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ABSTRACT 

Several cognitive components are thought to explain the relation of rapid serial naming 

and reading ability including the constructs of phonological access, attention, automaticity, 

articulation, global processing speed, and visual acuity. One cognitive component that has gone 

understudied when investigating rapid serial naming is parafoveal processing. The goal of the 

present study was to examine the role that parafoveal information, information outside the direct 

visual focal point, plays in the rapid serial naming task. Two experiments explicitly varied the 

amount and type of information available to the right of the focal point in manipulated versions 

of the rapid serial naming task. The performance of forty-one first-grade students were examined 

for differences between manipulated conditions and relations with reading outcomes at three 

levels of processing, low-level visual processing, initial lexical access, and higher-order 

cognition. Results suggested that initial visual processing occurs for the letter directly in the 

focal area, as well as the letter immediately following it, and that children who were better at 

rapid naming were significantly more impaired by the lack of parafoveal preview than were the 

children at the lowest end of the distribution of rapid naming performance.  
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THE ROLE OF PARAFOVEAL INFORMATION IN RAPID LETTER NAMING 

Rapid Serial Naming 

Since Denckla and Rudel first published their 1974 study using the Rapid Automatized 

Naming task with disabled readers, rapid serial naming tasks have become ubiquitous with the 

assessment of reading (Denckla and Rudel, 1974). These tasks require participants to quickly and 

accurately name stimuli printed in rows and columns from left to right. There is a substantial 

body of evidence demonstrating a positive relationship between rapid serial naming tasks and 

reading performance (e.g., Aarnoutse, van Leeuwe, & Verhoeven, 2005; Bowers, 1989; Clarke, 

Hulme, & Snowling, 2005; Compton, 2003; Neuhaus, Foorman, Francis, & Carlson, 2001; Plaza, 

2003; Schatschneider, Fletcher, Francis, Carlson, & Foorman, 2004; Simpson & Everatt, 2005; 

Spring & Davis, 1988; Swanson, Trainin, Necoechea, & Hammill, 2003; Uhry, 2002; Wagner, 

Torgesen, & Rashotte, 1994; Wolf, 1991). Further, rapid serial naming is consistently found to 

add unique information to the prediction of reading, even with other similar constructs controlled 

for (Ackerman & Dykman, 1993; Badian, 1993; Bowers & Swanson, 1991; Cornwall, 1992; 

Compton, Olson, DeFries, & Pennington, 2002; Felton, Naylor, & Wood, 1990; Kirby, Parrila, & 

Pfiffer, 2003; Manis, Doi, & Bhadha, 2000; Moll, Fussenegger, Willburger, & Landerl, 2009; 

Swanson, Trainin, Necoechea, & Hammill, 2003; Parrila, Kirby, & McQuarrie, 2004).  Though 

its predictive utility is well established, the important components influencing this relation are 

still unclear.   

There has recently been increased interest in identifying the cognitive components 

underlying rapid naming that relate to poor skills in reading (Bowers & Newby-Clark, 2002). 

The question of what is being measured by this task is an important one as it is often used to 

measure reading or even diagnose children with reading difficulties. Knowing what cognitive 

skills are related to deficits in this task may prove diagnostic in determining how best to 

intervene with students with poor reading skills. Currently, there are several cognitive constructs 

hypothesized to play important roles in the relation of serial naming and reading that have some 

empirical support, and these will be discussed in the present manuscript.   

Phonological Access 

Because serial naming speed requires the transfer of visual stimuli to phonological codes, 

many believe the task to be tapping a phonological process. Specifically, this phonological 

theory of “lexical access” (also called Phonological or Phonemic Recoding) suggests that the 
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rapid serial naming task is measuring individual differences in the efficiency with which visual 

symbols are recoded into their phonological representations.   

This theory was put forth by Wagner and Torgesen (1987) who were the first to propose 

that lexical access, along with the two other “phonological processes” of phonological awareness 

and phonological memory, was causally related to reading ability. It was this paper that first 

brought awareness to the major, and causal, role that phonological processing played in learning 

to read. As the phonological nature of the reading process became well established, the belief in 

the phonological view of serial naming speed became one of the most widely accepted theories 

of what serial naming is measuring.   

Following the phonological processing theory, Wagner, Torgesen, Laughon, Simmons, 

and Rashotte (1993) compared a number of confirmatory factor models to explain the observed 

covariation between several measures of phonological processing. Their results supported the 

theory, with the best fit for the data being three distinct but significantly correlated factors 1) 

Phonological awareness (blending and segmenting sounds from words), 2) Phonological memory 

(digit span), and 3) lexical access (naming speed).  

Several other studies have also found evidence consistent with this theory, citing 

significant correlations between serial naming speed and phonological awareness. Correlations 

between the two concurrently measured constructs tend to be highest in kindergarten; for 

example O'Connor and Jenkins (1999), who found that at the end of kindergarten, serial naming 

was strongly related to three phonological awareness tasks: first sound matching (.52), blending 

phonemes, (.56), and phoneme segmentation (.56). Cardoso-Martins and Pennington (2004) also 

found that serial naming had strong relations with phonological awareness outcomes (.64) for 

their sample of high-risk kindergarteners. By first grade, the correlations seem to be slightly 

smaller. DeJong and Van der Leij (2002) found moderate correlations between serial naming and 

phonological awareness (.30), while Neuhaus and Swank (2002) found stronger relations of 

serial naming with phoneme blending (.50), but moderate correlations with another phonological 

awareness measure, elision (.35). Correlations of serial naming with reading remain strong for 

third graders. Torgesen, Wagner, Rashotte, Burgress, & Hecht (1997) found they found serial 

naming had moderate correlations with elision in second and third grades (.45 and .37). For their 

similar sample of 9-year-old children, Berninger, Abbott, Thomson, and Raskind (2001) also 

2 



found moderate correlations for serial naming with their measure of phonological awareness, 

phoneme deletion (.25).  

Overall, these findings suggest that serial naming speed is at least moderately correlated 

with phonological awareness through third grade. In fact, a recent meta-analysis, which ignored 

grade, found that naming speed correlates moderately (~.30) with phonological awareness 

measures (Vukovic & Siegel, 2006). A similar meta-analysis of correlational literature of rapid 

naming and phonological awareness found a slightly higher average correlation of .38 (Swanson, 

Trainin, Necoechea, & Hammill, 2003).  

A few studies have directly addressed the question of the phonological nature of the serial 

naming task by examining children’s performance when letters are phonologically confusable 

(Compton, 2003; Jones et al., 2008; McBride-Chang & Manis, 1996). Theoretically, if the serial 

naming task is tapping a phonological skill, then a task with phonologically confusable letters 

should be more difficult, or performed more slowly, than a task with non-phonologically 

confusable letters. However, when McBride-Chang & Manis (1996) explored the differences 

between rhyming and non-rhyming letters in a sample of 3
rd

 grade poor readers, they found no 

significant differences in performance on the two groups of letters.  

A similar study by Compton (2003), also found no significant differences in the average 

speed of the original task and a phonologically confusable version. However, performance was 

also measured using visually confusable letters, and children were significantly slowed. This at 

first appears to contradict the phonological theory. However, Compton also found that the 

correlations of the original serial naming version with reading and the phonologically confusable 

letters version with reading were identical, (.64), while correlations of the visually confusable 

substitutions with reading were smaller (.54). Although no statistical test was performed 

comparing these figures in the original paper, the significance of this difference was confirmed 

by Logan and Schatschneider (2008), thus suggesting that phonological information did play an 

important role in the serial naming task. 

Work by Jones et al. (2008), included both dyslexic and non-dyslexic readers, and 

compared performance on two types of phonologically confusable information. The first type of 

confusable letters tested were letters that rhymed (rime-confusable letters), for example b and v. 

Second, letters with the same beginning sound, or onset-confusable letters such as j and g, and 

third, visually confusable letters were tested (for example, p and q). The authors manipulated the 
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confusability by including pairs of confusable letters interspersed with non-confusable filler 

letters (such as the letter x). They further compared results on both total task time and individual 

letter fixation durations. For total task time, both groups of readers were slowed in the onset-

confusable condition and visual confusable conditions, and only dyslexics showed slowed 

performance for the rime-confusable information. However, both groups of readers showed 

slowed performance in all three categories of confusability when individual fixations were 

measured. Thus the phonological nature of the task is yet unclear.  

Non-Phonological 

While the research related to the phonological nature of the rapid serial naming task was 

growing, other researchers were investigating a different kind of link between rapid naming 

speed and reading. Bowers and Wolf (1993) found that rapid serial naming speed could be used 

to identify children with a reading disability. Their “Double-Deficit Hypothesis” suggests that 

students with reading disability can be categorized into three different groups, those with a 

phonological awareness deficit, those with a naming speed deficit, and those with a combined 

deficit. This hypothesis has since been confirmed by several studies with both children (e.g., 

Bowers, 1989; Bowers, Steffy, & Tate 1988; Wolf, Bally, & Morris, 1986) and adults (Vukovic, 

Wilson, & Nash, 2004), although criticisms of categorizing “Double Deficit” children have been 

put forth by Schatschneider, et al., (2002) and Compton, Olson, DeFries, and Pennington, 

(2002).  

A major line of evidence for the double-deficit hypothesis is that serial naming is often 

found to be uniquely predictive of reading after controlling for phonological awareness. Hence 

the double-deficit hypothesis proposes serial naming to be a non-phonological process. Research 

on the Double Deficit hypothesis has led to a line of research focusing on several potential non-

phonological processes involved in serial naming (Vukovic & Siegel, 2006) including the 

cognitive skills involved in articulation, attention, automaticity, visual acuity, and global 

processing speed.  

Articulation speed. One hypothesis of what serial naming may be measuring is the speed 

with which the letters are articulated. Theoretically, even if all other processes are functioning 

well, if articulation speed is slow then naming speed will also be slowed. However, research does 

not appear to support this hypothesis. In their sample of first graders, DeJong and Van der Leij 

(2002) found small correlations (.25) of the speed with which letters were articulated with the 
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serial naming task. Bowey, McGuigan, and Rushena (2005) found even smaller correlations in 

their first grade sample, with articulation speed and naming speed correlated at less than .10 for 

all different stimuli measured. Further, in their factor analysis, articulation speed loaded on a 

separate factor to naming speed. While articulation may play a role in the speed of naming 

letters, the contribution appears to be negligible.  

One innovative area of research in this area explored the role of articulation speed in 

serial naming by dividing the total task time into articulation and pause time components. 

Although the results vary, all of these studies have found a highly significant relation of the 

pause time, the space between the letters, with reading outcomes (Clarke, Hulme, & Snowling, 

2005; Georgiou, Parrila, Kirby, & Stephenson, 2008; Neuhaus, Carlson, Jang, Post, & Swank, 

2001; Neuhaus, Foorman, Francis, & Carlson, 2001; Neuhaus & Swank, 2002). Most of these 

studies have also found a null relation between articulation time and reading outcomes, thus 

indicating that the variability and relations between rapid naming and reading are entirely due to 

the variability in pause time between letters (see Georgiou, Parrila, & Kirby, 2006). Further, 

Georgiou, Parrila, and Kirby (2006) found that, while correlations of articulation time with total 

task time were non-significant, those with pause time were very large (.90 to .93), indicating that 

it is pause time that contains the majority of the variance in the serial naming task, and 

confirming that articulation speed is not the only critical component of serial naming.  

Attention. Another construct thought to be critical in the relation of serial naming with 

reading is individual differences in attention. Most of the research in this area measures attention 

as scores on diagnostic or screening types of measures such as those based on the DSM-IV 

criteria for attention difficulties. It may seem obvious that individual differences in this type of 

attention should be related to performance on the rapid serial naming task; if a person is unable 

to maintain their attention for the duration of the task at hand, they are not likely to perform well. 

Also, reading disability and attention deficits tend to be co-occurring, which seems to confirm 

this idea (i.e. Ackerman & Dykman, 1993).  

Another way researchers have examined attention is to include it as a covariate, 

controlling for its variance as a preliminary step to examining relations of rapid naming and 

reading ability. Theoretically, were the relation of rapid naming and reading attributable to 

attention, then once attention was controlled for, there would be no shared variance between 

reading and rapid naming remaining. However, when scores on attention screeners are used as 
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control variables, rapid serial naming and reading ability are still significantly correlated (i.e. 

Bowers, Steffy, & Swanson, 1986). Further, research on children with attention deficits suggests 

that these students perform better on serial naming tasks than students with reading disabilities, 

thus suggesting that with the two disabilities separated, attention is not a critical component in 

serial naming (Ackerman & Dykman, 1993; Semrud-Clikeman, Guy, Griffin, & Hynd, 2000).  

However, there was a recent study conducted by Willcutt et al. (2007), wherein they 

examined the relations of attention deficits (continuously measured by a DSM-IV based 

measure) and several reading outcomes of 809 pairs of twins across three different countries. 

While the authors found very small, non-significant phenotypic correlations between rapid serial 

naming (composite of objects and colors) and scores on inattention (-.13), hyperactivity (-.02), 

and combined (-.09) subtests of an attention screener based on the DSM-IV. These researchers 

also examined the shared genetic variance between inattention and several reading constructs, 

and found that, while there was no significant relation between rapid naming and hyperactivity, 

there was significant shared genetic variance between rapid naming and inattention (.23). 

Further, rapid naming was the only measured variable that shared significant non-shared 

environment variance in reading ability (.16). The observed significant joint non-shared 

environment variance indicates that those things that differ within a twin pair (if the two children 

are enrolled in different classrooms, or have different amounts of experience with books) have 

similar impacts on both rapid naming performance and inattentive behaviors. 

Automaticity. Another theory suggests that the critical component relating serial naming 

with reading ability is tapping automaticity. This theory developed from the idea that as 

cognitive tasks are rehearsed, the speed with which they are performed increases. For rapid serial 

naming, this theory suggests that the more familiar or rehearsed a child is with letter names, the 

more automatic the process of naming them becomes, and so the faster children perform when 

naming them (Bowers, 1995; Spring & Davis, 1988). This theory also applies to reading on a 

more global scale. The more experience a child has reading text, the more quickly she is able to 

read. More developmentally, if a child has a lack of familiarity with letter names (and so will 

perform slowly on the rapid naming task), they will likely also have a lack of familiarity with 

letter sounds, and so will have a decreased ability to decode. Thus, this theory proposes that a 

deficit in the automaticity of these lower-level reading processes would subsequently be causally 

related to a deficit in the higher-level reading processes such as comprehension. In fact, 
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developmental research has suggested that when learning to read, the lower-level processes 

involved in reading (i.e. letter sound identification) are effortful and require cognitive 

processing, but as reading is practiced these processes become less effortful or more automatic 

(Walsh et al., 1988). This idea was first proposed by Eakin and Douglass (1971) who called 

“automatization” a kind of rapid retrieval function, and was developed further by LaBerge and 

Sammuels (1974). Denckla and Rudel, in the paper that first identified that dyslexics performed 

more slowly on the rapid naming task than non-dyslexic readers, cited this same idea. Thus the 

theory that rapid naming is a manifestation of the automaticity with which letters can be named 

was an easy hypothesis to adopt.  

Though several researchers cite this as a possible cause of the shared variance between 

serial naming speed and reading, not much research has directly measured automaticity. 

However, some evidence for this basic idea as it relates to learning disabilities comes from 

Sternberg and Wagner (1982) in which they found that tasks that normally developing children 

perform automatically are still performed consciously and methodically in their peers with 

learning disabilities. They extend their results to the reading process, suggesting that young 

readers with learning disabilities will be less automatic at this skill than their peers. Additionally, 

Spring and Davis (1988) suggested that word recognition of exception words is a measure of 

word-level automaticity, as the pronunciation of exception words cannot be decoded and must be 

memorized. They showed evidence that naming speed was more highly correlated with 

automaticity measured in this way than with the higher-level process of reading comprehension, 

concluding that this pattern of relations supports the role of automaticity in naming speed. 

However a meta-analysis of serial naming conducted by Swanson et al. (2003) suggests that the 

correlation of word reading with serial naming is very similar to that of reading comprehension 

with reading (.41 and .45 respectively). Therefore the role of automaticity in the naming task 

remains unclear. 

Visual acuity. One other construct considered to play a role in the relation of serial 

naming with reading ability is visual acuity, or how well a person is able to see and discriminate 

visual information. Theoretically, the first step in the process of completing the serial naming 

task is to perceive it. Along those lines, if a person has a visual impairment, they will be unable 

to name the stimuli presented as quickly as someone without such an impairment. Interestingly, 

this hypothesis suggests that that the transfer of visual stimuli to phonological codes is a 
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phonological process, but that the visual perception piece of the process is more important in the 

variability of the task, and contributes more to serial naming’s relation with reading ability. Thus 

this hypothesis does not consider serial naming to be a primarily phonological process.  

To investigate the role of visual acuity in serial naming, Bowers, Steffy, and Swanson 

employed a measure of visual information processing, wherein participants were required to 

identify which of two target letters was present within an array of 9 other filler letters (1986). 

The reported correlation between this visual information processing task and serial naming of 

digits was moderate but significant (.28). However, when these variables were entered into a 

multi-step regression model, rapid naming continued to be predictive of word reading, pseudo-

word reading, and a composite made up of these two subtests and reading comprehension after 

controlling for reaction time, IQ, age, and visual processing. Thus indicating that rapid naming 

still had some unique variance to add to the prediction of reading over visual information 

processing.  

Plaza and Cohen (2005) developed a similar “visual attention” task, requiring participants 

to quickly identify matching symbols from an array of similar looking ones. They also reported 

moderate correlations between this visual task and rapid serial naming speed in their samples of 

French-speaking 6- and 7-year-old readers (Plaza & Cohen, 2005; 2007). In their 2005 study, 

Plaza and Cohen also measured visual processing in matching format, such that participants had 

to search for a target letter in an array of 20 targets and 80 distractor stimuli. Scores on this 

visual processing measure were included in a stepwise multiple regression along with visual 

attention, phonological awareness, and rapid naming speed. Similar to results found by Bowers 

et al. (1986), regardless of the order in which they were entered, rapid naming continued to be 

significantly uniquely predictive of concurrently measured reading outcomes. Or, to put it 

another way, once rapid naming was entered into the equation, neither visual processing or visual 

attention contributed significantly to the prediction of reading. As a follow up to their work with 

concurrent measurement, Plaza and Cohen’s 2007 study measured reading as a distal outcome 

one year after rapid naming and visual processing. However, they still found that rapid naming 

was uniquely predictive of word reading after controlling for phonological awareness, digit span, 

and visual attention. Therefore, it appears that visual acuity may not include the critical cognitive 

component relating rapid serial naming to reading.  
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Global processing speed. The global processing speed theory states that the relation of 

serial naming with reading can be explained by a common speed mechanism. While this theory 

is similar to the automaticity in that it accounts for the developmental increase of speed observed 

in rapid serial naming, it is fundamentally different. The theory of automaticity is based in the 

idea of experience, of practice. The more experience a child has reading a particular word, the 

faster they will be at reading that word. Global Processing Speed theory posits a more 

developmental approach. As a child develops, general processing speed gets faster, leading to 

increased speed in all cognitive skills regardless of experience. Thus, letter naming speed 

increases for the same reason speed increases in relaying digits, finding targets in an array, and 

reaction time. As discussed by Kail & Hall (1994), this “seems to indicate that a common, global 

mechanism is responsible for age-related change in information processing.” This theory 

therefore posits that the critical component of rapid serial naming is this more global mechanism. 

In research, it is often measured by simple cognitive tasks that are not related to memory. 

Findings suggest that these tasks are correlated moderately (between .3 and .4) with serial 

naming, (Bowey, McGuigan, & Rushena, 2005; Kail & Hall, 1994). 

However, if global processing speed is a critical cognitive component of serial naming 

speed, it would be expected that serial naming would be highly related to all other tasks that 

require this global speed mechanism; tasks such as reaction time. Research examining both 

simple and choice reaction time finds no reliable differences in reaction times between dyslexic 

and normal readers (Nicholson & Fawcett, 1994). Further, Powell, Stainthorp, Stuart, Garwood, 

and Quinlan (2007) found that with global processing speed measures controlled for, rapid 

naming still significantly contributed to the prediction of reading ability. These results suggest 

that the two may be related, global processing speed does not account for all of the variance in 

serial naming speed. 

Orthographic processing. While the lexical access theory suggests that the critical 

component of rapid serial naming lies in the phonological portion of the transfer of visual 

symbols to phonological codes, orthographic processing highlights the importance of the visual 

aspects of this translation. Orthographic processing focus on the facilitation to reading provided 

by the recognition of specific, commonly found, letter patterns. Thus, according to this theory, 

the variability in rapid serial naming may lie in differential grapheme knowledge or familiarity of 

individual letters, or of common orthographic patterns (Wimmer, Maryinger, & Landerl, 2000). 
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For example, Bowers and Newby-Clark (2002) suggest that a deficit in rapid serial naming is an 

indication of a decreased ability to combine or chunk visual information into letter sequences, 

which would simultaneously cause a person to be poor at rapid naming and poor at reading. They 

further suggest that this deficit would also lead to a decrease in familiarity with the shapes of 

commonly occurring letter patterns, resulting in a decrease in the orthographic lexicon, which 

would manifest itself as a deficit in spelling performance (2002).  

A growing body of literature has investigated the role that orthographic information plays 

in the rapid serial naming task. Some studies have directly examined the relation of orthographic 

processing and phonological awareness in the rapid serial naming task. In these studies, 

orthographic processing was assessed by an orthographic choice task, in which the participant 

must determine the correct spelling from a real word and pseudo-word homophone (i.e. boat and 

bote) (i.e. Olson, Kliegl, & Davidson, 1983). Results of such studies indicate that orthographic 

knowledge contributes uniquely to serial naming speed after phonological awareness is 

controlled for (Manis, Doi, & Bhadha, 2000; Sunseth & Bowers, 1997; Torgesen, Wagner, 

Rashotte, Burgess, & Hecht, 1997). However, this unique orthographic variance is not 

necessarily non-phonological in nature. In a study examining the time course of phonological 

activation in reading, Lee et al. (1998) found that orthographic priming does take place, but that 

orthographic and phonological priming effects are mutually facilitating, such that the 

orthographic priming helps activate phonological codes, which they found to be activated earliest 

in fixations. Further, a recent study by Moll et al. (2009) found that after controlling for both 

phonological awareness and orthographic processing, rapid naming continues to contribute 

uniquely to reading outcomes. Thus, orthographic processing is not able to completely explain 

the relation of rapid naming and reading.   

Multiple Constructs. It is important to note that these theories are not mutually exclusive; 

any combination of these constructs could be the cause of the relation of serial naming with 

reading ability. In fact, there are a few models of naming speed that account for several of these 

constructs simultaneously. One such model is discussed by Wolf and Bowers (1999), and is the 

foundation upon which the Double-Deficit Hypothesis of reading disability is based. This model 

conceptualizes serial naming speed to be made up of attentional, visual, conceptual, lexical, and 

articulatory processes, with an emphasis on the processing speed requirements within each of 

these components. In this theory, the critical variance in the relation of serial naming with 
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reading relates to the efficiency with which these multiple processes are integrated through 

precise timing mechanisms. Also key to this integration, the processes involved in rapid naming 

require cross-hemispheric connections and the transfer of orthographic symbols to phonological 

codes (Wolf & Bowers, 1999). 

Theoretically, all of these processes and connections are required in order to be a 

successful reader. Wolf, Bowers, & Biddle (2000) point out that serial naming is a “micro-

version” of the reading process, and that Wolf and Bowers’ model highlights the many skills 

necessary to complete both of these tasks. They also suggest that this complex nature of the task 

is the reason that serial naming should not be considered phonological; that calling it a 

phonological process undermines this complexity (2000).  

Isolated Naming 

Instead of measuring naming speed in the serial format made famous by Denckla and 

Rudel (1974), some researchers have instead measured how quickly stimuli (such as letters) are 

named when presented individually. In the isolated version of the naming task, letters are 

presented individually, usually on a computer screen, for a set amount of time, followed by a 

brief inter-stimulus-interval. Some researchers have suggested that naming speed measured in 

this isolated format is a cleaner, more accurate measure of naming speed than serial naming, as 

presenting stimuli individually with an inter-stimulus interval should limit the introduction of 

other cognitive skills that may be unrelated to the construct of naming speed (Stanovich, 1981; 

Stanovich, Feeman, and Cunningham, 1983; Walsh, Price, & Gillingham, 1988, Wolf, 1991). 

Because isolated naming involves many the same cognitive skills that have been 

proposed as being important in serial naming, several of the theories previously described would 

propose identical relations of the isolated and serial naming tasks with reading ability. For 

example, if serial naming is measuring lexical access to long-term stored phonological codes, 

then the skills needed to complete the serial task should be identical to those required when 

letters are named in isolation. In both the serial and isolated naming tasks, visual symbols must 

be recognized and converted to their phonological representations. Therefore, the phonological 

theory implies that relations of isolated naming with reading should be identical to, if not larger 

than, those found between serial naming and reading.  

Like serial naming, research has shown a moderate relationship between isolated naming 

speed and reading (Bowers & Swanson, 1991; Pennington et al., 2001; Stanovich, Feeman, & 
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Cunningham, 1983; Walsh, Price, & Gillingham, 1988), however these results are much less 

clear than those of serial naming. For example, while the rapid serial naming task has been used 

consistently to classify good and poor readers, the isolated task often fails to do so (Perfetti, 

Finger, & Hogabaum, 1978; Stanovich, 1981). Walsh, Price and Gilligham (1988) found that 

isolated naming is predictive in first grade, but is no longer significantly related to reading by 

third grade. Additionally, in studies that included both isolated and serial naming, results have 

consistently found that serial naming correlates more strongly with reading than isolated naming 

(Bowers & Swanson, 1991; Pennington et al., 2001; Wagner et al., 1993; Wagner et al., 1994). 

As for the magnitude of the effect, a recent meta-analytic review of serial and isolated naming 

articles found an average correlation of .62 between serial naming and reading, and a 

significantly smaller correlation of .29 between isolated naming and reading (Logan & 

Schatschneider, 2009).  

Investigating these relations further, Logan, Schatschneider, and Wagner (2009) also 

found that isolated naming acts as a suppressor in the relation of serial naming with reading. 

Specifically, this finding indicates that isolated naming is taking up, or suppressing, some of the 

variance in serial naming that is unrelated to reading. This has two implications for the critical 

components involved in the relation of serial naming with reading. First, there must be at least 

one characteristic shared between isolated and serial naming that is unrelated to serial naming’s 

relation with reading. Second, there must be at least one more cognitive skill required in 

performance on the serial task that is not required in the isolated task. The suppressive effect thus 

indicates that there is a critical component of serial naming speed that is not related to the 

processes involved in naming one letter at a time. The cognitive skills involved in processing and 

naming a single letter are not the (only) ones that are responsible for the relation of serial naming 

with reading.  

The suppressive finding leads to the question of the skills that are required of serial 

naming but that are not required of isolated naming. Several researchers have come to the 

conclusion that it is the reading-like aspects of rapid serial naming that underlie its strong 

observed relations with reading ability (Jones et al., 2008; Moll et al., 2009; Spring & Davis, 

1988; Swanson, 1989; Wolf, 1991; Wolf & Bowers, 1999). Further, several researchers have 

suggested that the underlying relation may be related to the pre-processing of the stimuli that are 

to the right of the stimulus directly in the center of the participant’s field of vision (Jones et al., 
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2008; Staller & Sekuler, 1975; Stanovich et al., 1983; Wolf & Bowers, 1999), a phenomenon 

known as parafoveal processing. More specifically, parafoveal processing refers to the 

information extracted from words or letters before participants are directly looking at them; 

information that facilitates the recognition of that information when it is subsequently examined. 

However, none of the studies mentioned explicitly tested the role of parafoveal information in 

the rapid serial naming task.  

One study did explicitly examine the potential role of parafoveal processing in the rapid 

serial naming task (Logan, Fiasconaro, Radach, and Schatschneider; in progress), with a 

population of normally-reading college students. The Logan et al. study explicitly tested whether 

any of the four processes identified as being necessary for serial naming but not isolated naming 

would account for the increase in speed from isolated to serial naming observed in the literature. 

Specifically, the isolated naming task was manipulated to be more like the serial naming task in 

three ways: first, movement the eyes across the page was added, second, the inter-stimulus 

interval was removed, third, participants were required to read at their own pace rather than that 

set by the computer, and fourth, some information was revealed in parafoveal preview. The first 

three manipulated conditions resulted in no differences in speed; only when the amount of 

information in parafoveal preview was available to participants did the speed begin to approach 

that of the serial naming task. This study suggests that the ability to process upcoming 

information is one of the critical components relating rapid serial naming to reading.   

Parafoveal Processing 

As was previously discussed, several stimuli are visible simultaneously in the rapid serial 

naming task; therefore it is likely that some pre-processing of the letters not directly in the center 

of the participant’s field of vision is occurring. Staller and Sekuler (1975) came to a similar 

conclusion when they compared the performance of good and poor readers on naming speeds of 

a traditional serial task and one that used mirror-image letters as stimuli. They found that good 

and poor readers differed on the standard but not mirror-image version of the task, with good 

readers performing significantly faster than poor readers on the standard task. They suggested 

that this difference was a function of the amount of information available to be processed in 

preview by good readers compared to poor readers. They further suggest that this advantage was 

likely not available for the less familiar mirror-image letters because cognitive processing is 

taken up in the task of identifying the letter in the fovea, thus causing good readers to look like 
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poor readers on the more demanding task. While not a direct test of this hypothesis, Staller and 

Sekuler’s findings provide some evidence that the relation of serial naming with reading may be 

due to individual differences in the amount of information available for processing in the 

parafovea (1975). In vision research, this distance is called the perceptual span.   

The size of the typical adult’s perceptual span extends, in typical reading, 13-14 letters 

beyond the fixation point. This has been determined by multiple studies utilizing the “moving-

window technique” developed by McConkie and Rayner (1975). In this paradigm, all 

information is masked except for that directly being fixated, and results show that a 14 letter 

window of revealed letters does not significantly slow reading time. However, this distance can 

vary depending on the difficulty of the text and the skill of the reader. For example, Rayner 

(1986) showed that the perceptual span of fourth graders was identical to that of adults when 

reading grade-level text, but was dramatically reduced when presented with college level text.  

Rayner (1986) also found that the perceptual span of second graders was 20% smaller than that 

of adults, or 11 letters to the right of fixation. Similar to Staller and Sekuler (1975), Rayner 

suggests that this difference is likely due to a delegation of processing power. Theoretically, it 

would require a great deal of effort for poor readers to process the word being focused on, 

leaving nothing left for words outside that area.  

Hochburg (1970) also found results consistent with the idea that the perceptual span is 

larger for better readers. To investigate the role of parafoveal information in reading 

performance, Hochburg filled in spaces between words with random symbols. He found that, 

when compared to poor readers, good readers were differentially impaired at reading text when 

the spaces were filled with random symbols. He suggested that this indicates that good readers 

are more successful at using word-length cues from parafoveal preview, which in typical reading 

helps the reader determine saccade distances and fixation points. With this information removed, 

good readers were differentially slowed at reading. Several other studies have shown similar 

results (Morris, Rayner & Pollatesk, 1990; Pollatesk & Rayner, 1982). 

Other researchers have found evidence that word size and spacing are not the only types 

of information obtained in parafoveal preview. Rayner developed a method of alternating text 

based on the location of the eye-gaze, called the Boundary Technique, wherein a target word in 

the parafovea is masked; replaced with other information, until the eye-gaze approaches the 

target, at which point the correct word is revealed (1975). In his 1975 study, fixation times on the 
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target word were compared between masked and revealed conditions, with results showing 

significantly longer gaze times on words that had been masked than those that had not been 

masked. These results have been confirmed by several studies using this or similar techniques 

(i.e. Blanchard, Pollatsek, & Rayner, 1989). For example, a recent study by Morgan and Meyer 

(2005) examined naming time performance on sets of three objects. Parafoveal target objects 

were masked with similar or dissimilar objects, and were revealed during a saccade where eyes 

crossed an invisible boundary close to the target. Like work done with text-reading, Morgan and 

Meyer also found significant differences in naming times between masked and legal preview 

conditions (2005). Overall, these findings indicate that there is a significant amount of 

information gained from words outside of the direct center of vision, and that lack of this 

information can significantly slow reading and naming time.   

Studies such as these that have examined parafoveal preview benefit have an underlying 

assumption that it is the visual information available in the parafovea that facilitates faster 

reading performance compared to masked information. There is some specific evidence that 

lends credibility to this idea. For example, in a 1982 study, Rayner et al. compared a neutral 

mask (XXX for dog) to a visually similar mask (bay for dog), and found that while the neutral 

mask did significantly slow readers compared to no mask conditions, the visually similar mask 

did not. However, researchers using this same paradigm have also masked target words with 

phonologically similar information and have found similar results. For example, a study by 

McConkie and Zola (1979) demonstrated that alternating the case of letters within a word had no 

impact on reading performance. The authors used a moving-window technique to alternate 

between lower and uppercase letters within a word (e.g., cHaNgE shifted to ChAnGe). The lower 

and uppercase letters were visually dissimilar (i.e. h and H), but phonologically identical. The 

lack of change in performance on this task speaks strongly to the role that phonological and not 

just visual information plays in parafoveal processing.  

There is another line of research in this area that has taken a different approach to 

measuring the perceptual span, parafoveal processing, and reading. Rather than use moving 

windows or boundary paradigms to allow for natural eye-movements, some studies have 

measured correct written identification rates in tachistoscopic, parafoveally presented letters 

(Geiger & Lettvin, 1987; Geiger & Lettvin, 1986; Geiger, Lettvin, & Fahle, 1994; Lorusso et al., 

2004). Specifically, in these studies a fixation cross was presented, followed by a display 
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containing at least two letters, a prime letter at the point of fixation, and a target peripheral letter, 

presented between 6 and 8 degrees from the fixation point for a maximum of 150ms.  

Interestingly, results of these studies have consistently demonstrated that poor readers 

have better identification rates of target letters than good readers, and that poor readers were able 

to identify target letters at further distances than good readers (Geiger & Lettvin, 1987; Geiger et 

al., 1986; Geiger et al., 1999; Lorusso et al., 2004). Geiger and colleagues propose that this wider 

range of accurate identification may be the underlying cause of reading deficits, suggesting that 

poor readers have a problem with inhibition and are unable to suppress unimportant information 

in the visual field, and so are confused and slowed down when reading typical text.  

It is important to note that the findings reported by Geiger and colleagues appear to be 

completely at odds with findings of Rayner and colleagues (e.g. 1986), the results of which 

suggest that poor readers had a significantly smaller preview benefit than good readers. 

However, the methodologies are disparate enough as to warrant further examination. For 

example, Geiger and colleagues first tested each participant to determine the fastest speed at 

which the participant was able to accurately (80%) name foveally and parafoveally presented (at 

2 degrees) letters. This rate ranged between participants from 30 ms to 150 ms, and once this rate 

was established, it was used (and held constant) throughout the remainder of testing. Although 

the exact times used are never reported, it is possible, and likely, that the dyslexic participants 

needed more time to accurately name the test letters, and thus as a group potentially would have 

had more time to access the letters in the periphery resulting in the observed finding. Also, while 

Rayner and others employed paradigms that allowed for near natural text-reading, the 

experiments by Geiger only required naming of letters and the area between prime and target 

letters was left blank. Had this area contained information, the results of the two groups of 

studies may have been more similar. While the methodology used by Rayner seems to be more 

akin to the natural reading process, the studies by Geiger may be more relative to performance 

on the rapid serial naming task, as it too requires naming of letters only, with wide spaces 

between. Regardless of which methodology is more generalizable to the rapid serial naming task, 

the results of both of these studies point to the potential importance of visual processing in the 

task.  

In sum, parafoveal processing is a promising candidate as a critical component of rapid 

serial naming for two reasons. First, the skills required for obtaining information in the parafovea 
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are not required for naming letters presented in isolation, but are required for serial processing, 

and so could account for the suppressive effect found by Logan, Schatschneider, and Wagner 

(2009). Second, parafoveal processing could account for the unique variance that rapid serial 

naming contributes to reading above the constructs mentioned previously; such as the 

phonological access theory. Proponents of this theory have measured several types of 

phonological awareness and memory tasks in an attempt to account for all the shared variance 

between rapid serial naming and reading, but serial naming continues to contribute significant 

unique variance (i.e. Johnston & Kirby, 2006). Similar results have been found for articulation 

(i.e. DeJong & Van der Leij, 2002), global processing (i.e. Powell et al., 2007), orthographic 

processing (i.e. Moll, Fussenegger, Willburger, & Landerl, 2009), and visual attention (i.e. Plaza 

& Cohen, 2005). The processing of parafoveal information is required for fluent reading, should 

also be required in the rapid naming task, but would likely not be related to measures of 

phonological awareness, memory, IQ, orthographic awareness, global processing, or even visual 

attention. Therefore the goal of the proposed study was to explicitly examine how the 

incremental availability of parafoveal information impacted letter naming speed. If the 

availability of parafoveal information is critical to the variability in rapid naming performance, 

then 1) rapid letter naming speed should be detrimentally impacted when there is no useful 

information available beyond the direct viewing area, and 2) the relations of naming speed with 

reading should be strongest when useful parafoveal information is available.  
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THE PRESENT STUDY 

The present study employed paradigms from the eye-tracking literature to examine the 

role that parafoveal information plays in the rapid serial naming task in two experiments. The 

first experiment examined the distance from fixation at which useful information can be 

obtained, and the second experiment compared the relative utility of visual and phonological 

information in the parafovea.  

Parafoveal Distance 

The first part of the study was designed to determine the distance at which parafoveal 

information becomes useful to early readers in the rapid serial naming task. To do so, conditions 

of the experiment varied the amount of information visible to participants such that either zero 

letters, one letter, or several letters were available to the right of the presently fixated letter. 

Unavailable letters were replaced, or masked, with a placeholder symbol (#).  

Letters in the array were revealed when participants moved their eyes to them, and was 

accomplished through use of eye-movement-contingent display changes. This technique was 

developed as an extension of the boundary paradigm introduced by Rayner (1975), and used 

multiple boundaries; one following each letter in the array. In the resulting effect, whenever a 

participant’s eye gaze passed through an invisible boundary, another successive letter was 

revealed.  

Theoretically, if participants use information from letter positions to the right of fixation, 

then the masking of that information should hinder speed of performance on the task. Thus the 

speed with which the masked letters are recognized and responded to should be significantly 

slowed compared to unmasked letters. Specifically, if information at the letter position following 

fixation is useful to participants, then they should be significantly slowed when zero letters are 

visible to the right of fixation. If they are able to gain useful information at farther distances, then 

they should be significantly slowed when only one letter is available to the right of fixation. 

Thus, mean speeds of the masked conditions were statistically compared to performance when 

the visual field was not restricted. If rapid serial naming performance can be attributed, in part, to 

the availability of information in the parafovea, then the mean speed of performance should be 

slowest for the zero-letter preview condition, while the one-letter condition should be faster; 

closer to the speed of  to the serial naming task.   
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However, one additional potential outcome should be considered. Work by Geiger and 

colleagues (i.e., 1987) suggested that some readers may have difficulty suppressing extraneous 

information, and that this may slow their reading performance. If this is the case with the sample 

used in the present study, then the opposite effect may be found, wherein the legal preview 

condition, the condition most like the traditional serial naming task, could be significantly slower 

than the other two conditions that offer a restricted preview.  

Type of Information  

The second experiment in the study directly examined the importance of various types of 

parafoveal information in the rapid serial naming task. In previously discussed studies examining 

the role of phonological and visual information in the task (i.e. Compton, 2003); the set of letters 

utilized in the naming task was manipulated to make the letters more or less confusable. For 

example, McBride-Chang and Manis (1996) used a set of eight letters with the same rime ([ i ]; b 

c d g p t v z). By contrast, in the present study the target letters were no more confusable than 

letters typically used in the rapid naming task (i.e. a d s o p; Denckla & Rudel, 1975). Instead, 

eye movement contingent display changes were used to mask the upcoming target letters with 

visually confusable, phonologically confusable, or non-confusable letters (Exact stimuli used 

presented in Table 1). 

Rather than the term confusable, the masks were considered to be similar to the target in 

a particular way. Thus, just as the neutral mask used in Experiment 1 provided only placeholder 

information about the target letters, the various masks in Experiment 2 provided a particular type 

of information about the target letters. For example, a visually similar mask provided some 

visual information about the target letter, while a phonologically similar letter provided some 

phonological information about the letter but no visual information. 

By the same logic used in Experiment 1, if visual information is utilized by readers, the 

availability of some visual information should increase the speed of performance above the non-

similar condition. Similarly, if visual information is used by participants and phonological 

information is unnecessary, the visually similar condition should be faster than the 

phonologically similar condition. Thus the mean speeds of each condition were statistically 

compared with the mean speeds of each of the other conditions.  
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METHOD 

Participants 

To participate in the experiment, students were required to have normal or corrected to 

normal vision, be native English speakers, and have no known developmental disorders. 

Permission forms were sent home to 62 first-grade children, all first-graders enrolled in the 

university school. After three rounds of permission forms, consents were obtained for 44 

children (consent form is available in Appendix A). All students were asked to assent to 

participate, with the experimenter reading the assent form to them (available in Appendix B). 

Students above age 8 were asked to sign formal assent forms prior to assessment.  

Though all 44 children with consent were tested, three were unable to complete the eye-

movement portion of the experiment. The final sample consisted of 41 children, with a mean age 

of 87 months (7.3 years); 53% White, 31% Black, and 14% Other. Fifty-three percent were male, 

85% right handed, and 1 child wore glasses.  

Measures 

Woodcock-Johnson III Tests of Achievement: Word Attack. : (WJ-III; Woodcock, 

McGrew, & Mather, 2001). The Word Attack subtest requires participants to decode and say 

aloud presented non-words. The test is untimed, and the outcome is accuracy.  

Woodcock-Johnson III Tests of Achievement: Word Identification (WJ-III; Woodcock, 

McGrew, & Mather, 2001). The WJ-III is a nationally standardized individually administered 

battery of achievement tests. The Word Identification subtest requires participants to read or say 

the names of presented words. The test is untimed, and the outcome is accuracy.  

 DIBELS: Oral Reading Fluency. This task requires students to read short passages aloud. 

Scores are the number of words correctly read in one minute. Three different passages will be 

given, and the median speed will be recorded. These passages will be presented to students on 

computer screens, and their eye movements will be monitored during reading.  

Test of Sentence Reading Efficiency.  (TOSRE; Wagner, in press). The TOSRE is 

designed to measure reading fluency and comprehension, and requires students to silently read 

sentences and answer a yes/no question about each sentence. The outcome is the number of 

questions answered correctly in 3 minutes. 

Rapid Letter Naming (RLN): Comprehensive Test of Phonological Processing (CTOPP) 

(Wagner, Torgesen, & Rashotte, 1999). The RLN subtest of the CTOPP involves 6 different 
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lower-case letters (a, t, s, c, k, n, a) repeated six times at random, presented a grid of 36 letters 

comprising 4 and 9 columns. The number of errors and total time taken to name all 36 letters 

recorded. Two trials of were given, and scores represent the sum of the total time across the two 

trials. 

Rapid serial naming experimental manipulation: Setup. The basic design of the 

experimental materials was the same for both of the experiments. Participants were shown 

several pages consisting of one row of 10 letters. Each page included 5 different letters (s k g i 

and p) repeated twice in pseudo-random order such that the same letter was not used in two 

consecutive letter positions. Condition was randomly assigned at the page level, and was 

subsequently fixed such that all participants saw the trials in the same order.  

During testing, subjects’ eye-movements were recorded using an EyeLink 1000, a desk-

mounted high-speed video camera pupil tracking system (SR Research, www.eyelinkinfo.com), 

which records at a 1 kHz sampling rate. The camera sits on the desktop directly below the 

computer screen, and is unobtrusive to participants. Viewing was binocular, but only data from 

the right eye was recorded. Participants were seated in a chair with their chin on a padded rest 

and viewed letters presented in 32pt Courier New font on a computer screen 69 cm away.  

Letters were presented at set pixel locations on each page. Each letter occupied .9mm 

(.75 of a degree), and spaces between letters were 2.34cm (1.95 degrees). The calibration 

procedure consisted of three horizontal dots, and validation errors were required to be less than 

1/3° to begin testing. The calibration and validation procedures were conducted at the start of 

each block of trials, and additionally as needed (e.g. If a child turned their head away from the 

screen).  

Prior to testing, participants were told they would be reading some letters, and were asked 

to name the letters as quickly as they could, but not to go so fast that they made mistakes. Each 

trial began with a check to ensure the eye-movement recording was accurate, and was ended by 

the experimenter after the last letter on the page was articulated.  

Three outcomes were used to measure performance on the rapid naming experimental 

manipulations, and each reflected a different level of processing. The first, total trial voice 

latency, measured the amount of time that lapsed between the presentation of each page (each 

10-letter set) and the button press marking the end of the trial. This outcome was most similar to 

the way that typical rapid serial naming tasks are measured. Performance was also measured 
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using two typical eye-movement outcomes; first fixation duration and first gaze duration. These 

two outcomes will be explained in greater detail in the subsequent sections.  

Rapid serial naming manipulation: Experiment 1. The first experiment was designed to 

test whether the availability of parafoveal information plays a role in performance on the rapid 

serial naming task. Procedures varied the amount of information available to readers, resulting in 

three conditions 1) Zero-letter preview, in which participants were only able to see the presently 

fixated letter while the remaining letters were masked, 2) One-letter preview, in which 

participants were able to see the presently fixated letter and the immediately subsequent letter, 

but the letters more than one space away from fixation remained masked, and 3) Legal preview, 

in which no masking occurred, and as such participants were able to see all letters in the array at 

once.  

Each condition of Experiment 1 was presented to participants 23 times. The 3 conditions 

were varied and presented randomly within 1 block of 15 trials, followed by 2 blocks of 27 trials. 

Separate blocks were given to allow for time for the young participants to rest (alpha for the final 

scale after cleaning = .89).  

Rapid serial naming manipulation: Experiment 2. The second experiment directly 

examined the importance of various types of parafoveal information in the rapid serial naming 

task. This experiment was essentially the same as the One-letter Preview condition from 

Experiment 1, where the presently fixated letter and the letter immediately following it were 

visible, while subsequent letters were masked. However, instead of masking the target letter with 

pound (#) signs, one of five types of a mask was used.  In the first condition, target letters were 

masked with a letter that rhymed with the target letter (the rime condition, g/t). The mask used 

in the second condition was also phonologically similar to the target, but the beginning sounds of 

the letters were the same (the onset condition, g/j). In the third condition, the mask was visually 

similar to the target letter (visual condition, g/q). Masks in the fourth condition were completely 

disparate, sharing no features with the target letters (non-similar condition, g/j). Finally, the 

fifth condition of the experiment was a “legal preview” condition, meaning the letter were not 

masked (g/g). 

Each condition of Experiment 2 was given 21 times. Condition was varied randomly 

within block. The experiment consisted of one block of 15 trials, followed by 3 blocks of 30 

trials including 5 trials in each condition (alpha of the final scale after cleaning = .93). 
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Eye Movements  

Two eye movement measures were collected:  First fixation duration and first gaze 

duration. First fixation duration is a measure of the amount of time the eyes remained looking at 

the presently fixated letter the first time the eyes landed there. First fixation durations are 

considered to measure access to lower-level visual information such as the shape and length of 

the word. The second outcome measured is first gaze duration. This outcome includes the first 

fixation and any immediate re-fixations on the same word that occur prior to the eye-gaze 

leaving that word. First gaze duration is believed to capture initial cognitive processing, such as 

lexical access to the auditory representation of the word.  

In eye-movement experiments, fixations are typically examined at the word-level, and 

spaces between words are considered to belong to the word succeeding them. Because the spaces 

in this study were so large (2.34cm; 1.95 degrees, compared to 0.33 of a degree in typical 

reading), this same procedure was not followed. Instead, an interest area was created surrounding 

each letter position. The spaces between each letter were split at the halfway point (1.17cm), 

such that fixations occurring up to 1.17cm from the presently fixated letter were considered to be 

fixations on that letter. In other words, whichever letter the fixation was closest to was 

considered to be the target of that fixation.  

Assessment Procedure 

The assessments were administered in three sessions. The first session consisted of all 

trials of Experiment 2, with Experiment 1 administered during the second session. Although it 

was planned that both experiments would be administered the same day, testing of the young 

participants took longer than anticipated, thus the testing was split into two sessions. Each of 

these sessions took between 15 and 40 minutes depending upon the child being tested. In the 

third session, all of the reading outcomes were given. This session was conducted by a team of 6 

trained testers, each with at least one year of experience conducting the assessments used in this 

study. Session three took approximately 15 minutes per student. For all sessions, students were 

pulled from their classrooms to be tested.  

Data Cleaning 

Voice Latency. The voice latency data were cleaned in three steps. First, those trials 

where participants coughed, spoke, or ended trials early were considered invalid and were 

deleted. This first step eliminated 234 trials (9.1%) in Experiment 1 and 283 (7.1 %) in 
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Experiment 2. As a second step, any total trial times greater than 3 standard deviations from each 

person’s mean were considered outliers and were deleted (1.2% of cases in Experiment 1, and 

0.9% in Experiment 2). Deleting outlying cases is standard procedure in eye-movement analyses, 

and so was also conducted for voice latency results to maintain consistency.  

In the third step, number of usable trials for each experiment was determined. In 

Experiment 1, the first 5 trials were considered practice, and were eliminated. Although there 

were 43 participants, not everyone finished the experimental trials, and not everyone had a valid 

recording sequence for each trial (see previous section). An examination of the frequencies of 

each trial showed that, in Experiment 1, the first 50 trials had an average of 36 valid recording 

sequences per trial, compared to 27 in the final 42 trials. As a result, only the first 50 trials were 

used in the present analysis. Thus the total number of trials used in the present study was 45 (50 

trials minus 5 practice trials), 15 trials from each condition.  

The same procedure was followed for Experiment 2. Based on frequencies and error 

rates, the first 7 trials were considered practice and were discarded. The first 75 trials had an 

average of 38 valid records per trial, as opposed to the final 30 trials, which had an average of 22 

valid records per trial. Thus, the cut point for usable trials in Experiment 2 was set at 75. A total 

of 68 trials were considered valid for the present study (the first 75 trials – 7 practice trials), 

consisting of 14 trials of the legal preview, visually similar, and non-similar conditions, and 13 

trials of the two phonologically similar conditions.  

Eye Movements. Eye movement data were cleaned via a multi-step process. Initially, all 

fixations outside the viewable range of data were errors and so were eliminated. This constituted 

0.5% of the data in Experiments 1 and 2. Secondly, any trials recorded as invalid during testing 

(such as trials where the children spoke or looked away from the camera) were deleted (10% in 

Experiments 1 and 2). Next, the data were examined for blinks during fixations, which result in 

missing data. This constituted 3.8% of the data, slightly higher than the average rate for college 

students (2.5%). As a fourth step, all fixations < 70ms (2594 cases, 2.3%) or greater than 2,000 

ms (251 cases, 0.2%) were considered errors were deleted.  

Finally, in both experiments, the first two letters of each 10-letter array were not ever 

masked, even in the masking conditions, as previous research suggests that these positions are 

frequently skipped in the rapid naming task (Logan et al., in progress). The last letter in each row 

has also been shown to be frequently skipped. When these letters are skipped, the eye-movement 
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contingent display changes are not able to function properly. Thus, no fixation requirements 

were made for these letter positions, and eye movement data from the first two letter positions 

and last letter position in the array were not included in descriptive statistics or analyses (31.5% 

of the data in Experiments 1 and 2).  

Finally, to maintain consistency between the voice and eye-movement results, only those 

trials included as valid in the voice analysis were included in the eye-movement analysis; thus 

the first 50 trials were used in Experiment 1, and first 75 trials used in Experiment 2. This 

excluded 4226 trials (29.5%) trials in Experiment 1 and 4601 (23.5%) trials in Experiment 2. 

After cleaning, there were 10,110 usable fixations recorded in Experiment 1 and 15,019 for 

Experiment 2. On average, each participant had 246 usable fixation points in Experiment 1 and 

341 usable data points in Experiment 2.  
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AGGREGATE ANALYSES 

Analytic Technique 

The three different eye-movement outcomes were examined initially; total trial voice 

latency, initial gaze duration, and first fixation duration. First, descriptive information was 

obtained at the aggregate level; such that for each experiment, one mean score was obtained per 

condition per person for each of the three outcomes. As part of the aggregation of the eye-

movement variables, an estimate of each person’s average within-page variability was calculated 

in two steps. First, a standard deviation was calculated for all First Fixation Durations and Gaze 

Durations that occurred within each of the unmasked (legal preview) pages of Experiment 1. 

Second, this figure was averaged across all legal preview pages. 

Within the aggregate files, each condition of the naming speed manipulation experiments 

was examined for mean differences and correlations with reading outcomes. To examine mean 

differences between conditions, a repeated-measures ANOVA was conducted for each 

experiment and each outcome. In both analyses, conditions were statistically compared using 

post-hoc contrasts. Benjamini and Hochberg’s (1995) Linear Step Up procedure was used to 

control for the inflated Type-1 error rate inherent when making multiple comparisons. This 

procedure differs slightly from other Type 1 error control procedures in that it attempts to keep 

the ratio of false rejections to total rejections at 5%. There is some evidence to suggest that the 

step-up procedure is less conservative than traditional approaches such as the Bonferroni 

correction while still maintaining adequate control over Type I error (Maxwell & Delaney, 

2002).  

Descriptive Results 

The means, standard deviations, and correlations among the reading outcome variables 

are reported in Table 2. In this study, the CTOPP-RLN was moderately related to the two 

untimed reading outcomes (Word ID, r = .35, and Word Attack, r = .37). RLN was similarly 

related to the timed reading comprehension measure (TOSRE, r = 0.33), and non-significantly 

related to the DIBELS oral reading fluency outcome, ORF (r =.2). Correlations with 

demographic variables were also examined, but no significant correlations were observed 

between any reading outcome with age, race, or gender.   

Table 3 shows the mean first fixation duration and first gaze duration, as well as the mean 

within-page variability of both outcomes, as well as their correlations with reading outcomes. 
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Very strong correlations were observed between mean performance and mean variability of both 

first fixation duration (r = .82) and first gaze duration (r = .83). In addition, the means and the 

within-page variability were both significantly correlated with all reading outcomes observed. 

The magnitude of these relations were very similar for the two Gaze Duration outcomes, but 

within page fixation duration variability was substantially more strongly related to reading 

outcomes than was mean fixation duration performance.  

The three-way relation between means, variability, and the reading outcomes is 

represented graphically in Figure 1. The graph is a scatterplot of the relation of mean first 

fixation duration and within-page variability in first fixation duration, with different symbols 

representing students who were above and below the mean RLN speed. It is clear from this graph 

that students who were faster at RLN had shorter fixation durations and had less within-page 

variability than those who were slower at RLN. Though it is not presented here, the graph of the 

gaze duration results was very similar to that of first fixation durations.  

Results: Experiment 1 

Voice latency. On average, participants took 7898 ms (about 7.9 seconds) to name a set of 

10 letters (referred to as voice latency or total trial time) in Experiment 1, with a standard 

deviation of about 1.9 seconds. Table 4 shows the mean and standard deviations for each 

condition, reported in milliseconds, as well the correlations among the conditions. The mean 

speeds of the three conditions at the aggregate level were 8.1 seconds in the legal-preview 

condition, 7.6 seconds in the one-letter window condition, and 8 seconds in the zero-letter 

condition.  

The results of the repeated-measures ANOVA showed a significant omnibus test for 

condition, indicating that overall condition did contribute to mean voice latency performance, 

F(2, 39) = 3.84, p = .03. The Type-1 error corrected post-hoc tests revealed a significant 

difference between the legal preview condition and the one-letter window condition, t (39) = 

2.51, p= .048), and a trend towards significance between the one-letter and zero-letter conditions 

(t (39) = 2.07, p= .06), but no significant difference was observed between the zero-letter and 

legal preview conditions.  

The correlations of the three conditions of Experiment 1 and the reading outcomes are 

presented in Table 4. Of note in the correlations table, of the three manipulated conditions of 

Experiment 1, the legal preview was the most strongly related to the CTOPP RLN subtest (r  = 
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.80) than the correlations between CTOPP RLN and the One-Letter Preview Condition (.70) and 

the Zero-Letter Preview condition (.72). The correlations were statistically compared using a 

correlation-contrasts test developed by Meng, Rosenthal, and Rubin (2001). Just as was 

conducted with the multiple contrast tests, the multiple contrasts conducted within experiment 

were corrected for Type-1 error inflation using the linear step-up procedure. The results of the 

corrected correlation contrast test indicated that the legal preview condition was significantly 

more strongly related to RLN than the one-letter condition (z = 1.79, p = .02) but was only 

marginally significant in the zero-letter condition (z = 1.49, p = .08). However, no other 

significant differences between the correlations of the three conditions (within reading outcome) 

were observed. 

Eye movements. Means, standard deviations, and correlations among the eye-movement 

parameters for the three conditions of Experiment 1 are reported in Table 5. The mean speed of 

the first gaze duration was 602 ms in the legal preview condition, 558 seconds in the one-letter 

condition, and 619 seconds in the zero-letter condition. The omnibus test was again significant, 

F(2, 38) = 12.86, p = .000. The post hoc comparisons suggested that the one-letter condition was 

significantly faster than the legal preview (t (39) > 3.5, p = .000) and zero-letter conditions (t 

(39) > 3.5, p = .000), but no differences between the zero-letter and legal preview conditions (t 

(39) = 1.8, p = .38).  

The first fixation durations followed a slightly different pattern, with a mean of 403 ms in 

the legal preview condition, 394 ms in the one-letter condition, and 431 ms in the zero-letter 

preview condition. The omnibus test results of the repeated measures analysis suggested a 

significant effect of condition, F(2, 38) = 12.78, p = .000. The linear step-up corrected post-hoc 

comparisons revealed that the zero-letter preview was significantly slower than the one-letter (t 

(39) = 3.5, p = .001) and legal preview conditions (t (39) > 3.5, p = .000). The one-letter and 

legal preview conditions were not significantly different from one another. Examining the 

correlations, first fixation durations were not strongly correlated with Word Identification or 

Word Attack. After correction for family-wise error rate, none of the correlations was found to 

be significantly different from any other (all z < 1.5, p > .05).  

Results: Experiment 2 

Voice latency. The mean voice latency performance on Experiment 2 across all 

conditions was 8.1 seconds, with a standard deviation of 2.1 seconds. Table 6 shows the mean 
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total trial time and standard deviation for each condition, reported in milliseconds, as well as 

correlations among the conditions. The mean performance was very similar across conditions; 

8.1 seconds for the legal preview and rime-confusable preview conditions, 8.2 seconds for onset-

confusable preview, 8.0 seconds for visually confusable preview, and 8.3 seconds for non-similar 

preview. The results of the ANOVA showed a non-significant omnibus test F (4, 37) = 1.24, p = 

.308, thus no post-hoc tests were conducted. 

The correlations among the five conditions of Experiment 2 and the reading outcomes are 

also reported in Table 6.  Of note in the correlations table, of the five manipulated conditions of 

Experiment 2, the non-similar condition was the most weakly related to the CTOPP RLN subtest. 

Using the Meng, Rosenthal, & Rubin correlation contrast test (corrected for multiple 

comparisons), the non-similar condition was found to be significantly more weakly related to 

RLN (r=.67) than was the legal preview condition, (r = .83)  p = .001. No other significant 

between the five conditions of Experiment 2 were observed within each reading outcome. 

Eye movements. Means, standard deviations, and correlations between the five conditions 

of Experiment 2 are reported in Table 7. The mean first gaze durations were all very similar for, 

and the omnibus test of the repeated-measures ANOVA suggested no overall significant 

differences due to condition, F (4, 35) = 1.64, p = .185. The mean first fixation durations were 

also very similar, ranging from 394 ms to 404 ms depending on condition. The omnibus test of 

the repeated-measures ANOVA suggested that no significant differences due to condition 

existed, F (4, 35) = 1.03, p = .40.   

In general, gaze durations were significantly correlated with the reading outcomes (see 

Table 7). However, the only one significant difference was observed between the five 

conditions’ correlations within reading outcomes; the difference between the correlations of 

CTOPP RLN with the legal preview condition (r = .74) and the visually similar condition (r = 

.62, p = .04). For the fixation duration results, all conditions of Experiment 2  were significantly 

related with RLN performance. However, the correlation contrasts, corrected for Type-1 error, 

showed no significant differences between any two conditions as they related to each reading 

outcome.  

Discussion 

Descriptive analyses. There was a strong positive correlation between mean first fixation 

duration and first gaze duration performance and the corresponding within-page variability of 
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both outcomes. This finding was not anticipated, as it is generally assumed that people who are 

slow at rapid naming speed are consistently slow, while those who are better at naming speed are 

consistently fast. This finding suggests that while those better at naming speed are consistent, 

those who are slower at naming speed are much more variable.  

The consistency with which lower-level eye-movements were performed was also 

strongly related to RLN performance, and the other reading outcomes. In fact, for first fixation 

duration, the within-page standard deviation was correlated more highly with RLN than was the 

mean fixation duration speed. This finding will be discussed further in the general discussion 

section.  

In general, the correlations of the naming speed results with the reading measures showed 

a distinction between the timed and un-timed reading outcomes. First fixation durations were 

significantly correlated with the three timed reading outcomes (ORF, TOSRE, and RLN), but 

were not significantly correlated with the un-timed measures (Word ID and Word Attack). These 

results suggest that the significant relations of naming speed tasks with timed reading outcomes 

may not be entirely cognitive. Even low-level visual processing speed is significantly related to 

rapid naming and timed reading performance. However, across the two experiments, the 

magnitude of the relations of the gaze durations with reading outcomes was larger than that of 

the first fixation durations. This suggests that while low-level visual processing is related to the 

rapid naming task and it’s relation with (at least) timed reading outcomes, the cognitive 

processes that occur within the first gaze are more strongly related to reading performance.   

Both first gaze duration and total trial voice latency showed results that reflected an effect 

of preview availability. For the gaze duration results, the only non-significant relation observed 

was for the zero-letter condition, which required no preview, and its relation with performance 

on the untimed measure of word reading (Word ID). For the voice latency results, there were no 

between-condition differences observed for the two timed reading outcomes (ORF and TOSRE), 

but two conditions that required participants to process parafoveal information were more 

strongly correlated with the untimed reading outcomes (Word ID and Word Attack), than was 

the zero-letter condition. RLN also fell into this category, showing a significantly larger relation 

with the two conditions that afforded preview than the one condition that did not.  

This finding has two implications. First, it seems that the most important underlying 

factor between total trial time and the two fluency-based measures was speed. The amount of 
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time spent gazing on letters and the amount of time taken to name the letters, regardless of the 

amount of preview or type of mask used, was similarly related to both oral reading fluency and 

timed reading comprehension. Similarly, the pattern of correlations suggests that the processing 

of parafoveal information is an important factor in the relations of rapid naming speed with 

word-reading and non-word reading skill. 

Mean differences. According to the theories put forth regarding the role of parafoveal 

processing in serial naming speed, either the legal-preview or zero-letter should have been the 

fastest condition in Experiment 1. Specifically, if the zero-letter condition were the fastest, it 

could be concluded that Geiger was correct, and readers benefited from having no information 

outside the directly fixated letter. If Rayner was correct, then the opposite should have been 

found, the zero-letter condition should have been slowest because there was no parafoveal 

preview available to allow for pre-processing of upcoming letters.  

The mean fixation durations of Experiment 1 showed results that were consistent with 

Rayner’s theory; the zero-letter preview condition was significantly slower than the one-letter 

and legal preview conditions. This suggests that, in this sample, initial visual processing took 

significantly longer (on average 30 ms longer) when there was no available preview from the 

letter immediately following fixation. The fact that the one-letter preview was not significantly 

slower than the legal-preview condition suggests that participants used a two-letter viewing 

window. In other words, participants were not able to obtain useful low-level visual information 

for letters at a greater distance than one letter from fixation.   

However, the gaze duration and voice latency outcomes yielded results that were contrary 

to both hypothesized outcomes. In both experiments, the one-letter condition was (at least 

marginally) significantly faster than the other two. This finding suggests that the display change 

had some unintended impacts on letter naming speed. Seeing the display change occur could 

have encouraged participants to move their eyes to the next letter; to increase their speed in an 

attempt to “catch up” with the changing visual display. Because the fixation duration results did 

not show this same pattern, it suggests that the display change did not impact low-level visual 

processing, but did impact the higher levels of cognitive processing.  

In Experiment 1, there were no significant differences observed between the one-letter 

condition and the legal preview condition. As the masking in Experiment 2 occurred at the same 

letter position as the one-letter preview condition of Experiment 1, it is unsurprising that the first 
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fixation durations were not significantly impacted by the various masks used in Experiment 2. 

This seems to suggest that the only type of information gained in preview two letter spaces from 

the current fixation is placeholder information; guides to where the eyes should next move.  

Though Experiment 1 showed an apparent facilitatory effect for the one-letter preview 

condition in the gaze duration and voice latency outcomes, there were no significant differences 

observed between the five preview conditions of Experiment 2.  This seems to suggest that the 

information gained from the letters at distances greater than one space from fixation is 

inconsequential to the variability in rapid letter naming skill.  

Limitations. One problem with the present analysis is that it does not allow for the 

estimation of practice effects. As all students saw the pages in the same order, it is possible that 

these results were confounded as performance changed over the duration of the experiments. In 

previous studies with adults, significant practice effects were observed, such that performance 

increased significantly across four presentations of the task.  

Though controlling for the order in which the pages were presented could have a 

significant impact on the observed results, it is only possible to do when at least one data point is 

analyzed for each presented page. However, simply analyzing all data points collected would 

ignore the shared variance attributable to differences between subjects, (the 41 students each had 

approximately 60 trials for the voice latency outcome, and approximately 600 trials for the two 

eye-movement outcomes). This would thus increase the likelihood of Type 1 error. As such, the 

data were analyzed in a nested structure using hierarchical linear modeling (HLM). 

Modeling the data in HLM also allows for the estimation of effects at the student level. 

Thus, as a way of examining the role of parafoveal preview in the rapid serial naming task, each 

condition was examined for a significant relation with RLN performance. Because the previous 

results suggested strong and sometimes differential relations of the various conditions with RLN 

performance, the differences between the conditions were also examined for a significantly 

varying interaction with RLN. Such an interaction would indicate that the information in 

parafoveal preview was differentially utilized by children with different rapid naming ability 

levels. Though these could be examined at the aggregate level, the substantial within-page 

variability observed, especially the differential variability based on RLN performance, warranted 

the modeling of this relation hierarchically.   

32 



Thus, there were three reasons for conducting the HLM analyses. First to determine 

whether practice effects occurred in each of the three different outcomes in the two experiments. 

Second, to investigate the relations between the three outcomes and RLN, and whether those 

relations were different for the various conditions. Finally to determine whether mean 

differences between the conditions existed once the practice effect and RLN performance were 

included in the model.   
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HIERARCHCIAL ANALYSIS 

Analytic Technique 

For voice latency, each person’s data consisted of one observation per page (ten-letter 

array). Thus an HLM model was fitted for each experiment, nesting page within person. In this 

way, all of the valid trials were included in the analysis. To examine mean differences between 

conditions, condition was dummy-coded and entered into the HLM model as 3 or 5 (depending 

on the experiment) separate variables. A no-intercepts model was fit to the data, such that 

separate coefficients were estimated for each condition of the experiment. Multivariate 

hypothesis tests were used to examine all-pairwise comparisons for significant differences, with 

contrasts corrected for family-wise error rate with the Linear Step Up procedure.  

Similar models were fit for the two eye-movement outcomes. Unlike the voice latency 

data, the eye-movement data consisted of one value for each letter on each page. Thus models 

were first tested to determine whether they should be nested at three levels; letter position nested 

within page nested within person. However, both eye-movement outcomes of both experiments 

showed no significant variability gained by nesting the data within page. As a result, two level 

models were fit for the eye-movement outcomes, with gazes or fixations nested within person. 

For all outcomes and both experiments, the model-building followed the same procedure. 

First, an unconditional model was fit to the data, portioning the variance into between- and 

within-subjects.  Second, the dummy-coded condition variables were tested to determine whether 

they should be fixed or allowed to vary between participants. Third, practice effects were 

examined by adding page to the model as a continuous variable centered at the first non-practice 

item in each experiment.  

To address the second and third goals of the hierarchical analyses, CTOPP: RLN score 

was included as a subject-level covariate. The role of demographic information was examined by 

including each as a subject-level covariate. However, no significant relations were found, thus 

the demographic variables were excluded from future analyses.  

Results: Experiment 1 

Voice latency. Initially, an unconditional model (a model with no predictors of voice 

latency) was fit to the data. The unconditional model indicated that 46% of the variability was 

due to differences between subjects, leaving 53% to differences within subject. As a next step, 

the three dummy-coded condition variables were entered, and tested to determine whether they 
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should be fixed or allowed to vary between participants, with Chi-square values of 781, 624, and 

441 (all p-values < .001),for the legal, one-letter, and zero-letter preview conditions respectively. 

Thus the condition parameters were allowed to vary for the remainder of the analyses.   

To examine whether practice effects occurred, page was entered into the model. The 

between-subject variability was not significant (χ2
= 53, p = .07), and page was fixed for 

subsequent analyses. Coefficients indicated a significant main effect of page, such that each 

additional page resulted in an increase in total time of 16.6 ms. Next, the CTOPP RLN was 

added to the model as a subject-level covariate, centered at the mean for all participants. The 

coefficients for RLN represented the increase in total trial voice latency speed for each condition 

associated with a one-second increase in speed of RLN performance.   

Results suggested that controlling for RLN decreased the effect of page to a 12 ms 

increase in total trial time per page. The interaction of RLN with page was non-significant, 

indicating that the relation of page with total trial time did not change across levels of RLN skill.  

However, RLN did significantly interact with each condition of total-trial voice latency 

performance. Contrast coefficients suggested that the interaction effect was significantly 

different for each of the three conditions (each χ2
 > 4.0, corrected p-values < .04). Each second 

increase in RLN speed (each second slower) was associated with a 146 ms increase in total trial 

time for the legal preview condition, a 111 ms increase in time for the one-letter condition, and a 

90 ms increase in total trial time for the zero-letter condition. The equations representing the 

three conditions were graphed and are presented in Figure 2. 

As a result of this interaction, the mean differences between the conditions were different 

for participants at various levels of RLN skill. Coefficients for a model with RLN centered at the 

fastest end of the distribution of RLN are presented in Table 8. For participants who performed 

well on the RLN task, the fitted-mean voice latency for the legal preview condition was 5.8 

seconds, which was not significantly faster than the one-letter condition (mean speed also 5.8 

seconds, χ2 
= .2, p .> .50). However the zero-letter condition (mean speed of 6.4 seconds) was 

significantly slower than both the legal-preview condition (χ2 
= 11.8, p = .001) and the one-letter 

condition (χ2 
= 10.37, p = .004). At the other end of the RLN distribution, the legal preview was 

the slowest condition (9.5 seconds); significantly slower than both the one-letter (8.6 seconds, χ2 

= 13.67, p = .001) and zero-letter (8.5 seconds, χ2 
= 20.78, p =  .000) conditions.  
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Gaze duration. For initial gaze duration, 10% of the observed variability was due to 

between subject differences, leaving 90% attributable to within-subject differences. Results of 

the model including page suggested that each page corresponded with a significant 1.6 ms 

increase in gaze duration (t-ratio = 6.18, p = .000). The addition of RLN to the model slightly 

decreased this estimate to 1.54 ms per page (t-ratio = 3.39, p = .001), while the interaction of 

page with RLN on initial gaze duration was non-significant, (t-ratio = 1.02, p = .31).  

The interaction of RLN with each condition was significant; with each second increase in 

RLN performance related to a 7.75 ms increase in gaze duration for the legal preview condition, 

a 6.5 ms increase in the one-letter condition, and a 5.25 ms increase in the zero-letter condition. 

Thus the mean speeds were examined at several points along the distribution of RLN scores. 

 Table 9 represents the results of a model with RLN centered at faster than average 

performance. Children who were fast at RLN spent an average of 464 ms on the initial gaze 

duration in any given letter position in the legal preview condition, which was not significantly 

different from the 441 ms spent in the one-letter preview condition (χ2
 = 3.02, p = .08), but was 

significantly faster than the 507 ms spent in the zero-letter preview condition (χ2
 = 5.41, p = .02). 

The one-letter was also significantly faster than the zero-letter condition (χ2
 = 12.84 = .002). The 

results were different for the opposite end of the distribution, the one-letter condition (617 ms) 

was significantly faster than the legal preview condition (673 ms, χ2
 = 14.52, p = .001), but 

neither was significantly faster than the zero-letter condition. The interaction of RLN with the 

three conditions of gaze duration performance is presented in Figure 3.   

First fixation duration. The ICCs for the two-level model suggested that 6% of the 

variability in First Fixation Duration was due to differences between subjects, leaving the 

remaining 94% due to within-subject differences. Results of the model including page suggested 

that no significant between-subject variability existed, thus page was fixed for the remainder of 

the fixation duration analyses. The coefficient for page was small but statistically significant (0.5 

ms, p = .002), suggesting that each page corresponded with a 0.5 ms increase in the initial 

fixation duration on each letter position.  The addition of RLN to the model (see coefficients in 

Table 10) did not change the main effect of page, and there was not a significant interaction 

effect observed between page and RLN (t-ratio = 1.48, p = .15).   

 The main effects of condition, after controlling for average RLN performance, indicated 

that average performance on the legal preview condition was 390 ms, which was not 
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significantly different from the one-letter condition, 380 ms (χ2
 = 2.26, p > .50). However the 

zero letter condition, which had a mean speed of 415 ms, was significantly slower than both the 

legal preview (χ2
 = 11.36, p = .050) and one-letter conditions (χ2

 = 21.22, p = .001). RLN did 

significantly interact with each condition, such that a one second increase in RLN total time was 

associated with approximately 3 ms of additional time in initial fixation duration (t-ratio = 2.92, 

p(corrected) = .008). However, the interaction did not significantly vary between conditions (see 

Figure 3), thus the mean differences between conditions were not investigated at various points 

on the RLN distribution.   

Results: Experiment 2 

Voice latency. The unconditional model for Experiment 2 indicated that 51% of the 

variability in total-trial voice latency performance was due to differences between subjects, and 

49% was due to differences within subject. Next, the five dummy-coded condition variables 

were tested to determine whether they should be fixed or allowed to vary between participants. 

In Experiment 2, the variance components were all significant with Chi-square values ranging 

from 442 to 609 (all p-values  < .001), and were thus allowed to vary in subsequent analyses.  

The mean values of the 5 conditions were very similar to one another, and ranged from 

7.9 seconds (visually similar mask) to 8.3 seconds (non-similar mask). The pairwise comparisons 

showed no significant differences between conditions (all p-values > .05).  In the next step, page 

was added to the model to examine practice or tiring effects. Results indicated that there was a 9 

ms increase in total voice latency per page (p = .000).   

Once RLN was added to the model, the main effect of page on voice latency performance 

remained the same (9 ms increase per page, t-ratio = 4.5, p  = .00), and there was a significant 

interaction of page with RLN performance, such that each additional page increased by about .7 

ms for the fastest students at RLN, but for each second increase in RLN performance, voice 

latency total time increased by an additional .7 ms (t-ratio = 3.9, p  = .00). The equation 

representing the interaction of page with RLN performance was graphed and is presented in 

Figure 4.  

The coefficients representing the final model for voice latency results in Experiment 2 are 

presented in Table 11. For the mean speeds of the various conditions, the legal preview, rime-

similar and onset-similar conditions had a mean performance of around 7.9 seconds, the visual-

similar mask, 7.6 seconds, and the non-similar mask had a mean speed of about 8 seconds. 
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Though some of the differences were relatively large, the multiple contrasts (corrected for 

family-wise error) showed some marginal, but no full significant differences between the five 

conditions. However, the interaction terms showed significant relations of voice latency 

performance for each condition and RLN performance. The interaction of the five conditions of 

voice latency performance with RLN is depicted in Figure 5. For the legal preview condition, a 

one-second increase in RLN performance was associated with a 95 ms increase in total voice 

latency. The other four conditions had similar coefficients representing this interaction.   

Gaze durations. The ICCs indicated that 10% of the variability in initial gaze durations 

was due to differences between subjects, leaving 90% due to differences within subjects. The 

addition of page to the model showed a small (1 ms) but significant increase in initial gaze 

duration per page (t-ratio = 5.9, p = .000). Coefficients representing the final model are presented 

in Table 12. When RLN was added to the model, the main effect of page remained small (0.9 

ms) and significant (t-ratio = 5.1, p = .01). With RLN added to the model, no significant 

differences were observed between the means of the legal, rime, onset, visual, and non-similar 

conditions (all χ2
 < 3, corrected p-values > .05). Each second increase in total RLN time was 

associated with an approximate 5 ms increase in gaze duration. This figure was slightly different 

across the conditions (ranging from 4 – 6 ms), but did not significantly vary by condition all χ2
 < 

2, all corrected p-values > .10) 

First fixation durations. The ICCs for the two-level model suggested that 8% of the 

variability in first fixation durations was due to differences between subjects, leaving the 

remaining 92% due to within-subject differences. The addition of page to the model showed a 

significant increase of .5 ms in first fixation duration per page (t-ratio = 4.22, p= .000). Though 

the estimated means per condition did slightly change, there were still no significant differences 

observed between conditions. The addition of RLN to the model (See Table 13) decreased the 

contribution of page to the initial fixation duration to .3 ms, but the value was still significant (p 

= .03), however the interaction of page with RLN was not (t-ratio = 1.28,  p = .21).  

After the addition of RLN, there were no significant differences observed between the 

five conditions of the task (all χ2
 < 3, corrected p-values > .05). Though there was a significant 

relation of each condition with RLN such that each 1 second increase in RLN total time was 

related to about a 2 ms increase in initial fixation duration in each condition (t-ratios > 2.5, all p-
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values < .02, see Table 13), this effect did this effect vary by condition (all χ2
 < 2, corrected p-

values > .10). 

Discussion of Hierarchical Analyses 

One of the goals of the HLM analyses was to examine potential practice effects. Contrary 

to this expectation, however, the there were no practice effects observed for either experiment. 

Instead, students became progressively slower as the experiment continued; consistent with a 

tiring or exhaustion effect. This is contrary to previous research with college students, which has 

shown a significant practice effect across several repetitions of the task (Logan et al., in 

progress). This is likely a reflection of the relative difficulty of the task for first grade students.  

The second major goal of the HLM analyses was to examine how performance differed 

across the distribution of RLN performance. Overall, there was a significant relation observed 

between RLN and naming speed in both experiments, however some conditions interacted 

differently with RLN performance than others. In the fixation duration results for Experiment 1, 

the interaction of RLN with condition was non-significant. Regardless of rapid naming 

performance, the conditions where preview was available were significantly faster than those 

where preview was not available. This indicates that the availability of upcoming information in 

preview did not significantly slow fixation durations more for better or slower RLN performers.  

However, the two outcomes measuring cognitive processing (gaze duration and total 

reading time) did show significant interaction differences. For the best RLN performers, the 

zero-letter preview was the slowest, while for the slowest RLN performers the legal preview was 

the slowest.  This suggests that those participants who were better at rapid naming were more 

impaired when upcoming parafoveal information was unavailable than those participants who 

were slower RLN performers.  
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 GENERAL DISCUSSION 

The goal of the present study was to examine the role of parafoveal information in the 

rapid serial naming task. In the parafoveal distance experiment (Experiment 1), it was 

hypothesized that preview of upcoming information would have a facilitatory effect on 

performance; that the availability of information would enhance performance and the lack of it 

would slow performance. When the letter subsequent to fixation was masked, first fixation 

durations were significantly slowed, regardless of how the data were analyzed. However when 

changes occurred at distances beyond the immediately subsequent letter, no differences were 

observed. This finding indicated that lower-level visual processing occurs in a two-letter span; 

even in the first-grade sample used in this study, low-level visual information was 

simultaneously obtained from the letter directly within fixation, and also from the letter 

immediately following fixation.  

The parafoveal distance effect was less straightforward for the outcomes representing 

higher-levels of processing; voice latency total trial times and gaze durations. In the aggregate 

analyses, it appeared that the one-letter condition was faster than the legal preview and zero-

letter conditions of Experiment 1. However, the HLM analyses including rapid naming 

performance revealed a more complex relation. Those students who were the best at rapid 

naming showed the predicted effect, while those students who were slowest at rapid naming 

were also slowest at the condition that was most similar to it; the legal preview condition.   

  The second hypothesis tested in this study related to whether various types of 

information were differentially facilitatory in the parafoveal region. It was hypothesized that the 

availability of information in parafoveal preview that was inconsistent with the information 

ultimately read by participants would significantly impair naming speed outcomes, and would 

differentially slow good readers over poor readers. However, these results were not found. No 

differences between conditions were found for the fixation duration results; masking target 

information did not significantly disrupt initial visual processing at letter positions at greater 

distances to the letter immediately subsequent to fixation. This lack of difference confirms the 

finding from the first experiment that visual and cognitive processing in the rapid letter naming 

task occurs in a two-letter window.  

As children age and gain more experience with text reading, the processing span 

increases such that better readers are able to obtain more information at greater distances than 
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poorer readers (Rayner, 1998). Thus it would be logical to assume that the same would happen in 

the rapid naming task; older children should have a larger processing window, and likely even 

large enough to encompass additional letter positions. However, a previous study conducted with 

college students (Logan et al., in progress) also showed evidence of a two-letter simultaneous 

processing window; just as with the present study, the only change in mean speeds observed was 

when the letter immediately following fixation was masked.  The combination of these two 

findings suggests that simultaneous processing of two pieces of information is necessary to the 

process of reading, and is obtained very early in the development of reading skill.   

  One interesting finding that was not anticipated was the changing relation of fixation 

duration to gaze duration across levels of rapid naming skill. In both experiments, initial fixation 

duration constituted a larger proportion of initial gaze duration for those participants who were 

best at rapid naming, while the proportion was much smaller for those who were poorer at rapid 

naming. This finding suggests that those who were better at rapid naming were able to obtain 

more information on the first fixation than those subjects who are not as good at rapid naming. In 

other words, subjects who were better at rapid naming did not need to remain gazing in the area, 

whereas the poorer RLN performers required additional refixations within the same area in order 

to glean a sufficient amount of information from the letter to facilitate lexical access. 

An additional finding that warrants discussion is the observed relation of within-page 

variability in first fixation durations and first gaze durations with mean performance and the 

measured reading outcomes. All of the theories discussed in the introduction attempt to explain 

why the mean speed of some students is slower than that of others (i.e. Bowers & Newby-Clark, 

2002, Georgiou et al., 2008, Kail & Hall, 1994). Even the seminal work by Denckla and Rudel 

(1974) compared the mean performance of the task for good readers with that of poor readers.  

Examining mean differences makes an underlying assumption that those students who are slow 

at rapid naming tasks are consistently slow. The strong positive relation of mean performance 

with variability in performance indicates that students who are good at naming speed are 

consistently good, while those who are slow at naming speed are relatively inconsistent in their 

first fixation durations and first gaze durations. Inconsistency in fixation and gaze durations can 

be attributed to inconsistency in eye-movement control, thus this finding suggests that eye-

movement control may play a significant role in the variability of the rapid serial naming task.  

In addition, some eye-movement research has found evidence that parafoveal information 

41 



impacts not just where to move the eye-gaze, as was discussed in the introduction, but also when 

to move it (i.e. Kliegel, Grabner, Rolfs, & Engbert, 2004). Theoretically, then, the lack of 

information in the parafovea should adversely impact the predictability of eye-movements. The 

significant relation of within-page variability with rapid naming thus implicates not just 

differential eye-movement control, but also a differential amount of information gained from the 

letter immediately following fixation for subjects with various levels of rapid naming skill.  

Limitations and Future Directions 

One critical limitation of this study was that the results suggested that the display change 

employed in both experiments impacted naming speed in unintended ways. Although the 

differences were not statistically significant, even in the lowest level of processing the one-letter 

had a mean speed faster than that of the legal preview condition. The effect was magnified when 

cognitive processing was measured; in the aggregate analyses the one-letter preview was the 

fastest condition observed. Although this effect was later disentangled as an effect due to 

differences along the continuum of rapid naming skill, the one letter window always showed a 

mean slightly faster than either of the other two conditions. This seems to suggest that the 

display change caused participants to increase their speed of performance, likely in an attempt to 

“catch up” with the changing display. This effect may have been occurring for the zero-letter 

condition as well, but the lack of information in parafoveal preview seemingly prevented 

participants from increasing their speed in a similar way.  

It would be of interest to explore how the observed effects would differ if the 

performance of older students were examined. It is likely that the tiring effect observed would be 

diminished in older students, as they would not take as long to conduct the trials. Without the 

tiring effect, the results would be cleaner. Additionally, work in the eye-tracking literature has 

found a larger perceptual span in more experienced readers. Thus it is likely that there would be 

exaggerated effect observed in the outcomes of Experiment 1, and also likely that some 

differences would be observed in Experiment 2.  

Along those same lines, pilot testing of Experiment 2 was conducted with a few first 

grade students in which no preview of the correct letter was allowed. However, this proved to be 

very difficult for the participants. Without the benefit of preview at the letter position 

immediately following fixation, the participants became frustrated, were prone to errors, and 

were unable to read fluently. It was for these reasons that one-letter of preview was given for the 
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mask changes in Experiment 2. However, having the mask change so far from fixation did not 

impact the voice latency, fixation duration, or gaze duration times. It is possible that older, more 

experienced readers would be better able to cope with the changing display, or would at least not 

be as frustrated by it. Thus, this would be an interesting direction to take future studies.   

Finally, it would be very interesting to compare not only performance on these tasks 

across a wide range of ages, but also across a wider range of reading abilities. Specifically, much 

of the research into the rapid naming task explicitly examines the population of dyslexic or 

extremely poor readers. In the sample used in the present study, there were not any students with 

extremely poor reading scores, nor were there any students who had been labeled as dyslexic. 

Conducting a study wherein a sample of dyslexic readers was compared to a sample of typically 

developing readers on the amount of information gained in the parafovea would contribute 

substantially to the literature discussing the performance of dyslexic readers on the rapid serial 

naming task.  

Taken together, the results of this study suggest that both low-level visual processing and 

cognitive processing occur not only from the letter being fixated, but also for the letter 

immediately subsequent to it. However, this was the limit of the usefulness of parafoveal 

information for the young readers used in this sample; no facilitatory information was obtained 

outside of this two-letter viewing window. The results implicate individual differences in 

performance variability, eye-movement control, and the utilization or integration of parafoveal 

information in the variability of the rapid serial naming task and its relation with reading.   
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Table 1: The Target Letters and Corresponding Masks Used in Experiment 2  

 

 

Target Letter 

 

Visual 

 

Rime 

 

 

Onset 

 

Different 

 

i 

    

j 

 

y 

 

 

r 

 

 

t 

 

s    e x f b 

g
a

q t ja l 

p
a

qa e b i 

k
a

x a qa u 

 

Notes: 
a
Letters used as confusable in this way in Jones et al. (2008).   
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Table 2: Means, Standard Deviations, and Correlations of Reading Outcome Measures 

 

 
RLN WID WATT ORF TOSRE

 

RLN 1     

WID -0.35* 1    

WATT -0.37* 0.79* 1   

ORF -0.2 0.76* 0.6* 1  

TOSRE -0.33* 0.68* 0.59* 0.52* 1 

 

Mean 

 

48.56 38.09 15.39 77.73 23.91 

SD 11.4 5.9 6.7 31.7 8.4 

Note: * p < .05, RLN mean and SD reported in seconds. RLN = CTOPP Rapid Letter Naming, 

WID = Woodcock Johnson Word Identification, WATT = Woodcock Johnson Word Attack, ORF 

= DIBELS Oral Reading Fluency, TOSRE = Test of Sight Word Efficiency. 
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Table 3: Mean Speeds and Within-Page Variability of First Fixation and Gaze Durations and 

Their Correlations with Reading Outcomes 

 

 

 

FFD Mean 

 

FFD 

Variability

 

GD Mean 

 

GD 

Variability

 

 

FFD Mean 1    

 

FFD Variability 0.82 1   

 

GD Mean 0.65 0.80 1  

 

GD Variability 

 

0.46 

 

0.68 

 

0.83 

 

1 

 

 

RLN 0.52* 0.73* 0.73* 0.70* 

 

WID -0.21 -0.37* -0.32* -0.39* 

 

WATT -0.32* -0.40* -0.49* -0.48* 

 

ORF -0.35* -0.54* -0.55* -0.58* 

TOSRE 

 

-0.40* 

 

-0.55* 

 

-0.61* 

 

 

-0.62* 

 

     

Mean 403 206 603 283 

 

SD 

 

63 

 

50 

 

132 

 

116 

 

Note: *p < .05, means and standard deviations reported in ms. FFD = First Fixation Duration, 

GD = Gaze Duration, RLN = CTOPP Rapid Letter Naming, WID = Woodcock Johnson Word 

Identification, WATT = Woodcock Johnson Word Attack, ORF = DIBELS Oral Reading 

Fluency, TOSRE = Test of Sight Word Efficiency. 

46 



Table 4: Voice-Latency Means, Standard Deviations, and Correlations with Reading Outcomes 

for the three condition of Experiment 1  

 

 

 

Legal Preview 

 

One-Letter Zero-Letter 

    

Legal Preview 1   

One-Letter 0.86* 1  

Zero-Letter 0.86* 0.84* 1 

 

RLN 

 

0.81* 

 

0.70* 

 

0.72* 

 

WID -0.32* -0.34* -0.23 

WATT -0.38* -0.38* -0.30* 

ORF -0.52* -0.53* -0.51* 

TOSRE -0.55* -0.56* -0.54* 

 

Mean 

 

8088 7638 7969 

SD 2264 1864 1530 

Note: *p < .05, means and standard deviations reported in ms. RLN = CTOPP Rapid Letter 

Naming, WID = Woodcock Johnson Word Identification, WATT = Woodcock Johnson Word 

Attack, ORF = DIBELS Oral Reading Fluency, TOSRE = Test of Sight Word Efficiency. 
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Table 5: Means, Standard Deviations, and Correlations among Eye-Movement Variables and 

Reading Outcomes in Experiment 1 

 First Fixation Duration  First Gaze Duration 

 Legal One Zero  Legal One Zero 

First Fixation Duration 

 
  

 
   

One-Letter 0.73* 1      

Zero-Letter 0.72* 0.7* 1     

First Gaze Duration       

Legal Preview 0.65* 0.62* 0.56*  1   

One-Letter 0.57* 0.79* 0.55*  0.84* 1  

Zero-Letter 0.47* 0.59* 0.66*  0.75* 0.7* 1 

 

RLN 

 

0.50* 

 

0.53* 

 

0.56* 

 

 

0.72* 

 

0.69* 

 

0.67* 

 

WID -0.21 -0.27 -0.18  -0.32* -0.32* -0.28 

WATT -0.32* -0.30 -0.24  -0.49* -0.37* -0.43* 

ORF -0.35* -0.41* -0.42*  -0.55* -0.53* -0.5* 

TOSRE -0.4* -0.43* -0.49*  -0.61* -0.54* -0.61* 

 

Mean 

 

404 

 

392 

 

431 

 

 

607 

 

560 

 

619 

 

SD 63 57 64  130 117 104 

Note: *p < .05, means and standard deviations reported in ms. RLN = CTOPP Rapid Letter 

Naming, WID = Woodcock Johnson Word Identification, WATT = Woodcock Johnson Word 

Attack, ORF = DIBELS Oral Reading Fluency, TOSRE = Test of Sight Word Efficiency. 
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Table 6: Voice-Latency Means, Standard Deviations, and Correlations with Reading Outcomes 

on the Five Conditions of Experiment 2 

 

 

 

Legal  

 

Rime 

 

Onset 

 

Visual 

 

Non-

similar 

 

 

Rime 

 

0.95* 

  

   

Onset 0.94* 0.89*    

Visual 0.93* 0.95* 0.88*   

Non-similar 0.89* 0.85* 0.94* 0.85*  

 

RLN 

 

0.83* 

 

0.83* 

 

0.73* 

 

0.79* 

 

0.67* 

 

WID -0.39* -0.36* -0.37* -0.39* -0.37* 

WATT -0.33* -0.32* -0.34* -0.34* -0.31* 

ORF -0.57* -0.57* -0.52* -0.59* -0.54* 

TOSRE -0.57* -0.59* -0.55* -0.56* -0.55* 

 

Mean 

 

8178 ms 

 

8043 ms 

 

8146 ms 

 

7942 ms 

 

8298 ms 

 

SD 2095 ms 1969 ms 2354 ms 2255 ms 2238 ms 

Note: * p < .05, Legal = Legal Preview condition, Rime = Rime-similar condition, Onset = 

Onset-similar condition, Visual = Visually-similar condition, RLN = CTOPP-RLN, WID = WJ 

Word Identification, WATT= WJ Word Attack  
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Table 7: Means, Standard Deviations, and Correlations among Eye-Movement Variables and 

Reading Outcomes in Experiment 2 

 

 First Fixation Duration  First Gaze Duration 

 legal rime onset visual non  legal rime onset visual non 

 

First Fixation Duration 

           

rime 0.87 1    

      

onset 0.77 0.82 1   

      

visual 0.84 0.89 0.87 1  

      

non-similar 0.84 0.78 0.8 0.77 1 

      

First Gaze Duration 

           

legal 0.7 0.73 0.79 0.79 0.72  1     

rime 0.63 0.71 0.67 0.77 0.6  0.85 1    

onset 0.5 0.65 0.84 0.75 0.63  0.84 0.79 1   

visual 0.49 0.65 0.69 0.75 0.54  0.83 0.84 0.86 1  

non-similar 0.58 0.69 0.69 0.7 0.72  0.89 0.78 0.82 0.82 1 

 

RLN 

 

0.45* 

 

0.54* 

 

0.58* 

 

0.58* 

 

0.40* 

  

0.74* 

 

0.72* 

 

0.7* 

 

0.62* 

 

0.7* 

 

WID -0.16 -0.19 -0.25 -0.23 -0.18  -0.35* -0.28 -0.3* -0.35* -0.29 

WATT -0.09 -0.18 -0.29 -0.17 -0.06  -0.33* 0.21 -0.32* -0.34* -0.24 

ORF -0.24 -0.26 -0.35* -0.32* -0.22  -0.49* -0.42* -0.48* 0.48* -0.44* 

TOSRE -0.28 -0.28 -0.37* -0.33* -0.26  -0.57* -0.45* -0.5* -0.5* -0.48* 

 

Mean 393 403 403 396 401  594 578 580 564 583 

 

SD 

 

74 

 

67 

 

77 

 

66 

 

85 

  

121 

 

113 

 

128 

 

111 

 

116 

 

Note: *p < .05, means and standard deviations reported in ms. RLN = CTOPP Rapid Letter 

Naming, WID = Woodcock Johnson Word Identification, WATT = Woodcock Johnson Word 

Attack, ORF = DIBELS Oral Reading Fluency, TOSRE = Test of Sight Word Efficiency. 
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Table 8: Coefficients from the Final HLM Model Estimating Total Trial Voice Latency Times in 

the Three Conditions of Experiment 1 

 

 

 

Coefficient 

 

S.E. 

 

t-ratio 

 

df 

 

p 

 

 

Page      

 

Intercept 

 

12.73 

 

4.67 

 

2.73 

 

1511.00

 

0.01 

 

x RLN 0.32 0.29 1.12 1511.00 0.26 

Legal Preview      

Intercept 5793.64 341.64 16.96 39.00 0.00 

x RLN 138.53 20.25 6.84 39.00 0.00 

One-Letter      

Intercept 5820.85 328.45 17.72 39.00 0.00 

x RLN 103.81 19.39 5.36 39.00 0.00 

Zero-Letter      

Intercept 6356.03 278.18 22.85 39.00 0.00 

x RLN 81.38 16.41 4.96 39.00 0.00 

 

Note: Because zero intercepts models were fit to the data, the significant p-values reported are 

testing whether the coefficients are different from zero. While this is of interest for the values 

related to page and to the interaction terms of each condition with RLN, it was not for the main 

effects of condition.  
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Table 9: Coefficients from the Final HLM Model Estimating First Gaze Durations in the Three 

Conditions of Experiment 1  

 

 

 

Coefficient 

 

S.E. 

 

t-ratio 

 

df 

 

p 

 

 

Page      

 

Intercept 

 

1.26 0.37 3.396 9793 0.001 

x RLN 0.02 0.02 1.022 9793 0.307 

Legal Preview      

Intercept 464.25 20.81 22.309 39 0.000 

x RLN 7.75 1.25 6.209 39 0.000 

One-Letter      

Intercept 441.63 21.70 20.352 39 0.000 

x RLN 6.51 1.29 5.038 39 0.000 

Zero-Letter      

Intercept 507.92 20.07 25.305 39 0.000 

x RLN 5.25 1.18 4.436 39 0.000 

*Note RLN = CTOPP Rapid Letter Naming. RLN centered at faster than average performance. 
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Table 10: Coefficients from the Final HLM Model Estimating First Fixation Durations in the 

Three Conditions of Experiment 1  

 

 

 

Coefficient 

 

S.E. 

 

t-ratio 

 

df 

 

p 

 

 

Page      

 

Intercept 

 

0.56 0.17 3.28 9793 0.001 

x RLN 0.02 0.02 1.45 9793 0.148 

Legal Preview 

     

Intercept 389.99 9.43 41.36 39 0.000 

x RLN 2.29 0.84 2.73 39 0.010 

One-Letter      

Intercept 379.87 8.55 44.41 39 0.000 

x RLN 2.22 0.76 2.92 39 0.006 

Zero-Letter      

Intercept 414.77 9.44 43.92 39 0.000 

x RLN 2.64 0.83 3.19 39 0.003 

*Note RLN = CTOPP Rapid Letter Naming. RLN centered at the mean for all participants. 
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Table 11: Coefficients from the Final HLM Model Estimating Total Trial Voice Latency Times 

in the Five Conditions of Experiment 2  

 

 

 

Coefficient 

 

S.E. 

 

t-ratio 

 

df 

 

p 

 

 

Page      

 

Intercept 9.60 2.09 4.591 2328 0.000 

 

x RLN 0.66 0.17 3.927 2328 0.000 

 

Legal Preview      

 

Intercept 7940.85 225.99 35.138 40 0.000 

 

x RLN 95.13 17.40 5.467 40 0.000 

 

Rime-Similar      

 

Intercept 7772.35 215.66 36.039 40 0.000 

 

x RLN 89.73 16.59 5.41 40 0.000 

 

Onset-Similar      

 

Intercept 7878.75 267.48 29.456 40 0.000 

 

x RLN 102.70 20.59 4.987 40 0.000 

 

Visually-Similar      

 

Intercept 7651.58 244.76 31.262 40 0.000 

 

x RLN 99.36 18.77 5.293 40 0.000 

 

Non-Similar      

 

Intercept 7986.736 269.206 29.668 40 0.000 

 

x RLN 

 

85.74645 

 

20.712 

 

4.14 

 

40 

 
0.000 

 

 

*Note RLN = CTOPP Rapid Letter Naming. RLN centered at the mean for all participants. 
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Table 12: Coefficients from the Final HLM Model Estimating First Gaze Durations in the Five 

Conditions of Experiment 2  

 

 

 

Coefficient 

 

S.E. 

 

t-ratio 

 

df 

 

p 

 

 

Page      

 

Intercept 0.97 0.157 6.16 13901 0.000 

 

x RLN 0.02 0.013 2.16 13901 0.03 

 

Legal Preview      

 

Intercept 561.26 13.805 40.65 40 0.000 

 

x RLN 5.54 1.079 5.13 40 0.000 

 

Rime-Similar      

 

Intercept 543.44 13.181 41.22 40 0.000 

 

x RLN 4.716 1.046 4.50 40 0.000 

 

Onset-Similar      

 

Intercept 545.18 14.194 38.40 40 0.000 

 

x RLN 6.18 1.112 5.56 40 0.000 

 

Visually-Similar      

 

Intercept 529.58 13.883 38.14 40 0.000 

 

x RLN 4.73 1.072 4.41 40 0.000 

 

Non-Similar      

 

Intercept 552.39 13.424 41.15 40 0.000 

 

x RLN 

 

5.7363 

 

1.065 

 

5.38 

 

40 

 

0.000 

 

*Note RLN = CTOPP Rapid Letter Naming. RLN centered at the mean for all participants 
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Table 13: Coefficients from the Final HLM Model Estimating First Fixation Durations in the 

Five Conditions of Experiment 2  

 

 

 

 

Coefficient 

 

S.E. 

 

t-ratio 

 

df 

 

p 

 

 

Page      

 

Intercept 0.49 0.11 4.514 13901 0. 000 

 

x RLN 0.01 0.01 1.283 13901 0.200 

 

Legal Preview      

 

Intercept 378.18 10.25 36.884 40 0.000 

 

x RLN 1.90 0.80 2.37 40 0.023 

 

Rime-Similar      

 

Intercept 387.66 9.42 41.168 40 0.000 

 

x RLN 2.20 0.75 2.949 40 0.006 

 

Onset-Similar      

 

Intercept 387.05 9.69 39.963 40 0.000 

 

x RLN 3.24 0.76 4.26 40 0.000 

 

Visually-Similar      

 

Intercept 380.79 8.79 43.296 40 0.000 

 

x RLN 2.80 0.68 4.114 40 0.000 

 

Non-Similar      

 

Intercept 385.33 12.11 31.825 40 0.000 

 

x RLN 

 

2.15 

 

0.95 

 

2.267 

 

40 

 

0.029 

 

*Note RLN = CTOPP Rapid Letter Naming. RLN centered at the mean for all participants. 
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Figure 1. Mean first fixation durations and within-page variability by RLN speed.  
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Figure 2. Mean voice latency total trial times of the three conditions of Experiment 1 across the 

distribution of RLN performance. 
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Figure 3.  First fixation durations and first gaze durations by condition of Experiment 1 across 

the distribution of RLN performance. Fixdur = first fixation duration; Gazedur = initial gaze 

duration. 
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Figure 4. Interaction of RLN performance with page on total trial voice latency performance in 

Experiment 2. 
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Figure 5. The mean voice latency total trial times of the five conditions of Experiment 2 across 

the distribution of RLN performance. 
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Figure 6. First fixation durations and first gaze durations by condition of Experiment 2 across the 

distribution of RLN performance. 
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APPENDIX A 

IRB APPROVAL FORM 

 

Office of the Vice President For Research 

Human Subjects Committee 

Tallahassee, Florida 32306-2742 

(850) 644-8673 · FAX (850) 644-4392 

 

APPROVAL MEMORANDUM (for change in research protocol) 

 

Date: 5/8/2009 

 

To: Jessica Logan 

 

Address: 227 N. Bronough St. Suite 7250 

Dept.: PSYCHOLOGY DEPARTMENT 

 

From:   Thomas L. Jacobson, Chair 

 

Re:     Use of Human Subjects in Research (Approval for Change in Protocol) 

Project entitled: Visual and Phonological Components of Rapid Serial Naming 

 

The form that you submitted to this office in regard to the requested change/amendment to your 

research protocol for the above-referenced project has been reviewed and approved. 

 

Please be reminded that if the project has not been completed by 2/10/2010, you must request 

renewed approval for continuation of the project. 

 

By copy of this memorandum, the chairman of your department and/or your major professor is 

reminded that he/she is responsible for being informed concerning research projects involving 

human subjects in the department, and should review protocols as often as needed to insure that 

the project is being conducted in compliance with our institution and with DHHS regulations. 

 

This institution has an Assurance on file with the Office for Human Research Protection. The 

Assurance Number is IRB00000446. 

 

Cc: Christopher Schatschneider, Advisor 

HSC No. 2009.2689 
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APPENDIX B 

PARENTAL CONSENT FORM 

 

64 



65 



APPENDIX  C 

CHILD ASSENT FORM 
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