school campus to minimize distractions. Breaks 

were taken as necessary and participants had access to food, water, and a bathroom.  

Due to the visual nature of ASL, participants were filmed during the 

administration of the RAN measures as well as the expressive vocabulary measure to 

ensure accuracy of data collection. Filming was conducted via a tablet to allow for later 

review and scoring of data. Videos of participants were saved to a password protected 

external thumb-drive using their participant number only and were used for the sole 

purpose of accurately scoring participant responses.  

To promote validity in test administration, standardized test prompts were 

translated into ASL and glossed into a written form to ensure consistency among test 

administrations. To complete these translations, the primary investigator sought the 

assistance of a member of the Deaf Community with Masters of Arts degrees in 

Linguistics and Education of the Hearing Impaired and extensive familiarity with 

standardized testing procedures. All gloss translations were written, discussed, and 

reviewed prior to beginning the data collection phase of research. Also to promote 

validity in test administration, the directions and test items for the receptive vocabulary 

measure were filmed and recorded so that it could be played for the participants to 

enhance standardization. Finally, the principal investigator was given permission to 

access and use the Center on Literacy and Deafness (CLAD) administration guide for the 

Expressive One-Word Picture Vocabulary Test, Fourth Edition to aid in judging 

acceptable signed responses.   
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Reliability checks were provided for test administration and selected aspects of 

scoring. Researcher created test administration checklists were developed for all 

measures except the tests of the WJ IV ACH. For the WJ IV ACH, the examiner training 

checklists, in the test manual were used to calculate reliability of administration with 

some minor revisions due to the population being assessed. The reader is referred to 

Appendix C for these checklists. The primary responsibility of scoring test materials fell 

to the principal investigator as she had the appropriate experience and training in test 

measures. Reliability checks occurred at random for eight of the thirty participants, or 

approximately 26.7% of the test administrations. Reliability checks were conducted by 

the principal investigator and trained research assistants.   

Data Analysis 

 To address research question 1, what is the relationship between RAN and 

reading in deaf students who use ASL as their primary language, data were examined 

using Pearson correlations. In response to research question 2, do deaf students 

demonstrate variability in their performance on tasks of symbolic versus non-symbolic 

RAN, a paired samples t-test was conducted. Finally, in response to question 3, the 

relationship between RAN and specific variables, e.g., reading fluency, Pearson 

correlations were run. After correlational data were collected, multiple linear regression 

techniques were employed to determine the variability that could be accounted for in 

RAN performance by each predictor variable.   
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CHAPTER 4 

RESULTS 
 

The purpose of the study was to determine whether or not a relationship existed 

between RAN and reading (e.g., decoding, fluency, comprehension) in this sample of 

deaf students who use ASL as their primary language. Data related to inter-observer 

agreement in the administration of the tests were calculated using percentage of 

agreements. Demographic variables were screened for significance with all four types of 

RAN using a one-way analysis of variance to determine which variables were included in 

the regression. The relationships between the criterion and predictor variables were 

assessed using Pearson correlations. After determining the relationships, only those 

variables with significant correlations with RAN were retained for the regression.       

Inter-Observer Agreement in Test Administration 

The principal investigator employed the assistance of two additional evaluators 

for the data collection process. To ensure standardization and accuracy in the data that 

were collected, the principal investigator used checklists to train and observe test 

administration. The principal investigator was also observed using these checklists to 

ensure adherence to the standardization protocols set forth by the test publishers. These 

checklists were used to collect inter-observer agreement (IOA) in test administration for 

eight of the 30 participants, or approximately 26.7% of the test administrations. To 

calculate IOA, the evaluator completed a checklist for each test he or she administered 

during a session and the observer completed the checklist based on his or her 

observations of the evaluator during the same testing sessions. IOA was calculated by 
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dividing the number of agreements by the number of items, then multiplying by 100 to 

obtain a percentage. IOA ranged from 97.5% to 100% across all 10 measures.  

Demographic Variables  

Several demographic variables were recorded as part of the data set, including 

sex, ethnicity, hearing loss, the use of assistive listening devices, parental hearing status 

(having or not having deaf parents), and primary language of the home. One-way 

ANOVAs were conducted to determine if significant differences were present between 

the means. All four types of RAN were entered as dependent variables with the 

demographic variables entered as factors. 

 Sex. Sex was categorized as male or female. No subjects reported any 

transgendered or questioning status. There was homogeneity of variances, as assessed by 

Levene’s test for equality of variances for RAN objects (p = .631), RAN colors (p = 

.521), RAN numbers (p = .489), and RAN letters (p = .855). Significant differences were 

not found for sex and RAN objects [F(1,28) = 1.20, p = .283], RAN colors [F(1,28) = 

4.08, p = .053], RAN numbers [F(1,28) = 2.04, p = .165], or RAN letters [F(1,28) = 3.08, 

p = .090].  

Ethnicity. Ethnicity was originally categorized with five levels:  White, Native 

American, Hispanic, African American, and mixed ethnicity. Given the large percentage 

of participants who were White (56.7%), ethnicity was transformed from five levels into 

two, White and other. There was homogeneity of variances, as assessed by Levene’s test 

for equality of variances for RAN objects (p = .209), RAN colors (p = .508), RAN 

numbers (p = .268), and RAN letters (p = .134). There were not significant differences 

between the means for ethnicity and RAN objects [F(1,28) = 1.35, p = .256], RAN colors 
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[F(1,28) = 1.71, p = .202], RAN numbers [F(1,28) = .51, p = .482], and RAN letters 

[F(1,28) = 2.57, p = .120]. 

Hearing Loss. Hearing loss was calculated using Pure-Tone Averages in the 

better ear. There were six levels for this variable: mild, moderate, moderate to severe, 

severe, profound, and no response. Upon initial analysis, the assumption of homogeneity 

of variances was violated as assessed by Levene’s test for equality of variances for RAN 

letters (p = .016). Robust tests of equality of means could not be performed, however, 

because at least one group had the sum of case weights less than or equal to one. 

Understanding that one of the assumptions of ANOVA was violated, there was no 

significant difference between the means for RAN letters based on hearing loss [F(5,24) 

= .547, p = .739]. 

There was homogeneity of variances, as assessed by Levene’s test for equality of 

variances for RAN objects (p = .836), RAN colors (p = .767), and RAN numbers (p = 

.105). No significant differences were found between the means for hearing loss and 

RAN objects [F(5,24) = .608, p = .695], RAN colors [F(5,24) = 1.828, p = .145], or RAN 

numbers [F(5,24) = 1.012, p = .432].  

Devices. The devices variable was originally categorized with four levels:  no 

devices, hearing aid(s), cochlear implant(s), or both a hearing aid and a cochlear implant. 

As no participants were reported to use both types of devices, this level was deleted. The 

variable was then transformed into two levels, having a device or devices and not having 

a device. There was homogeneity of variances, as assessed by Levene’s test for equality 

of variances for RAN objects (p = .094), RAN colors (p = .246), and RAN letters (p = 

.206). No significant differences were found between the means for devices and RAN 
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objects [F(1,28) = .11, p = .738], RAN colors [F(1,28) = .01, p = .940], and RAN letters 

[F(1,28) = 1.01, p = .325]. The assumption of homogeneity of variances was violated as 

assessed by Levene’s test for equality of variances for RAN numbers (p = .043). There 

was no statistically significant difference in RAN numbers scores between the devices 

groups, Welch’s F (3, 3.927) = .380, p = .774.  

Deaf Parents. The deaf parents variable was categorized as yes or no. Recall that 

20% of the sample had deaf parents. There was homogeneity of variances, as assessed by 

Levene’s test for equality of variances for RAN objects (p = .215), RAN colors (p = 

.131), RAN numbers (p = .082), and RAN letters (p = .496). No significant differences 

were found between the means for deaf parents and RAN objects [F(1,28) = .28, p = 

.602], RAN colors [F(1,28) = 1.93, p = .176], RAN numbers [F(1,28) = .29, p = .595], 

and RAN letters [F(1,28) = 1.31, p = .262]. 

Home Language. The primary home language of the participants was categorized 

into four levels:  English, Spanish, ASL, and a combination of English and Spanish. 

There was homogeneity of variances, as assessed by Levene’s test for equality of 

variances for RAN letters (p = .337). There was no statistically significant difference in 

RAN letters scores based on the participants’ home language [F(3,26) = 1.26, p = .310]. 

The assumption of homogeneity of variances was violated as assessed by Levene’s test 

for equality for RAN objects (p = .001), RAN colors (p = .015), and RAN numbers (p = 

.005). There was no statistically significant difference between the means for RAN 

objects [Welch’s F (3, 3.87) = 3.837, p = .512], RAN colors [Welch’s F (3, 3.877) = 

1.367, p = .376], and RAN numbers [Welch’s F (3, 3.927) = .380, p = .774].   
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In summary, the aforementioned categorical variables were screened for 

significance using a one-way ANOVA procedure or the Welch’s F if homogeneity 

assumptions were violated. None of these variables indicated significance and were 

therefore excluded from the regression. The demographic variables were also screened 

for significance with symbolic and non-symbolic RAN as dependent variables; results 

were not significant, further confirming the exclusion from the regression. 

Descriptive Statistics for the Criterion and Predictor Variables  

 Descriptive statistics were calculated for each of the criterion and predictor 

variables. Reported in Table 1 are the range of scores and the mean performance with the 

corresponding standard deviation obtained by this sample of participants. The numbers 

reported in Table 1 are Standard Scores (M = 100, SD = 15).   On several of the tests, the 

lowest possible score that could be achieved was a value less than a specified number. 

For example, on the WJ IV ACH tests, the lowest attainable score was a Standard Score 

<40. For the TOSREC and the EOWPVT4, the lowest attainable score was a Standard 

Score of <55. These scores were recorded as the next lowest value, i.e. <40 became 39, 

and coded with another variable to indicate that the data had been censored. The scores 

were recorded this was as they could not be entered into the statistical software using a 

score range. A total of eight participants had one or more scores censored.  

 

 

 

 

 



 47 

Table 1 

Descriptive Statistics for Measures Administered 

 M SD Range 
RAN Objects 100.23 17.59 57-145 
RAN Colors 99.97 16.44 55-139 
RAN Numbers 101.27  14.58 61-131 
RAN Letters 106.23  13.46 76-130 
WJ Letter Word Identification 66.73  18.60 39*-100 
WJ Passage Comprehension  63.40 20.10 39*-107 
TOSREC 73.67 18.47 54*-116 
WJ Sentence Reading Fluency 78.07 25.45 39*-126 
WJ Word Reading Fluency 86.47 23.95 39*-118 
TOSWRF2 89.23 17.08 49-121 
ROWPVT4 85.87 20.97 55-135 
EOWPVT4 82.17  17.75 54*-118 
VMI 94.97 12.45 71-112 
Note. n = 30; *censored scores 
 
 At least one outlier was present for each of the following variables:  TOSWRF2, 

ROWPVT4, RAN objects, RAN colors, RAN numbers, and RAN letters. None of the 

outliers, however, were extreme. For the TOSWRF2, the score obtained by participant 16 

was an outlier with a low score (SS = 49) in comparison to the sample. With the 

ROWPVT4, the score obtained by participant number 14 was a high score (SS = 135) in 

comparison to the sample. On RAN objects, the scores obtained by participants 16 (SS = 

57) and 26 (SS = 145) were low and high performances in comparison to the sample. On 

the RAN colors variable, participant 16 obtained a low score (SS = 55) that was an 

outlier. Participant 16 also obtained a low score on RAN numbers (SS = 61). Finally, 

with RAN letters, the scores obtained by three participants were high scores and outliers:  

11 (SS = 130), 27 (SS = 128), and 26 (SS = 128). Also with RAN letters, the scores 

obtained by four participants were considered outliers and were low scores in comparison 

to the sample:  15 (SS = 89), 24 (SS = 77), 30 (SS = 77), and 16 (SS = 76).      
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Other descriptive statistics that were run included skewness and kurtosis values to 

evaluate the normality of the distribution. Using Cramer’s (1997) 2 rule, the amounts of 

skewness and kurtosis most likely do not show significant departure from normality (see 

Table 2). To evaluate normality further, the Kolmogorov-Smirnov test (K-S test) was also 

used. Based on the significance levels of the K-S test, the following variables may have 

violated normality:  WJ IV ACH Sentence Reading Fluency, WJ IV ACH Word Reading 

Fluency, VMI, and RAN Letters.  

Table 2 

Normality of the Distribution 

 Skewness Kurtosis 
 Statistic Std. Error Statistic Std. Error  
RAN Objects -.121 .427 1.358 .833 
RAN Colors -.383 .427 1.197 .833 
RAN Numbers -.706 .427 1.140 .833 
RAN Letters -.646 .427 .868 .833 
WJ Letter Word Identification -.064 .427 -.883 .833 
WJ Passage Comprehension  .544 .427 -.493 .833 
TOSREC .858 .427 -.168 .833 
WJ Sentence Reading Fluency -.295 .427 -.761 .833 
WJ Word Reading Fluency -.583 .427 -.711 .833 
TOSWRF2 -.341 .427 .082 .833 
ROWPVT4 .836 .427 .156 .833 
EOWPVT4 .330 .427 -.325 .833 
VMI -.277 .427 -1.343 .833 
 

Visual inspection of the histograms from each of these variables that tested 

significant was conducted (see Appendix A). Based on the skewness and kurtosis values, 

the distribution of the Sentence Reading Fluency test indicated the variable was 

negatively skewed and platykurtic. Upon visual assessment, it is apparent that a 

clustering of scores at the tail of the distribution has a negative impact on normality. 
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Twenty percent of the sample obtained a Standard Score of 39 (true score <40). The 

distribution for the Word Reading Fluency test was, in fact, negatively skewed as had 

been indicated by the skewness statistic. Although multiple modes exist within this 

distribution, there was no evidence of clustering towards an extreme as there was in the 

Sentence Reading Fluency test. The VMI distribution was slightly negatively skewed and 

platykurtic as was indicated by the skewness and kurtosis statistics. Finally, visual 

assessment of the distribution for the RAN Letters test confirmed that it was leptokurtic. 

Another difficulty with this distribution was a clustering of three scores on the left of the 

distribution, with a sizeable gap between those scores and the rest of the distribution to 

the right. 

While acknowledging that these four variables departed from normality based on 

statistical and visual analyses, it is important to recognize the fact that these tests are all 

published measures that are well-researched and robust in their statistical qualities. These 

measures were not, however, standardized on the DHH population that is the focus of this 

sample and research which likely resulted in the deviations from normality as seen here.   

Symbolic and Non-symbolic RAN 

 One of the research questions proposed in this study was, “Do deaf students 

demonstrate variability in their performance on tasks of symbolic (letters, digits) versus 

non-symbolic (objects, colors) RAN?” Within the literature, symbolic RAN and non-

symbolic RAN are also referred to as alphanumeric and non-alphanumeric forms of 

RAN. Prior to comparing these two variables, it was necessary to create a composite 

variable that combined the two types of RAN into one variable. RAN letters and digits 

were transformed into symbolic RAN and RAN objects and colors were transformed into 



 50 

non-symbolic RAN. A paired-samples t-test was then run to compare the means for 

statistical significance. There was a significant difference in the scores for symbolic 

(M=103.75, SD=13.65) and non-symbolic (M=100.10, SD=15.99) RAN; t(29) = -2.47, 

p=.020. Within this sample of 30 students, they demonstrated significantly better 

performance on tasks of symbolic RAN than non-symbolic RAN.     

RAN and Reading Relationship 

 A Pearson correlation was run with the remaining variables that were ordinal or 

continuous. This included age, grade, and hearing loss as well as all of the test measures 

administered. Although hearing loss was examined as a categorical variable, the decision 

was also made to assess it through correlational techniques as an ordinal variable as well, 

as hearing loss is a scale on which there are degrees of hearing based on a decibel loss. 

Hearing loss did not, however, significantly correlate with RAN performance using the 

correlation statistic either.  

As hypothesized, significant correlations were found between RAN and reading 

comprehension and reading fluency in this sample. All correlations found were moderate 

to large. Significant correlations with RAN are reported in Table 3. 
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Table 3 

Significant Results of Pearson Correlation 

 RAN-O RAN-C RAN-N RAN-L 
Age   .38*  
     
Grade   .39*  
     
WJ Letter Word Identification  .45*   
     
WJ Passage Comprehension  .48**   
     
TOSREC  .41*   
     
WJ Sentence Reading Fluency  .55** .37* .41* 
     
WJ Word Reading Fluency  .36* .60** .51** .45* 
     
TOSWRF2  .55** .42* .42* 
     
Note. RAN-O = Objects, RAN-C = Colors, RAN-N = Numbers, RAN-L = Letters 
**Correlation is significant at the .01 level (2-tailed) 
*Correlation is significant at the .05 level (2-tailed) 

 RAN Objects. As displayed in Table 3, only one variable correlated significantly 

with RAN objects:  Word Reading Fluency. A moderate correlation was found between 

these two variables. 

RAN Colors. RAN colors had the largest number of significant correlations of all 

four RAN types. RAN colors was significantly correlated with Letter Word 

Identification, Passage Comprehension, TOSREC, Sentence Reading Fluency, Word 

Reading Fluency, and TOSWRF2. Three of these correlations, Sentence Reading 

Fluency, Word Reading Fluency, and TOWSRF were large.  

RAN Numbers. RAN numbers correlated significantly with age, grade, Sentence 

Reading Fluency, Word Reading Fluency, and TOSWRF2. The correlation between RAN 

numbers and Word Reading Fluency was considered large.   
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RAN Letters. RAN letters correlated significantly with Sentence Reading 

Fluency, Word Reading Fluency, and TOSWRF2. All correlations were considered 

medium.  

Factor Analysis 

 Several of the predictor variables in this study were highly correlated as the tests 

used were designed to measure the same construct. Fluency, for example, was measured 

through three variables:  WJ IV ACH Sentence Reading Fluency, WJ IV ACH Word 

Reading Fluency, and the TOSWRF2. Although each of the tasks differed slightly, in the 

end, the construct measured appeared the same upon examining the results of the Pearson 

correlations. Instead of opting for one test or predictor variable above another, the 

decision was made to combine these similar variables into one factor. Factor analysis was 

performed with reading fluency, reading comprehension, and vocabulary.    

 Fluency. Fluency was measured using the WJ IV ACH Sentence Reading 

Fluency test, the WJ IV ACH Word Reading Fluency test, and the TOSWRF2. Within 

this sample of participants, Sentence Reading Fluency and Word Reading Fluency were 

highly correlated [r(28) = .89, p <.01], Sentence Reading Fluency and TOSWRF2 were 

highly correlated [r(28) = .90, p <.01], and Word Reading Fluency and TOSWRF2 were 

highly correlated [r(28) = .94, p <.01]. Using principal component analysis, the one-

factor solution explained 93.96% of the variance. For the purpose of the linear regression, 

reading fluency was represented as a “Fluency” factor instead of the three 

aforementioned measures.   

 Comprehension. In this study, comprehension was measured using the WJ IV 

ACH Passage Comprehension Test as well as the TOSREC. These two measures of 
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comprehension were highly correlated within this sample [r(28) = .94, p <.01]. Using 

principal component analysis, the one-factor solution explained 96.79% of the variance. 

These two measures were represented as a comprehension construct, “Comprehension,” 

in the linear regression.  

 Vocabulary. Expressive and receptive vocabulary measures were conducted to 

evaluate the construct of vocabulary using the EOWPVT4 and the ROWPVT4. Within 

this sample, the EOWPVT4 and the ROWPVT4 were highly correlated [r(28) = .93, p 

<.01]. Using principal component analysis, the one-factor solution explained 96.42% of 

the variance. Instead of representing vocabulary as expressive and receptive abilities, the 

construct “Vocabulary” was used.  

 Correlations. After factor analysis, Pearson correlations were run again to 

evaluate the strength of the relationships between RAN and the factors. A moderate 

positive correlation was noted between comprehension and RAN colors. A large positive 

correlation was noted between fluency and RAN colors. Moderate positive correlations 

were also noted between fluency and RAN numbers and letters. Vocabulary did not 

correlate significantly with any form of RAN.  

Table 4 

Results of Pearson Correlation With Factors 

 RAN-O RAN-C RAN-N RAN-L 
Comprehension .14 .45* .25 .32 
     
Fluency .33 .58** .44* .44* 
     
Vocabulary .08 .25 .08 .16 
     
Note. RAN-O = Objects, RAN-C = Colors, RAN-N = Numbers, RAN-L = Letters 
**Correlation is significant at the .01 level (2-tailed) 
*Correlation is significant at the .05 level (2-tailed) 
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Multiple Regression  

The primary focus of this study was to determine the relationship between RAN 

and reading within this particular sample. Significant, positive correlations between the 

four types of RAN and aspects of reading such as decoding, fluency, and comprehension 

were found. After determining the presence of such correlations, it was hypothesized that 

reading fluency and reading comprehension would account for a significant amount of 

variance in RAN performance with vocabulary and visual-motor skills as contributing 

factors. Vocabulary was hypothesized to have a contributing role in RAN performance 

because vocabulary knowledge is considered a central factor in the acquisition of literacy 

skills in the DHH population (Spencer & Marschark, 2010). Vocabulary is a critical 

element involved in reading achievement that must be considered and controlled for 

especially when evaluating the reading abilities of DHH students because of language 

development issues.   

Visual-motor integration ability was hypothesized to have a contributing role in 

RAN performance as the task of rapid naming was altered from a verbal response to a 

motoric response via ASL. In changing the measure in this manner, the ease of manual 

dexterity and motoric speed was an added consideration pointed out by previous 

researchers (Meronen & Ahonen, 2008). Moreover, visual-motor integration was 

assessed as a potentially confounding factor in an individual’s RAN performance (M. 

Wolf, personal communication, June 13, 2012). Difficulties with visual-motor integration 

could result in longer amounts of time needed to rapidly name stimuli, which results in 

lower standard score performance. Both vocabulary and visual-motor integration abilities 

were therefore hypothesized to be important variables contributing to variation in RAN 
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performance. Vocabulary and visual-motor integration were entered into the regression in 

the first step so as to control for the potential impact of these variables on the predictive 

capability of the equation.  

 RAN Objects. Based on the Pearson correlations, only the WJ IV ACH Word 

Reading Fluency test was significantly correlated with RAN objects. For this regression, 

the fluency factor score was used instead of the singular test.  

 Hierarchical multiple regression was used to assess the ability of reading fluency 

to predict the performance on RAN objects after controlling for the influence of visual-

motor integration abilities and vocabulary. There was independence of residuals, as 

assessed by a Durbin-Watson statistic of 1.923. There was no evidence of 

multicollinearity, as assessed by tolerance values greater than 0.1. There were no 

studentized deleted residuals greater than three standard deviations in either direction. 

The assumption of normality was met, as assessed by the P-P Plot.  

Visual-motor integration abilities and vocabulary were entered at Step 1, 

explaining 4.6% of the variance in RAN objects. After the entry of fluency at Step 2, the 

total variance explained by the model as a whole was 26.6%. Fluency explained an 

additional 22% of the variance in RAN objects, even when the effects of visual-motor 

integration and vocabulary were statistically controlled for. This was a statistically 

significant contribution:  F change (1, 26) = 7.82, p =.010. The ANOVA indicated that 

the model as a whole was significant [F (3, 26) = 3.14, p =.042]. In the final model, only 

two variables made a unique and statically significant contribution:  fluency and 

vocabulary. Visual-motor integration ability did not make a unique contribution. 
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Table 5 

Model Summary:  RAN Objectsa 

Model R2 R2 change F Change Sig. F Change 
1b .046 .046 .645 .532 
2c .266 .221 7.816 .010** 
a. Dependent Variable:  RAN Objects 
b. Predictors:  (Constant), VMI, Vocabulary Factor 
c. Predictors:  (Constant), VMI, Vocabulary Factor, Fluency Factor 
*p <.05 
**p < .01 

Table 6 

Coefficients:  RAN Objectsa 

 Unstandardized 
Coefficients 

  Collinearity Statistics 

Model B Std. Error T Sig. Tolerance VIF 
1b 68.919 29.599 2.328 .028   
 .330 .310 1.064 .297 .735 1.360 
 -.799 3.856 -.207 .837 .735 1.360 
2c 70.903 26.457 2.680 .013   
 .309 .277 1.115 .275 .735 1.361 
 -12.515 5.425 -2.307 .029 .297 3.371 
 14.447 5.168 2.796 .010 .327 3.058 
a. Dependent Variable:  RAN Objects 
b. Predictors:  (Constant), VMI, Vocabulary Factor 
c. Predictors:  (Constant), VMI, Vocabulary Factor, Fluency Factor 

 RAN Colors. Based on the Pearson correlations, the following variables 

correlated significantly with RAN colors:  WJ IV ACH Letter-Word Identification, WJ 

IV ACH Passage Comprehension, TOSREC, WJ IV ACH Sentence Reading Fluency, WJ 

IV ACH Word Reading Fluency, and TOSWRF2. Passage Comprehension and TOSREC 

were represented in the regression using the comprehension factor. Sentence Reading 

Fluency, Word Reading Fluency, and TOSWRF2 were represented using the fluency 

factor. The decision was made to exclude Letter-Word Identification from the regression 
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due to concerns of collinearity. Letter-Word Identification was highly correlated with 

comprehension [r(28) = .85, p <.01], fluency [r(28) = .93, p <.01], and vocabulary [r(28) 

= .89, p <.01]. 

Hierarchical multiple regression was used to assess the ability of two measures, 

comprehension and reading fluency, to predict the performance on RAN colors after 

controlling for the influence of visual-motor integration abilities and vocabulary. There 

was independence of residuals, as assessed by a Durbin-Watson statistic of 1.874. There 

was no evidence of multicollinearity, as assessed by tolerance values greater than 0.1. 

There were no studentized deleted residuals greater than three standard deviations in 

either direction. The assumption of normality was met, as assessed by the P-P Plot.  

Visual-motor integration abilities and vocabulary were entered at Step 1, 

explaining 7.4% of the variance in RAN colors. After the entry of comprehension at Step 

2, the total variance explained by the model as a whole was 29.2%. Comprehension 

explained an additional 21.8% of the variance in RAN colors, even when the effects of 

visual-motor integration and vocabulary were statistically controlled for. This was a 

statistically significant contribution:  F change (1, 26) = 8.03, p =.009. After the entry of 

fluency at Step 3, the total variance explained by the model as a whole was 54.1%. 

Fluency explained an additional 24.9% of the variance in RAN colors, even when the 

effects of visual-motor integration, vocabulary, and comprehension were statistically 

controlled for. This was a statistically significant contribution as indicated by the F 

change value [F change (1, 25) = 13.56, p =.001]. The ANOVA indicated that the model 

as a whole was significant [F (4, 25) = 7.37, p =.000]. In the final model, only two 
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variables made unique and statically significant contributions:  fluency and vocabulary. 

Neither comprehension nor visual-motor integration abilities made unique contributions. 

Table 7 

Model Summary:  RAN Colorsa 

Model R2 R2 change F Change Sig. F Change 
1b .074 .074 1.074 .356 
2c .292 .219 8.030 .009** 
3d .541 .249 13.558 .001** 
a. Dependent Variable:  RAN Colors 
b. Predictors:  (Constant), VMI, Vocabulary Factor 
c. Predictors:  (Constant), VMI, Vocabulary Factor, Comprehension Factor 
d. Predictors:  (Constant), VMI, Vocabulary Factor, Comprehension Factor, Fluency 
Factor 
*p <.05 
**p < .01 
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Table 8 

Coefficients:  RAN Colorsa 

 Unstandardized 
Coefficients 

  Collinearity Statistics 

Model B Std. Error T Sig. Tolerance VIF 
1b 83.107 27.257 3.049 .005   
 .178 .285 .622 .539 .735 1.360 
 2.905 3.551 .818 .420 .735 1.360 
2c 86.411 24.307 3.555 .001   
 .143 .254 .561 .580 .734 1.363 
 -9.929 5.524 -1.797 .084 .241 4.147 
 15.156 5.348 2.834 .009 .257 3.888 
3d 86.736 19.960 4.345 .000   
 .139 .209 .667 .511 .734 1.363 
 -15.725 4.802 -3.275 .003 .215 4.647 
 6.365 4.999 1.273 .215 .199 5.036 
 16.326 4.434 3.682 .001 .252 3.962 
a. Dependent Variable:  RAN Colors 
b. Predictors:  (Constant), VMI, Vocabulary Factor 
c. Predictors:  (Constant), VMI, Vocabulary Factor, Comprehension Factor 
d. Predictors:  (Constant), VMI, Vocabulary Factor, Comprehension Factor, Fluency 
Factor 

RAN Numbers. Based on the findings from the Pearson correlation, the 

following variables were significantly correlated with RAN Numbers:  age, grade, WJ IV 

ACH Sentence Reading Fluency, WJ IV ACH Word Reading Fluency, and TOSWRF2. 

Age and grade were highly correlated [r(28) = .98, p <.01] and are considered to be 

redundant in that they measure similar constructs. Therefore, as age-based norms were 

used in scoring test performance on all measures included in this study, age was chosen 

instead of grade for the regression equation.  Using factor analysis, the fluency measures 

were reduced into one variable of fluency. The correlation between RAN numbers and 

Fluency was still significant [r(28) = .44, p = .014].  
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 Hierarchical multiple regression was used to assess the ability of two measures, 

age and reading fluency, to predict the performance on RAN numbers after controlling 

for the influence of visual-motor integration abilities and vocabulary. There was 

independence of residuals, as assessed by a Durbin-Watson statistic of 1.812. There was 

no evidence of multicollinearity, as assessed by tolerance values greater than 0.1. There 

were no studentized deleted residuals greater than three standard deviations in either 

direction. The assumption of normality was met, as assessed by the P-P Plot.  

Visual-motor integration abilities and vocabulary were entered at Step 1, 

explaining 3.5% of the variance in RAN numbers. After the entry of age at Step 2, the 

total variance explained by the model as a whole was 22.9%. Age explained an additional 

19.4% of the variance in RAN numbers, even when the effects of visual-motor 

integration and vocabulary were statistically controlled for. This was a statistically 

significant contribution:  F change (1, 26) = 6.55, p =.017. After the entry of fluency at 

Step 3, the total variance explained by the model as a whole was 53%. Fluency explained 

an additional 30.1% of the variance in RAN numbers, even when the effects of visual-

motor integration, vocabulary, and age were statistically controlled for. This was a 

statistically significant contribution as indicated by the F change value [F change (1, 25) 

= 15.99, p =.000]. The ANOVA indicated that the model as a whole was significant [F 

(4, 25) = 7.04, p =.001]. In the final model, only two variables made a unique and 

statically significant contribution:  fluency and vocabulary. Neither age nor visual-motor 

integration abilities made a unique contribution. 
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Table 9 

Model Summary:  RAN Numbersa 

Model R2 R2 change F Change Sig. F Change 
1b .035 .035 .486 .620 
2c .229 .194 6.546 .017* 
3d .530 .301 15.990 .000** 
a. Dependent Variable:  RAN Numbers 
b. Predictors:  (Constant), VMI, Vocabulary Factor 
c. Predictors:  (Constant), VMI, Vocabulary Factor, Age 
d. Predictors:  (Constant), VMI, Vocabulary Factor, Age, Fluency Factor 
*p <.05 
**p < .01 

Table 10 

Coefficients:  RAN Numbersa 

 Unstandardized 
Coefficients 

  Collinearity Statistics 

Model B Std. Error T Sig. Tolerance VIF 
1b 79.129 24.677 3.207 .003   
 .233 .258 .903 .375 .735 1.360 
 -.399 3.215 -.124 .902 .735 1.360 
2c 47.583 25.636 1.856 .075   
 .142 .238 .596 .556 .719 1.391 
 3.413 3.285 1.039 .308 .584 1.712 
 2.943 1.150 2.559 .017 .784 1.275 
3d 63.660 20.810 3.059 .005   
 .161 .190 .849 .404 .718 1.392 
 -10.329 4.319 -2.391 .025 .214 4.664 
 1.634 .973 1.679 .106 .695 1.438 
 14.853 3.714 3.999 .000 .290 3.449 
a. Dependent Variable:  RAN Numbers 
b. Predictors:  (Constant), VMI, Vocab Factor 
c. Predictors:  (Constant), VMI, Vocab Factor, Age 
d. Predictors:  (Constant), VMI, Vocab Factor, Age, Fluency Factor 
 

RAN Letters. Based on the findings from the Pearson correlations, the following 

variables correlated significantly with RAN letters and will therefore be used in the 
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regression:  WJ IV ACH Sentence Reading Fluency, WJ IV ACH Word Reading 

Fluency, and TOSWRF2. Recall that with factor analysis, these variables were condensed 

into one fluency factor.  

 Hierarchical multiple regression was used to assess the ability of reading fluency 

to predict the performance on RAN letters after controlling for the influence of visual-

motor integration abilities and vocabulary. There was independence of residuals, as 

assessed by a Durbin-Watson statistic of 2.074. There was no evidence of 

multicollinearity, as assessed by tolerance values greater than 0.1. There were no 

studentized deleted residuals greater than three standard deviations in either direction. 

The assumption of normality was met as assessed by the P-P Plot.  

Visual-motor integration abilities and vocabulary were entered at Step 1, 

explaining 3.9% of the variance in RAN letters. After fluency was entered at Step 2, the 

total variance explained by the model as a whole was 32.6%. Fluency explained an 

additional 28.7% of the variance in RAN letters, even when the effects of visual-motor 

integration and vocabulary were statistically controlled for. This was a statistically 

significant contribution:  F change (1, 26) = 11.1, p =.003. The ANOVA indicated that 

the model as a whole was significant [F (3, 26) = 4.20, p =.015]. In the final model, only 

two variables made a unique and statically significant contribution:  fluency and 

vocabulary. Visual-motor integration ability did not make a unique contribution. 
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Table 11 

Model Summary:  RAN Lettersa 

Model R2 R2 change F Change Sig. F Change 
1b .039 .039 .545 .586 
2c .326 .288 11.100 .003** 
a. Dependent Variable:  RAN Letters 
b. Predictors:  (Constant), VMI, Vocabulary Factor 
c. Predictors:  (Constant), VMI, Vocabulary Factor, Fluency Factor 
*p <.05 
**p < .01 

Table 12 

Coefficients:  RAN Lettersa 

 Unstandardized 
Coefficients 

  Collinearity Statistics 

Model B Std. Error T Sig. Tolerance VIF 
1b 93.070 22.731 4.094 .000   
 .139 .238 .583 .565 .735 1.360 
 1.311 2.961 .443 .661 .735 1.360 
2c 94.803 19.398 4.887 .000   
 .120 .203 .593 .558 .735 1.361 
 -8.926 3.978 -2.244 .034 .297 3.371 
 12.623 3.789 3.332 .003 .327 3.058 
a. Dependent Variable:  RAN Letters 
b. Predictors:  (Constant), VMI, Vocabulary Factor 
c. Predictors:  (Constant), VMI, Vocabulary Factor, Fluency Factor 
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CHAPTER 5 

DISCUSSION 
 

Summary of Findings 

RAN and Predictor Variables. Research question three dealt with the 

relationship between RAN and the predictor variables of reading fluency, reading 

comprehension, reading decoding, expressive vocabulary, receptive vocabulary, and 

visual-motor integration. Several statistically significant correlations were noted within 

this sample of DHH participants. Reading fluency as a factor was significantly correlated 

with RAN colors, numbers, and letters. Reading comprehension as a factor was only 

moderately correlated with RAN colors. A moderate positive correlation was noted 

between reading decoding and RAN colors. Within this sample of DHH participants, 

vocabulary was not significantly correlated with any of the four types of RAN. Visual-

motor integration was also not significantly correlated with RAN. 

The correlation findings related to reading fluency were similar to those of Park et 

al. (2013), who found significant correlations between fluency and RAN numbers and 

letters. Their correlations, however, were negative, but they measured RAN with time 

instead of standard scores as was used in this study (Park et al., 2013). Unlike Park et al. 

(2013), a significant correlation was found between RAN and word identification in this 

study, specifically with RAN colors.  

In regard to the mean score performance obtained on the reading and vocabulary 

tests administered to this sample, it is important to note that these standard scores were 

lower than the traditional test means of 100. However, these scores were in fact similar to 

the scores obtained by others in research on reading in the field of deafness (e.g., Dyer et 
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al., 2003; Easterbrooks & Huston, 2008; Kelly, 2003; Marschark, Shaver, Nagle, & 

Newman, 2015; Spencer & Marschark, 2010; Traxler, 2000; Webb, Lederberg, Branum-

Martin, & Connor 2015). Therefore, although these means were lower than the typical 

population, this performance was not atypical in samples of DHH participants. Also in 

relation to the scores obtained, specifically those scores that were censored, it should be 

mentioned that the participants with some of the lowest scores were the ones who 

performed consistently low across all measures. As aforementioned, there were a total of 

eight participants with censored scores, and these eight participants accounted for all 26 

of the censored scores across the different measures administered. These particular 

participants likely had a negative impact on the overall test means and could have 

depressed the correlational findings to some degree, although this is unknown without 

having excluded these participants from the data set.  

Symbolic versus Non-Symbolic RAN. The second research question posed was:  

do deaf students demonstrate variability in their performance on tasks of symbolic 

(letters, digits) versus non-symbolic (objects, colors) RAN? Within this sample of DHH 

participants, a significant difference was found between symbolic and non-symbolic 

RAN tasks. The participants in this sample demonstrated significantly better performance 

on tasks of symbolic RAN than on non-symbolic RAN. This pattern of performance was 

consistent with previous findings that after first and second grades, letters and numbers 

become more automatic and therefore the performance speed is on average faster than the 

performance speed of colors and objects (Wolf, Bally, & Morris, 1986).   

RAN and Reading Relationship in ASL. The primary question posed in this 

research was:  what was the relationship between RAN and reading in deaf students who 
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use ASL as their primary language? No significant differences were noted between sex, 

ethnicity, hearing loss, devices, deaf parents, or home language of the participants across 

all four types of RAN. The findings related to hearing loss were similar to those of Park 

and Lombardino (2012), who found no significant correlation between hearing loss as 

measured by PTA and RAN objects, numbers, or letters. These demographic variables 

were therefore ultimately excluded from the regression equation. 

Hierarchical multiple regression models were created for each type of RAN. Even 

though vocabulary and visual-motor integration abilities were not significantly correlated 

with RAN in this study, these variables were used in the regression equation because of 

their theoretical significance in the DHH population. In each regression model, 

vocabulary and visual-motor integration skills were controlled for in step one. The 

hierarchical regression model for RAN objects predicted 26.6% of the variance in RAN 

with reading fluency and vocabulary as unique significant contributors to the model. 

Visual-motor integration abilities did not contribute significantly to the model. The model 

for RAN colors predicted 54.1% of the variance in RAN with reading fluency and 

vocabulary making significant contributions to the model. Reading comprehension and 

visual-motor integration did not make unique significant contributions to this model. The 

hierarchical regression model for RAN numbers predicted 53% of the variance in RAN 

with reading fluency and vocabulary as unique significant contributors to the model. Age 

was not a significant contributor to this model. Finally, the model for RAN letters 

predicted 32.6% of the variance in RAN with reading fluency and vocabulary making 

significant contributions to the model.  Across each regression model, reading fluency 
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and vocabulary made unique significant contributions, but visual-motor integration 

abilities did not.  

Implications 

 The findings of this study have several implications for practitioners and 

researchers in the field of deaf education. First, in knowing that there are moderate to 

large correlations between RAN and aspects of reading in this DHH sample, RAN has the 

potential to be a useful measure in gauging reading difficulties or successes for the DHH 

population using ASL. Further research is needed, however, to explore the predictive 

capability of RAN on the reading skills of this population now that there is evidence of a 

statistically significant relationship. Additionally, finding large to moderate correlations 

between RAN and reading in a DHH sample using ASL has positive implications for the 

use of RAN with other signed languages in future research. 

 Another important finding as a result of this study is that despite the hypothesis of 

this researcher and Meronen and Ahonen (2008), visual-motor integration abilities did 

not contribute significantly to the variation in RAN performance. Further research is 

needed to explore the significance of visual-motor integration abilities, however, as the 

results of the current study may have been non-significant because orthopedic 

impairments and other motoric issues were used as exclusionary criteria. It may be useful 

to explore this area further with a younger sample of participants, as the impact of visual-

motor integration skills may be more significant for younger children than older children. 

Moreover, the significance of visual-motor integration skills should be explored further 

through replication studies before ruling out its potential significance in regression 

models with RAN and DHH participants.  
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Vocabulary and reading fluency did make unique and significant contributions to 

the variance in RAN performance, further warranting the need to explore these measures 

and concepts in greater detail as it relates to RAN and the DHH population. For educators 

in the field of deafness, the unique contribution of vocabulary in the variance of RAN 

performance serves to highlight what we know about the importance of vocabulary and 

language development, which may be of even greater significance for this population 

than typical hearing populations.  

 Given the overall findings of this study, the use of RAN in an assessment battery 

or as a screening tool to determine the need for further assessment is both practical and 

informative. RAN tests can be administered before a child is reading and as such, before 

traditional fluency and comprehension measures can be administered and be useful in 

their reporting of information that assists educators in knowing where to intervene. Early 

identification of problems with naming speed can lead to earlier application of 

differentiated instruction for those individuals who may struggle. For example, within 

this sample, participants who were slow at accessing and retrieving familiar visual 

symbols and stimuli were also likely to have greater difficulty with reading tasks as 

evidenced by their standard score performance. Administering the four RAN tests is 

therefore an easy way to identify those students who may benefit from more targeted, 

intensive interventions in the classroom. Alternatively, based on these findings, 

administering RAN colors and numbers only may prove best in capitalizing on the 

predictive power of RAN while reducing test administration tasks.  

 Finally, the findings obtained in this study point to the fact that RAN may be an 

effective tool for more accurate diagnoses of learning disabilities within this population. 
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Recall that between 60 to 75% of hearing individuals with reading problems and 

disabilities have deficits in RAN (Norton and Wolf, 2012). Given that access to 

phonological skills is often not possible for the DHH population, RAN is both an 

accessible measure and one that has been proven to aid in the identification of learning 

disabilities in upwards of 60% of the general population.    

Limitations 

 Certain factors limit the interpretation and generalizability of these findings. First, 

this study included a small sample of only 30 participants. While this can be considered a 

large sample size given the low incidence disability being study, this is still a limitation. 

Additional studies with larger samples of DHH participants or replication studies would 

aid in verifying the findings. Second, as with all studies using standardized measures with 

DHH participants, the test results are only estimations of ability, as the measures were not 

standardized on a DHH population. The standard score performance of the participant is 

therefore compared to his or her same aged hearing peer without consideration for 

disability status, exposure to English, or varying levels of bilingualism. The only way to 

combat this limitation is for test developers to encourage normative samples that include 

the DHH population or to have measures that are normed entirely on this population. 

Another limitation is that the participants in this study were selected based on 

convenience sampling because of their location. This sample only included participants 

from one state in the southwestern United States. Additional studies with a broader pool 

of potential participants would be preferable. Finally, no measures of inter-scorer 

reliability were obtained as only the principal investigator scored the participants’ 

protocols. The inclusion of an inter-scorer reliability measure would result in increased 
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reliability as there would be more than one rater and there would be an opportunity to 

have agreement between these raters on the scoring of the protocols.     

Future Research 

 Future research should focus on collecting normative data for RAN measures with 

the DHH population. One primary concern of this researcher is the difference between 

speeded naming tasks with spoken languages versus signed languages and how this 

impacts the amount of time taken to complete the task. Assessing a large number of DHH 

individuals at each age on each of these tasks would provide a better understanding of 

what typical performance is for this population, and would therefore better inform future 

research on this measure with DHH participants. 

 Another consideration for future research would be to conduct longitudinal 

studies with this population to determine if early RAN performance is truly predictive of 

later reading performance for DHH individuals. Similarly, exploring the research 

questions proposed in this study with a younger sample of participants would also be 

worthwhile.   

As with other RAN studies, future research could also evaluate typical DHH 

participants in comparison to age-matched DHH peers who have learning disabilities to 

determine if their performance patterns differ significantly. While this appears to hold 

true for other populations, this has yet to be explored with DHH participants. Adding a 

measure of general intelligence to the battery of assessments administered in this case 

would aid in controlling for additional amounts of variability that may be present 

between age-matched peers. Furthermore, although having deaf parents did not appear to 

significantly impact RAN performance in this particular sample, this variable should still 
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be explored with a more robust sample size as performance differences may be more 

readily apparent.  



 72 

APPENDIX A:  FIGURES 

Figure 1. WJ IV ACH Sentence Reading Fluency Histogram  
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Figure 2. WJ IV ACH Word Reading Fluency Histogram  
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Figure 3. VMI Histogram  
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Figure 4. RAN Letters Histogram  
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 APPENDIX B:  ADMINISTRATION CHECKLISTS/IOA FORMS 

The	Beery-Buktenica	Developmental	Test	of	Visual-Motor	Integration	
IOA	Checklist	
	
Name	of	Examiner:		__________________________	 	 Date:	_________________________________	
	
Name	of	Examinee:		__________________________	 	 Name	of	Observer:		_________________	
	
Y	=	Yes	 N	=	No		 N/O	=	Not	Observed		
	
Beery	VMI	
(circle	one)	
	

Y	 N	 N/O	 1. Keep	both	the	test	booklet	and	the	subject’s	body	centered	
and	squared	to	the	desk	throughout	the	testing.			

	 	 	 	

Y	 N	 N/O	 2. When	then	subject	draws,	ask	the	subject	to	hold	the	booklet.		
If	the	subject	does	not	eventually	hold	it,	the	examiner	holds	it.	

	 	 	 	
Y	 N	 N/O	 3. Start	on	task	#7	on	page	4	of	the	subject’s	booklet.	
	 	 	 	
Y	 N	 N/O	 4. Do	not	allow	subject	to	erase.			
	 	 	 	

Y	 N	 N/O	 5. Allow	only	single	line	strokes,	not	thickened	or	hollow	“lines”	
to	emulate	the	thick	lines	of	the	printed	forms.	

	 	 	 	
Y	 N	 N/O	 6. Do	not	trace	or	allow	the	subject	to	trace	the	form	either.	
	 	 	 	
Y	 N	 N/O	 7. Avoid	calling	the	form	by	its	name	or	by	a	descriptive	term.	
	 	 	 	

Y	 N	 N/O	 8. Record	your	test	observations	inconspicuously.		The	subject	
should	not	be	timed	overtly.			

	 	 	 	

Y	 N	 N/O	 9. Testing	may	be	ended	after	three	consecutive	items	for	which	
the	child	earns	no	points.	
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Expressive	One	Word	Picture	Vocabulary	Test,	4th	Edition	IOA	Checklist	
	

Name	of	Examiner:		__________________________	 	 Date:	_________________________________	

	

Name	of	Examinee:		__________________________	 	 Name	of	Observer:		_________________	

	

Y	=	Yes	 N	=	No		 N/O	=	Not	Observed		

	

EOWPVT4	
(circle	one)	

	

Y	 N	 N/O	 1. Starts	with	Examples	A	through	D.	
	 	 	 	

Y	 N	 N/O	 2. Finds	the	correct	starting	point	based	on	the	student’s	age.	
	 	 	 	

Y	 N	 N/O	 3. Establishes	a	basal	of	eight	consecutive	correct	items.	
	 	 	 	

Y	 N	 N/O	
4. Only	approved	test	prompts	are	used	(e.g.,	“What’s	this?”	or	

“What	are	these?”).		

	 	 	 	

Y	 N	 N/O	
5. As	long	as	the	root	word	is	part	of	the	answer,	the	response	is	

considered	correct,	regardless	of	ending.	

	 	 	 	

Y	 N	 N/O	 6. Misarticulations	are	not	to	be	counted	as	wrong.	
	 	 	 	

Y	 N	 N/O	 7. Multiword	phrases	are	not	accepted	as	correct.	
	 	 	 	

Y	 N	 N/O	

8. Cues	are	ONLY	used	when	an	answer	indicated	that	the	
examinee	is	attending	to	a	different	aspect	of	the	image	than	is	

intended	or	expected.	

	 	 	 	

Y	 N	 N/O	 9. Only	one	cue	per	item	is	used	(when	cues	are	appropriate).	
	 	 	 	

Y	 N	 N/O	 10. Does	not	cue	on	incorrect	responses.	
	 	 	 	

Y	 N	 N/O	
11. Establishes	a	ceiling	of	six	consecutive	incorrect	responses	

(unless	the	student	gets	all	items	correct).	

	 	 	 	

Y	 N	 N/O	 12. 	Filmed	student’s	responses.	
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Rapid	Automatized	Naming	and	Rapid	Alternating	Stimulus	Tests	IOA	
Checklist	
	

Name	of	Examiner:		__________________________	 	 Date:	_________________________________	

	

Name	of	Examinee:		__________________________	 	 Name	of	Observer:		_________________	

	

Y	=	Yes	 N	=	No		 N/O	=	Not	Observed		

	

RAN/RAS	Tests	
(circle	one)	

	

Y	 N	 N/O	 1. Ensures	that	video	recording	device	is	on	and	recording.	
	 	 	 	

Y	 N	 N/O	 2. Uses	stopwatch.	
	 	 	 	

Y	 N	 N/O	
3. Follows	correct	administration	order	(i.e.,	Objects,	Colors,	

Numbers,	and	Letters).	

	 	 	 	

Y	 N	 N/O	 4. Begins	with	practice	run	for	each	stimulus	card.			
	 	 	 	

Y	 N	 N/O	
5. Points	in	random	order	to	each	of	the	five	objects/colors/	

numbers/letters	on	the	front	of	the	card.	

	 	 	 	

Y	 N	 N/O	
6. The	only	time	the	examinee	is	corrected	for	the	incorrect	

name	is	during	the	instructions.			

	 	 	 	

Y	 N	 N/O	
7. If	the	examinee	becomes	confused	and	stops,	he	or	she	is	

permitted	to	start	over.	(Mark	N/O	if	did	not	happen.)	

	 	 	 	

Y	 N	 N/O	 8. Records	exact	time	of	administration	for	each	card	in	seconds.	
	 	 	 	

Y	 N	 N/O	

9. In	the	rare	instance	that	the	examinee	either	fails	to	retrieve	
the	correct	word	and	stops	midword	or	self-corrects	the	last	

item,	that	test	should	be	readministered.		(Mark	N/O	if	did	not	

happen.)	
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Receptive	One	Word	Picture	Vocabulary	Test,	4th	Edition	IOA	Checklist	
	
Name	of	Examiner:		__________________________	 	 Date:	_________________________________	
	
Name	of	Examinee:		__________________________	 	 Name	of	Observer:		_________________	
	
Y	=	Yes	 N	=	No		 N/O	=	Not	Observed		
	
ROWPVT4	
(circle	one)	
	
Y	 N	 N/O	 1. Plays	videotaped	directions	for	student.	
	 	 	 	
Y	 N	 N/O	 2. Starts	with	Examples	A	through	D.	
	 	 	 	
Y	 N	 N/O	 3. Finds	the	correct	starting	point	based	on	the	student’s	age.	
	 	 	 	
Y	 N	 N/O	 4. Records	all	responses	(on	protocol).	
	 	 	 	

Y	 N	 N/O	 5. Does	not	allow	an	inordinate	amount	of	time	(more	than	20	or	
30	seconds)	for	a	response.		

	 	 	 	

Y	 N	 N/O	 6. Establishes	a	basal	of	eight	consecutive	correct	items	(unless	
the	starting	item	was	#1).	

	 	 	 	

Y	 N	 N/O	 7. Establishes	a	ceiling	of	six	errors	within	eight	consecutive	
answers	(unless	the	student	gets	all	items	correct).	

	 	 	 	
Y	 N	 N/O	 8. Uses	a	slash	through	the	item	number	of	incorrect	responses.	
	 	 	 	
Y	 N	 N/O	 9. Does	not	give	examinee	specific	coaching.	
	 	 	 	

Y	 N	 N/O	 10. Does	not	tell	examinee	the	correct	answer	during	or	after	the	
test.	
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Test	of	Silent	Reading	Efficiency	and	Comprehension	IOA	Checklist	
	
Name	of	Examiner:		__________________________	 	 Date:	_________________________________	
	
Name	of	Examinee:		__________________________	 	 Name	of	Observer:		_________________	
	
Y	=	Yes	 N	=	No		 N/O	=	Not	Observed		
	
TOSREC	
(circle	one)	
	
Y	 N	 N/O	 1. Uses	stopwatch.	
	 	 	 	

Y	 N	 N/O	 2. Uses	correct	grade	level	of	Form	O	Student	Response	Booklet	
and	pencil.	

	 	 	 	

Y	 N	 N/O	 3. Begins	with	Sample	Sentences	and	Practice	Sentences	for	all	
examinees.			

	 	 	 	
Y	 N	 N/O	 4. Reviews	answers	to	Practice	Sentences	with	examinee.		
	 	 	 	
Y	 N	 N/O	 5. Does	not	tell	examinee	any	words.	
	 	 	 	

Y	 N	 N/O	 6. Reminds	examinee	to	continue	if	he	or	she	stops	at	bottom	of	
page	or	column.	

	 	 	 	
Y	 N	 N/O	 7. Adheres	to	3-minute	time	limit.	
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Test	of	Silent	Word	Reading	Fluency,	Second	Edition	IOA	Checklist	
	
Name	of	Examiner:		__________________________	 	 Date:	_________________________________	
	
Name	of	Examinee:		__________________________	 	 Name	of	Observer:		_________________	
	
Y	=	Yes	 N	=	No		 N/O	=	Not	Observed		
	
TOSWRF2	
(circle	one)	
	
Y	 N	 N/O	 1. Uses	stopwatch.	
	 	 	 	
Y	 N	 N/O	 2. Begins	with	a	demonstration	of	Example	1.	
	 	 	 	
Y	 N	 N/O	 3. Has	examinee	complete	Example	2.			
	 	 	 	
Y	 N	 N/O	 4. Reviews	answers	to	Example	2	with	examinee.			
	 	 	 	

Y	 N	 N/O	 5. Continues	instruction	using	Example	2	until	the	task	is	
completely	understood.	

	 	 	 	
Y	 N	 N/O	 6. Administers	Practice	Form.	
	 	 	 	

Y	 N	 N/O	 7. Monitors	examinee’s	work	on	the	Practice	Form	to	be	sure	
he/she	understands	the	task.		

	 	 	 	
Y	 N	 N/O	 8. Adheres	to	3-minute	time	limit	when	administering	the	test.	
	 	 	 	

Y	 N	 N/O	
9. If	the	examinee	skipped	more	than	one	row	in	testing,	an	

alternate	form	of	the	test	should	be	administered.	(Mark	N/O	
if	did	not	happen.)	
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WJ	IV	Tests	of	Achievement	IOA	Checklist	
	
Name	of	Examiner:		__________________________	 	 Date:	_________________________________	
	
Name	of	Examinee:		__________________________	 	 Name	of	Observer:		_________________	
	
Y	=	Yes	 N	=	No		 N/O	=	Not	Observed		
	
Test	1:		Letter-Word	Identification	
(circle	one)	
	
Y	 N	 N/O	 1. Knows	exact	pronunciation	(sign)	of	each	item.	
	 	 	 	
Y	 N	 N/O	 2. Uses	suggested	starting	points.	
	 	 	 	
Y	 N	 N/O	 3. Asks	examinee	to	reread	all	items	on	page	if	response	is	

unclear	and	then	scores	only	item	in	question.			
	 	 	 	
Y	 N	 N/O	 4. Does	not	tell	examinee	any	letters	or	words	during	test.	
	 	 	 	
Y	 N	 N/O	 5. Tests	by	complete	pages.	
	 	 	 	
Y	 N	 N/O	 6. Encourages	examinee	to	try	next	word	after	5	seconds	unless	

examinee	is	still	actively	engaged	in	trying	to	pronounce	word.	
	 	 	 	
Y	 N	 N/O	 7. Counts	all	items	below	basal	as	correct.		
	 	 	 	
Y	 N	 N/O	 8. Circles	number	correct	and	corresponding	AE/GE	estimates	

on	the	scoring	table.			
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WJ	IV	Tests	of	Achievement	IOA	Checklist	
	
Name	of	Examiner:		__________________________	 	 Date:	_________________________________	
	
Name	of	Examinee:		__________________________	 	 Name	of	Observer:		_________________	
	
Y	=	Yes	 N	=	No		 N/O	=	Not	Observed		
	
Test	4:		Passage	Comprehension			
	
Y	 N	 N/O	 1. Begins	with	Sample	Item	B	for	all	other	examinees	and	then	

selects	appropriate	starting	point.	
	 	 	 	
Y	 N	 N/O	 2. Does	not	insist	on	silent	reading	if	examinee	persists	in	

reading	aloud.	
	 	 	 	
Y	 N	 N/O	 3. Does	not	tell	examinee	any	words.	
	 	 	 	
Y	 N	 N/O	 4. Accepts	only	one-word	responses	as	correct	unless	indicated	

otherwise	by	scoring	key.	
	 	 	 	
Y	 N	 N/O	 5. Asks	examinee	to	provide	one	word	that	goes	in	blank	when	

he	or	she	reads	item	aloud	and	provides	answer	in	context.	
	 	 	 	
Y	 N	 N/O	 6. Scores	responses	correct	if	they	differ	in	verb	tense	or	

number,	unless	otherwise	indicated.	
	 	 	 	
Y	 N	 N/O	 7. Scores	responses	incorrect	if	examinee	substitutes	different	

part	of	speech,	unless	otherwise	indicated.	
	 	 	 	
Y	 N	 N/O	 8. Tests	by	complete	pages.	
	 	 	 	
Y	 N	 N/O	 9. Counts	all	items	below	basal	as	correct.	
	 	 	 	
Y	 N	 N/O	 10. Circles	number	correct	and	corresponding	AE/GE	estimates	

on	the	scoring	table.			
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WJ	IV	Tests	of	Achievement	IOA	Checklist	
	
Name	of	Examiner:		__________________________	 	 Date:	_________________________________	
	
Name	of	Examinee:		__________________________	 	 Name	of	Observer:		_________________	
	
Y	=	Yes	 N	=	No		 N/O	=	Not	Observed		
	
Test	9:		Sentence	Reading	Fluency		
	
Y	 N	 N/O	 1. Uses	stopwatch.	
	 	 	 	
Y	 N	 N/O	 2. Uses	Response	Booklet	and	pencil.	
	 	 	 	
Y	 N	 N/O	 3. Begins	with	sample	items	and	practice	exercise	for	all	examinees.			
	 	 	 	

Y	 N	 N/O	
4. Discontinues	testing	if	examinee	has	2	or	fewer	items	correct	on	

Practice	Exercises	C-F	and	records	a	score	of	0	on	Test	Record.	
(Mark	N	if	examinee	passed	Practice	Exercises.)	

	 	 	 	
Y	 N	 N/O	 5. Adheres	to	3-minute	time	limit.	
	 	 	 	

Y	 N	 N/O	 6. Records	exact	starting	and	stopping	times	if	stopwatch	is	
unavailable.	(Mark	N	if	stopwatch	used.)	

	 	 	 	
Y	 N	 N/O	 7. Records	exact	finishing	time	in	minutes	&	seconds	on	Test	Record.	
	 	 	 	

Y	 N	 N/O	 8. Reminds	examinee	to	read	each	sentence	if	he	or	she	appears	to	be	
answering	items	without	reading.		

	 	 	 	
Y	 N	 N/O	 9. Does	not	tell	examinee	any	letters	or	words.	
	 	 	 	

Y	 N	 N/O	 10. 	Reminds	examinee	to	continue	if	he	or	she	stops	at	bottom	of	page	
or	column.		
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WJ	IV	Tests	of	Achievement	IOA	Checklist	
	
Name	of	Examiner:		__________________________	 	 Date:	_________________________________	
	
Name	of	Examinee:		__________________________	 	 Name	of	Observer:		_________________	
	
Y	=	Yes	 N	=	No		 N/O	=	Not	Observed		
	
	

Test	15:		Word	Reading	Fluency		
	
Y	 N	 N/O	 1. Uses	stopwatch.	
	 	 	 	
Y	 N	 N/O	 2. Uses	Response	Booklet	and	pencil.	
	 	 	 	
Y	 N	 N/O	 3. Administers	sample	items	and	practice	exercise	to	all	

examinees.			
	 	 	 	
Y	 N	 N/O	 4. Discontinues	testing	if	examinee	has	1	or	0	correct	on	practice	

exercise	and	records	score	of	0	on	Test	Record.	(Mark	N	if	
examinee	passed	practice	exercise	portion.)	

	 	 	 	
Y	 N	 N/O	 5. Adheres	to	3-minute	time	limit.	
	 	 	 	
Y	 N	 N/O	 6. Records	exact	starting	and	stopping	time	if	stopwatch	is	

unavailable.	(Mark	N	if	stopwatch	used.)	
	 	 	 	
Y	 N	 N/O	 7. Records	exact	finishing	time	in	minutes	and	seconds	on	Test	

Record.	
	 	 	 	
Y	 N	 N/O	 8. Does	not	tell	examinee	any	words	during	test.		
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