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ABSTRACT 

An experiment was conducted to examine how eye movements during reading of regular 

and phrase-segmented texts vary with reading performance. Each participant read a set 

of either regularly formatted or phrase-segmented texts as eye movements were 

monitored. Each text was followed by a set of comprehension questions. The effects of 

individual differences (high- vs. low-performance readers) and text formatting (regular 

vs. phrase-segmented) were investigated by examination of readers' eye movement 

patterns. Previous research has revealed that poor readers' performance on tasks that 

require syntactic processing differs from that of good readers', and that poor readers' 

comprehension and reading rate improves when presented with phrase-segmented text. It 

was hypothesized that high- and low-performance readers' eye movements would differ 

during regular text reading in replication of previous research, and that furthermore low-

performance readers' eye movements while reading phrase-segmented text would 

resemble those of high-performance readers' in the same condition. Results revealed 

differences between high- and low-performance readers' eye movements for regular 

texts, but not for phrase-segmented texts. This was due to changes in eye movement 

measures across text conditions for low-performance readers only. 



CHAPTER 1;  INTRODUCTION 

Understanding language requires the extraction of meaning from the linguistic stimulus 

(see e.g., Golinkoff, 1975-1976), including organizing the input into meaningful chunks 

like words, sentences, and phrases. Most theories of reading view spaces between words 

as important to the lexical recognition process. The use of spaces to separate words in 

text has a relatively short history. The modem Western arrangement of characters (left to 

right) can be traced to the time of the Greeks, although they often wrote words 

continuously (i.e., with no spaces intervening; Thompson, 1975). Originally, written 

words were regularly separated in texts with dots or points, before adoption of the 

contemporary convention around the 9"' Century of using spaces to mark word 

boundaries (Thompson, 1975). 

While the word is a basic unit of meaning, the study of linguistics tells us that 

languages further organize words into larger units. Furthermore, while spaces serve to 

separate words and aid in lexical recognition, their role in separating larger sized units 

(i.e., phrases and clauses) is frequently overlooked. In addition to the spaces between 

words, punctuation also serves to separate larger linguistic units. During the first few 

centuries before the common era, punctuation marks began to be used regularly 

(Thompson, 1975). Thompson (1975) described the use of punctuation symbols 

equivalent in function to today's commas, semi-colons, and periods beginning around 

200 BC. It was thus only near the beginning of the common era that sentences and 

clauses were visually segregated in order to presumably provide a means of demarcating 

these linguistic units in text and facilitate ease or speed of processing. The separation of 
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text passages into paragraph-sized units was introduced in Aristotle's time (4''' Century), 

with paragraphs being demarcated initially by horizontal strokes; from the 5"' Century to 

the Middle Ages, a new paragraph was marked by increasing the size of the first letter 

and begirming the first word of the paragraph with a smaller degree of indentation than 

other lines. 

Natural spoken language contains a wide variety of acoustic cues to segment the 

speech stream into linguistic units, and thus organize the stimulus into meaningful chunks 

(Cooper & Cooper, 1980), while written language provides minimal assistance in this 

regard. Standard typographical conventions, including spaces and punctuation marks, 

provide some assistance in segmentation of text into meaningful units like words, 

phrases, clauses, and sentences. But, while word boundaries are always marked (i.e., by 

spaces), boundaries between phrases and clauses are rarely punctuated, save infrequently 

by commas. 

For over 50 years, researchers have found improved reading performance with 

materials that make the boundaries between meaningftil units more obvious, or a 

procedure that can be called chunking. Chunking research has furthermore revealed that 

poor readers experience a greater benefit from chunked text, consistent with a suggestion 

by Wiener & Cromer (1967) that some poor readers are inappropriately organizing texts 

during reading. When provided with segmented text materials that have had their 

meaningful units pre-segregated, poor readers can then appropriately extract the 

meaningful units (see e.g., Cromer, 1970), a process that good readers presumably do 

naturally. 
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If this notion is correct, then it further suggests that poor and good readers differ in 

their syntactic processing ability, as "meaningful units" in chunking research typically 

correspond to syntactic constituents. Individual differences on various tasks that require 

syntactic processing have been documented in the literature consistent with the notion 

that good and poor readers differ in their sensitivity to syntax. In addition, reports that 

good and poor readers have different patterns of eye movements during reading suggest 

that the preceding differences extend to a wide variety of reading behaviors. The effect 

of chunking on poor readers' eye movements has not previously been studied. It is 

hypothesized that, given the positive impact of chunking on poor readers' comprehension 

and rate, a chunking effect should also be found on their eye movements during reading. 

The following dissertation provides an empirical investigation of just this; the goal of the 

present study is to investigate eye movements by good and poor readers during reading of 

regular and phrase-segmented texts. I proceed to review the relevant literatures on 

chunking and individual differences in reading and eye movements, and place these in the 

context of recent theories of individual differences and syntactic processing. 

Units of Linguistic Processing 

Why might chunking be helpful in improving reading performance? The common view 

in research on chunking is that it facilitates encoding processes by providing readers with 

meaningfully segmented units. These units typically correspond to phrases and clauses. 

Language processing involves organizing the linguistic stimulus into phrase- and clause-

sized units. Empirical data from spoken and written language processing provide clear 
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evidence for clausal and phrasal organization in language processing. Research in 

spoken language processing has revealed that (a) auditorally presented probe words are 

responded to more quickly when they come from the second clause of a two-clause 

sentence (Caplan, 1972); (b) verbatim recall is highest for words in a just-heard clause as 

compared to the preceding sentence (Jarvella, 1971); (c) brief non-threshold tones are 

harder to detect at the end of a clause (Bever & Hurtig, 1975); and, (d) individuals tend to 

hear pauses in running speech at phrase boundaries (Martin, 1970). 

Studies of written language processing reveal analogous results. Readers are less 

likely to cross out silent e's in clause-fmal words suggesting less attention to the written 

stimulus at clause boundaries (Muncer & Bever, 1984; Townsend, Carrithers, & Bever, 

1987). Chang (1980) found faster reaction times to probe words when they were in the 

final clause, rather than the preceding clause, of a previously read two-clause sentence. 

Subjects are most likely to indicate comprehension of the most recently processed 

sentence when the immediately preceding clause contains identical elements (Clark & 

Sengul, 1979). In a word-by-word reading task, subjects given verbatim recall 

instructions showed longest reading times at phrase boundaries (Aaronson & 

Scarborough, 1976). Furthermore, subjects tend to recall previously read texts in terms 

of meaningful linguistic units (Johnson, 1970), and recall significantly more when they 

are presented with one phrase per line of text (Anglin & Miller, 1968). 

1 place the latter study into the class of research that has typically found improved 

reading performance by providing readers with text that has been segmented into 

meaningful chunks. Chunking research provides further evidence for the importance of 
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phrases in written language processing. Resuhs of chunking research have revealed that 

separating phrases visually may impact upon reading performance, and will be reviewed 

in the next section. In a similar vein, two studies have reported an effect of training 

children to identify tachistoscopically presented phrases on their subsequent text 

comprehension (Amble, 1966; Amble & Kelly, 1970). Amble (1966) reported that 5*'' 

grade students' reading comprehension on a standardized test improved most after 

training on tachistoscopic recognition of a large number (n=5200) of individually 

presented phrases. Improved comprehension was maintained for 3 months after training. 

Analogous results have been reported for 4"' graders trained on phrases (Amble & Kelly, 

1970). 

Evidence for the phrase as a unit of processing can also be found in studies where 

the subjects' task was to read aloud. In oral reading, subjects tend to pause at phrase 

boundaries as indicated by increased duration of phrase-final words (Martin. 1970. Klatt, 

1976). Furthermore, the eye-voice span (EVS) often ends at a constituent boundary 

(Levin and Kaplan, 1970; Gibson and Levin, 1976). In EVS studies, subjects read a 

passage aloud that is obscured after some time interval; the amount of information read 

aloud is recorded, and is dubbed the EVS. 

Language processing thus involves the organization of clause and phrase units. 

Despite the psychological salience of these units in written language, typographic 

regularities demarcating constituent boundaries are uncommon. \Vhile clause boundaries 

may be marked with periods and commas, other phrase boundaries are seldom indicated 

in conventional text. Consequently, the use of punctuation as a cue to segmentation of 
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regularly formatted text into various levels of linguistic structure is limited, and chunked 

texts may provide just that segmentation. 

Chunking Aids Reading Performance 

The use of visual information to mark phrasal boundaries in text has been repeatedly 

found to improve reading performance (North & Jenkins, 1951; Nahinsky, 1956; Amble, 

1966; Graf & Torrey, 1966; Epstein, 1967; Anglin & Miller, 1968; Amble & Kelly, 1970; 

Cromer, 1970; Hartley & Bumhill, 1976; Patberg & Yonas, 1978, Mason & Kendall, 

1979; Frase & Schwartz, 1979; Stevens, 1981; Negin, 1982; Brozo, Schmelzer, & Spires, 

1983; Gerrel & Mason, 1983; Jandreau, Muncer, & Bever, 1986; O'Shea & Sindelaar, 

1983; Weiss, 1983; Jandreau & Bever, 1992; Beeson & Insalaco, 1998). The impact of 

segregating "meaningful chunks" in text has been a topic of research for over 50 years. 

In these endeavors, meaningful chunks have frequently corresponded to phrase units (see 

Table 1). 

In a seminal study, North & Jenkins (1951) asked university students to read texts 

that were formatted in one of three different styles. Students saw texts that were 

organized into "square span" style, "spaced unit" style, or standard style. Square span 

style is a typographical style that arranges words into horizontal and visual blocks such 

that "thought units" are separated into double-line vertical columns with no more than 

two words per line, for example: 
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style of 

presentation. 

This style of text presentation was first introduced by Andrews (1949), who provided 

anecdotal evidence for increased reading speed with square-span text. In the spaced unit 

style, thought units are separated via insertion of additional spacing between units and 

text is presented in the standard left to right fashion. 

This is an example of the spaced unit style of presentation. 

The authors found that subjects in the spaced unit condition read more words and 

answered more questions correctly than in the square span or standard text conditions. 

Table 1 shows that later studies have generally replicated and extended these 

results quite successfully. The benefit of marking the boundaries of meaningftil units on 

reading comprehension and speed has been reported in numerous studies and for subjects 

of varying ages, from first graders to college students. Improved reading performance for 

hearing impaired children and for an adult with an acquired reading impairment has also 

been reported with chunked texts (Negin, 1982; Beeson & Insalaco, 1998). 

Successful studies using a variety of procedures for visually separating chunks 

have been reported. Significant effects of different chunking procedures have been 

documented for a variety of measures. Chunking procedures have included: placing 

vertical lines (i.e., slashes) or other written symbols between units (Epstein, 1967; Brozo, 
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Schmelzer, & Spires, 1983; Stevens, 1981; Negin, 1982), or increasing the horizontal 

space size between meaningful units (North & Jenkins, 1951; Coleman & Kim, 1961; 

Cromer, 1970; Hartley & Bumhill, 1976; Patberg & Yonas, 1978; Gerrell & Mason, 

1983; Jandreau, Muncer, & Bever, 1986; O'Shea & Sindelaar, 1983; Bever, Jandreau, 

Burwell, Kaplan, and Zaenen, 1990; Bever, Jandreau, Juliano, Przezdzieki, & Zukowski, 

1991; Jandreau & Bever, 1992; Beeson & Insalaco, 1998), presenting one meaningful 

unit per line (Weiss, 1983; Taylor, Wade, & Yekovich, 1985; Amble & Kelly, 1970; 

Frase &. Schwartz, 1979; Mason & Kendall, 1979; Anglin & Miller, 1968; Amble, 1966), 

and increasing the vertical space size between units (Coleman & Kim, 1961; Coleman & 

Hahn, 1966; Hartley & Bumhill, 1976; Hartley, 1980), or some combination thereof. 

Chunking has been found to improve subjects' text recall. As previously 

mentioned, subjects recall more of a text when it is presented with one phrase per line 

(Anglin & Miller, 1968). Nahinsky (1956) reported that immediate recall was best for 

square span texts over both spaced unit and standard text conditions. Coleman & Kim 

(1961) also found that immediate recall was better for their experimental presentation 

styles, which included square-span texts and texts that had one phrase per line; subjects 

were presented texts via a tachistoscope. Presenting texts with major phrase boundaries 

marked by arrows has also been found to improve intentional (but not incidental) free 

recall (Epstein, 1967). 

Chunking also affects performance on standard comprehension tasks. As 

mentioned previously. North & Jenkins (1951) found the best comprehension 

performance by their college-age subjects for spaced-unit style texts. Effects of chunking 



21 

on comprehension have been documented in numerous other studies with various 

chunking procedures. An effect of chunking by placing slashes between meaningful 

units has been reported for good college readers' performance on a reading 

comprehension subtest of a standardized test (Brozo, et al., 1983), as well as for high 

school boys on a standardized reading test (Stevens, 1981). Negin (1987) found that texts 

whose meaningful units were separated by slashes improved performance by hearing 

impaired students on a multiple choice comprehension task. Increasing the space size 

between phrases in text has also improved the reading comprehension performance of 

some college readers (Cromer, 1970; Jandreau & Bever, 1992). I will call the latter type 

of chunked material phrase-spaced text. Jandreau & Bever (1992) employed a computer 

algorithm that constructed phrase-spaced texts and found improved comprehension, as 

measured by multiple-choice questions, for a subset of their college subjects. Effects of 

phrase-segmented texts on comprehension have also been reported for 5"" grade students 

(Gerrell & Mason, 1983). Improved comprehension performance has even been found 

for poor 8"* grade readers when texts have been formatted such that 13 letter spaces 

occurred between words (Patberg & Yonas, 1978). Some readers also have improved 

comprehension performance when one unit or chunk (Mason Kendall, 1979), or one 

major phrase (Graf & Torrey, 1966) is presented per line. 

In addition, chunking affects performance on timed tasks. Recall that North and 

Jenkins (1951) found faster reading speeds for spaced unit texts. Bever et al. (1991) 

reported improved reading rate by their subjects for phrase-segmented texts (that were 

formatted using a computer algorithm). Hartley & Bumhill (1976) found increased speed 
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on an information search task when text materials were organized such that major text 

units were separated via vertical spacing and minor text units were indented as a function 

of hierarchical importance. College-age subjects also exhibit faster sentence verification 

times for complex technical passages when the text was meaningfully segmented by 

presenting one major phrase per line (Frase & Schwartz, 1979). This benefit was found 

independent of any changes in indentation style of the text. Increased reading rate was 

also reported for 9-12 year old readers when texts were presented with one meaningful 

unit per line (Mason & Kendall, 1979). Lastly, increased reading rates were found with 

phrase-segmented texts for an individual who had an acquired reading impairment 

(Beeson & Insalaco, 1998). 

Aside from speed and comprehension, chunking reportedly affects performance 

on other tasks also. Phrase-segmentation has been found to improve text readability, as 

indicated by college readers' performance on the Cook-Chapman test (Bever, et al., 

1990). Subjects in one study had improved report accuracy with texts that were 

segmented by one unit per line and with texts that had increased horizontal spacing 

be tween  thought  un i t s  (Coleman & Kim,  1961) .  Fewer  ora l - read ing  e r rors  by  f i f th  

graders have also been reported when texts are presented with one idea unit per line 

(Taylor, Wade, & Yekovich, 1985). Improved performance has been reported for 

children on a maze task in which texts were presented with 5 spaces between thought 

units (O'Shea & Sindelaar, 1983) and on a cloze task when subjects read texts containing 

one pausal or syntactic-phrase unit per line (Weiss, 1983). Lastly, improved community 



college grades were found with phrase-segmented texts over normally formatted texts 

(Bever, et al., 1991). 

Jandreau. Muncer & Bever (1986) reported on the results of an experiment with 

phrase-segmented text created by means of a computer algorithm. The importance of this 

study lies in the use of an uncomplicated computer algorithm, dubbed cyclephrase, that 

quite accurately assigned grammatical structure to sentences and the use of a subsequent 

program that converted phrase breaks into spacing increments based on the hierarchical 

phrase structure of the sentence. That is, phrases with larger constituents are followed by 

larger space sizes than those with smaller constituents. Subjects in the Jandreau et al. 

(1986) study read more words in the phrase-segmented than the normally formatted 

condition. The authors found that these results hold for increased spacing at major phrase 

boundaries (Experiment 1) and at major and minor phrase boundaries (Experiment 2). 

As shown in Table 1, several studies have also failed to find any effect of chunked 

text. For example, Klare et al. (1957) found no effect of spaced unit or square span styles 

on comprehension. However, these authors provided a subjective report that reading 

times were slower for the square span texts. The latter was not submitted to separate 

statistical analysis. Carver (1970) failed to find an effect of chunking on speed or 

subsequent comprehension. As pointed out previously, segmentation of words into units 

did not always occur at phrasal boundaries as indicated by an example provided in the 

text in the Carver (1970) study. Hartley (1980) also reported no effect of phrase-

segmented text on a sentence verification task, but in this study chunking was done in one 

condition by vertical spacing modifications and in another by indentation. Note that in 
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Table 1 most of the studies that found a significant chunking effect separated units via 

horizontally spaced or line procedures, not vertically. Of those studies that vertically 

segmented text, several have failed to find an effect on reading speed or comprehension 

(Coleman & Kim, 1961; Coleman & Hahn, 1966; cf. Hartley & Bumhill, 1976). 

Furthermore, Frase & Schwartz (1979) found no additional impact of indentation on 

sentence verification over that provided by presenting one unit per line. Thus, Hartley 

(1980) used chunking procedures for which minimal evidence exists in the literature. 

Keenan (1984) failed to find an effect of placing one meaningful chunk per line of text, 

but a post-hoc analysis of her data suggested that this was due to failure to control for line 

length between experimental and control materials. Taylor, Wade, & Yekovich (1985) 

also failed to find an effect of placing one phrase per line on free and structured recall by 

good and poor 5"* graders. In their study, idea units were segmented by judges of 

unknown expertise and no examples of the chunked texts were provided; it is 

consequently unclear as to the nature of the "chunks" used. 

The studies reviewed here have differed in the way that segmentation units were 

determined, as shown in Table 1. In some studies, groups of words were subjectively 

designated as "thought units," "idea units," "meaningfiil units," or "meaningful chunks." 

While segmentation units have often corresponded to major syntactic phrases in these 

studies, on occasion there is evidence that sentences were segmented such that the 

integrity of phrases was violated. For example. Carver (1970) provided an example of 

the segmented material in the text of his article that clearly demonstrated that phrase 

boundaries were not always respected by the segmentation procedure (see also Keenan, 
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1984). Other studies have more strictly adopted the syntactic phrase as the segmentation 

unit. Within the latter group, most have defined the major syntactic phrase as the unit of 

segmentation, but segmenting major and minor syntactic phrases also appears to be 

beneficial (Jandreau, et al., 1986; Bever, et al., 1990; Bever, et al., 1991). 

What is the appropriate segmentation unit? As most studies have generally used 

the syntactic phrase as the unit of segmentation, it would seem that this is the most viable 

candidate. Although, evidence as to whether the most appropriate segmentation is one 

that follows syntactic structure or segmentation that is based on prosodic structure is 

equivocal. One study has reported no difference in cloze task performance between 

phrase-segmented and pause-segmented texts (Weiss, 1983). Pause-segmented texts 

were materials in which units were based on judge's decisions about pauses in the text 

during oral reading. On the other hand, a study comparing phrase-segmented texts with 

prosodically segmented texts found improved reading performance in the former 

condition only (Bever, et al., 1990). Differences between the two studies included 

chunking procedure (one phrase per line or phrase-spaced), subject populations (children 

or adults), and the manner in which segmentation units were computed (subjectively by 

judges or algorithmically). Any or all of these factors may account for the reported 

differences. The consensus from most successful studies of chunking suggests that some 

form of syntactic phrase-segmentation underlies the benefit that readers receive from 

reading chunked texts. 

In addition, several studies have employed algorithms in determining 

segmentation units. In a study that failed to find an effect of chunking, Klare et al. (1957) 
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had individuals of unknown training determine "thought units" for the experimental texts 

prior to segmenting them and retrospectively developed a complex algorithm to describe 

the segmentation. The algorithm they described separated objects and predicates for long 

thought units, subjects and predicates for short thought units, did not break up short 

clauses or allow punctuation marks within units. Subsequent studies utilizing this 

algorithm, or a modified version of it, to segment units typically had greater success in 

finding an effect of chunking (Negin, 1982; O'Shea & Sindelaar, 1983; cf. Carver, 1970). 

Other studies have used computer-implemented algorithms to determine segmentation 

units (Keenan, 1984; Jandreau, Muncer & Bever, 1986; Bever, Jandreau, Burwell, 

Kaplan, and Zaenen, 1990; Bever, Jandreau, Juliano, Przezdzieki, & Zukowski, 1991; 

Jandreau & Bever, 1992). The latter type of automatized procedure makes the process of 

determining phrase boundaries and creation of chunked texts more practical and time-

efficient. 

Individual Differences in Response to Chunked Texts 

Nahinsky (1956) provided a descriptive analysis of individual subject's responses to 

square span, spaced unit and regular texts revealing that some subgroups of subjects 

performed best on an immediate recall task for each text condition over the other 

conditions. These results are consistent with the notion that there may be an interaction 

between individual differences and chunking. Lamentably, Nahinsky did not investigate 

further to determine what the root of these differences might have been. As indicated in 

Table 1, other studies have indeed found individual differences in the effect of chunking 
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on various measures. Of the studies that reported an effect of individual differences, all 

found either a benefit for poor readers only, or a greater positive effect on poor readers' 

performance. 

Cromer (1970) reported the results of an empirical investigation where he examined 

the differences between "good", "difference", and "deficit" readers during reading of 

variously formatted texts. Difference readers were operationally defined as individuals 

who had poor performance on a standardized reading comprehension test despite 

adequate intelligence, language skills, and vocabulary while deficit readers were defined 

as individuals with adequate intelligence and language skills but deficient vocabulary. 

Subjects in the study read texts that were formatted regularly, with one word per line, 

with extra spacing between phrases, or in a fragmented manner. Fragmented texts were 

analogous to the phrase-spaced texts in that extra spacing occurred between certain words 

in the text, but this spacing was assigned such that groups of words were not meaningful 

units. 

Cromer analyzed his results based on two different groupings of subjects. One 

way he grouped his subjects was based on performance on previously administered 

comprehension tests. The other way was based on comprehension performance on the 

experimental control task. Using the former, he found that the poor readers as a group 

had poorer comprehension, longer silent and oral reading times, and produced a greater 

number of errors in reading aloud for all text formatting conditions. Furthermore, no 

interaction between sub-groups and text conditions was reported. 
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Defining sub-groups via the revised grouping revealed a different pattern of 

results. Those of greatest relevance will be discussed here. Difference readers' 

comprehension performance was significantly poorer than good readers in all text 

conditions except for the phrase condition. Deficit readers had their best comprehension 

performance of all text conditions on the one word per line condition but continued to 

perform worse than good readers on this condition. Good and difference readers did not 

differ in terms of silent reading times although deficit readers read slower than the two 

other groups. Good readers had their best comprehension performance on sentence and 

phrase conditions, as compared to word and fragmented conditions, suggesting that the 

latter conditions disrupted their reading. Also, good readers made fewer errors than poor 

readers in reading aloud on regular and phrased texts, but not on word and fragmented 

texts. No difference in oral reading accuracy was found between poor reader sub-groups, 

but deficit readers did read aloud more slowly than difference readers. 

Cromer (1970) concluded from these results that at least one class of poor readers, 

the difference readers, that is those that do not organize the visual input in a way to 

facilitate comprehension, are those subjects helped by phrased texts,. Furthermore, good 

readers do organize visual input into meaningful chunks, consistent with the decrement in 

performance with word and fi^gmented conditions and the lack of a difference between 

normal and phrase conditions. 

The finding that some poor readers show a (greater) benefit of chunked text over 

good readers has since been frequently reported. For example, low ability middle school 

students have been found to reap the most reading comprehension benefit on a reading 
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comprehension task from phrase-segmented text (Mason & Kendall, 1979). O'Shea & 

Sindelaar (1983) reported that slow but accurate readers showed better maze performance 

in a chunked text condition. In a study with elementary-school children, Weiss (1983) 

found that cloze performance of poor readers and average readers approximated that of 

average and good readers, respectively, when subjects were presented with chunked text. 

Poor eighth grade readers have shown improved comprehension with texts that separate 

each word with 13 character spaces over regular text (Patberg & Yonas, 1978). 

Bever, Jandreau, Burwell, Kaplan, & Zaenen (1990) compared reading 

performance on three different experimental spacing conditions. Texts were spaced 

based on manual, prosodic, and phrasetree analyses of phrase structure. Phrasetree is 

similar to Jandreau et al.'s (1986) cyclephrase; the pl^irasetree program adjusts spacing 

size relative to the number of constituents in the phrase. Equally spaced (i.e., standard 

formatting) materials were also included in the study as a control. The most readable text 

materials, as indicated by performance on the Cook-Chapman test, were the phrasetree 

texts. The Cook-Chapman test is a test that requires subjects to find the odd word in a 

text. Dividing subjects as a ftinction of their performance on control (standard formatted) 

materials revealed that subjects who scored poorest on the Cook-Chapman test received 

the most benefit from the phrasetree formatting. 

In an unpublished study, Bever, et al. (1991) found a beneficial effect of 

phrasetree-segmented text for subjects' community college grades compared to matched 

controls. Another experiment in this study revealed that college students with average 

verbal SAT scores (i.e., less than 550) read faster and had better comprehension 
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performance when reading phrase formatted text, as compared to normally formatted text 

(Bever, et al., 1991). In a partial replication of the Bever et al. (1990) results, Jandreau 

and Bever (1992) found that readers with average verbal SAT scores (i.e., below 550) 

improved in reading speed and comprehension accuracy for phrasetree-segmented texts. 

Comprehension and reading time performance on phrase-segmented, even-spaced and 

normal spaced texts were analyzed in the study. The former were texts submitted to 

phrasetree, while even-spaced texts were assigned inter-word space sizes that were the 

average of the space sizes on the corresponding line of phrase-spaced text. Improved 

comprehension and reading time were found for the phrase-segmented texts over the 

other two text formats; this effect was confined to average ability readers. Improved 

reading rate with phrase-segmented text (using phrasetree) has also been reported in one 

study for an alexic individual who regularly read phrasetree texts (Beeson & Insalaco, 

1998). Alexics are individuals with an acquired reading impairment. 

Despite the preponderance of results indicating an interaction between reading 

performance and phrase-segmentation, a few studies have reported a null result in this 

regard. One such study by Carver (1970) has already been discussed, and its pitfalls 

described. Furthermore, two other studies failed to find an effect of chunking on rate but 

did report an effect on comprehension (Patberg & Yonas, 1978; Mason & Kendall, 1979). 

As Table 1 indicates, fewer studies have found effects of chunking on reading rate, 

suggesting that perhaps the effect on rate is not so robust. 

The preceding review of chunking studies is consistent with individual differences 

in language processing, particularly in the syntactic domain. More specifically, it appears 
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that good readers, as opposed to poor readers, have learned how to visually segment text 

in an appropriate fashion (i.e., into phrases). Despite an adequate vocabulary base, some 

poor normal adult readers in one study exhibited difficulty in extracting appropriate 

meaning groupings in reading as revealed by their improved performance when written 

materials are meaningfully organized for them (Cromer, 1970). The same holds tor poor 

readers in other chunking studies. Research on individual differences in reading ability 

has revealed that poor readers do in fact differ in their sensitivity to syntax from good 

readers. 

Individual Differences in Reading Ability 

As the literature on individual differences is expansive, I focus here on individual 

differences in syntactic processing, although a substantial amount of research has 

revealed differences on various lexical and discourse processing tasks (see e.g., 

Gemsbacher, et al., 1990; Haenggi & Perfetti, 1994; Jackson & McClelland, 1979; 

Berent & Perfetti, 1994; Oakhill, Yuill, & Parkin, 1988; Long, Oppy, & Seely, 1997). 

Most contemporary studies of individual differences in reading typically classify readers 

by comprehension ability into good/poor, skilled/less skilled, or above-average/average 

readers. The division is often made on the basis of test scores, whereby researchers have 

commonly used performance on the verbal Scholastic Aptitude Test or on the Nelson-

Denny Reading test along with arbitrary cut-off scores to divide subjects into groups. 

The use of comprehension ability, as opposed to reading speed, to divide 

experimental participants into groups of differing ability is standard in contemporary 

research. This is supported by the finding that speed and comprehension are different 
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traits although individual differences in reading speed have been documented. A 

dissociation between reading speed and comprehension was first proposed by Abell 

(cited in Huey 1908) and later supported by research that found speed and comprehension 

to be separate components of reading skill (Palmer, MacLeod, Hunt, & Davidson, 1985; 

see also Cunningham, Stanovich, & Wilson, 1990). Furthermore, results of factor 

modeling by Palmer et al. (1985) suggested that reading and listening traits were equal. 

As early as the beginning of the 19"^ century, it had been suggested that listening skills 

form the basis for reading skills (Huey, 1908). Research by Sticht (1972) and others has 

confirmed this proposal; he found that poor adult readers, despite a preference to leam by 

listening, have very poor listening skills. Thus, individual differences in reading and 

listening comprehension performance may in fact be related to the same underlying 

factor. 

Good and poor readers exhibit differences in their reading ability that suggest 

greater sensitivity to syntax by the former. For example, good readers have longer eye 

voice spans than poor readers (Gibson & Levin, 1976). When asked to read sentences 

with syntactic violations, good readers make more oral reading errors than poor readers 

(Isakson & Miller, 1976). Poor readers also make more oral reading errors for texts 

presented normally, as compared to texts presented in a word-by-word format (Steiner, 

Wiener, & Cromer, 1971). Steiner, et al. (1971) had children as subjects in this study, 

while a different study from the same laboratory found no difference between good and 

poor adult readers in terms of reading errors with a word-by-word presentation (Cromer, 

1970). 
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In a study that intended to examine how readers distribute their attention to 

different regions of a sentence, it was found that good readers tend to cross out fewer 

silent /e/s at clause boundaries than poor readers (Muncer & Bever, 1984). Good and 

poor readers also differ in their oral reading ability in terms of precision and intonation 

(Clay and Imlach, 1971). Poor readers have been found to show no differences in recall 

of propositions when texts are presented with sentences in normal or scrambled order, 

while good readers recall is much higher in the normal condition (Perfetti & Lesgold, 

1977). Furthermore, research has revealed that poor readers show no deficit in 

comprehension when sentences are presented in a scrambled order, as compared to in a 

coherent sequential order; good readers' comprehension declines with scrambled order 

texts (Gemsbacher, et al., 1990). 

These latter results are furthermore consistent with Cromer's suggestion that poor 

readers have difficulty organizing visual input. That is, poor readers' performance is 

presumably not affected by scrambled ordering of sentences because they fail to impose a 

structural organization on the linguistic stimulus. Other studies also confirm this 

hypothesis. When poor readers are induced to process text in discrete units, their 

performance improves. For example, when asked to use visual imagery to organize a 

written story, poor readers with adequate vocabulary skills do not differ from good 

readers in their comprehension performance (Levin, 1973). Individual differences in 

recall performance have also been documented when poor readers are asked to read a 

story (Martinez, Ghatala, & Bell, 1980). In the latter study, poor readers" recall did not 

differ from that of good readers when they were asked to process each sentence 



34 

individually. Overall, the preceding studies are consistent with the notion that good and 

poor readers differ in their sensitivity to syntax. Contemporary theories of individual 

differences have viewed this difference as a by-product of memory ability or the ability to 

integrate information and construct mental representations of the text. 

One theory of individual differences holds that they are due to differences in 

memory capacity. As the relationship between individual differences in memory span 

has been the basis for a substantial body of empirical research, it behooves us to consider 

the nature of this research program. Oaneman & Carpenter (1980) reported that good and 

poor readers could be divided as a function of their performance on the reading span task, 

a measure of working memory capacity. This task requires the subject to keep in mind 

the last word of each sentence that is presented to them, and the average number of words 

that they can later recall measures their sentence span. They found that subjects' reading 

span correlated with reading comprehension performance, including performance on 

pronominal reference questions (Daneman &, Carpenter, 1980). A high correlation 

between this measure and reading ability has repeatedly been reported. The working 

memory capacity theory of individual differences is based primarily on reading research, 

but Daneman & Carpenter (1980) reported that reading and listening performance in their 

study were also highly correlated. This led them to suggest that individual differences in 

both abilities may be due to general differences in working memory capacity underlying 

the two that affect the efficiency of common comprehension processes. Furthermore, 

Just & Carpenter (1992) proposed that capacity limitations resulted in a trade-off between 
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processing and storage, and in the case of poor readers, this translated into fewer 

opportunities to integrate information. 

The relationship between sentence span and reading ability has been confirmed by 

studies that have found that high span subjects take longer than low span subjects to read 

ambiguous sentence (MacDonald, Just, & Carpenter, 1991); that comprehension 

performance for high span, but not low span subjects, is affected by extrinsic load (King 

& Just, 1990); that word-by-word reading times were longer for low span subjects on 

demanding object relative sentences (Just, Carpenter, & Wooley, 1982); and that high 

and low span subjects differ in their ability to use plausibility constraints in reading 

ambiguous sentences (Pearlmutter & MacDonald, 1995). Low ability readers show 

longer reading times when reading object relative sentences, as compared to high span 

readers (Just, Carpenter, Sc Wooley, 1982). Just & Carpenter (1992) (see also 

MacDonald & Stevens, 1994) found that younger and/or higher span subjects are better 

able to use contextual information during ambiguity resolution. MacDonald, Just & 

Carpenter (1992) reported differences in comprehension on reduced relative and main 

verb ambiguities: high span readers were more accurate on comprehension questions of 

sentences that contained reduced relatives and showed longer reading times at the end of 

ambiguous main verb sentences. Thus, the preceding research is consistent with Just and 

Carpenter's view of limited working memory capacity for poor readers that results in 

fewer opportunities for integration by poor readers. 

Townsend & Bever (1989; Townsend, Carrithers, and Bever, 1987) hypothesized 

that the basis for individual differences in reading ability was related to differences in the 
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poor readers at integrating linguistic information into the conceptual level of 

representation. Their theory of mental model construction proposed that words in text are 

organized into propositional units and a mental model is constructed. This mental model 

is revised as meaningful units are organized. Shifts from the linguistic to the conceptual 

level of representation are accomplished via comprehension mapping rules. Expectations 

are generated by discourse production rules, which may interact with the comprehension 

mapping rules. Readers shift attention to the different products of the mapping rules as a 

function of linguistic unit construction, as well as the presence of sentential connectives. 

In their theory, differences between good and poor readers are attributed to differences in 

integrating linguistic and conceptual information. 

Townsend and Bever (1989) found that skilled readers' reading times showed 

greater facilitation of a supportive context in reading active and passive sentences, and 

when reading sentences in a clause-by-clause format compared to word-by-word. 

Reading times for incomplete sentences were faster in supportive contexts for skilled 

readers. It was also found that average readers were slower than skilled readers to judge 

the similarity of meanings of target phrases to a recently heard story. These results 

indicated that skilled readers had greater flexibility in switching between linguistic and 

conceptual representations. Consistent with this conclusion was the finding of a greater 

difference between tone location accuracy for tones between and for tones within clauses 

by average adult readers (see Townsend et. al., 1987). These results led to the conclusion 

that skilled readers are more capable of integrating propositions. Furthermore, Townsend 



et al. (1987) reported that average adult readers also exhibited poorer listening 

comprehension ability, similar to Sticht (1972). Thus, their research supported the claim 

that individual differences in readers' integrative processing skills (for reading and 

listening) are at the foundation of their comprehension differences. 

The Structure Building Framework (Gemsbacher, 1990, 1997) also provides an 

interpretation of individual differences in reading ability. This model views memory 

cells as the building blocks of mental structures. The Structure Building Framework 

holds that initial incoming information activates memory cells, and a foundation is built. 

As incoming information is mapped onto this foundation, structure develops. If the 

incoming information is coherent, then previously activated memory cells are enhanced 

and additions are made to the initial foundation. Incoherent information causes 

suppression of activated memory cells, and a shift to building a new substructure. 

Gemsbacher (1990; Gemsbacher, Vamer, & Faust, 1990; Gerasbacher & Robertson, 

1995) proposed that individual differences are best viewed in light of a General 

Comprehension Skill, as high correlations were found between comprehension of written, 

auditory, and nonverbal picture stories. 

Gemsbacher's findings suggest that, poor comprehenders show less ability to 

suppress irrelevant information and consequently shift too often, developing too many 

substructures. The finding that poor readers show no difference in their comprehension 

of normal order vs. scrambled order stories is consistent with the idea that they shift too 

often (Gemsbacher, et al., 1990). In support of the notion that poor comprehenders have 

deficient suppression processes, various experiments have found that less skilled readers 
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show evidence of continued activation of irrelevant aspects of a stimulus for a longer 

duration than skilled readers do. For example, when asked if a test word fit the meaning 

of a recently presented sentence the incorrect meaning of a homonym of a word in the 

sentence was still activated for less skilled comprehenders after I second (Gemsbacher, 

et al., 1990). In another experiment of the same study in which subjects were asked if a 

target word (the name of an object) had been shown as part of a previously presented 

scenic array, less skilled comprehenders show evidence that typical objects, although 

absent in the earlier presented array, are still activated after a delay of 1 second. In 

further support of deficient suppression by less skilled comprehenders, Gemsbacher & 

Faust (1991) reported that less skilled comprehenders are also less capable of suppressing 

the incorrect meaning of homophones. Gemsbacher and colleagues have gathered a host 

of evidence to support the notion that less skilled comprehenders have poorer suppression 

ability (see Gemsbacher, 1997, for a review). 

Overall, studies of individual differences in reading ability reveal that poor readers 

may show less sensitivity to syntax. These differences have been attributed to variations 

in memory capacity, or in the way that readers construct or integrate mental stmctures. 

Cromer's (1970) study, in addition to subsequent chunking studies by others, found that 

when words in a text are grouped into phrase-sized units, comprehension improves 

particularly for poor readers, consistent with differences in syntactic processing. The 

consensus from most chunking studies is that some form of phrase-segmentation may be 

the key in improving reading performance despite differences across studies in behavioral 

measures, chunking procedures, and segmentation units. The rationale for such 
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improvement as developed thus far is that chunked texts provide readers with syntactic 

units (i.e., phrases) that in turn facilitates language processing by obviating part of the 

process involved in extracting meaning from the linguistic stimulus. Individual 

differences in response to chunking are feasibly related to differences in syntactic 

processing ability, such that chunked texts provide poor readers with a scaffold that 

facilitates syntactic processing. The theories of individual differences that have been 

reviewed here may all be extended to explain the effectiveness of chunking in some poor 

readers. I proceed to explain how this might be done, and furthermore discuss a recent 

theory of sentence processing that may provide another account of why chunking works. 

Why Does Chunking Work? 

Most studies of chunking have provided some minimal theoretical basis to explain their 

success in improving reading performance. 1 review these first and then proceed to 

suggestions about how existing theories of reading may account for why chunking has 

been associated with improved reading efficiency. It has been argued that presenting 

texts with phrasal units that have been pre-organized helps to cue phrase boundaries and 

facilitates the identification and segmentation of phrases in the reading comprehension 

process (Stevens, 1981; Negin, 1987; Graf & Torrey, 1966; Hartley & Bumhill, 1976; 

North & Jenkins, 1951; O'Shea & Sindeiaar, 1983; Coleman & Kim, 1961; Bever, et al., 

1991; Epstein, 1967; Andrews, 1968; Jandreau et al., 1986). A recent proposal by 

Townsend & Bever (2001) could provide an account for the success of chunking theory 

along these lines within a theory of sentence comprehension. 
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Townsend & Bever (2001) suggested that sentence comprehension can be divided 

into three component processes. The first, called psuedosyntax, is characterized by 

lexical recognition, a grouping analysis, and the subsequent construction of an initial 

meaning hypothesis. The latter is based on the statistical properties of language and 

specifies potential relations between arguments and predicates in a conceptual structure. 

Function word identification drives skeletal segmentation of the input. That is, during the 

first stage, Townsend & Bever proposed that structures are assigned based on the notion 

that function words begin phrases. In English, this is confirmed by the statistical 

properties of the language: function words often begin phrases. Thus, segmentation 

occurs based on function word recognition and is followed by identification of phrase 

type and phrase heads. Following pseudosyntax, a syntactic structure is generated based 

on the initial meaning hypothesis. Lastly, the initial input and a fiilly specified syntactic 

structure are compared, yielding a binary match decision. Within this theory, chunking 

would presumably have its affect at the level of the psuedosyntax. That is, chunking 

would facilitate phrase-segmentation and the assignment of a conceptual structure. 

Views for why chunking benefits especially poor readers have used the same line 

of argument. For example, it has been suggested that since poor readers (but not good 

readers) have difficulty identifying meaningful units, chunked texts help cue the 

organization of such units (Mason & Kendall, 1979). Along similar lines, Weiss (1983) 

and Jandreau and Bever (1992) have argued that chunking makes the constituent surface 

structure more obvious for individuals who lack sensitivity to structural cues in reading 

(i.e., poor readers). In contrast, good readers are more sensitive to structural cues to 
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phrasal segmentation, and consequently do not receive such a benefit from chunking. 

Thus, the general notion has been that chunking works because it simplifies syntactic 

analysis and in doing so facilitates comprehension processes. 

Just and Carpenter's (1992) working memory theory of individual differences 

could be easily adapted to explain chunking effects. As poor readers are individuals with 

limited working memory capacity, then a strategy for decreasing demands on their 

capacity would feasibly result in improved reading performance. My suggestion is 

therefore that chunked texts provide poor readers with preorganized manageable units 

that do not exceed their capacity limitations, consequently providing them with more 

opportunities to integrate information. Within the capacity theory framework, this 

proposal might be tested by comparing poor readers in two conditions, a regular and 

chunked text condition while they are performing the sentence span task. The prediction 

would be that increased sentence spans should be observed in the formatted condition 

over the regular condition. 

Poor readers are viewed as individuals who develop too many mental sub

structures as a consequence of frequent shifting in Gemsbacher's (1990, 1997) Structure 

Building Framework. Within this fi-amework, it might be argued that chunked texts 

provide cues to the mapping process such that shifting occurs appropriately during the 

building of mental sub-structures. Recall that Gemsbacher found that poor readers 

showed no difference in comprehension of normal order and scrambled order sentences. 

Thus, a prediction that follows from my treatment of chunking within this framework 

would be that poor readers presented with normal and scrambled order chunked texts 



would show better comprehension for the former type of text. Townsend & Bever's 

(1989) theory could be adapted to chunking effects on poor readers' performance in a 

similar fashion. 



Table 1. Summary of chunking studies. For chunking procedure, spaced^ increased horizontal spacing between units; 
line=l unit per line; vertical-increased vertical spacing between units; Indentation=use of indentation to indicate 
hierarchical relations between units. For segmentation units, Klare refers to use of the Klare et al. (1957) algorithm to 
determine units (see text). 

Study Subjects Chunking 
Procedure 

Segmentation units Dependent 
Measure(s) 

Segmentation 
Effect 

Individual 
Differences 

North & 
Jenkins 
MQsn 

College 
Students 

Spaced 
(2 spaces) 
Sn-.iarf <snan 

"thought units" Reading Speed 
Comprehension 

*(Spaced) 
*(Spaced) 

Nahinsky 
(1956) 

College Square 
Span 
Spaced 

"thought units" Immediate recall * (Square 
span) 

Klare et al. 
(1957) 

AF 
servicemen 

Square span 
Spaced 
(2 spaces) 

meaningful units Comprehension 
Reading speed 

n.s. 
n.s. 

Coleman & 
Kim(1961) 

College Lined 
(every 
word) and 
vertical 
Spaced 

Phrases, 
Grammatical units. 
Clauses 

Reading Speed 
Comprehension 
Report Accuracy 

n.s. 
n.s. 
* (all styles) 

Amble 
(1966) 

5'" & 6'" 
grade 

Phrase 
training 

1 -5 word phrases Iowa Silent 
Reading Test 
Subtests 
Iowa Test of 
Basic Skills 
Subtests 

* (paragraph 
compreh.) 

* reading 
achievement 
level 



Study Subjects Chunking 
Procedure 

Segmentation units Dependent 
Measure(s) 

Segmentation 
Effect 

Individual 
Differences 

Coleman & 
Hahn 
(1966) 

2nd ^ 3rd 

Grade, 
College 

.ined (every 
word) and 
vertical 
Spaced (2-3 
spaces) 

Words 
VIeaningful units 

Comprehension 
Odd word test 
lecall 

n.s. 
n.s. 
n.s. 

Graf & 
Torrey 
(1966) 

College Line Major phrase Comprehension * 

Epstein 
(1967) 

College Arrows Major syntactic 
boundaries 

Intentional free 
recall 
Incidental free recall n.s. 

Anglin & 
Miller 
(1968) 

College Line Phrase Recall ><< 

Cromer 
(1970) 

College Spaced Single word. Phrase, 
Fragmented 

Comprehension 
RT 
Oral rdg. Accuracy 
Oral rdg. Time 

* 

n.s. 
* 

n.s. 

* 
* 
* 



Study Subjects Chunking 
Procedure 

Segmentation units Dependent 
Measure(s) 

Segmentation 
Effect 

Individual 
Differences 

Carver 
(1970) 

College Spaced, 
lined, 
indented 

Klare leading rate 
Comprehension 

U.S. 
n.s. 

n.s. 

Amble & 
Kelly 
(1970) 

4"^ graders Phrase 
training 

Phrases Standard 
achievement test 

* (vocabulary, 
spelling, math) 

Hartley & 
Bumhill 
(1976) 

College Vertical & 
indentation 

Text units Information 
search time 

* 

Patberg & 
Yonas 
(1978) 

8th graders Spaced (13 
spaces) 

Words Comprehension 
Speed 

n.s. 
n.s. 

* 

n.s. 

Mason & 
Kendall 
(1979) 

9-12 year 
olds 

Line Meaningful units Reading time 
Reading 
Comprehension 

• 

* 

n.s. 
* 

Frase & 
Schwartz 
(1979) 

College Line & 
indentation 

• 

Major phrases Sentence 
verification 
accuracy 
Sentence 
verification RT 

n.s. 

>i< 



Study Subjects Chunking 
Procedure 

Segmentation units Dependent 
Measure(s) 

Segmentation 
Effect 

Individual 
Differences 

Hartley 
(1980) 

College Line & 
indentation 

Meaningful units Reading time 
Sentence 
verification RT 

n.s. 
n.s 

Stevens 
(1981) 

High school 
boys 

Vertical 
line (slash) 

Meaningful phrase 
units 

Gates-McGintie 
Reading test 
comprehension 
subtest 

* 

Negin 
(1982) 

Hearing 
impaired 
children 

Vertical 
line (slash) 

Klare Comprehension 
(Mult. Choice) 

* 

Brozo, et al. 
(1983) 

College Vertical 
line (slash) 

Meaningful chunks Comprehension * •(good 
readers) 

Gerrell & 
Mason 
(1983) 

5"^ graders Space Phrases Comprehension 
(Mult. Choice) 

* 



Study Subjects Chunking 
Procedure 

Segmentation units Dependent 
Measure(s) 

Segmentation 
Effect 

Individual 
Differences 

Keenan 
(1984) 

H.S. 
graduates 

Line Chunks Comprehension 
Proofreading 
Sent. Verification 

n.s. 
n.s. 
n.s. 

* 

Taylor, et 
al.(1985) 

5"' graders Line Phrases/'Mdea units" Free recall 
Structured recall 
Oral reading 
accuracy 

n.s. 
n.s. 
* 

Jandreau, et 
al.(1986) 

Community 
college 

Spaces 
(varied) 

Major/Minor phrases 
(Computer 
algorithm) 

(Cook-Chapman) 
Reading time 

* 

O'Shea & 
Sindelaar 
(1983) 

J S! 

Graders 
5 spaces Klare Maze task * * 

Weiss 
(1983) 

a"" and 7"' 
graders 

Line Major phrases 
Oral Pauses 

Cloze task *(both 
segmentation 
styles) 

* 



Study Subjects Chunking 
Procedure 

Segmentation units Dependent 
Measure(s) 

Segmentation 
Effect 

Individual 
Differences 

Bever, et al. 
(1990) 

Community 
college 

Spaces 
(varied) 

'hrasetree 
Phrase Structure 
Prosodic 

Cook-Chapman 
Test (find odd 
word) 

* (phrasetree 
and phrase 
structure styles 

Bever, et al. 
(1991) 

College Spaces 
(varied) 

Phrasetree 
Or cyclephrase 

Comprehension 
RT 
Course grade 

* 

* 

* 

* 

* 

Jandreau & 
Bever 
(1992) 

College Spaces 
(varied) 

Phrase structure 
phrasetree 

Comprehension * * 

Beeson & 
Insalaco 
(1998) 

alexics 
(n=2) 

Major 
phrases 

Phrasetree Text reading time *(n=l)  

4^ 
00 
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The preceding reviews have revealed that chunking helps improve reading 

performance particularly for poor readers or individuals who have deficient syntactic 

processing. Furthermore, various theoretical explanations of this chunking effect and its 

interaction with individual differences have been considered within existing theoretical 

frameworks. The literature on eye movements provides another empirical example of 

individual differences in reading ability. Research in eye movements during reading 

reveals that poor readers' eye movements differ from those of good readers. We thus 

proceed to a discussion of the pertinent literatures on individual differences in reading 

ability and eye movements. 

Eye Movements in Reading 

Eye movements are a natural, ever-present part of the reading process. The pattern and 

duration of eye movements are consequently very instructive about moment-to-moment 

comprehension processes during reading (e.g., Rayner, Sereno, Morris, Schmander & 

Clifton, 1989). Over 100 years of research has acknowledged and given credence to the 

notion that data from eye movements during reading can be used to infer aspects of 

online cognitive processes (for a review, see Rayner, 1998). 

Eye movement research has revealed that despite the apparent ease with which 

our eyes move across text, readers in fact make frequent series of fixations on text. The 

eyes thus move forward in short jumps, called saccades. Saccades occur frequently due 

to constraints on visual acuity whereby acuity decreases as the distance from the center of 

vision (i.e., fovea) decreases. At times, the eyes may move back to previously viewed 
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text and these are dubbed regressions. Fixations, saccades and regressions consist of the 

basic units of analysis in eye movement research. Years of experimentation have 

revealed that despite often large individual variation in eye movement parameters (see 

e.g., O'Regan, 1990; Epelboim, Booth, & Steinman, 1994; Rayner, 1999; Rothkopf, 

1978), several generalizations about various eye movement measures are possible. Let us 

review these to set the stage for the discussion of individual differences in eye 

movements. 

During silent reading of English, the average fixation duration is about 200-300 

milliseconds (range= 100-500 ms), saccades carry the eyes approximately 8 letter spaces 

(about 2 visual degrees) forward and range from 1-15 spaces in length, and regressions 

occur about 10-15% of the time. Longer saccades usually occur after regressions. 

Saccades are conventionally measured in terms of letter spaces as the distance moved 

during a saccade is constant regardless of the number of letters that fall in one degree of 

visual angle. Word skipping occurs frequently and is related to linguistic factors, for 

example content and function words are fixated about 85% and 20% of the time, 

respectively (Carpenter & Just, 1983; Rayner &. Duffy, 1988). Furthermore, fixation 

probability is inversely related to word length (Rayner & McConkie, 1976). Regressions 

may occur within a word or across words or lines of text. The first and last fixations of a 

line often occur at an indentation from the end and beginning of the line. The first 

fixation on a line is typically longer in duration than the others and the last shorter 

(Rayner, 1977, 1978b). Using a variety of experimental techniques, Rayner and 

colleagues have established that readers extract visual information on a single fixation 
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from about 3-4 letter spaces to the left and 14-15 letter spaces to the right of fixation in 

English (Rayner, Well, & Pollatsek, 1980; McConkie & Rayner, 1975). But, individuals 

can identify words no further than about 7-8 letter spaces to the right of fixation in 

English (e.g., Rayner, Well, Pollatsek, & Bertera, 1982). 

Temporal measures thought to reflect online aspects of cognitive processing 

include first fixation duration, gaze duration, single fixation duration, and total fixation 

duration. First fixation duration refers to the duration of the first fixation on a word; gaze 

duration is the sum of all fixations on a word prior to any saccades off that word; single 

fixation duration is the fixation duration on a word when only one occurs; total fixation 

duration is the sum of all fixation durations on a word. The utility of the average fixation 

duration measures on a word during reading is quite minimal because such a measure 

underestimates the actual time spent fixating a word when more than one fixation occurs 

on that word (see Rayner & Pollatsek, 1989; Rayner, 1998). Researchers have used both 

first fixation duration and gaze duration as measures of cognitive processing, and it has 

been suggested that the two may be quite different. 

It has been suggested that first fixation duration measures lexical access and that 

gaze duration measures lexical access as well as text integration processes (Inhoff, 1984). 

Others have proposed that brief cognitive operations affect first fixation duration and 

longer ones affect gaze duration (Rayner & Pollatsek, 1987). The appropriate temporal 

measure when examining processing within regions of text (as compared to single words) 

has also been a topic of controversy. Most importantly, when analyzing eye movement 

behaviors in a region, first pass, or all forward fixations on a region, should be 
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distinguished from second pass, or re-readings, reading times (see Rayner, 1998). Due to 

tlie need to be cautious regarding assumptions about the relationship between any single 

measure and cognitive processes, the use of multiple measures and the selection of key 

regions/words of interest has been advocated by various researchers as a means of 

drawing realistic deductions from eye movement records (see Rayner, 1998 for a review). 

Having established a foundation of the major findings in eye movement research, I now 

proceed to discuss the results of research on individual differences in eye movements. 

Individual Differences in Eye Movements 

The relationship between eye movements and individual differences in reading ability has 

long been a topic of research. Earlier research concentrated on the relationship between 

eye movement patterns and reading speed (e.g., Gilbert 1959a, 1959b; also see Huey 

1908 for a review). As it has become well-established that reading speed and 

comprehension are separate components of reading skill (Palmer, MacLeod, Hunt, & 

Davidson, 1985; see also Cunningham, Stanovich, & Wilson, 1990), only those studies 

that investigated the relationship between reading comprehension ability and eye 

movements are reviewed here. A summary- of this review is presented in Table 2. 

Fairbanks (1937) found that in contrast to poor readers, good readers' had more 

fixations per line and less variability in the number of fixations per line as text difficulty 

increased. Other results included poor readers showing more regressions and longer 

fixation durations than good readers. When oral reading errors were made, good readers 

were furthermore less likely to show regressive eye movements. Anderson (1937) also 
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Table 2. Typical performance of poor neurologically intact readers, alexic readers, and 
younger readers as compared to neurologically intact controls on select eye movement 
parameters. 

# fixations # regressions Fixation 
durations 

Average 
Saccade 
size 

Regression 
size 

Poor adult 
readers 

Fewer, 
More 
variable 

> Longer. 
more 
variable 

Shorter 

Younger 
readers 

> Longer Shorter 

Poor young 
readers 

> > Longer Shorter 

Alexic 
readers 

> > Longer 

compared the effects of difficulty of reading material as well as the effect of task 

instructions on silent reading. Comparable to Fairbanks, he found significant differences 

between groups in average fixation duration, average saccade size, and number of 

regressions. Average fixation duration increased for both groups with increases in 

passage difficulty, as did the variation in fixation duration. As the text ditFiculty 

increased in Anderson's study, good readers' saccade sizes decreased, but poor readers 

saccades increased in length. When instructed to read for general idea, good readers' 

average fixation durations were shorter than poor readers', and good readers also showed 

less variation in fixation duration. Good readers also made longer saccades than poor 

readers. 

More recent research on the interaction between reading ability and eye 

movements reveals similar conclusions. For example, Lefton, Nagle, Johnson, & Fisher 

(1979) reported that poor S"* grade readers had more fixations and fixations/line, longer 



54 

fixation durations and more regressions and regressions/line than good S"* grade readers. 

Lefton et al.'s (1979) data reveal that adult readers make shorter fixation durations and 

fewer fixations per line than good S"* grade readers, although not directly comparable 

because of differences in text complexity. Rayner (1986) also reported that 

developmental differences in normal reading ability affect eye movement behavior. 

Differences in normal reading ability affect eye movement behavior even when the text is 

appropriate for reading level: overall, younger readers made longer forward fixation 

durations, shorter regressions, and more forward fixations than older readers. This study 

also found differences in subjects' perceptual span between readers (cf. Underwood and 

Zola, 1986). But, it should be noted that Jackson and McClelland (1979) found no such 

difference in perceptual span between adult good and poor readers. 

Kennedy (1986) has suggested that differences in spatial coding ability may be 

related to overall reading ability. In several studies he has found that children reading 

sentences followed by a probe word or a question that contains an anaphor referring to an 

item from the previous sentence showed marked differences in the nature of their 

regressions. Good readers made large regressions (greater than equal to 30 character 

spaces) and poor readers tend to make a series (three or more) of smaller regressions (of 

13 character spaces or less to the probe word or anaphor's referent) (Kennedy & Murray, 

1985; Kennedy and Murray 1987a; Murray & Kennedy, 1988). While one of these 

studies found that 10 and 11 year old good readers make more fixations and poor readers 

fixated longer on an initial sentence, as well as a reversal on a subsequent questions 

(Kennedy & Murray. 1985), a subsequent study found that poor readers made more 



fixations on the initial sentence and no affect of reading ability on fixation durations 

(Murray & Kennedy, 1988). Thus the evidence for the effect of individual differences in 

reading ability on the number of fixations that good and poor young readers make is 

equivocal. 

Individuals who read two languages may differ from those who read just one. 

Data from Epelboim et al. (1994) reveal that their biliterate subjects made shorter 

saccades and fewer fixations per word than monoliterate subjects. Behrmann, Shomstein, 

Barton, & Black (2001) found that individuals with an acquired reading impairment, or 

alexia, also appear to show a different pattern of eye movements as compared to age-

matched neurologically-normal controls and hemianopic patients. The individuals with 

hemianopia had had brain damage that resulted in a visual field deficit but no reading 

impairment. While reading aloud paragraphs, alexics made more regressions, more 

fixations per word, and longer fixation durations than both control groups. 

Differences in eye movement behaviors between individuals with a 

developmental reading impairment, or dyslexia, and non-dyslexics of varying reading 

ability have been reported (see Everatt, Bradshaw, and Hibbard, 1998 for a discussion; 

Everatt and Underwood, 1994). Everatt et al. (1998) reported a difference between poor 

"garden variety" readers and dyslexics for the initial fixation location effect. Eden, Stein, 

Wood, & Wood (1994) reported that children with dyslexia had less stable fixations on a 

non-reading task as compared to poor non-dyslexic readers. Adler-Grinberg & Stark 

(1978) found that dyslexics make longer fixation durations and shorter saccades than 

control subjects. Dyslexics may also make more regressions in reading (Zangwill & 
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Blakemore, 1972). These results suggest that it would be prudent to keep the results of 

eye movement studies of poor readers and dyslexics separate. 

In summary, poor (adult and child) readers, alexics and young readers exhibit 

qualitative similarities in their eye movements during reading although they differ 

quantitatively. They all make more regressions and longer fixation durations. 

Furthermore, adult poor readers make shorter saccades and are more variable in their 

fixations. 

One purpose of this dissertation is to examine individual differences in adults' eye 

movements during reading of regular-formatted texts. More specifically, I will attempt to 

replicate earlier results regarding individual differences in eye movements during reading 

of text. As recent eye movement research has neglected earlier findings with adult good 

and poor readers, and the technological advances in eye tracking equipment over the past 

60 years have been great, a contemporary replication of the earlier results is in order. 

Furthermore, the presence of such differences during reading of regular texts may or may 

not persist during reading of phrase-segmented texts. Poor readers have typically shown 

a benefit of chunking on their reading performance, such that their comprehension and/or 

rate approximate that of good readers. Thus, if the previous results of research on 

individual differences in eye movements during regular text reading is replicated, then a 

second purpose of this dissertation is to determine if this effect persists for eye 

movements during reading of phrase-segmented text. 
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Effects of Linguistic Variables on Eye Movements 

Fixation durations during reading are affected by various linguistic factors (Inhoff & 

Rayner, 1986; Rayner & Duffy, 1986). Lexical frequency effects on fixation duration 

have been reported such that the latter increases with lower frequency words (Sereno & 

Rayner, 1989; Rayner & Duffy, 1986). By using a paradigm that changes words in the 

parafovea when a saccade is made to a word outside of the fovea, it has been found that if 

the parafoveal word shares initial graphemes in common with the target word (e.g., chest 

and chart) reading of that target word is facilitated (Rayner, McConkie & Zola, 1980). 

That is, if a parafoveal word that shares initial graphemes with a target word is changed 

to that target word prior to being fixated, then faster performance ensues than if the pre-

saccade parafoveal word does not share such phonemes in common with the target word. 

Furthermore, the benefit is due to an abstract letter code for the first few letters of the 

parafoveal word: a prime word in mixed letter case produces as much a benefit as words 

in the same letter case. Phonology is also important in this preview benefit; for example 

a preview of a word (chute) will facilitate subsequent reading of a homophonous target 

word (shoot). But, no effect of semantic facilitation has been found with this paradigm 

(Rayner, Balota, & Pollatsek, 1986). In contrast, effects of semantic priming on fixation 

durations have been reported; for example, if "'queen" follows "king" in the same clause, 

"queen" is read faster (Carrol & Slowiaczek, 1986). Also, when foveal words are 

difficult to process (e.g., low frequency) there is little preview benefit for the parafoveal 

word (Henderson & Ferreira, 1990). Repetition effects during reading of text have also 
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been reported: fixation duration decreases if a word is repeated, and this is particularly 

strong for low frequency words (Rayner. Raney, and Pollatsek, 1995). 

Where the eyes move also shows influences of linguistic processing. Word 

skipping occurs more frequently for high frequency words (O'Regan, 1979) and high 

predictability words (Erlich & Rayner, 1981). Removing space information affects 

saccade length (Pollatsek & Rayner, 1982) and disrupts word identification and eye 

guidance processes (Rayner, Fischer, & Pollatsek, 1998). Rayner, et al. (1998) found that 

the initial landing position in a word is shifted closer to the beginning of the word, and 

that low frequency words are harder to identify than high frequency words in text without 

spaces. Furthermore, correlations between fixation duration and saccade length have 

been documented at a local level (Pollatsek, Rayner, &. Balota, 1986), but these measures 

are not correlated for entire text passages (Rayner & McConkie, 1976). 

Although data on higher-level linguistic influences on fixation duration have been 

frequently reported, factors above the lexical level continue to be ignored in theoretical 

models (see Rayner, 1995). The goal of reading is the extraction of meaning and both 

syntactic and discourse levels of analysis serve to organize words into more meaningful 

units. The influence of syntactic factors on eye movement behavior during reading 

appears to be rather robust (e.g., Mehler, Bever and Carey, 1967; Rayner, 1977; 

Carrithers and Bever, 1984; Just and Carpenter, 1980; Erlich and Rayner, 1983; Frazier 

and Rayner, 1982; Klein and Kurkowski, 1974; Pickering & Traxler. 1998). Below I 

review the results of studies that have found syntactic effects on eye movement behavior. 
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Numerous studies have documented effects of higher-level linguistic variables on 

eye movements. Erlich and Rayner (1983) found that a conflict in gender between 

antecedent and pronoun results in more regressions than when they match in gender. 

Fixation times in the pronoun region of a sentence vary relative to the ease with which a 

link can be made with its antecedent (Ehrlich & Rayner, 1983). Frazier and Rayner 

(1982) examined the differences between ambiguous and non-ambiguous sentence pairs 

and found that phrase structure ambiguities increased the fixation duration on the 

disambiguating region following the structural ambiguity. Ferreira & Henderson (1990) 

reported similar results for first fixation duration as well as increased regressions from 

the disambiguating region. Research has found that plausibility effects eye movements 

also. For example, Pickering & Traxler (1998) found that the number of regressions, first 

and total pass reading times were all affected by the plausibility of the analysis of a noun 

phrase as the object of a verb or as the subject of a subordinate clause such that all 

measures increased as the object interpretation of the noun phrase became less plausible. 

Traxler & Pickering (1996) reported that re-analysis of unbounded dependencies in 

implausible sentences was associated with longer first fixation times and total reading 

times, as well as more verb-skipping. 

Mehler, Bever, and Carey (1967) found evidence for a fixation rule whereby 

number of fixations is dependent upon surface phrase structure. The rule suggested that 

fixations occur on the beginning of a surface phrase structure constituent. Although, it 

should be noted that Mehler et al.'s results have been criticized because: fixations in the 

Mehler et al. study were more diverse than found in previous research, they failed to 
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differentiate between forward fixations and regressions, and almost half of the data set 

was discarded (see Rayner, 1977 for a summary of these criticisms). 

Klein and Kurkowski (1974) showed that structural complexity affects eye 

movements: more fixations occur during reading of self-embedded (i.e., syntactically 

more complex) sentences than during reading of right branching (i.e., syntactically less 

complex) sentences. In a study of eye movements during reading of Subject-Verb-Object 

word order sentences, Rayner (1977) found differences in fixation duration and number 

of fixations as a function of grammatical category such that verbs were fixated for longer 

durations than other words and content words were fixated more frequently than function 

words. Communale (1973, cited in Rayner, 1977) found that differences in number and 

durations of fixations were related to variations in syntactic structure (i.e., prepositional 

phrase in pre- or post-verbal position, compared to sentence-finally or -initially). 

An increase in gaze duration at the end of sentences has also been reported (see 

Just and Carpenter, 1980). But, this effect was not found for all of their subjects, over 

25% of subjects did not exhibit the sentence final effect on gaze duration (Just & 

Carpenter, 1980). Based on a reanalysis of the Just and Carpenter (1980) data, Carrithers 

and Bever (1984) found that a significant amount of additional variance in gaze duration, 

apart from that attributable to word length, could be accounted for by a canonicity factor: 

increases in gaze duration occur at the end of regions with canonical word order, but not 

at the ends of regions with noncanonical word order. Rayner. Sereno, Morris, Schmander 

& Clifton (1989) found longer fixations on clause and sentence final words consistent 

with the influence of higher level linguistic processing at the end of meaningful units (see 
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also Rayner, Kambe & Duffy, 2000). It was never clearly specified if the latter was 

found for gaze duration/first fixation duration or both. Rayner et al. (2000) reported 

longer gaze durations (but not first fixation durations) on the order of about 310-370 

milliseconds on sentence/clause final words and regions. They also reported less 

skipping of clause final words, fewer regressions to and more regressions from clause 

final words and regions, and longer saccades fi-om clause final words and regions. It has 

been proposed that this effect is due to the action of text integration processes and the 

effect has thus been dubbed the clause wrap-up effect. It must be noted however that one 

study in the literature has failed to find a sentence-final effect on gaze duration 

(Magliano, Graesser, Eynard, Haberlandt, & Ghobson, 1993). 

Lastly, a relationship between text difficulty and eye movement measures has also 

been reported. Rayner & Pollatsek (1989) suggested that increases in text difficulty are 

associated with longer fixations, smaller saccades and more regressions. They reported 

the average for these measures as a ftinction of text topic (e.g.. "light fiction" and 

"physics") but they never attempted to operationally define text difficulty. Thus, we are 

left to presume that both conceptual and syntactic complexity influenced these effects. 

Similar results were found by Jacobson & Dodwell (1979) for number of saccades per 

line when they presented their subjects with pseudo-random and random word strings as 

compared to well-formed sentences. Rayner (1998; 2000) has used these results, as well 

as other results from his laboratory (Frazier & Rayner, 1982; Erlich & Rayner, 1983), to 

suggest that regression frequency is an index of comprehension breakdown or processing 

difficulty such that regressions increase as processing becomes more difficult. These 



results have been used to suggest that regression frequency is an index of comprehension 

or processing difficulty (Eriich 8l Rayner, 1982; Rayner, 1998; Blanchard & Iran-Nejad, 

1987; Frazier & Rayner, 1982; Just &. Carpenter, 1978; Shebilske &. Fisher, 1982; Hyona 

1995b). That is, regressions increase as processing becomes more difficult. 

From this review, it would seem that syntactic variables do have an effect on eye 

movement behaviors. The locus of their effect, on gaze duration (Just and Carpenter, 

1980; Carrithers and Bever, 1984), fixation duration (Rayner, 1977; Frazier and Rayner, 

1982; Communale, 1973, cited in Rayner, 1977), number of fixations (Mehler, et al., 

1967; Klein and Kurkowski, 1974; Rayner, 1977; Communale, 1973, cited in Rayner. 

1977), or number of regressions (Eriich and Rayner, 1983) or some combination thereof, 

is not entirely clear, but evidence in favor of a relationship existing between syntax and 

eye movements cannot be doubted. 

Syntactic effects on eye movements have been frequently examined in the context 

of ambiguous sentences. In studies that were not concerned with phrase structure 

ambiguity resolution, an effect of sentence final words on gaze duration have been 

typically documented, consistent with some kind of text integration process. A third 

purpose of this dissertation is to examine individual differences in the sentence wrap-up 

effect during reading of regular text, and how these differences may be affected by 

phrase-formatting. More specifically, if individual differences in reading ability have 

differential effects on eye movements during reading of regular formatted text relative to 

the sentence wrap-up effect, as would be predicted from the review on individual 
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differences in syntactic processing, I will determine if such differences persist in reading 

of phrase-segmented text. 

Effects of Physical Text Characteristics on Eye Movements 

As the previous discussion summarized the effects of text formatting of regular texts on 

reading, it behooves us to consider the impact of text characteristics on eye movements. 

On most contemporary theories of reading, spaces serve to indicate word boundaries and 

aid in lexical recognition, but the role of spaces in separating higher-level linguistic units 

has been neglected. In a study of eye movements during reading, Epelboim, Booth, and 

Steinman (1994) compared subjects' eye movements in normal text reading to unspaced 

conditions. They found that subjects could read texts despite the lack of space 

information, and in fact, two of their subjects read the unspaced texts as rapidly as normal 

spaced text. They reported that subjects reading speed decreased minimally with 

unspaced text (by about 25%). A comparison of subjects' eye movements in the two 

different conditions of this study revealed no differences in global measures of eye 

movements; no change was noted in percent regression or skipping probability as a 

function of text type. Furthermore, most of their subjects (3/5) showed little difference in 

average fixation duration or number of saccades per line for the different text types. 

Lastly, an equivalent effect of word length on the length of saccades was found between 

text conditions. These results led the authors to conclude that reading unspaced text is 

"easy," and that space information does not guide saccades in reading, but rather word 

recognition does (see also, Epelboim et al., 1997). 
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In response to this research, Rayner and Poilatsek (1994) reviewed the results of 

other studies that contradict Epelboim et al.'s (1994; 1997) flndings. Although Epelboim 

et al. made little of the decrement in reading speed with unspaced text, the results of their 

study and a study by Spragins, Lefton and Fisher (1976, cited in Rayner & Poilatsek, 

1994) do reveal that reading speed decreases when spaces are removed from text, on the 

average of 25 to 50%. Also, it has been reported that adding inter-word spaces to Thai, a 

language that does not have inter-word spaces, actually increases reading rate for native 

Thai readers (Kohsom & Gobet, 1997). In contrast to the Epelboim results, Rayner & 

Poilatsek (1982) reported that lack of space information caused a reduction in reading 

speed when letters or digits were used to fill the spaces. In addition, it was found that the 

space to the right of the word was critical, because eye movements were not disrupted 

when all inter-word spaces save the space immediately to the right of the fixated word 

were filled. Furthermore, with filled spaces, fixation times increased and saccade lengths 

decreased. Rayner and Poilatsek (1994) concluded that space information is critical for 

programming eye movements. 

While these studies examined the effects of the presence/absence of (standard 

size) spaces on eye movements, no previous study has investigated the effects of 

increasing space size on eye movement behavior. A fourth purpose of this dissertation is 

to examine the influence of phrase-spacing (i.e., incrementally sized inter-word spaces) 

on eye movements. More specifically, ease of processing, in terms of regression 

frequency, will be investigated for good and poor readers during reading of regular- and 

phrase-segmented texts. 
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The Present Study 

The preceding discussion provided a comprehensive review of chunking research, 

research on individual differences in syntactic processing, and eye movement research 

with an emphasis on individual difTerences in eye movements during reading. The reader 

will recall that a majority of findings in chunking research suggest that providing readers 

with texts divided into meaningful chunks (typically phrases) helps to improve 

performance on comprehension and reading rate tasks. This chunking effect appears 

particularly strong for poor readers. The latter observation has led to the suggestion that 

some poor readers have difficulty in syntactic processing of text that is alleviated when 

syntactic units are presented in a pre-organized fashion. The notion of differences 

between good and poor readers in syntactic processing ability is confirmed by research 

that has been conducted with non-chunked stimuli. Furthermore, empirical evidence for 

differences between good and poor readers in their eye movement behavior during 

reading has been presented. The present research investigation was designed to examine 

eye movements by good and poor readers during reading of regular and chunked (phrase-

segmented) texts. The findings of previous research allow the following predictions 

relative to the stated purposes of this dissertation. 

Recall that one purpose of this study was to replicate individual differences in 

reading of regular texts by good and poor adult readers. It is predicted that adults will 

differ in their eye movements during reading of regular text as a function of individual 

differences in reading ability, in replication of previous results. If individual differences 
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are indeed found in this condition, then another purpose of this study will also be 

evaluated. That is, I will examine the possibility that these differences diminish during 

reading of phrase-segmented texts. As previous research has shown that poor readers' 

performance on reading rate and comprehension tasks improve with chunked texts, it is 

predicted that an effect of chunking should generalize to other components of reading 

behavior, in the present case, eye movements during reading. Specifically, I expect that 

poor readers' eye movements during reading of phrase-segmented texts will not differ 

from those of good readers, by analogy with studies that have found no differences 

between good and f)oor readers on other measures of reading in chunked text conditions. 

Most of the research on syntactic processing in eye movements has been 

conducted with an eye toward differentiating theories of syntactic ambiguity resolution 

and thus have used ambiguous sentence pairs to study how individuals parse ambiguous 

sentences. However, several studies have documented an effect of sentence/clause 

boundaries on eye movements that does not resort to studying cases of attachment 

ambiguity. This sentence/clause wrap-up effect is feasibly syntactic in nature, and thus 

provides a candidate to address another purpose of this dissertation without relying upon 

artificially constructed sentence pairs as stimuli. That is, the effects of syntax on good 

and poor readers' eye movements will be investigated. It was predicted that individuals 

who show greater sensitivity to syntax, that is good readers, will show the strongest 

sentence wrap-up effect during reading of regular text. In contrast, poor readers should 

show a weak or no effect of sentence final words on their eye movements. 
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A final purpose of this study was to examine the effect of phrase-segmentation on 

individual differences in the sentence wrap-up effect with regular text. If phrase-

segmentation does indeed help some readers process syntactic units, as has been 

previously suggested, then it follows that poor readers may show a stronger 

sentence/clause wrap-up effect when they are presented with phrase-segmented text, or 

when the syntax is made clear to them. Good readers, on the other hand, may either show 

no effect of, or a disruption by, phrase-segmentation on the sentence wrap-up effect, as 

they presumably can process syntax without additional spacing cues. If the latter proves 

to be the case, then it would be expected that good readers will produce more regressions 

in the phrase-segmented text condition since regression frequency is thought to be an 

index of processing difficulty. Thus, the effect of phrase-segmentation on ease of 

processing for good readers will also be investigated. Results of previous research with 

chunking suggest that chunking does not substantially disrupt reading processes, as good 

readers' reading rate and comprehension does not suffer in chunked text conditions. This 

leads to the prediction that chunking will not have a deleterious effect on good readers' 

eye movements. 

This study was conducted to test the following hypotheses: 

1. Good and poor readers will differ for global eye movement measures during 

reading of regular texts, replicating previous results. Poor readers will make more 

variable number of fixations, longer average fixation durations, shorter saccades 

and regressions, and more regressions than good readers. 
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2. Good and poor readers will not differ for the preceding global eye movement 

measures during reading of phrase-segmented texts. The absence of an effect of 

reading ability will be due to improvements in poor readers' eye movement 

measures. Furthermore, good readers eye movements will not be disrupted by 

phrase-segmentation, as indexed by the number of regressions. Other eye 

movement measures will also be examined for changes in good readers' eye 

movements due to phrase-segmentation. 

3. Good readers will show a sentence wrap-up effect on local eye movement 

measures, including gaze duration, regressions, and saccade length during reading 

of regular text, replicating previous research. Poor readers will show no (or a 

weaker) sentence wrap-up effect during reading of regular text. In an attempt to 

extend the scope of the sentence wrap-up effect, I will also investigate the 

possibility that number of forward fixations show a sentence wrap-up effect. 

4. Differences between good and poor readers for local eye movement measures will 

not persist with phrase-segmented texts, and this will be due to an effect of 

phrase-segmentation on poor readers' eye movements. 



CHAPTER 2:  METHOD 

Experiment 

Participants 

Twenty-five female and fourteen male University of Arizona undergraduate students (age 

18-30 years with a mean of 20 years) volunteered to participate in this study. Participants 

either received course credit in an introductory psychology class (n=22) or monetary 

compensation (n=17) for their participation. One male participant's data were not 

analyzed as he revealed that he was dyslexic; two other participant's data were not 

analyzed because they were not native English speakers and there is reason to believe that 

second language learners of English have different patterns of eye movements from 

native speakers (Epelboim, et al., 1984). One male and two female participants were 

dropped from analysis as their eye movements were observed to be erratic/chaotic during 

the experiment; their eye movements were characterized by lines of fixations for each 

page that spanned a distance greater than the width of the line of text. The male also 

volunteered the information that he had a learning disability. One final male participant's 

data were dropped from analysis as his reading time and accuracy performance suggested 

that he did not follow instructions, and that he was skimming the text. His skimming 

could be characterized as low average comprehension performance (80%) in the face of 

fast average reading speeds (440 wpm). All other participants were native English 

speakers with normal or corrected-to-normal vision. In total, data for 32 participants 

were utilized in the statistical analyses. 
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Similar to Cromer (1970), participants were assigned to groups of differing 

reading ability based on their performance on the test comprehension task. Dividing 

participants into groups in this fashion has the virtue of creating participant groups 

relative to their current performance, and not to their performance on some 

extrinsic/extraneous measure. Individuals of differing reading ability as defined by 

performance on the test comprehension task will be dubbed high-performance and low-

performance readers. Use of a standardized test score was a potential alternative to 

define participant groups. However, the University of Arizona does not require 

standardized examinations for undergraduate admissions, and consequently not ail of the 

participants reported standardized test scores. Nonetheless, for those participants who 

reported having taken the Scholastic Aptitude Test (n=28), a moderate significant 

correlation between Verbal Scholastic Aptitude Test (VSAT) score and experimental 

comprehension accuracy (r=0.45, p<0.01) was found. 

Design 

There were two between-participant variables: (a) text condition (regular- vs. phrase-

segmented), and (b) reading ability (high-performance vs. low-performance) for the 

global measures analysis. The same between participant variables were used in the local 

measures analysis along with sentence-final phrase position (initial, medial, or final) as a 

within-participants variable. 
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Materials 

Stimuli were presented on three sheets of 8.5 in x 11 in standard stock paper attached to a 

43 cm X 71 cm foam poster boards. The sheets of paper were positioned centrally on the 

poster board in a side-by-side fashion such that each complete passage was presented 

contiguously on one poster board. Each sheet of paper subtended about 13.1° of visual 

angle, and thus the three sheets of paper side-by-side subtended about 36.3° of visual 

angle. 

Nine non-fictional text passages from Scientific Research Associates (Scientific 

Research Associates, 1978) were used as stimuli. Passages were from grade levels 2.6, 

3.0, and 3.5. Passages were presented double-spaced, in right ragged format in black 22 

point Times New Roman font on white paper with 0.8 in margins all around. Passages 

were presented centrally at an approximate distance of 88 cm from the subject. Each 

letter subtended horizontally from 0.26-0.33° of visual angle and vertically up to 0.33° of 

visual angle. Thus, 3-4 letter characters subtended horizontally approximately 1° of 

visual angle. Each vertical space between lines of text ranged from I cm to 1.3 cm and 

thus subtended 0.65°-0.85°. Prior to reading the first passage, a free-movement head 

mounted eye-tracker device was comfortably placed on the participant's head and 

calibration to the subject's left eye occurred. Eye position was monitored by a 

commercially available eye movement monitor (Applied Science Labs SU 4000, 

Waltham, MA), which uses an infrared light source to measure eye position. The 

apparatus consists of an infrared light emitting device and phototransistor detectors that 

are mounted on an adjustable halo. The detectors pick up the reflected infrared light from 



the pupil and cornea of the left eye. The eye tracking device is accurate within I Eye 

position data were acquired by the E4000 program at a sampling rate of 1/60 second 

(Applied Science Labs, Waltham, MA). Calibration was accomplished by asking 

participants to fixate 9 numbered dots (i.e., 1-9), indicated by round yellow adhesive 

circles, on a 9 dot (3x3) 44.5 cm X 81 cm black calibration display presented at the same 

distance and position as the poster boards. The calibration mask subtended 26.7° x 42.6°. 

Each numbered circle was 2 cm in diameter and subtended 1.3°. The circles were 

arranged in the form of a rectangle such that they were placed at each comer, each 

midpoint of the sides of the rectangle, and at the center of the calibration display. 

Calibration yields 9 mapping equations used by an eye position analysis program 

(EyeNal.504) to transform the raw data to display-space centered (i.e., spatially 

corrected) data. The analysis program yields an ASCII file that contains information 

about the experiment name, trial number, date and other details in a header and provides 

horizontal and vertical (x- and y-coordinate) positions, as well as duration information, 

for each fixation. These data were stored on disk and used in all subsequent analyses. 

Texts for the phrase-segmented condition were segmented into major and minor 

phrases by means of a phrase-segmentation program named Clauseau (Bever, et al., 

1991). This program is based on a neural network that was trained to identify the ends of 

sentences. As the end of a sentence is always the end of a phrase, the neural network 

learned to generalize and predict inter-sentential phrase boundaries. A subsequent 

computer program takes the output of the phrase-segmentation program and formats it 

according to user specifications. The latter program inserts spacing between phrases 
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based on hierarchical structure, but also attempts to format the text such that adjacent 

lines are of equivalent length and each line of text begins and ends with a phrase-initial 

and phrase-final word respectively. The segmentation process is accomplished by 

assignment of numerical values ranging from 0 to 5 to each inter-word space and 

subsequently incrementally adjusting the space size as a function of the assigned value. 

Values of 0 are assigned to spaces that have minimal likelihood of being phrase breaks, 

and spacing is not adjusted. Values of 5 are assigned to sentence breaks and spacing is 

maximally increased. Intermediate values are assigned to spaces following phrases of 

increasing size and constituency. 

Procedure 

Each participant was tested individually in a single experimental session in a quiet, well-

lit room, and read either regular or phrase-segmented versions of text passages. Upon 

arrival at the experiment, each participant read and signed a consent form, and then 

completed a questionnaire. Information on the questionnaire included gender, 

handedness, native language, standardized test scores, and average grade in school (see 

Appendix 1). Upon completion of the questionnaire, participants were assigned to one of 

the two text conditions in an attempt to keep the number of subjects per condition 

approximately equal. Participants read either 6 or 9 text passages.' 

' Participants who received course credit read 6 passages, while participants who were paid for their 
participation read 9 passages. For-credit participants were visually presented with the questions and 
answered via written responses, while paid participants were presented questions auditoraily and responded 
orally. Paid participants also received an auditorally-presented short-answer question to encourage reading 
for comprehension. 



After a participant signaled completion of passage reading, the next posterboard 

was placed in the same position. Following the initial calibration the first foam board 

was placed in the same location as the calibration mask. Following reading of each text 

passage, all participants performed a written or auditory five-question multiple-choice 

comprehension task for that passage. Oral responses by the participants were transcribed 

by the experimenter and recorded to mini-audio cassette. A criterion cutoff of 85% on 

overall comprehension accuracy was chosen to separate participants into two groups: 

high and low performance readers. Using this cutoff resulted in 7 high-performance 

(average of 90%) and 9 low-performance (average of 74%) readers in the regular text 

condition and 9 high-performance (average of 94%) and 7 low-performance (average of 

76%) readers in the phrase-segmented condition. Each experimental session lasted 

approximately forty minutes. 

For each passage, participants were asked to read as they normally do while 

keeping in mind that they would have to answer comprehension questions after signaling 

completion. For each text passage after the first passage, participants were asked to 

fixate three points on the calibration mask to verify that they were still calibrated. If 

calibration was out of line, then recalibration occurred, following the same procedure as 

the initial calibration. 

Participants read a total of either six or nine passages. Participants who read six 

passages received one practice followed by six test passages. Participants who read nine 

passages received three practice passages followed by six test passages. No data were 

collected for test passages. Practice passages contained an average of 320 words (range 



250-398), 23.5 sentences (range 9-42), and 12.5 phrases per sentence (range 4.27-20.4). 

The test passages contained an average of 319 words (range 248-356), an average of 36 

sentences (range 23-43), and an average of 5.09 phrases per sentence (range 4.3-6.28). 

Analysis 

An eye movement analysis program (Eyenal.504) produced ASCII files for each trial for 

each subject. Each file contained vertical and horizontal coordinates and durational 

information for each fixation. These files were submitted to a computer program that 

constructed an x-y coordinate plane analogous to the viewing area of the three contiguous 

sheets of text for each passage, and mapped each fixation onto that plane. This computer 

program was written as a plug-in for Adobe Illustrator 9.0 to view the appropriate text 

passage, with fixations overlaid, on the coordinate plane just as the experimental 

participants did. Once imported into Adobe Illustrator, the position of text files could be 

vertically and horizontally adjusted so as to align the appropriate line of text with the 

corresponding fixations for that line. Prior to alignment, a preliminary analysis was done 

on all fixation data sets to evaluate groups of horizontal fixations that should correspond 

to lines of text. A sequence of horizontal fixations were evaluated as belonging to the 

same line when two succeeding fixations (i.e., fixation n and n+1) were evaluated to 

constitute a forward movement, or a saccade (see definition below). To allow for blinks 

and other extraneous movements a sequence of fixations was also evaluated as being on 

the same line when a fixation and at least two succeeding fixations (n, n+2, n+3) were 

along the same horizontal axis. When the number of lines of horizontal fixations was 
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equal to the number of lines of text, vertical alignment was a relatively simple process, 

and the text file was superimposed onto the lines of fixations. Horizontal alignment was 

accomplished based on the finding in previous research that readers' first and last 

fixations on a line are "indented" up to 7 character spaces relative to the beginning/end of 

a line of text, respectively (see Rayner & Pollatsek, 1989). Thus, lines of fixations were 

aligned horizontally when possible with lines of text to the extent that the first and last 

fixations of a line were situated about 7 character spaces from the beginning and ends of 

lines of text. Some participants' eye movements spanned entire horizontal lines of text 

and when this occurred, horizontal alignment was accomplished such that the first and 

last fixations of a line of were aligned as closely as possible to the first and last words of 

the corresponding line of text. Lastly, when the number of lines of fixation were not 

equal to the number of lines of text, alignment was accomplished based on the following 

heuristics: align the first line of fixations for that page of text with the first line of text for 

that page, and align texts and fixations such that shorter lines of text (i.e., ends of 

paragraphs) and shorter lines of fixations were superimposed where possible. Using 

these alignment procedures, text files and fixation data files were aligned and data were 

extracted for a majority of participants' trials. Data were not extracted from several files 

due to the chaotic nature of subjects' eye movements; horizontal lines of fixations could 

not be evaluated. Furthermore, within trials there were occasions when either vertical or 

horizontal alignment of fixations with text failed. Under such circumstances, data were 

not extracted for particular regions of interest. 
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The plug-in program computes summary information in the form of frequency, 

duration, and distance measures for all flxations for that passage trial, as well as for each 

single flxation of that trial. This information was further classified/sorted relative to four 

categories; saccades, regressions, return sweeps, and jumps. A sequence of 2 fixations 

was considered to be on the same line of text when the difference in vertical position of 

the second fixation relative to the first was smaller than the vertical distance between two 

lines of text. The minimal vertical distance between two lines of text was 1 centimeter or 

0.65°, and a criterion value less than that of 0.42° was chosen so as to minimize the 

chances that forward movements of eyes to preceding/succeeding lines of text were 

defined as saccades and that retum sweeps were defined as regressions. That is, two 

fixations were computed as being on the same line of text when the second fixation was 

within +/- 0.65 cm, or 0.42°, vertically of the first fixation. Using this as a standard, 

saccades were defined as rightward movements, and regressions as leftward movements, 

within 0.42° of the previous fixation. A retum sweep, that is when the eye moves from 

the end of 1 line of text to the beginning of the next, was defined as a leftward movement 

where the eye land at a vertical position no smaller than 0.42° and no larger than 0.84°. 

Extraneous movements, including blinks, were classified as jumps. Global eye movement 

measures for each trial were extracted, including number of fixations, average saccade 

length, regression frequency, average fixation duration, and average regression length. 

Global eye movement measures were defined as the mean values for these five variables 

as collected across each experimental text. 
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Local eye movement measures were defined as the mean values for relevant 

variables for specific regions of interest within each text. These variables were also 

extracted, and included first forward fixation, gaze duration, regression frequency, and 

local saccade length for regions of interest. Gaze duration is the sum of all forward 

durations for fixations on a region before the eye departs the region. Gaze and average 

fixation duration were measured in milliseconds (msec.). If the eye fixated a point 

beyond the region, then the gaze duration for that word was not calculated and a skip was 

recorded for that Unal. Local saccade length is the distance, in visual degrees that the eye 

moved out of a region in moving fi-om left to right. Distance was measured in visual 

degrees rather than character spaces to facilitate comparison between distance measures 

for regular texts and texts with incrementally sized spaces (i.e., phrase-segmented text). 

Length measures were calculated to take into account differences in length between 

regular and phrase-segmented texts such that a gross measure was derived (visual 

degrees/length of text) which considered length measures as a function of unit length of 

text (i.e., fi-om the first character of the first sentence to the final punctuation mark of the 

final sentence). When the eyes moved backward (right to left) from a region, the number 

of regressions on that same line of text were extracted. 

Data Selection 

A target word was considered fixated when the point of fixation fell on one of its 

constituent letters or on the blank space preceding it, following standard convention in 

reading research (e.g, Vitu, O'Regan, Inhoff, & Topolski, 1995; Rayner, et al., 2000). 
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Instances in which the specification of x/y coordinates was unclear and in which tracking 

was lost resulted in loss of approximately 3% of the data for global measures and of 15% 

of the data for local measures. Skipped words were defined as words for which a saccade 

from the preceding forward fixation brought the eyes to a point beyond the final letter of 

that word. Skipped trials were not entered into subsequent analyses. Duration data were 

not extracted when two words were separated by a line break in the text or when a region 

began or ended a line of text as previous research reveals that the first and last fixations 

on a line are inflated/deflated, respectively, relative to other fixations on that line 

(Rayner, 1977; 1978b). 

The crucial portions of the text for which we extracted local eye movement 

measures were sentence-final phrases where "phrases" were defined as groups of three 

words or word regions that had been evaluated as phrases by the phrase-segmentation 

program (assigned with a values of 3 or 4 at the left inter-word space and a value of 5 at 

the right). The sentence final phrase was therefore defined as all of the words or word 

regions of the sentence final phrase. A word region was defined starting with the final 

word of the sentence as a meaningful string of letters of at least 4 letters in length 

separated from other meaningful strings of letters by spaces and/'or punctuation, or as two 

adjacent meaningful strings of letters when the rightmost word or the word to its left was 

a short word (i.e., 3 characters or shorter in length). Examples of sentence final phrases 

from the test stimuli are: "... where they walked." and "... with other things." In two 

previous studies that examined the sentence wrap-up effect, dependent measures were 

compared for a word when it was or was not in sentence-final position. The design of the 
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present study does not allow for such a comparison. However, comparison of measures 

for the sentence-final word region with the two word regions preceding it within the same 

syntactic phrase should reveal similar results. The restriction to words in the same 

syntactic phrase was made with consideration to a previous study that found an effect of 

surface phrase structure on eye movements such that phrases constituted units over which 

fixations were systematically distributed (Mehler, et al., 1967). Three word sentence-

final phrases were chosen to allow for multiple comparisons of measures (i.e., final word 

region of the sentence-final phrase versus medial word region of the sentence-final phrase 

versus initial word region of the sentence-final phrase). Measures were thus extracted for 

the sentence-final, phrase-initial, -medial, and -final word regions. These measures will 

be referred to as the initial, medial, and final positions in the body of this work. 
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CHAPTER 3:  RESULTS -  GLOBAL MEASURES 

The following dependent measures from each passage were used in the global statistical 

analyses; average comprehension accuracy, average reading speed, average number of 

fixations, average fixation duration, average saccade length, average regression length, 

and average number of regressions. For each dependent variable, means for each Uials 

were averaged across subjects. Each dependent measure was analyzed in a 2 x 2 

between-subjects analysis of variance (ANOVA) in which text condition (regular or 

phrase-segmented) and ability (high- or low-performance reader) were used to investigate 

the effect of reading ability on eye movements during regular text reading, and to 

examine if, such effects persist with phrase-segmented text. For all significant tests, the 

test statistic, the error term used to calculate the test statistic, significance level (p), and 

effect size (r) are reported. Significant main effects and interactions were further 

investigated with t-tests. That is, differences between reading ability and compensation 

groups within text conditions and differences between text conditions by groups of 

comparable reading ability, or by groups who received comparable compensation, were 

examined using independent t-tests. An alpha level of 0.05 was used for all statistical 

tests, although marginally significant results (0.05>p>0.10) are reported where important. 

Previous chunking experiments have typically revealed that reading times 

decrease and comprehension accuracy increases for chunked texts over normal texts. 

Furthermore, this effect has been most notable for poor readers. I first examine 

comprehension accuracy and reading time performance by good and poor readers on 

phrase-segmented and regular texts. 
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Comprehension 

A 2 X 2 between-subjects ANOVA on average comprehension accuracy revealed 

significant main effects of reading ability, F(l, 128)=41.6, MS'e= 134.996, /7<0.001, 

r=0.25 on comprehension accuracy: High-performance readers were more accurate (92%) 

than low-performance readers (78%). The main effect of text condition was not 

significant, f<l. Despite the absence of a main effect of text condition, F(l, 128)=0.605, 

A/5e= 134.996, p=OA, r=0.005 or an interaction between reading ability and text 

condition, F(l, 128)=0.15, A/Se= 134.996, p=0.1, r=0.001, there was a small numerical, 

but non-significant, increase in comprehension accuracy for poor readers across 

conditions: poor readers in the regular text condition averaged 77%,accuracy while poor 

readers in the phrase-segmented condition averaged 80% accuracy. 

Overall comprehension accuracy was not affected by phrase-segmentation as 

revealed by the absence of a main effect of text condition on accuracy. Reading ability 

differences persisted in both text conditions but this is not surprising as low-performance 

readers were, by operational definition, individuals who performed poorly on the 

comprehension questions. 

Reading Speed 

The results of a 2 x 2 between-subjects ANOVA for participants' reading speeds revealed 

a somewhat different pattern of results. A main effect of reading ability on reading speed 

was found: low-performance readers read significantly slower (251 wpm) than high-

performance readers (290 wpm), F(l, 120)=3.85, MSe=7256.6, p=0.05, r=0.032. The 
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main effect of text type was significant, with participants in the phrase-segmented 

condition exhibiting faster reading speeds (298 wpm) than in the regular condition (245 

wpm), F(l, 120)=10.6, A/5e=7256.6, /7=0.00I, r=0.083. A significant interaction of 

reading ability with text condition, F(l, 120)=7.7, MSe=7256.6, y3<0.01, r=0.062, was 

also found. 

The nature of these interactions was further explored using independent samples 

t-tests. Results for the reading ability by text condition interaction are shown in Figure 1 

and reveal that low-performance readers in the regular text condition read slower (211 

wpm) than high-performance readers in the regular condition (286 wpm) and than low-

performance readers in the phrase-segmented condition (306 wpm), ps<0.001. No other 

differences were significant, ps>0.7. 

The results for reading speed are consistent with an effect of reading ability for 

regular texts and the absence of an effect for phrase-segmented texts. High performance 

readers read faster than low-performance readers in the regular text condition only. The 

finding of improvement in reading speeds for the low-performance readers in the phrase-

segmented compared to the regular text conditions is consistent with an effect of phrase-

segmentation for low-performance readers but not for high-performance readers. Lastly, 

the increase in reading speed in the face of no changes in comprehension accuracy 

suggests that the former were not due to a speed-accuracy trade-off 
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Figure 1. Average reading speed presented for high- and low-performance 
readers by text condition. Error bars indicate 95% confidence intervals. 
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Global Eye Movements 

Previous eye movement experiments revealed that poor readers' number of fixations are 

more variable than good readers, that poor readers make shorter fixation durations and 

saccades than good readers, and that poor readers make more regressions than good 

readers. I will attempt to replicate these here. Chunking effects on eye movements have 

not previously been investigated. No changes in comprehension accuracy differences 

between reading ability groups were noted here across text conditions. However, low-

performance readers read phrase-segmented texts faster than regular texts and as fast as 

high-performance readers in the phrase-segmented text conditions suggesting that (at 

least temporally based) eye movement measures will show an effect of phrase-

segmentation. Thus, the effect of phrase-segmentation on low-performance readers' 

reading speeds might also be reflected in changes in low-performance readers' eye 

movement measures. 

To test if phrase-segmentation affected eye movement behavior, if it did so for 

both high- and low-performance readers, I performed 2x2 ANOVAs for each dependent 

eye movement measure with text condition (regular or phrase-segmented) and reading 

ability (high- or low-performance) as between-participant variables. 

Number of Fixations 

The results of a 2 x 2 ANOVA for participants' average number of fixations per passage 

revealed that the main effects of text and reading ability conditions were not significant, 

Fs<\. 
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Despite the absence of an interaction effect between reading ability and text 

condition on number of fixations, F( 1,124)= 1.2, yWS'<.=987.8, p=Q21, r=0.01, there is a 

priori reason to expect differences in the regular text condition between different reading 

ability groups, based on previous research. Thus, the data were submitted to independent 

samples t-tests that revealed a significant difference in number of fixations for the regular 

text condition between high-performance (99) and low-performance (114) readers, 

/(63)=-2.1, /7<0.05 (Figure 2). Figure 2 also shows that this differences did not persist 

into the phrase-segmented text condition, p>0.8. Despite a numerical decrease in the 

number of fixations for low performance readers in the phrase-segmented text condition 

(100) over the regular text condition (114), the difference did not reach significance, 

/7=0.1. 

Differences between reader groups were present for regular texts and absent for 

phrase-segmented texts. This was due to a numerical, but not significant, decrease in the 

number of fixations by low-performance readers in the phrase-segmented condition over 

the regular text condition. As with the reading speed measure, this suggests that phrase-

segmented affected the number of fixations made by low-performance participants. 
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Figure 2. Average number of fixations by text condition for high- and low-
performance readers. Error bars indicate 95% confidence intervals. 
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Average Fixation Duration 

The results of the reading speed analyses revealed that low-performance readers' reading 

speeds increased in the phrase-segmented conditions compared to the regular text 

conditions, while high-performance readers' reading speeds were not affected by phrase-

segmentation. Changes in reading speed are quite consistent with changes in temporally 

based eye movement measures; it has been suggested that fixation times account for 90% 

of reading time (Rayner 8c Fischer, 1996). That is, in the present study a similar pattern 

of results should be observed with the average fixation duration measure as was observed 

with reading speed. 

The result of a 2 x 2 ANOVA for average fixation durations revealed a significant 

main effect of text condition and a significant interaction between text condition and 

reading ability. Participants made shorter fixation durations during reading of phrase-

segmented texts (284 msec.) than during reading of regular texts (307 msec.), 

F(l,124)=6.8, A/5e=2063.7, /7=0.01, r=0.053. The effect of reading ability was not 

significant, F<1. However, a significant interaction effect was found for reading ability 

by text condition, F(l,124)=7.97, M5e=2063.7,/7<0.01, r=0.062. 

The nature of the interaction between reading ability and text condition was 

examined with independent sample t-tests that revealed that low-performance readers' 

fixation durations for regular texts (322 msec.) were longer than low-performance 

readers' fixation durations for phrase-segmented texts (277 msec.) and than high-

performance readers' fixation durations for regular texts (287 msec.), /7s<0.005 (see 

Figure 3). No other differences were significant,/7S>0.3. 
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High-performance readers made shorter fixation durations than low-performance 

readers for regular texts. In contrast, no reading ability differences were found for 

phrase-segmented texts. This absence of a reading ability difference was due to a 

significant decrease in average fixation duration by low-performance readers for the 

phrase-segmented text over the regular text condition. 
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Figure 3. Average fixation duration (in milliseconds) by high- and low-
performance readers in the regular and phrase-segmented text conditions. Error 
bars indicate 95% confidence intervals. 
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Saccade Length 

The results of 2 x 2 ANOVA that the main effects of text type and reading ability were 

not significant, F5<1. 

The results of analyses for saccade length did not reveal any differences between 

participants in different text conditions or participants of differing reading ability. 

Regression Length 

Previous research with children has shown that poor readers make shorter regressions 

than good readers. While this effect has not been reported for adult readers, it may be the 

case that the differences persist into adulthood, as presumably (at least some) poor child 

readers become poor adult readers. I examined the effects of formatting and reading 

ability on regression length using 2x2 ANOVA. 

The results of analyses for regression length did not reveal any differences 

between participants in different text conditions or participants of differing reading 

ability, Fs<l. 

Regression Frequency 

Previous eye movement research has shown that poor readers make more average 

regressions than good readers. The effect of phrase-segmentation has not previously 

been investigated in eye movement research. By analogy with results of chunking 

research on comprehension accuracy and reading time measures, chunking should result 
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in fewer regressions. Remember also that regressions are considered an index of 

comprehension difficulty. As comprehension accuracy was not signiflcantly affected by 

phrase-segmentation in either experiment, it may be the case that regressions will not be 

affected by phrase-segmentation. 

The main effects reading ability and text condition on number of regressions were 

not significant, Fs<l. However, a significant interaction of reading ability and text 

condition was found, F(l,124)=4.l6, A/Se=167.5,p<0.05, r=0.033. 

Figure 4 shows that, low-performance readers in the regular text condition made 

slightly but not significantly more regressions (23) than low-performance readers in the 

phrase-segmented text condition (16), /(59)=-1.8, /7=0.08, and than high-performance 

readers in the regular text condition (17), /(63)=-l .8, /;=0.06, as revealed by independent 

samples t-tests. All other reading ability differences by text condition were not 

significant, ps>0.3. 

High-performance readers made slightly but not significantly fewer regressions 

than low-performance readers for regular texts. In addition, the low number of average 

regressions overall for the relatively simple text passages used as materials here is 

consistent Avith previous research that found that conceptually simple texts were 

associated with a fewer number of regressions than conceptually difficult texts (Rayner & 

Pollatsek, 1988). 
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Figure 4. Average number of regressions presented for high- and low-
performance readers by text condition. Error bars indicate 95% confidence 
intervals. 



94 

Differences in Phrase-Segmentation 

Differences on several global dependent variables between high- and low-performance 

readers were found in the regular text condition that did not persist for the phrase-

segmented text condition. While high- and low-performance readers differed 

significantly for reading speed, number of fixations and fixation duration (and marginally 

for the number of regressions) measures in the regular condition, these differences were 

absent in the phrase-segmented text condition. Participants in the phrase-segmented text 

condition read one of two types of phrase-segmented text materials that were 

characterized by consistent variations in the degree of spacing applied during the 

segmentation and formatting process. That is, participants in this text condition read text 

materials whose content and wording were the same, but that differed in the user-

specified spacing increments. They were either subtly-spaced or grossly-spaced.' The 

relative spacing size for the phrase-segmented text passages for subtly-spaced phrase-

segmented texts was specified such that space sizes after phrase breaks with a value of 3 

were increased 100% over standard size spaces. The comparable space sizes for grossly-

spaced phrase-segmented texts were specified such that phrase breaks with value of 3 and 

5 were increased 110% and 185%, respectively, over standard size spaces. With these 

specifications, space values of 3 measured 0.6 cm and 0.65 cm and space values of 5 (i.e., 

sentence) measured 0.8 cm and 0.9 cm, respectively for subtly-spaced and grossly-spaced 

texts. Thus, space sizes of 3 subtended 0.39° and 0.42° and space sizes of 5 subtended 

" Individuals in the phrase-segmented condition who participated for course credit were presented 
with subtly-spaced texts and individuals who were monetarily compensated were presented with grossly 
spaced texts. For-credit and paid participants in the regular text condition served as the relevant 
comparison groups in statistical analyses. 
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0.52° and 0.59°, respectively for subtly-spaced and grossly-spaced texts. Differences in 

the specification of spacing increments for phrase-segmented texts resulted in more 

noticeable inter-word and inter-sentence spaces for grossly-spaced texts relative to 

subtly-spaced texts, as shown in Figure 5. 
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The sundew is a pretty plant. Its white flowers 

and sparkling leaves brighten up the wet marshes where 

it grows. Insects come flying to it. But watch out, 

insects! The pretty plant may eat you up! 

The sundew is a pretty plant. Its white flowers 

and sparkling leaves brighten up the wet marshes 

where it grows. Insects come flying to it. But 

watch out, insects! The pretty plant may eat you up! 

Figure 5. Examples of portions of the same phrase-segmented text in subtly-
spaced (upper) and grossly-spaced (lower) versions. 



The uniform variation in the space sizes of the subtly- and grossly-spaced texts may have 

differentially affected those global dependent variables for which differences between 

high- and low-performance readers did not persist in the phrase-segmented text condition. 

The possibility that differences in phrase-segmented text spacing had a differential effect 

was thus investigated. It may be the case that one type of spacing was associated with 

greater improvement in the global measures than the other. Consequently, additional 

statistical analyses were carried out in order to examine for differences in the effects of 

text spacing in the phrase-segmented text condition on high- and low-performance 

readers' reading speeds, number of fixations, average fixation durations, and number of 

regressions. Each of these dependent measures was analyzed in a 2 x 2 x 2 between-

subjects analysis of variance (ANOVA) in which ability (high- or low-performance 

reader), text (regular or phrase-segmented), and phrase-spacing (subtly-spaced or grossly-

spaced) served as between-subject variables. 

Reading Speed 

The results of a 2 x 2 x 2 between-subjects ANOVA for participants' reading speeds 

revealed a main effect of text spacing, F(l, 120)=13.3, A/5'e=6376, /;<0.001, r=0.105, in 

addition to the main effects of reading ability, F(l, 120)=4.3. A/5<.=6376, /j<0.05, 

r=0.037, and text condition, F(l. 120)=8.8, MSe=6276, p<0.005, r=0.073. A significant 

interaction of text condition with spacing condition, F(l, 120)=4.8, MSe=6376, p<0.05, 

r=0.041, was also found. 

The nature of this interaction was further explored using independent samples t-

tests. Overall, participants in the subtly-spaced phrase-segmented text condition read 
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faster (336 wpm) than those in the grossly-spaced condition (255 wpm), /(58)=-2.9, 

p=0.005. Low-performance readers read subtly-spaced phrase-segmented texts faster 

(241 wpm) than regular texts (206 wpm), /(31)=2.9, p<O.Ol. The same situation held for 

grossly-spaced texts, with low-performance readers reading grossly-spaced texts faster 

(370 wpm) than regular texts (220 wpm), /(22)=5.4, p<0.001. Differences in reading 

speed between high-performance readers for either type of phrase-segmented text 

compared to regular text were not significant, /)s>0.5. Differences between high- and low 

performance readers in the phrase-segmented text condition were not significant for both 

grossly- and subtly-spaced texts, /7s>0.1. On the other hand, differences the high- and 

low- performance reader control groups for both grossly and subtly-spaced texts were 

significant, ps<0.001. 

As a whole, the results for reading speed remain consistent with an effect of 

reading ability for regular texts and the absence of an effect for phrase-segmented texts. 

High-performance readers read faster than low-performance readers in the regular text 

condition only. In addition, high-performance readers' reading speeds showed no effect 

of text-spacing condition for either type of phrase-segmented text compared to regular 

text. The finding of improvement in reading speeds for the low-performance readers who 

read either type of phrase-segmented text compared to regular texts is consistent with an 

overall effect of phrase-segmentation for low-performance readers but not for high-

performance readers. Grossly-spaced texts were associated with a 68% increase over 

regular texts, while subtly-spaced texts were associated with a 17% increase over regular 

texts for low-performance readers. Reading speed increased for low-performance readers 
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who read both grossly- and subtly-spaced phrase-segmented texts, albeit to different 

degrees. Lastly, the increases in reading speed in the face of no changes in 

comprehension accuracy suggests that the former were not due to a speed-accuracy trade

off. 

Number of Fixations 

The results of a 2 x 2 x 2 ANOVA for participants' average number of fixations per 

passage revealed a main effect of spacing condition on number of fixations, 

F(l,124)=6.8, A/5e=812.5, p=0.01, r=0.055. The main effects of text and reading ability 

conditions remained not significant, f5<l. A significant three-way interaction was 

found, F(1,I24)=11.2, A/S'^=812.5,;)=0.001, r=0.088. 

Independent samples t-tests were used to further investigate this three-way 

interaction. They revealed a difference between high-performance readers as a function 

of phrase-segmented text spacing: Figure 6a shows that high-performance readers who 

read subtly-spaced phrase-segmented texts made fewer fixations (85) than high-

performance readers who read grossly-spaced phrase-segmented texts (110), /(34)=-2.2, 

/7<0.05. High-performance readers who read subtly-spaced phrase-segmented texts also 

made fewer fixations (85) than their high-performance reader counterparts in the regular 

text condition (103), /(34)=-2.3, /KO.05 (see Figure 6a). On the other hand, high-

performance readers who read grossly-spaced phrase-segmented texts condition made 

slightly but not significantly more fixations (IIO) than their high-performance reader 

counterparts in the regular text condition (89), /(26)=1.6, p>0.1. In addition. Figure 6b 
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shows that low-performance readers who read grossly-spaced phrase-segmented texts 

made fewer fixations (75) than low-performance readers who read subtly-spaced phrase-

segmented texts (126), representing an improvement over their low-performance reader 

counterparts in the regular text condition (102), ps<0.05. For grossly-spaced texts, high-

performance readers made significantly more fixations (110) than low-performance 

readers (75), t(30)=2.9, p>O.Q\ (Figure 6). For subtly-spaced texts, high-performance 

readers made significantly fewer fixations (85) than low-performance readers (126), 

t(26)=-4.1, p>0.001 (Figure 6). Differences between high- and low-performance readers 

for the number of fixations measure were significant in the regular text condition for the 

control groups of the subtly-spaced text condition, t(43)=-2, /?=0.05. However, 

differences in the number of fixations measure between the two reading ability groups 

were not significantly different for the control groups of the grossly-spaced text 

condition, t(18)=-l, p>0.3. 

Differences in the number of fixations measure between high- and low-

performance readers in different spacing conditions were found for both types of phrase-

segmented texts, as well as for the regular-text control condition of subtly-spaced texts. 

Grossly-spaced texts were associated with a decrease in number of fixations by low-

performance readers and no significant change for high-performance readers compared to 

regular texts such that an effect of reading ability was not present for regular texts but 

became apparent for grossly-spaced phrase-segmented texts. In contrast, subtly-spaced 

texts were associated with a decrease in the number of fixations measure compared to 

regular texts, but only for high-performance readers. This resulted in the persistence of 
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an effect of reading ability for readers in the subtly-spaced text condition. These findings 

suggest that text spacing affected the number of fixations made by participants. 

Differences between high-performance and low-performance readers were present in the 

phrase-segmented condition for grossly- and subtly-spaced texts but in opposite 

directions; high-performance readers made fewer fixations than low-performance readers 

for subtly-spaced texts and more fixations than low-performance readers for grossly-

spaced texts. 



102 

REGULAR 
Subtle Gross 
(Control) (Control) 

PHRASE-SEGMENTED 
Subtle Gross 

Figure 6. Average number of fixations by (a) high-performance and (b) low-
performance readers by text condition. Error bars indicate 95% confidence 
intervals. 
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Average Fixation Duration 

The results of a 2 x 2 x 2 ANOVA for average fixation durations revealed a significant 

main effect of spacing condition, F(l,124)=13.5, A/Se=1815.2, p<0.001, /^0.103, in 

addition to a marginal effect of reading ability, F(l,124)=3.2, A/S'e=1815.2, /7=0.07, 

r=Q.021. The main effect of text condition continued to be significant, F(l,124)=4.16, 

A/5e=1815.2, p<0.05, r=0.034, as was the interaction between reading ability and text 

type, F( 1,124)= 10.4, A/5'e=1815.2,/7<0.005, /*=0.081. A significant three-way interaction. 

F(l,124)=7.9, A/5e=1815.2,/7<0.01, /-0.063, was also found. 

The nature of this three-way interaction was examined with independent sample t-

tests. Figure 7 shows that low-performance readers who read grossly-spaced phrase-

segmented texts made shorter fixation durations (243 msec.) than low-performance 

readers who read subtly-spaced phrase-segmented texts (312 msec.) and than their low-

performance reader counterparts in the regular text condition (313 msec.), /7s<0.001. 

Despite a non-significant difference in average fixation duration between text conditions, 

the low-performance readers who read subtly-spaced phrase-segmented texts made 

numerically, but not significantly, shorter average fixation durations (312 msec.) than 

their low-performance reader counterparts in the regular condition (326 msec.), p>0.2 

(see Figure 7). No other differences between reading ability groups or between 

conditions for the high-performance reader groups were significant, /7S>0.1. In particular, 

the difference in average fixation duration between high-performance readers (289 msec.) 

and low-performance readers (312 msec.) for subtly-spaced texts was not significant, 

p>0.2. 
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High-performance readers made shorter fixation durations than low-performance 

readers for regular texts. In contrast, no reading ability differences were found for 

grossly-spaced or subtly-spaced phrase-segmented texts. Differences in average fixation 

duration were found for low-performance readers as a function of text spacing in the 

phrase-segmented text condition, consistent with a differential effect of text spacing for 

low-performance readers reading phrase-segmented texts. Although both types of 

phrase-segmented texts were associated with the absence of an effect of reading ability 

compared to the regular text condition, only grossly-spaced texts were associated with a 

significant difference in average fixation duration over regular texts. This suggests that 

grossly-spaced texts had a more robust effect on low-performance readers' fixation 

durations. 
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Figure 7. Average fixation durations for low-performance readers by text 
condition. Error bars indicate 95% confidence intervals. 
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Regression Frequency 

A 2 X 2 X 2 ANOVA revealed no significant main effects on number of regressions, 

Fs<l. An interaction between reading ability and text condition was again found, 

F(l,124)=5.4, MSe=\65.6. /7<0.05, r=0.04. However, there were no significant 

in te rac t ions  wi th  spac ing  condi t ion ,  f s< l .  

The supplemental analysis for the number of regressions measure that included 

spacing condition as a variable did not yield any additional significant results over the 

previous analysis that did not include spacing condition as a variable. High-performance 

readers made slightly but not significantly fewer regressions than low-performance 

readers for regular texts. Differences between the two groups were absent in the phrase-

segmented text conditions. 

Reading Ability Differences in Global Eye Movement Measures for Regular Texts 

In summary, the results of the global analyses for regular texts provide moderate 

replication of previous findings with several, but not all of the dependent measures for 

individuals of differing reading ability. Overall, low-performance readers read slower, 

made more fixations, longer average fixation durations, and somewhat more regressions 

than high-performance readers. In contrast, the results of analyses for regression length 

and saccade length did not replicate previous findings. As there is evidence for an effect 

of reading ability on eye movements in regular text reading, we now consider how 

phrase-segmentation impacted these differences. 
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Effects of Phrase-Segmentation on Global Eye Movement Measures 

The results of global analyses revealed that phrase-segmentation impacted participants' 

eye movements for those measures that exhibited an effect of reading ability in the 

regular text condition. Both types of phrase-segmented texts were associated with an 

increase in reading speed for low performance readers and the subsequent absence of an 

effect of reading ability on reading speed in the phrase-segmented condition compared to 

the regular condition. However, the supplemental analyses revealed that the eye 

movement results were most robust for grossly-spaced phrase-segmented texts. Phrase-

segmentation was associated with a decrease in low-performance readers' number of 

fixations, but only for grossly-spaced phrase-segmented texts. In contrast, high-

performance readers' number of fixations did not change significantly for grossly-spaced 

texts, but did decrease for subtly-spaced texts, over regular texts. For grossly-spaced 

texts this resulted in the presence of an effect of reading ability in the face of no such 

effect for the regular-text control condition. 

Grossly-spaced texts were also associated with a difference in average fixation 

duration for low-performance readers, who made shorter fixation durations than low-

performance readers in the regular text condition but not than high-performance readers 

who read grossly-spaced phrase-segmented texts. For subtly-spaced texts, there was a 

sufficient numerical (but not significant) decrease in low-performance readers' average 

fixation durations such that reading ability differences were also absent in the phrase-

segmented text condition. 
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Finally, as a group phrase-segmented texts were associated with a moderate 

decrease in low-performance readers' number of regressions over regular texts. 

Differential effects of spacing condition were not found for this measure. The presence 

of an (albeit marginal) effect of reading ability on number of regressions for regular texts 

was nonetheless surprising given the reading level of the texts. Participants in these 

studies were undergraduate university students and comprehension of such 

uncomplicated texts (2.3 to grade level) should feasibly have been quite facile. 

Low-performance readers' reading speeds increased dramatically with grossly-

spaced phrase-segmented texts, and these texts were also associated with a decrease in 

average fixation duration and number of fixations for low-performance readers. On the 

other hand, subtly-spaced texts were also associated with increased reading speeds for 

low-performance readers, although modest in degree relative to the improvement with 

grossly-spaced texts. In addition, no significant changes in eye movement measures were 

observed for low-performance readers reading subtly-spaced texts compared to regular 

texts. Although, a numerical decrease was observed for their average fixation durations. 

Lastly, there was no difference found in the effect of both types of spaced texts on low-

performance readers' number of regressions: overall, phrase-segmented texts were 

associated with the absence of an effect of reading ability compared to the marginal effect 

for regular texts. 

These results suggest that perhaps the mechanism by which grossly-spaced 

phrase-segmented texts worked to improve low-performance readers' reading speeds was 

by making low-performance readers' eye movement patterns more efficient; in particular. 
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as evidenced by decreases in number of fixations, regressions, and fixation durations. 

The change in number of regressions might suggest decreased comprehension difficulty, 

but the lack of a significant effect of phrase-segmentation on comprehension accuracy, 

despite a numerical increase, argues against this notion. Lastly, low-performance 

readers' eye movements did not change significantly with subtly-spaced texts over 

regular texts although low-performance readers did show a significant, yet modest, 

increase in reading speed in addition to moderately shorter fixation durations, as well as 

slightly fewer regressions. As differences between high- and low-performance readers 

were absent for the fixation duration measure in the subtly-spaced text condition, it is 

consistent with qualitatively similar effects to those of the grossly-spaced texts. 

The results of the fixation duration and fixation/regression analyses for the global 

eye movement measures reveal that low-performance readers' eye movements are aided 

by phrase-segmented texts. The analyses of text spacing are consistent with a stronger, 

more robust effect of grossly-spaced texts as compared to subtly-spaced texts for low-

performance readers. The results here further confirm the beneficial effect of chunked 

texts, particularly for low-performance readers' reading speeds, and extend these effects 

to eye movements during reading of phrase-segmented texts. 

In contrast, high-performance readers' reading speeds were not affected by 

phrase-segmentation. However, a decrease in high-performance readers' number of 

fixations was observed with subtly-spaced, but not grossly-spaced, phrase-segmented 

texts. Furthermore, no differences were found in the number of regressions and fixation 

duration measures for high-performance readers in the regular text compared to either 
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phrase-segmented text conditions. This effect of subtly-spaced texts on the number of 

fixations measure is anomalous given the absence of any other significant effects of 

either grossly- or subtly-spaced texts on high-performance readers' reading performance 

and eye movements. 
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CHAPTER 4 :  RESULTS -  LOCAL MEASURES 

As discussed in Chapter 1, a sentence wrap-up effect has been reported in the literature 

whereby gaze duration, saccade length and number of regressions from sentence final 

words are inflated relative to words in other positions in a sentence. Local dependent 

measures analyzed were: number of first forward fixations, gaze duration, saccade length 

and number of regressions. For each dependent variable, measures were averaged across 

instances within each trial for each participant and then averaged across participants. 

These measures were all analyzed for 3 positions (i.e., initial, medial, and final) in the 

sentence-final phrases of texts. By examining the effect of position within a sentence-

final phrase on the dependent measures, an attempt will be made to replicate the sentence 

wrap-up effect in the present study. An investigation of the strength of the sentence 

wrap-up effect will also be made by examining for its presence for both high-

performance and low-performance readers' eye movements during reading of regular 

text. As it has been argued from the literature review in the Introduction, poor readers 

may be less sensitive to syntax and it is thus predicted that low-performance readers will 

not show a sentence wrap-up effect for regular text. However, if phrase-segmentation in 

fact improves their ability to process syntax, it is predicted that low-performance readers 

will show a sentence wrap-up effect for phrase-segmented texts. 

There is also previous evidence that the beginnings of phrases receive more 

fixations than other portions of the phrase (Mehler, et al., 1967). As the analyses v^ll be 

conducted on sentence final phrases, data will be available to revisit this finding and 

examine the possibility of a sentence-final effect for number of fixations. The prediction 
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is that the number of fixations measure will fall in line with other measures relative to 

sentence-wrap up effect, and consequently more fixations will occur on the sentence-final 

word than on other words in the phrase. As the preceding analyses revealed that spacing 

condition had an effect on several of the dependent measures, it is hypothesized that 

spacing condition will also affect the local eye-movement measures to the extent that 

grossly-spaced texts should be associated with a more robust effect on low-performance 

readers' eye movements. To examine these predictions, a2x2x2x3 ANOVA was 

conducted to analyze each local dependent measure with reading ability (high-

performance or low-performance reader), text condition (regular or phrase-segmented), 

and spacing condition (grossly- or subtly-spaced texts) as the between subject variables 

and sentence-final phrase position (initial, medial, or final) as the within-subjects 

variable. 

Local Measures 

Average Number of Forward Fixations 

A 2 x 2 x 2 x 3  A N O V A  r e v e a l e d  s i g n i f i c a n t  m a i n  e f f e c t s  o f  p o s i t i o n ,  F ( 2 , 2 2 6 ) = 2 8 . 7 ,  

A/5'e=0.1l, /7<0.00l, /*=0.203, and spacing condition, F(1,113)=35, A/S^-O.O?, /j<0.001, 

r=0.236. The main effects of reading ability and text condition were not significant, 

Fs<l. Pairwise comparisons revealed that the words in the initial position were fixated 

more (0.75) than the words in the medial (0.41) and final positions (0.64), /7S<0.01, and 

that words in the final position were fixated more than words in the medial position. 
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p<0.001. In addition, the interaction between reading ability, text condition, and position 

was slightly, but not statistically, significant, F(2,226)=2.6, MSe=0.U,p=0.07, r=0.02. 

The nature of these interactions was investigated with independent samples t-

tests. Differences between high-performance and low-performance readers within each 

text condition across positions were not significant, ps>0.2. Figure 8 shows that 

differences between high-performance readers across text conditions were significant for 

the initial position only, with high-performance readers in the regular text condition 

making more fixations on the initial word (0.82) than in the phrase-segmented condition 

0.64), f(64)=-2, p<0.05. For low-performance readers, a marginally significant difference 

was found for the medial position of regular texts (0.72) over phrase-segmented texts 

(0.62), /(53)=1.7, /7=0.09. Differences across positions between high-performance and 

low-performance readers within text conditions were not significant, ps>0.2. 

There was no evidence for a phrase-final, sentence final effect on number of 

forward fixations for any of the groups, nor any evidence for differences in the number of 

forward fixations measure by position in the sentence-final phrase between high- and 

low-performance readers. In addition, the initial word of the sentence-final phrase was 

associated with a greater number of fixations than the other words of the sentence-final 

phrase for high-performance readers in the regular text condition. 
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Figure 8. Average number of fixations by position in sentence final phrase for 
high and low-performance readers in regular (left) and phrase-segmented 
(right) conditions. Error bars indicate 95% confidence intervals. 
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Gaze Duration 

Gaze duration data by position in the sentence-final phrase were submitted to a 2 x 2 x 2 

X 3 ANOVA. Results revealed a significant main effect of spacing condition, 

/*T1,57)=6.8, A/Se=O.OI, /?=0.0l. r=0.106, as with the global average fixation duration 

measure. The main effects of reading ability and text condition were not significant, 

F<1. In addition, a marginally significant three-way interaction of reading ability by text 

by position was found, F(2.114)=2.72, MSe=0.0\,p=0.07, r=0.046. 

Independent sample t-tests revealed that high-performance readers made shorter 

ga/e durations (289 msec.) than low-performance readers f406 msec.) on the initial 

position of the sentence-final phrase of regular texts, t(36)=-2.6, /7=0.01 (see Figure 9). 

Reading ability differences between all other positions for regular texts and between all 

positions for phrase-segmented texts were not significant, p^O. 1. 

No effect of the final word on gaze duration was found, and furthermore, 

differences between high-performance and low-performance readers were not found for 

the sentence-final word. However, reading ability differences were apparent for the 

initial word of the sentence-final phrase in regular texts. 
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Figure 9. Average gaze duration by position in sentence final phrase for high-
and low-performance readers in regular (left) and phrase-segmented (right) 
conditions. Error bars indicate 95% confidence intervals. 
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Saccade Length 

A 2 x 2 x 2 x 3  A N O V A  w a s  s u b m i t t e d  f o r  s a c c a d e  l e n g t h  d a t a  b y  p o s i t i o n .  A  

marginally significant main effect of spacing condition, F(1.62)=3.4, A/5^=0.09, p=0.07, 

r=0.052, was found. All other main effects were no/ significant, Fs<l. 

The analysis for saccade length did not reveal any effects of text condition or 

reading ability on local saccade length. In addition, no evidence for a sentence-final 

effect on saccade length was found. 

Number of Regressions 

The number of regressions from the three positions in the sentence final-phrase were 

submitted toa2x2x2x3 ANOVA that revealed a marginally significant main effect of 

reading ability, F(l,76)=2.8, MSe=0.03, p=0.09, r=0.036. The main effects of text 

condition and spacing condition were not significant, F<1. Figure 10 shows that across 

text conditions high-performance readers made slightly fewer regressions (0.04) than 

low-performance readers for the initial position (0.13), t(105)=-2, p<Q.QS. Despite a non

significant main effect of position, F(2,152)=2.2, MSe=0.02, p=OA, r=0.028, pairwise 

comparisons revealed that participants made more regressions (0.09) from medial 

position than from final position (0.04),/7<0.05. 

No sentence-final effect on number of regressions was observed. An increase in 

regressions from the medial position over the final position was found for all participants. 

In addition, a difference in the number of regressions by high-performance and low-
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performance readers across text conditions was found for the initial word of the sentence-

final phrase. 
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Figure 10. Average number of regressions by position in sentence final phrase 
for high-performance and low-performance readers across text conditions. 
Error bars indicate 95% confidence intervals. 
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A Sentence-Final Effect on Eye Movements? 

In summary, the results of the analyses for regular texts did not replicate the sentence 

wrap-up effect for the appropriate dependent variables (i.e., gaze duration, saccade 

length, or number of regressions). In fact, there was evidence that participants made 

more regressions from the penultimate word than from the final word of the sentence. 

The number of forward fi.xations by position was also analyzed in an attempt to 

extend the sentence wrap-up effect for this measure. Findings revealed a reversal relative 

to the predicted results: the initial word of the sentence-final phrase received more 

forward fixations than either the medial or the final word. This effect was due to the 

large number of fixations phrase-initially by high-performance readers in the regular text 

condition. 

Reading Ability and Local Eye Movements 

Moderate evidence was found for differences between high-performance and low-

performance readers by position for two dependent variables. In the regular text 

condition, high-performance readers made shorter gaze durations than low-performance 

readers on the initial word of the sentence-final phrase. This difference did not persist for 

phrase-segmented texts. Furthermore, across text conditions, high-performance readers 

made fewer regressions from the initial word of the sentence-final phrase than low-

performance readers. All other differences between high-performance and low-

performance readers within text conditions for the number of forward fixations and 

saccade length measures by position were not significant. 
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CHAPTER 5 :  DISCUSSION 

The primary conclusion from this dissertation is that phrase-segmentation can affect 

readers' eye movements to the extent that these may reflect changes in their overall 

reading pertbrmance. Despite the absence of a main effect of phrase-segmentation on 

comprehension accuracy, low-performance readers read phrase-segmented texts faster 

than regular texts, consistent with an effect of phrase-segmentation on reading 

performance in the present study, as well as with previous chunking research. In 

addition, the results of analyses of eye movement measures provided further evidence for 

improved performance with phrase-segmentation, particularly for one of the types of 

phrase-segmented texts used here. By comparing global eye movement measures for 

high-performance and low-performance readers during reading of regular text and global 

eye movement measures for high-performance and low-performance readers during 

reading of phrase-segmented text, it was found that while the two reading ability groups 

typically exhibited expected differences on various eye movement measures in the former 

condition, these differences generally vanished in the latter condition. 

If we first consider differences between high-performance and low-performance 

readers for regular texts, we find that, as predicted, these groups differed for a majority of 

measures studied here. In particular, low-performance readers made longer average 

fixation durations, more fixations, and regressions for regular texts than high-

performance readers. The findings for average number of regressions, average fixation 

duration, and average number of fixations with regular texts provide a partial 

contemporary replication of reading ability differences in eye movements (cf. Fairbanks, 



122 

1937; Anderson, 1937), and partially confirm the hypothesis that high-performance and 

low-performance readers would differ in their eye movements for regular texts. In 

contrast, the findings for regression length did not replicate recent studies that compared 

eye movements by good and poor reading children (cf. Kennedy & Murray, 1986) in that 

no effect of reading ability was found here for this measure. This result suggests that 

although children show an effect of reading ability on this eye movement measure, adults 

do not. In addition, no reading ability differences were found for the saccade length 

measure in the regular text condition. 

Having satisfied the former prediction, the effect of phrase-segmentation on 

reading ability differences in global measures (i.e., fixation duration, number of 

regressions, number of fixations) was evaluated and another hypothesis was partially 

confirmed: differences between high- and low-performance readers did not persist on a 

number of these global measures in the phrase-segmented text condition. In addition, the 

absence of reading ability differences was due to changes in the average fixation duration 

and regression frequency measures for low-performance readers, who resembled high-

performance readers in the phrase-segmented text condition. This was the case for 

grossly-spaced and subtly-spaced phrase-segmented texts. The strongest support for an 

effect of phrase-segmentation on low-performance readers' eye movements comes from 

the data for the average fixation duration measure. Low-performance readers in the 

regular text condition made significantly longer average fixation durations than high-

performance readers. This was not true of low-performance readers in the phrase-

segmented text condition: for subtly- and grossly-spaced texts, low-performance readers' 
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average fixation durations did not differ from those for high-performance readers. 

Furthermore, while high-performance readers made slightly fewer regressions than poor 

readers with regular texts there was no difference between high-performance and low-

performance readers on this measure for either type of phrase-segmented text. Although 

an effect of reading ability on the number of fixations measure was found for grossly-

spaced texts, it was absent for the high- and low-performance participants in the regular-

text control condition. This effect of reading ability was due to low-performance readers 

who made significantly fewer fixations with grossly-spaced texts compared to regular 

texts. 

Reading ability differences persisted in comprehension accuracy across text 

conditions, and reading speed differences did not. The former finding is an artifact of the 

procedure used here for defining high-performance and low-performance, while the latter 

was due to an improvement in low-performance readers' reading speeds with phrase-

segmented texts. In addition, this improvement could not be attributed to increased 

reading speed in the face of poorer comprehension, as a speed-accuracy trade-off was not 

observed. 

Taken together with the global eye movement findings, these results suggest a 

possible mechanism for poor-readers' improved reading speeds with grossly-spaced 

phrase-segmented texts. They suggest that low-performance readers read these texts 

faster because they produced more efficient eye movements, in the form of shorter 

fixation durations and fewer fixations and regressions. In contrast, low-performance 

readers who read subtly-spaced phrase-segmented texts also read faster than low-
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performance readers who read regular texts, but no change in eye movements for these 

readers were observed over regular texts. However, their reading speeds improved 

modestly in comparison to low-performance readers reading grossly-spaced texts. Also, 

low-performance readers who read subtly-spaced texts made numerically (but not 

significantly) shorter fixation durations as compared to regular texts; furthermore, their 

average fixation durations did not differ from high-performance readers' average fixation 

durations for the subtly-spaced texts. The latter result remains consistent with the 

suggestion that low-performance readers' eye movements become more efficient with 

phrase-segmented texts. It may have been the case that significant differences in fixation 

duration would have been found for these readers if more subjects had been included in 

the study. 

Surprisingly, high-performance readers' eye movements changed with subtly-

space phrase-segmented texts over regular texts, despite no text condition effect on 

accuracy or reading speed. However, no other changes were observed for high-

performance readers' eye movements with subtly-spaced texts over regular texts. It is 

consequently left up to future research to replicate this result. 

The Sentence Wrap-Up Effect 

The hypothesis that an effect of the sentence final word on local eye movement measures 

would be found here was not confirmed. No evidence was found for a sentence wrap-up 

effect on any of the eye movement measures studied here. The absence of evidence for a 

sentence wrap-up effect on these measures may have been partly due to the fact that these 
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analyses were based on a relatively small number of observations. However, while 

several studies in the literature report a sentence wrap-up effect on gaze duration, one 

study failed to find such an effect (Magliano, et al., 1993), and another study found an 

effect for only some of their subjects (Just & Carpenter, 1980). Thus, an inability to 

replicate the sentence wrap-up effect here is not entirely surprising. The equivocal results 

in the literature, along with the findings here, suggest that the effect may not be very 

robust. 

Contrary to the prediction that high-performance and low-performance readers 

would differ in the sentence wrap-up effect there were no sentence-final differences 

found between participants of differing reading ability for any of the eye movement 

measures studied here. 

Eye Movements. Individual Differences, and the Syntactic Phrase 

The results of analyses for local measures suggest a modest role for the initial word of 

sentence-final phrases in reading. The findings here showed that more forward fixations 

were made by high-performance readers in the regular text condition on the phrase-initial 

word than on words in the other two positions. This result replicates and improves upon 

a finding by Mehler et al. (1967). That study had been criticized on the grounds that the 

authors did not differentiate between forward fixations and regressions. The present 

study did so and continued to find an effect of phrase structure on number of fixations. 

In addition, several differences between high-performance and low-performance 

readers for local eye movement measures of the initial position of the sentence-final 
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phrase were found. High-performance readers made shorter gaze durations than low-

performance readers for the initial word of the sentence-final phrase. High-performance 

readers also made fewer regressions than low-performance readers from the initial word 

of the sentence-final phrase for all texts. Previous research, including chunking studies, 

has revealed that syntactic phrases are units of processing in reading. The finding here 

that readers' eye movements are sensitive, albeit differentially, to the beginnings of 

syntactic phrases provides further credence to this notion. It was nonetheless unexpected 

to find an effect of the syntactic phrase on low-performance readers' eye movements, as 

it was predicted that they would be less sensitive to syntax. Differences between high-

performance and low-performance readers for number of regressions and gaze duration 

for the initial word of the sentence-final phrase are consistent with differences in 

syntactic sensitivity between the two. They suggest that low-performance readers may be 

more sensitive than high-performance readers to the initial word of the sentence-final 

phrase. 

In summary, the results presented here provide corroborating evidence for a role 

of the phrasal unit in eye movements during regular text reading. Both groups of readers 

made more forward fixations on the initial word of the sentence-final phrase. In addition, 

low-performance readers made longer gaze durations on, and more regressions from, the 

initial word of the sentence-final phrase than high-performance readers, suggesting some 

reading ability differences in sensitivity to the sentence-final phrase. While this is not 

quite consistent with previous research that has suggested poorer sensitivity to syntax by 

poor readers, it is consistent with Cromer's (1970; Wiener & Cromer, 1967) suggestion 
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that some poor readers have inappropriate "response patterns" as compared to high-

performance readers'. The global and local analyses reveal that low-performance 

readers' eye movement patterns differ from high-performance readers' during reading of 

regular texts, consistent with differential sensitivity by the two groups to syntax and with 

different "response patterns" by low-performance readers as suggested by Cromer 

(1970). This may account for low-performance readers' mediocre performance on 

reading speed and comprehension tasks with regular texts. In contrast, high-performance 

readers whose comprehension and speed are at worst average make more efficient eye 

movements; their reading performance consequently does not benefit from phrase-

segmented texts. The finding that at least one type of phrase-segmented text (i.e., 

grossly-spaced text) was typically associated with a significant difference in low-

performance readers' eye movements compared to regular texts, while high-performance 

readers' eye movements were not affected, is consistent with the notion that the locus of 

the phrase-segmentation effect is on low-performance readers' eye movements. 

Grossly-spaced phrase-segmented texts were associated here with a change in 

low-performance readers' eye movements. This result suggests additionally that not all 

types of phrase-segmentation are equal relative to their effect on individuals' reading 

speed and eye movements, and that furthermore, there may be an optimal degree of 

spacing increment that most benefits poor readers. 

In addition, the effect of reading ability when present in the regular-text condition, 

was absent in the phrase-segmented text condition for grossly-spaced texts for two global 

eye movement measures (i.e., fixation duration and number of regressions) and overall in 
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the phrase-segmented text condition for one local measure (i.e., gaze duration), consistent 

with the suggestion that low-performance readers make more appropriate patterns of eye 

movements relative to high-performance readers with grossly-spaced phrase-segmented 

texts. Although an effect of reading ability on number of fixations was found for grossly-

spaced texts, the decrease in this measure for low-performance readers in this condition 

compared to the regular text condition is further evidence for more efficient eye 

movements by low-performance readers. More efficient eye movements may have in 

turn positively impacted on timed performance. While the results with subtly-spaced 

phrase-segmented texts were not as definite in this regard, the conclusion also applies to 

these texts. The absence of an effect of reading ability for phrase segmented texts for 

gaze duration, a local measure, in the face of its presence for regular texts provides 

further support for an association between phrase-segmented texts and more efficient eye 

movements by low-performance readers. It appears that low-performance readers' eye 

movements became more efficient with phrase-segmented texts compared to regular 

texts. This is furthermore consistent with previous research that found quantitative 

differences between good and poor readers (Anderson, 1937; Fairbanks, 1937) and 

supports the notion that low-performance readers typically make more ineffective and 

excessive eye movements during normal reading as compared to high-performance 

readers. In the present case, the latter leads to longer reading speeds as compared to good 

readers. 
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CHAPTER 6 :  SUMMARY AND CONCLUSION 

The benefits of phrase-segmentation that have been noted in previous research on 

accuracy and reading time measures were summarized in Chapter 1. These effects are 

chiefly characterized by improvements in poor readers' performance. The present work 

has demonstrated that the effect of phrase-segmentation generalizes to some aspects of 

low-performance readers' eye movement measures during reading of phrase-segmented 

texts. 

By examining high-performance and low-performance readers' global and local 

eye movements during reading of regular and phrase-segmented texts it was found that: 

(a) high-performance and low-performance readers differ in their patterns of eye 

movements for regular texts, and (b) these differences generally do not persist with 

phrase-segmented texts. The first finding is a contemporary replication and extension of 

the early findings on reading ability differences in eye movements (Fairbanks, 1937; 

Anderson, 1937) and is consistent with differences in syntactic processing by good and 

poor readers (e.g., Townsend, Carrithers, & Bever, 1987; Townsend & Bever, 1989; 

Gemsbacher, 1990, 1997, Just & Carpenter, 1992). The second finding is a novel 

extension of chunking research (North & Jenkins, 1951; Nahinsky, 1956; Amble, 1966; 

Graf & Torrey, 1966; Epstein, 1967; Anglin & Miller, 1968; Amble & Kelly, 1970; 

Cromer, 1970; Hatley & Bumhill, 1976; Patberg & Yonas, 1978, Mason & Kendall. 

1979; Frase & Schwartz, 1979; Stevens, 1981; Negin, 1982; Brozo, Schmelzer, &. Spires, 

1983; Gerrel & Mason, 1983; Jandreau, Muncer, & Bever, 1986; O'Shea & Sindelaar, 

1983; Weiss, 1983; Jandreau & Bever, 1992). They lead to the conclusion that phrase-
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segmentation has a differential impact on low-performance readers' eye movements. 

When low-performance readers' eye movements during reading are comparable to those 

of high-performance readers, differences in reading speed performance are absent. Thus, 

phrase-segmentation appears to modify low-performance readers' eye movements to a 

more successful pattern for efficient reading that results in improved reading speed. This 

was particularly the case for the grossly-spaced phrase-segmented texts studied here. 

Future research should be aimed at confirming the findings reported here, as well 

as determining what degree of spacing size in phrase-segmented texts produces optimal 

performance for poor readers. One specific suggestion for future research is that 

participants be divided into groups of differing reading ability as a function of their 

performance on a comparable reading task prior to collecting data on their eye 

movements, or as a function of their performance on some standardized reading task. 

An underlying question of the present investigation has been the following: why 

does phrase-segmentation work? It has been argued that the beneficial effects of phrase-

segmentation are due to the impact that phrase-segmented texts have on poor readers' eye 

movements. Specifically, the j300r readers in this study had eye movement patterns for 

phrase-segmented texts that were more efficient than for regular texts. Data has been 

presented to support this conclusion. 
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