
1

Reading Research Quarterly, 0(0) 
pp. 1–21 | doi:10.1002/rrq.137 
© 2016 International Literacy Association. 

A B S T R A C T

The present study measured the comprehension-based silent reading ef-
ficiency of U.S. students in grades 2, 4, 6, 8, 10, and 12. Students read 
standardized grade-level passages while an eye movement recording sys-
tem was used to measure reading rate, fixations (eye stops) per word, fixa-
tion durations, and regressions (right-to-left eye movements) per word. Eye 
movement recordings were regarded as valid only if students demonstrated 
a comprehension level of at least 70% after reading a passage and answering 
a series of true/false questions. Reading rates increased over grades, with 
two exceptions: (a) between grades 6 and 8, growth in reading rate appeared 
to plateau; and (b) between grades 10 and 12, reading rate increases were 
seen only among students in the upper two quartiles. Changes in the other 
three efficiency measures reflected similar patterns of reading efficiency 
development over grades. The reading efficiency of students in this study 
was also compared with that of a sample of students from 1960, using norms 
reported by Taylor (1965) and validated by Carver (1989). Comprehension-
based silent reading rates in grade 2 were comparable across the 50-year 
span, but the cross-grade growth trajectory was much shallower in the pres-
ent study than it was in 1960. These results suggest that present-day stu-
dents may not achieve the same level of word-reading automaticity as did 
their 1960 counterparts.

Through the early 19th century, reading pedagogy in the Western 
world was dominated by the readily observable oral recitation 
of letter sounds, syllables, words, and passages, largely learned 

by rote and with religious intent (Smith, 1965). Silent reading of secu-
lar material became an increasingly popular pastime during the latter 
part of the 19th century (Smith, 1965). Yet, despite prominent critics, 
reading instruction remained firmly rooted in an oral tradition at 
least until the 1920s (Pearson & Goodin, 2010). Over a century ago, 
Huey (1908) voiced concerns that reading in school was too often an 
exercise in speaking at the expense of “thought-getting” (p. 359; i.e., 
grasping the ideas and meanings in the text), which he argued could 
only be achieved through silent reading practice in the service of the 
reader’s own purposes (i.e., with an intent to comprehend). Thorndike 
(1917) reached a similar conclusion after finding that many students 
he tested were fluent oral readers but did not understand what they 
read. More recently, Samuels (2007) expressed concerns that reading 
fluency in schools was too often being operationalized as reading 
aloud at a good rate (“barking at print”), while disregarding the ability 
to construct meaning from text. Although there appears to be broad 
agreement on the importance of proficient silent reading with good 
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comprehension, there is far less agreement on how we 
can help students attain that goal and, specifically, on 
the relative value of devoting instructional time to oral 
and silent reading fluency at different grade and ability 
levels (for an in-depth overview, see Pearson & Goodin, 
2010).

A key development in these deliberations was the 
report of the National Reading Panel (NRP; National 
Institute of Child Health & Human Development 
[NICHD], 2000), which included an evaluation of 
selected research addressing the efficacy of devoting 
instructional time to guided, repeated oral reading and/
or sustained silent reading. The NRP concluded that 
there was sufficient evidence to support the efficacy of 
the former, but not the latter, to the effect that devoting 
class time to silent reading could not be recommended 
as an evidence-based approach. This conclusion was 
followed, during the era of the No Child Left Behind 
Act (2002), by a shift in emphasis in U.S. education to-
ward oral reading and the use of oral reading fluency 
assessments. Yet, our best available evidence suggests a 
declining association between oral reading fluency and 
reading comprehension as students advance to higher 
grades (e.g., Denton et  al., 2011; O’Brien, Wallot, 
Haussmann, & Kloos, 2014).

The NRP report (NICHD, 2000) also led to the 
reexamination of silent reading practices. Concern was 
expressed that many students were using their silent 
reading time poorly (Griffith & Rasinski, 2004) and 
that measures of student accountability and compre-
hension were often lacking (Reutzel, Fawson, & Smith, 
2008). Reutzel et al. also showed that scaffolded silent 
reading practice with active monitoring was as effective 
as guided or repeated oral reading in promoting the 
development of fluency and comprehension in grade 3 
students.

The Common Core State Standards (National 
Governors Association Center for Best Practices & 
Council of Chief State School Officers [NGA Center & 
CCSSO], 2010a) mark another major development in 
reading policy. The Common Core makes explicit the 
expectation that students develop the capacity to con-
struct meaning in response to increasingly challenging 
texts, echoing the same goal of reading instruction es-
poused by Huey (1908) and Thorndike (1917): proficient 
silent reading with good comprehension. A primary 
plank of the Common Core is the need for students to 
have increased exposure to complex texts at every grade 
level. Hiebert and Mesmer (2013) argued that the new 
standards are going to be exceedingly challenging for a 
significant portion of U.S. students who have shown a 
lack of fluency with texts at current levels of difficulty 
(Daane, Campbell, Grigg, Goodman, & Oranje, 2005).

The present study sought to evaluate the rates at which 
21st-century U.S. students read grade-level text silently 

with good comprehension—a construct that Hiebert, 
Wilson, and Trainin (2010) labeled comprehension-based 
silent reading rates. Previous comprehensive studies on si-
lent reading rates are few, and certainly no contemporary 
studies exist to document the course of comprehension-
based silent reading efficiency development from the early 
elementary grades through high school.

Previous Studies of 
Silent Reading Efficiency
Historically, Taylor’s (1965; Taylor, Frackenpohl, & 
Pettee, 1960) work has provided the most robust data on 
silent reading efficiency. In the 1960 study, approxi-
mately 12,000 students from first grade through college 
were assessed on silent reading rate and comprehen-
sion. In addition, eye movement data (fixations per 
word, fixation durations, and regressions per word) 
were gathered as students read grade-level passages and 
responded to true/false comprehension questions. 
Students had to achieve a standard of 70% correct on 
the comprehension assessment in order for their effi-
ciency data to be included in the analysis.

In Carver’s (1989) review of research on the silent 
reading efficiency of U.S. students, Taylor et al.’s 1960 
results were compared with those of three other proj-
ects: (a) a National Assessment of Educational Progress 
(NAEP) study (Gallo, 1972), (b) rates that Carver inter-
polated from norms reported for grades 9–16 on the 
Nelson–Denny Reading Test (Nelson, Brown, & Denny, 
1960), and (c) Carver’s (1983) own work on the flexibil-
ity of reading rate. In the NAEP study, students at ages 
9, 13, and 17 and young adults read two passages, each 
followed by five multiple-choice comprehension ques-
tions. Median reading rates at the 25th, 50th, and 75th 
percentiles were reported in words per minute (wpm) 
for each age group but without taking comprehension 
into account. Also reported were the percentages of stu-
dents who fell into four broad rate bands (<100 wpm, 
100–199 wpm, 200–299 wpm, and >300 wpm) and the 
percentages of students in each rate band who correctly 
answered at least four of the five comprehension 
questions.

Carver (1983) studied the reading rates of students 
in grades 4–12 as they read texts of varying difficulty 
(i.e., texts meant for grades 1, 4, 7, 10, 13, and 16). Text 
assignments were based on students’ performance on a 
standardized reading test (National Reading Standards; 
Carver, 1977). Carver therefore assumed that students 
read the study passages with good comprehension, but 
comprehension was not assessed.

Carver’s (1989) review concluded that the data in 
Taylor’s (1965) publication provided the most useful 
standard for national norms because the study involved 
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a national sample with a wide range of grades, used 
grade-leveled texts, assessed comprehension, and 
reported comprehension-based silent reading rates (i.e., 
rates achieved when students demonstrated at least 70% 
comprehension).

Measuring Visuomotor Behavior 
During Silent Reading
Although comprehension-based silent reading rate pro-
vides a useful measure of reading efficiency, more de-
tailed and valuable insights into the hidden processes of 
reading can be gained by recording eye movement 
activity during reading. The observable behavior 
associated with continuous reading includes a well-
coordinated pattern of fast eye movements (referred to 
as saccades) that are interrupted by fixations (periods of 
relative stability) during which visual information is ac-
quired. This visuomotor behavior reflects the mental 
workload associated with various aspects of informa-
tion processing and is therefore closely related to word 
processing, levels of fluency, comprehension, and indi-
vidual reading strategies (for overviews, see Radach & 
Kennedy, 2013; Rayner, 2009).

Fixation durations are typically in the range of 200–
250 ms in adult readers and 300–350 ms in children. As 
text difficulty increases, readers make more fixations, 
longer fixations, and more regressive eye movements 
back to regions in the text that had been processed 
previously. Short-range regressions are frequently the 
result of either positioning errors in oculomotor control 
(e.g., the eyes might have overshot the intended saccade 
target) or problems with lexical processing, typically 
when the meaning of a word is not accessed immedi-
ately. Larger regressions are much less frequent and 
often indicate processing difficulty on the level of local 
syntax or semantics or a breakdown in comprehension 
on a more global level (Inhoff, Weger, & Radach, 2005; 
Vorstius, Radach, & Lonigan, 2014). The percentage of 
regressions is often regarded as a key indicator of read-
ing difficulty; in fluent adult readers of English, 10–15% 
of all eye movements during sentence reading are re-
gressions. In contrast, developing readers’ regression 
rates are more in the order of 30% (e.g., McConkie et al., 
1991).

There have been many studies of the eye move-
ments of efficient adult readers but only a few tracking 
the development of children’s eye movements across 
the course of schooling (for a review, see Blythe & 
Joseph, 2011). The existing work suggests that younger 
readers make shorter saccades, more and longer fixa-
tions, and more frequent regressions than efficient, 
adult readers do (e.g., Huestegge, Radach, Corbic, & 
Huestegge, 2009; McConkie et al., 1991; Taylor, 1965) 

and that struggling readers of all ages exhibit similar 
patterns to those of developing readers (Ashby, Rayner, 
& Clifton, 2005). McConkie et al.’s study is notewor-
thy in that it was the first extensive developmental 
study of elementary students (grades 1–5) that utilized 
eye movement recording technology with letter-level 
accuracy of measurement. More recently, Vorstius 
et  al. (2014) reported a very detailed analysis of eye 
movements in a cross-sectional sample of students in 
grades 1–5 reading identical sentences during oral and 
silent reading. As of this writing, however, only Taylor 
has provided comprehension-based silent reading 
efficiency data that span the elementary through high 
school grades.

The focus of the present study was to update infor-
mation on the comprehension-based silent reading 
efficiency of U.S. students and compare their perfor-
mance to that of a cohort from a half-century ago 
(Taylor, 1965). Four efficiency measures were exam-
ined: (a) comprehension-based silent reading rate (time 
required to read a passage with at least 70% comprehen-
sion, converted to wpm), (b) fixation count (average 
number of fixations per word), (c) fixation duration 
(measured in ms), and (d) regression count (average 
number of regressions per word).

Methods
The methodology described in this study closely fol-
lowed the tasks and procedures of Taylor (1965; Taylor, 
personal communication, July 28, 2009; Taylor et  al., 
1960). Comparison data on rates, fixations, fixation du-
rations, and regressions were also derived from these 
sources.

Participants
The current study took place during the 2010–2011 
school year. It involved 2,203 students in 34 public 
schools located in 16 states representing all regions of 
the United States. Students in the sample were dis-
tributed across six grades as follows: grade 2: 414, 
grade 4: 451, grade 6: 316, grade 8: 519, grade10: 265, 
and grade 12: 238. The racial and ethnic distribution 
of the sample was 60% white, 20% Hispanic, 16% 
black, 3% Asian, and 1% other. By comparison, the 
U.S. Census Bureau (2011) reported the population 
distribution of young Americans in 2011 as 54% 
white, 23% Hispanic, 14% black, 4% Asian, and 5% 
other. Data on free and reduced-price lunch were 
available for 93% of the schools in the sample. Overall, 
49% of the students in the study were eligible for free 
or reduced-price lunch, as compared with the 
National Center for Education Statistics (2013a) esti-
mate of 48.1% for the 2010–2011 cohort of U.S. 
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students. Performance data on state reading/language 
arts assessments were obtained from 93% of the 
schools. These data showed that an average of 69.7% 
of students attained proficiency as defined by their 
various state standards. Each participating school se-
lected at least 30 students who had performed at 
below-average, average, and above-average levels on 
their 2010 state assessment. English learners and spe-
cial education students were not included in this 
study. Gender information, available for 94% of the 
students, showed an approximately equal distribution 
of males and females in each grade.

Data from Taylor et al.’s (1960) study were originally 
collected by associate investigators recruited from 39 
colleges and universities located in 19 states, also repre-
senting all regions of the United States. As in our 2011 
study, school personnel selected students for participa-
tion in Taylor et  al.’s study. The criteria for selecting 
participating schools were that (a) the students repre-
sent the “average socio-economic level for the area” 
(Taylor et  al., 1960, p. 5), and (b) no more than 10% 
could be private or parochial schools. It was also speci-
fied that participating classrooms represented students 
of mixed-ability levels and a balance of females and 
males. Beyond this, no demographic or aptitude infor-
mation were reported in the original study. Reference to 
the 1960 census data (U.S. Census Bureau, 1960) shows 
that the states included in the 1960 study provided a 
fairly representative sample of the U.S. population at 
the  time: 89.7% white (vs. 88.6% nationally), 9.1% 
African American (vs. 10.5% nationally), 1.2% other (vs. 
0.9%  nationally), and 23.3% low income (vs. 21.4% 
nationally).

The data from Taylor et al.’s (1960) study, used for 
historical comparisons, included grades 2, 4, 6, 8, and 
11 (n = 6,429). The 1960 study did not collect data on 
students in grades 10 and 12; instead, reported values 
were extrapolated from adjacent grades. Consequently, 
data for grade 11 students in Taylor et al.’s study were 
compared with data for grade 12 students in the 2011 
sample, and no historical comparisons were made with 
grade 10 students.

Materials
Instrumentation
Data on comprehension-based silent reading rate and 
visual activity were gathered with the Visagraph Eye 
Movement Recording System (Taylor, 2009), a porta-
ble unit commonly used for this purpose. The 
Visagraph uses infrared emitters and sensors in a 
goggle-style apparatus to measure binocular eye 
movements (corneal reflections) during reading at a 
sampling rate of 60  Hz. Figure  1a shows a student 
wearing Visagraph goggles. Spichtig, Vorstius, Greene, 

and Radach (2009) demonstrated that, with respect to 
the measures reported within this article, the 
Visagraph produces data comparable to more sophis-
ticated eye movement recording systems. Eye move-
ment data in Taylor et al.’s (1960) study were collected 
using a Reading Eye camera1 (see Figure 1b), a device 
designed for binocular corneal reflection eye move-
ment photography.

In both studies, measures collected while students 
read 100-word passages included (a) comprehension-
based silent reading rate (measured in wpm), (b) fixa-
tion count, (c) fixation duration (measured in ms), 
and (d) number of regressions. Because of limitations 
of the recording system, the fixation durations re-
ported in this article include saccade time (i.e., eye 

FIGURE 1 
Students Reading Sample Texts During Eye Movement 
Recordings Using (a) the Visagraph and (b) the Reading 
Eye Camera

Note. Photos courtesy of Reading Plus/Taylor Associates Communications. 
Reprinted with permission.

(a)

(b)
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movements between fixations). Inclusion of saccade 
time lengthens fixation duration, but this measure 
remains a valid indicator of processing workload 
(Vonk & Cozijn, 2003) in that saccades are generally 
short (20–40  ms) and processing continues during 
saccades (Irwin, 1998). Importantly, the fixation du-
rations reported in the 1960 study (Taylor, 1965) also 
included saccade times, so data from the two studies 
are comparable. Also in keeping with the 1960 study, 
the regression data reported in this article ref lect 
only short-range regressions (up to three words in 
length).

Reading Assessment Content
Participants read five 100-word passages, all of which 
had been used in the 1960 study (Taylor, 1965). The 
first passage was two levels below students’ designated 
grade and served as an introduction, and the remain-
ing four passages were at students’ grade level. Taylor 
et al. (1960) used several readability formulas to verify 
the grade-level status of passages. In the current study, 
two of the four passages remained unchanged from 
their original form (Taylor et al., 1960). These original 
passages were presented first, ensuring comparable 
procedures to those of the 1960 study. The other two 
passages were slightly revised if necessary to comply 
with the accelerated Lexile (L) levels of the Common 
Core (NGA Center & CCSSO, 2010b).2 Table  1 pro-
vides an overview of the Lexile measures of passages 
on each grade level and presents the mean word length 
(in letters) and variability across these passages. 
Figure  2 shows a passage at readability level 5. Each 
reading selection was followed by 10 true/false com-
prehension questions (see Figure 3). These questions 
were the same as those used in 1960, with the excep-
tion of minor wording changes to some questions 
used with the revised accelerated passages. To 
maintain a comparable standard with the 1960 study, 

reading performances were only considered to be suc-
cessful if a student demonstrated at least 70% 
comprehension.3

TABLE 1 
Lexile Scores and Mean Word Length of Original and Accelerated Passages

Grade

Original passages Accelerated passages

Lexile scores Word length Lexile scores Word length

Passage 1 Passage 2 Mean
Standard 
deviation Passage 3 Passage 4 Mean

Standard 
deviation

2 420 390 4.12 1.82 540 540 4.14 1.57

4 750 740 4.43 1.93 790 840 4.31 2.07

6 900 920 4.65 2.05 940 960 4.79 2.06

8 1050 1050 4.81 2.29 1122 1122 4.91 2.32

10 1150 1170 4.99 2.59 1251 1251 4.93 2.66

12 1200 1200 5.38 2.85 1285 1285 5.32 2.96

Note. Two original passages (1 and 2) and two accelerated passages (3 and 4) were used in each grade.

FIGURE 2 
A Typical 100-Word Visagraph Passage

Note. From Visagraph® Test Booklet (p. 54), by S.E. Taylor, 
H. Frackenpohl Morris, and C.E. White, 2004, New York, NY: Taylor 
Associates Communications. Copyright 2004 by Taylor Associates 
Communications. Reprinted with permission.

FIGURE 3 
An Example of a True/False Comprehension Check

Note. From Visagraph® Test Booklet (p. 54), by S.E. Taylor, H. 
Frackenpohl Morris, and C.E. White, 2004, New York, NY: Taylor 
Associates Communications. Copyright 2004 by Taylor Associates 
Communications. Reprinted with permission.

https://www.researchgate.net/publication/13606181_Lexical_Processing_during_Saccadic_Eye_Movements?el=1_x_8&enrichId=rgreq-ba4a36bb-c9b1-4573-babe-c5436259b35d&enrichSource=Y292ZXJQYWdlOzI5NzI4MzE4OTtBUzozMzcxNzg1Njg3NDA4NjRAMTQ1NzQwMTA0MzY1Mg==
https://www.researchgate.net/publication/246156492_Eye_Movements_in_Reading_Facts_and_Fallacies?el=1_x_8&enrichId=rgreq-ba4a36bb-c9b1-4573-babe-c5436259b35d&enrichSource=Y292ZXJQYWdlOzI5NzI4MzE4OTtBUzozMzcxNzg1Njg3NDA4NjRAMTQ1NzQwMTA0MzY1Mg==
https://www.researchgate.net/publication/246156492_Eye_Movements_in_Reading_Facts_and_Fallacies?el=1_x_8&enrichId=rgreq-ba4a36bb-c9b1-4573-babe-c5436259b35d&enrichSource=Y292ZXJQYWdlOzI5NzI4MzE4OTtBUzozMzcxNzg1Njg3NDA4NjRAMTQ1NzQwMTA0MzY1Mg==
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Procedure
Recording Procedure in 2011
Two teachers at each school were trained to conduct re-
cordings using Visagraphs provided for the study. They 
participated in either a regional on-site training or a 
two-part webinar in which they learned how to gather 
recordings with consistency and fidelity. The teachers 
were provided with a step-by-step recording script to 
ensure consistency regarding student directions and 
Visagraph administration. Students first completed a 
passage as a practice trial. They were then presented 
two original passages and two accelerated passages, 
each followed by the associated comprehension ques-
tions. To ensure that all recordings represented first 
exposures, teachers were instructed to never repeat a 
passage and to move on to the next passage if any prob-
lems occurred during the recording process. 
Recordings were analyzed automatically by the system 
and reviewed by members of the research team to en-
sure their adequacy. In addition, research personnel 
were sometimes present at recording sessions to assess 
fidelity of implementation. All recordings were col-
lected between January and March of 2011.

Recording Procedure in 1960
In Taylor et al.’s (1960) study, associate researchers were 
recruited at participating colleges and universities. They 
received Reading Eye cameras, instructional materials, 
and training from representatives of Educational 
Development Laboratories. The associates then collected 
data at schools between February and March of 1959. As 
in the present study, students first completed a practice 
trial. They were then presented with a single passage and 
comprehension questions. If comprehension was below 
70%, a second passage was presented. The associates 
analyzed the recordings and returned the filmstrips and 
results to the lead investigators. The research team se-
lected a random sample of 50% of the recordings to 
check accuracy.

Data Coding
Both studies (1960 and 2011) used identical coding pro-
cedures. Each passage for grades 4 and up contained 12 
lines and about 120 words. However, the first and last 
lines were excluded from the analysis to avoid any po-
tential atypical behaviors at the start or completion of a 
passage. The grade 2 passages only contained seven 
middle lines (50 words), and the performance scores 
were doubled to simulate a 100-word reading. Visagraph 
software automatically calculated the performance mea-
sures reported in the present study, whereas in the 1960 
study, these calculations were completed manually.

Data Analysis
Focusing first on the 2011 data, analyses of variance 
(ANOVAs) were used to evaluate increases in 
comprehension-based silent reading rate and efficiency 
measures across grades for the original and the acceler-
ated texts. Levene’s test was used to test for homogene-
ity of variance. The Kruskal–Wallis test was used when 
variances were not homogeneous. Post hoc compari-
sons with Bonferroni or Games–Howell adjustment 
were used as appropriate.

Taylor et  al. (1960) reported only means and the 
number of observations for each grade group; no indi-
vidual data sets or measures of variability were available. 
To use the 1960 data in the comparison analyses, a data 
matrix was constructed using the mixedDesign function 
in the R environment for statistical computing (R Core 
Team, 2014), following a procedure based on Kliegl 
(2014). For this purpose, standard deviations for the 1960 
data set were estimated on the basis of the 2011 data at 
each grade level. Due to the much larger sample size of 
the 1960 data, this estimation can be viewed as conserva-
tive (i.e., likely to overestimate the 1960 variability).

To evaluate differences in the development of 
comprehension-based silent reading rate and effi-
ciency across years (1960 vs. 2011) and grades (2, 4, 6, 
8, and 11/12), as well as interactions between these fac-
tors, data were analyzed with linear models. The mod-
els were fitted using generalized least squares, allowing 
errors to be correlated and/or have unequal variances. 
This was achieved using the gls function in combina-
tion with the varIdent function from the nlme package 
(Pinheiro & Bates, 2000) in R. In the models, YEAR 
(1960 vs. 2011) and GRADE (2, 4, 6, 8, and 11/12) were 
specified as fixed factors, and successive difference 
contrasts (Venables & Ripley, 2002) were used to eval-
uate differences in reading efficiency development 
from grade to grade and between years. In the model 
utilized, the varIdent function allows different vari-
ances, one for each level of a factor, safeguarding 
against violations of homogeneity of variance. All of 
the comparisons were orthogonal, a priori, and within 
the allowable degrees of freedom offered by the design. 
The inferential statistics reported are based on the ac-
tual results from the analysis. Because differences be-
tween 2011 and 1960 at each grade level (2, 4, 6, 8, and 
11/12) were not directly tested in the model, a second 
model was fitted using contrasts specifying these dif-
ferences. The Benjamini–Hochberg procedure was 
used to control for the false discovery rate when mul-
tiple comparisons were made (Benjamini & Hochberg, 
1995): All comparison contrasts were rank ordered by 
p-values and compared with (i/m)Q, where i  =  rank, 
m  =  number of comparisons, and Q  =  0.05 (false 
discovery rate).

https://www.researchgate.net/publication/221995234_Controlling_The_False_Discovery_Rate_-_A_Practical_And_Powerful_Approach_To_Multiple_Testing?el=1_x_8&enrichId=rgreq-ba4a36bb-c9b1-4573-babe-c5436259b35d&enrichSource=Y292ZXJQYWdlOzI5NzI4MzE4OTtBUzozMzcxNzg1Njg3NDA4NjRAMTQ1NzQwMTA0MzY1Mg==
https://www.researchgate.net/publication/221995234_Controlling_The_False_Discovery_Rate_-_A_Practical_And_Powerful_Approach_To_Multiple_Testing?el=1_x_8&enrichId=rgreq-ba4a36bb-c9b1-4573-babe-c5436259b35d&enrichSource=Y292ZXJQYWdlOzI5NzI4MzE4OTtBUzozMzcxNzg1Njg3NDA4NjRAMTQ1NzQwMTA0MzY1Mg==
https://www.researchgate.net/publication/224817420_Modern_Applied_Statistics_With_S?el=1_x_8&enrichId=rgreq-ba4a36bb-c9b1-4573-babe-c5436259b35d&enrichSource=Y292ZXJQYWdlOzI5NzI4MzE4OTtBUzozMzcxNzg1Njg3NDA4NjRAMTQ1NzQwMTA0MzY1Mg==
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Results
Passage Comparability
Recall that in the 2011 study, each student read four pas-
sages: two from Taylor et al.’s (1960) study and two that 
had been revised to meet the accelerated Lexile levels of 
the Common Core. In total, 7,342 valid recordings were 
obtained (an average of 3.33 recordings per student), of 
which 52.6% were original passages and 47.4% acceler-
ated passages. The final data set did not include four 
recordings for every student for one or more of several 
reasons: (a) Students failed to complete all four record-
ings, (b) teachers encountered technological problems 
during a recording, (c) a recording did not save properly, 
or (d) the system could not process a recording.

Students demonstrated at least 70% comprehension 
on 5,043 (68.7%) of the 7,342 recordings, of which 49.5% 
were original passages and 50.5% accelerated passages. 
The number of students who completed zero to four 
qualifying recordings at each grade level is shown in 
Table 2. Of these students, 67.9% had one or more quali-
fying recordings of each passage type, whereas 16.3% 
only had qualifying recordings on original passages 
and 15.8% only on accelerated passages.

Analyses of Data  
From the 2011 Cohort
An ANOVA examining reading rates across grades for 
the 2011 cohort demonstrated a significant main effect 
of grade, F(5, 2003) = 100.27, p < .001, partial η2 = .20. 
Levene’s test indicated, however, that the homogeneity 
of variance assumption was not met, F(5, 2003) = 8.38, 
p  <  .001. This was because variance in reading rate 

increased as students advanced toward the upper 
grades. Nevertheless, a Kruskal–Wallis test confirmed 
the results of the ANOVA, indicating that reading rates 
were not the same across grades, p  <  .001. Post hoc 
grade-to-grade comparisons with Games–Howell ad-
justment indicated that reading rate significantly in-
creased as students advanced toward the upper grades 
(p < .001) in all but two comparisons: grades 6 to 8 and 
grades 10 to 12 (see Figure 4).

Differences in reading rate by gender were very 
small but consistently favored males (males: 166 wpm, 
females: 159 wpm), F(1, 1,875) = 8.17, p <  .004, partial 
η2 =  .004. In post hoc comparisons examining gender 
differences within grades, only the grade 6 comparison 
reached significance (males: 173 wpm, females: 160 
wpm), F(1, 269) = 5.23, p = .023, and the effect size was 
quite small (partial η2 = .019). This stands in contrast to 
the gender results reported in the 1960 study (Taylor et 
al., 1960), where small but consistent differences in 
reading rate favored females.

To address a potential source of bias created by stu-
dents in 2011 having four opportunities to achieve a 
qualifying recording rather than the two chances af-
forded to students in 1960 (Taylor et al., 1960), ANOVAs 
were used to compare the reading performance of stu-
dents who attained a qualifying passage on an original 
passage (and thus would have been included in Taylor 
et  al.’s study) with the performance of students who 
only had qualifying recordings on an accelerated pas-
sage (and thus would not have been included in the 
1960 study). These analyses showed that there were no 
significant differences between students in these two 
groups on any reading performance measure at any 
grade level. Consequently, all students who achieved 

TABLE 2 
Percentage of Students Completing Zero to Four Passages With at Least 70% Comprehension, and Final Student 
Sample

Grade

Initial student sample Final student sample

n

Percentage of students with qualifying recordings

n

Percentage of 
initial sample 

with qualifying 
performances

Zero  
passages

One 
passage

Two 
passages

Three 
passages

Four 
passages

2 414 8.5 15.5 21.3 23.2 31.6 379 92

4 451 15.1 28.4 25.3 20.6 10.6 383 85

6 316 7.0 15.8 27.5 27.8 21.8 294 93

8 519 7.7 20.2 28.7 23.9 19.5 479 92

10 265 5.3 18.9 30.2 29.8 15.8 251 95

12 238 6.3 14.3 23.1 31.1 25.2 223 94

All 2,203 8.8 19.6 26.0 25.1 20.5 2,009 91

Note. Regardless of the number of qualifying recordings a student had initially, only a single mean performance measure for each student was used in 
the efficiency analyses.
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qualifying recordings on either original or accelerated 
passages (or both) were included in the 2011 sample.

Next, a comparison of students’ reading perfor-
mance on the two sets of 2011 passages (i.e., original 
and Common Core–accelerated texts) was performed. 
ANOVAs indicated that students read both passage 
types at essentially identical rates, as shown in Table 3. 
ANOVAs examining passage effects on fixations per 
word, fixation duration, and regressions per word at 
each grade level also showed no significant effects of 
passage type.

Also shown in Table 3 are the mean comprehension 
scores of students who completed one or more of 
the  original and/or accelerated passages with at least 
70% comprehension and the comprehension score 

differences between these passage types. These differ-
ences and the corresponding effect sizes were small 
but  statistically significant in four grades, where 
mean  comprehension scores were between 2.1% and 
4.4% higher on the accelerated passages (partial η2 
ranged from .013 to .056). This higher performance on 
Common Core–accelerated passages may represent 
a  practice effect because these passages were always 
presented after the original passages.

Given the nearly identical reading rates and consis-
tent comprehension performance on the original and 
accelerated passages, a single mean performance score 
was established for each student based on performances 
on all texts for which the 70% comprehension standard 
was met. Numerically, this meant that the performance 

FIGURE 4 
Means and Standard Errors for Reading Efficiency Measures in 1960a and 2011, by Grade

Note. The 1960 standard errors are estimates. 
aTaylor, S.E., Frackenpohl, H., & Pettee, J.L. (1960). Grade level norms for the components of the fundamental reading skill. EDL Research and 
Information Bulletin, 3, 22.
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measures of 22% of students were based on four pas-
sages, 28% on three passages, 29% on two passages, and 
21% on a single passage.

Reading Across the Decades:  
2011 Versus 1960
Equivalence of Samples
The sample sizes in the present study and in Taylor 
et al.’s (1960) study are shown in Table 4. Participants in 
both studies were intended to represent a cross section 
of the national population at their respective times. 
Comparisons between the results of these studies must 
be made with caution, however, considering the well-
documented changes in the demographic character of 
American society between 1960 and 2011. Further, it 
cannot be confirmed whether both study samples were 
equally representative of the national population dur-
ing the era the data were collected. As noted earlier, the 
2011 sample included participants from all regions of 
the United States but differed somewhat from national 
norms in having a lower percentage of nonwhite and 
Hispanic students (40% vs. 46% nationally). The 2011 
sample also did not include English learners or students 
receiving special education services (it is not possible to 

confirm whether students in these two categories were 
excluded in the 1960 sample). These differences suggest 
an overrepresentation in the 2011 sample of students 
with demographic and socioeconomic characteristics 
typically associated with higher reading achievement 
scores. Consistent with this assumption, 67% of the stu-
dents in the 2011 sample for which performance data 
were available tested in the top two quartiles on their 
norm-referenced state reading/language arts assess-
ments, and only 5% tested in the lowest quartile.

Data for Taylor et al.’s (1960) sample were collected 
in 19 states, representing all regions of the United States 
and meant to represent the average socioeconomic level 
for each area. As was often the case in older studies, 
however, specific demographic and socioeconomic 
characteristics were not reported. With respect to race 
and ethnicity, the 1960 sample may have included a pro-
portionally representative sample of the student popu-
lation, but it cannot be assumed that the educational 
environment would have been equivalent due to the de 
facto segregation that was pervasive in the country at 
that time. However, Taylor’s (1965; Taylor et al., 1960) 
findings were replicated in several later studies and 
shown to provide a good estimate of comprehension-
based silent reading rates across grades (see Carver, 

TABLE 3 
Reading Rates and Comprehension Scores on Original Versus Accelerated Passages

Grade

Original passages Accelerated passages

Difference F pn Mean
Standard 
deviation n Mean

Standard 
deviation

Reading rate (words per minute)

2 336 116.1 41.7 317 115.1 40.8 −1.0 0.10 .757

4 309 147.8 45.4 292 148.6 50.3 0.8 0.04 .845

6 242 164.2 54.4 264 164.1 49.8 −0.2 0 .972

8 386 169.9 51.8 413 164.5 51.1 −5.4 2.24 .135

10 227 186.6 53.4 192 177.3 53.9 −9.3 3.10 .079

12 191 187.5 55.5 203 197.3 66.3 9.8 2.50 .114

Comprehension scores (percentage)

2 336 88.5 9.6 317 87.6 9.2 −0.9 1.49 .222

4 309 79.8 9.1 292 84.3 9.7 4.4 33.53 <.001

6 242 78.9 8.4 264 83.1 8.5 4.1 29.93 <.001

8 386 78.5 8.3 413 80.9 8.3 2.4 17.15 <.001

10 227 81.8 8.5 192 82.1 8.6 0.4 0.17 .676

12 191 81.7 9.1 203 83.8 9.3 2.1 5.08 .025

Note. The upper panel shows the mean reading rates of students who completed either one or both of the passages in one or both passage sets 
(original and/or accelerated) with at least 70% comprehension. The lower panel shows the mean comprehension scores that students achieved on these 
qualifying passages. The ns represent the number of students who had at least one qualifying passage within the passage group indicated (original or 
accelerated).

https://www.researchgate.net/publication/246156492_Eye_Movements_in_Reading_Facts_and_Fallacies?el=1_x_8&enrichId=rgreq-ba4a36bb-c9b1-4573-babe-c5436259b35d&enrichSource=Y292ZXJQYWdlOzI5NzI4MzE4OTtBUzozMzcxNzg1Njg3NDA4NjRAMTQ1NzQwMTA0MzY1Mg==
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1989). Further, students in both the 1960 and the 2011 
samples had nearly identical reading rates in grade 2 
and were still fairly close in grade 4. The numbers of 
fixations per word were fairly similar in grades 2 and 4 
as well. The comparable performances of students in 
the early grades in 1960 and 2011 suggest that the dif-
ferences in the later grades should be viewed as repre-
senting genuine differences in student performance.

Comprehension-Based Silent Reading Rate
Figure  4 (upper left) shows the mean reading rates in 
the 2011 and 1960 samples for grades in which compa-
rable data were collected. Successive difference con-
trasts evaluated reading rate development from grade to 
grade (GRADE) and between studies (YEAR), as well as 
interactions between these factors. The summary ap-
pears in Table 5 (upper left). Estimates of the successive 
differences between grades (with both years combined) 
are shown initially. The associated inferential statistics 
reflect the probability that a given estimate is signifi-
cantly different from zero. Significant main effects were 
found for GRADE across all comparisons, indicating 
reliable reading rate increases from grade to grade (all 
contrasts, p < .001) with effect sizes representing grade 
to grade increases of between 9 and 38 wpm. A signifi-
cant main effect was also found for YEAR: Overall, 
reading rates (with all grades combined) were about 24 
wpm lower in 2011 than in 1960 (p < .001).

Interactions between GRADE and YEAR were sig-
nificant for the grade 2 versus grade 4, grade 4 versus 
grade 6, and grade 6 versus grade 8 comparisons, indi-
cating differences in reading rate growth between suc-
cessive grades in 2011 versus 1960. These interactions 
are apparent in Figure 4, which shows that grade 2 stu-
dents in both samples had a reading rate of 115 wpm, but 
subsequent grade-to-grade increases in reading rate 
were nearly always larger in the 1960 sample. This dif-
ference in growth was especially striking in middle 
school, where increases in reading rates between grades 
6 and 8 averaged 17 wpm in 1960 but just 1 wpm in 2011.

Differences in reading rate between 1960 and 2011 
at each grade level (2, 4, 6, 8, and 11/12) were evaluated 
using an additional linear model specifying these con-
trasts. Table 6 presents the inferential statistics, means, 

standard deviations, and 95% confidence intervals for 
each grade. The results indicate significant differences 
between 1960 and 2011 for all grades except grade 2.

To consider the development of reading rates among 
students with different levels of reading efficiency, par-
ticipants in the 2011 study were divided into four quar-
tile groups at each grade level based on their silent 
reading rates. The results are plotted in Figure 5. A lin-
ear model was used to compare changes in reading rate 
across grades within each quartile. When evaluating 
these interactions, only orthogonal comparisons were 
made (i.e., comparisons of adjacent quartiles). In addi-
tion to the expected main effects of QUARTILE and 
GRADE, there were four significant QUARTILE-by-
GRADE interactions, indicating differences in reading 
rate growth between adjacent quartiles. These can rea-
sonably be regarded as points at which growth in read-
ing rate in upper quartiles diverges from that occurring 
in lower quartiles. The first of these interactions indi-
cates that reading rate increases from grade 2 to grade 4 
lagged behind in the lowest quartile as compared with 
the second quartile (by 9.1 wpm, p <  .001). Two addi-
tional interactions indicated that reading rate increases 
from grade 4 to grade 6 and from grade 10 to grade 12 
were more pronounced in the third versus the second 
quartile (by 3.8 wpm, p =  .039, and 9.0 wpm, p <  .001, 
respectively). The fourth interaction indicated that 
reading rate increases between grades 8 and 10 were 
more pronounced in the fourth (the highest) quartile as 
compared with the third quartile (by 13.4 wpm, 
p = .049).

Fixations per Word
Figure 4 (upper right) shows the mean numbers of fixa-
tions per word in the 2011 and 1960 samples for grades 
with comparable data. Successive difference contrasts 
were used to evaluate changes from grade to grade 
(GRADE) and between studies (YEAR), as well as in-
teractions. The output summary is shown in Table  5 
(upper right). Displayed first are estimates of the suc-
cessive differences between grades (with both years 
combined). The associated inferential statistics reflect 
the probability that a given estimate is significantly 
different from zero. As would be expected, there were 

TABLE 4 
Distribution of Sample Sizes: 1960a and 2011

Grade 2 4 6 8 10 11 12 Total

1960 1,185 1,453 1,636 1,117 — 1,038 — 6,429

2011 379 383 294 479 251 — 223 2,009

Note. Shown here are the numbers of students from which qualifying recordings were obtained. In the 1960 study, no students were tested in grades 10 
and 12 (values shown in that study were extrapolated from adjacent grades). In the 2011 study, no students were tested in grade 11. 
aTaylor, S.E., Frackenpohl, H., & Pettee, J.L. (1960). Grade level norms for the components of the fundamental reading skill. EDL Research and 
Information Bulletin, 3, 22.



The Decline of Comprehension-BasedSilent Reading Efficiency in the United States  |  11

significant main effects for GRADE across all compar-
isons, indicating reliable decreases in fixations per 
word from grade to grade (all contrasts, p < .02). There 
was also a significant main effect for YEAR, with stu-
dents in 2011 making 0.22 more fixations per word 

than those studied in 1960 (mean = 1.52 in 2011 vs. 1.29 
in 1960).

GRADE-by-YEAR interactions were also signifi-
cant in the middle grades. Both samples showed a com-
parable reduction in the number of fixations per word 

TABLE 5 
Differences in Comprehension-Based Silent Reading Efficiency Measures: Grades and Years

Difference

Difference in reading rate (wpm) Difference in fixations per word

Estimate Standard error t p Estimate Standard error t p

Grade comparisons

Intercept 168.8 0.67 252.4 <.001 1.39 0.005 268.5 <.001

4 vs. 2 37.9 1.83 20.7 <.001 −0.38 0.017 −22.7 <.001

6 vs. 4 22.8 2.12 10.8 <.001 −0.13 0.015 −8.5 <.001

8 vs. 6 8.9 2.07 4.3 <.001 −0.04 0.015 −2.5 .011

11/12 vs. 8 29.2 2.51 11.7 <.001 −0.13 0.016 −8.2 <.001

2011 vs. 1960a −23.5 1.39 −16.8 <.001 0.22 0.010 21.3 <.001

Grade × Year interactions: 2011 versus 1960a

4 vs. 2 −10.7 3.66 −2.9 .004 −0.03 0.034 −0.8 n.s.

6 vs. 4 −10.3 4.24 −2.4 .015 0.08 0.030 2.7 .006

8 vs. 6 −16.4 4.13 −4.0 <.001 0.20 0.030 6.6 <.001

11/12 vs. 8 −5.6 5.01 −1.1 n.s. 0.01 0.033 −0.1 n.s.

Difference

Difference in fixation duration (ms) Difference in regressions per word

Estimate Standard error t p Estimate Standard error t p

Grade comparisons

Intercept 282 0.67 422.6 <.001 0.265 0.0020 130.3 <.001

4 vs. 2 −19 2.36 −8.0 <.001 −0.074 0.0069 −10.7 <.001

6 vs. 4 −9 2.05 −4.5 <.001 −0.049 0.0058 −8.5 <.001

8 vs. 6 −6 1.96 −3.1 .002 −0.008 0.0058 −1.3 n.s.

11/12 vs. 8 −12 1.93 −6.0 <.001 −0.040 0.0065 −6.2 <.001

2011 vs. 1960a 16 1.33 11.9 <.001 −0.012 0.0041 −3.0 .003

Grade × Year interactions: 2011 versus 1960a

4 vs. 2 22 4.72 4.7 <.001 0.037 0.0138 2.6 .008

6 vs. 4 −19 4.09 −4.5 <.001 0.015 0.0117 1.3 n.s.

8 vs. 6 −12 3.93 −3.1 .002 0.066 0.0116 5.7 <.001

11/12 vs. 8 −3 3.86 −0.8 n.s. −0.005 0.0130 −0.4 n.s.

Note. n.s. = not significant; wpm = words per minute. In each quadrant, the upper panel shows linear model estimates of differences in an efficiency 
measure between grades (1960 and 2011 combined). The associated statistics reflect the probability that a given estimate is significantly different from 
zero. Using reading rate as an example, the difference in reading rate between grades 2 and 4 was estimated to be 37.9 wpm; that is, reading rate in 
grade 4 was 37.9 wpm faster than in grade 2, and this increase is significant. Just below this is a comparison of differences in reading rate between 
2011 and 1960 with all grades combined. The lower panel shows estimates for the interaction terms that reflect differences in the increase between 
neighboring grades in 2011 versus 1960. For example, the increase in reading rate from grade 6 to grade 8 in 2011 was smaller than the corresponding 
increase in 1960 (−16.4 wpm). 
aTaylor, S.E., Frackenpohl, H., & Pettee, J.L. (1960). Grade level norms for the components of the fundamental reading skill. EDL Research and 
Information Bulletin, 3, 22.
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from grade 2 to grade 4 and from grade 8 to grades 
11/12. In the 2011 sample, however, the reduction was 
smaller between grades 4 and 6 (p = .006). Further, the 
number of fixations per word increased between grades 

6 and 8 (p < .001). Finally, because the total number of 
fixations per word includes fixations following both 
progressive and regressive eye movements, the number 
of forward fixations was examined separately. This 

TABLE 6 
Comprehension-Based Silent Reading Efficiency Measures Across Grades: 2011 and 1960a

Grade

2011
1960 

reported 
mean

1960 reconstructed 2011 vs. 1960 reconstructed

Mean
Standard 
deviation

95% confidence 
interval Mean

Standard 
deviation t p Hedges’ g

Reading rates (words per minute)

2 115 40 [110, 120] 115 116 39 0.4 n.s. —

4 147 49 [143, 152] 158 159 49 4.2 <.001 0.24

6 165 50 [159, 171] 185 187 50 7.2 <.001 0.44

8 166 48 [161, 170] 204 204 48 14.6 <.001 0.80

10 185 54 [178, 192] 224b — — — — —

11/12 192 59 [186, 198] 237 236 53 12.4 <.001 0.81

Fixations per word

2 1.87 0.46 [1.83, 1.91] 1.74 1.76 0.46 −5.3 <.001 0.26

4 1.48 0.37 [1.44, 1.52] 1.39 1.39 0.37 −4.1 <.001 0.24

6 1.39 0.34 [1.35, 1.43] 1.20 1.22 0.34 −7.2 <.001 0.51

8 1.45 0.38 [1.42, 1.48] 1.09 1.08 0.37 −17.9 <.001 0.99

10 1.32 0.31 [1.28, 1.36] 1.01b — — — — —

11/12 1.32 0.36 [1.27, 1.37] 0.96 0.95 0.31 −13.4 <.001 1.17

Fixation durations (ms)

2 315 61 [310, 320] 300 300 60 −5.3 <.001 0.25

4 307 54 [302, 312] 270 270 50 −13.4 <.001 0.73

6 289 44 [283, 294] 270 270 40 −6.1 <.001 0.46

8 276 53 [272, 280] 270 270 50 −2.4 .019 0.12

10 268 33 [264, 272] 260b — — — — —

11/12 263 37 [257, 269] 260 260 30 0.9 n.s. —

Regressions per word

2 0.33 0.18 [0.31, 0.35] 0.40 0.40 0.18 8.7 <.001 0.41

4 0.27 0.15 [0.26, 0.29] 0.31 0.31 0.15 4.6 <.001 0.26

6 0.23 0.12 [0.22, 0.24] 0.25 0.25 0.12 2.6 .009 0.19

8 0.25 0.16 [0.24, 0.27] 0.21 0.21 0.15 −5.2 <.001 0.27

10 0.20 0.11 [0.18, 0.21] 0.19b — — — — —

11/12 0.21 0.14 [0.19, 0.23] 0.18 0.18 0.11 −3.4 .001 0.33

Note. n.s. = not significant. Data shown for 1960 include the actual means reported in Taylor’s 1965 reportc and the reconstructed statistics for 1960. 
Also shown are the inferential statistics generated by the linear analysis for comparisons between 2011 and 1960 (reconstructed), and the calculated 
effect sizes (Hedges’ g). Grade 12 data in 2011 were compared with grade 11 in 1960. 
aTaylor, S.E., Frackenpohl, H., & Pettee, J.L. (1960). Grade level norms for the components of the fundamental reading skill. EDL Research and 
Information Bulletin, 3, 22. bExtrapolated value, not reconstructed and compared. cTaylor, S.E. (1965). Eye movements in reading: Facts and fallacies. 
American Educational Research Journal, 2(4), 187–202.
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analysis yielded the same pattern of main effects and 
interactions as found for the total number of fixations.

Differences in number of fixations per word be-
tween 1960 and 2011 at each grade level (2, 4, 6, 8, and 
11/12) were evaluated using an additional linear model 
specifying these contrasts. Table 6 presents the inferen-
tial statistics, means, standard deviations, and 95% con-
fidence intervals for each grade level. The average 
number of fixations per word was significantly higher 
at all grade levels in 2011 in comparison with the 1960 
sample (p < .001).

Fixation Duration
Figure 4 (lower left) shows mean fixation durations in 
the 2011 and 1960 samples for grades with comparable 
data. Successive difference contrasts were used to evalu-
ate changes from grade to grade and between years, as 
well as interactions between these factors. The output 
summary is shown in Table 5 (lower left). Displayed first 
are estimates of the successive differences between 
grades (with both years combined). The associated 
inferential statistics reflect the probability that a given 
estimate is significantly different from zero. Main effects 
for GRADE were significant across all comparisons 
(p <  .01), indicating reliable decreases in fixation dura-
tion from grade to grade. A significant main effect was 
also found for YEAR, indicating that fixation durations 
were 16 ms longer in 2011 relative to 1960 (p < .001).

GRADE-by-YEAR interactions were also significant 
in the lower grades, reflecting a large decrease in fixa-
tion durations between grades 2 and 4 in 1960, followed 
by little change through grade 8. In the 2011 sample, the 
decrease occurred more gradually over the elementary 
and middle school grades. Despite these differences in 
the time course, fixation durations decreased to a simi-
lar extent between grades 8 and 11/12 in both samples.

Differences in fixation duration between 1960 and 
2011 at each grade level (2, 4, 6, 8, and 11/12) were eval-
uated using a linear model specifying these contrasts. 
Table 6 presents the inferential statistics, means, stan-
dard deviations, and 95% confidence intervals for each 
grade level. Fixation duration means for grades 2, 4, and 
6 were significantly longer in 2011 compared with the 
1960 sample (p  <  .001), but there were no significant 
differences between samples in fixation durations in 
the upper grades (8 and 11/12).

Regressions per Word
Figure 4 (lower right) depicts the mean number of re-
gressions per word across grades in the 2011 and 1960 
samples for grades in which comparable data were col-
lected. Successive difference contrasts were used to 
evaluate changes from grade to grade and between 
years, as well as interactions. The output summary is 
shown in Table 5 (lower right). Depicted first are esti-
mates of the successive differences between grades 
(with both years combined). The associated inferential 
statistics reflect the probability that a given estimate is 
significantly different from zero. There was a signifi-
cant main effect of GRADE in four comparisons 
(p < .001), with the number of regressions per word de-
creasing between grades in all cases except the compar-
ison between grades 6 and 8 (where the decrease in 1960 
was offset by an increase in 2011). There was also a sig-
nificant main effect for YEAR, with students in 2011 
making 3.7% fewer regressions per word than students 
in the 1960 study (p = .003).

GRADE-by-YEAR interactions were significant 
in two comparisons: (a) between grades 2 and 4, due 
to a somewhat larger decrease in regressions per word 
in 1960 (p =  .008), and (b) between grades 6 and 8, 
due to a continuing decrease in the number of regres-
sions in 1960 contrasted to an increase in 2011 
(p < .001).

Differences in the number of regressions per word 
between 1960 and 2011 at each grade level (2, 4, 6, 8, and 
11/12) were evaluated using an additional linear model 
specifying these contrasts. Table 6 presents the inferen-
tial statistics, means, standard deviations, and 95% con-
fidence intervals for each grade. The number of 
regressions per word in 2011 was smaller in each com-
parison up to grade 6 but larger in grades 8 and 11/12 
(p < .001 for all comparisons).

Discussion
The present research constitutes the first comprehen-
sive study of the comprehension-based silent reading 
efficiency of U.S. students in the 21st century, the last 
having been conducted in 1960 (Taylor, 1965). Although 

FIGURE 5 
Means and Standard Errors for Comprehension-Based 
Silent Reading Rates in 2011, by Grade, for Each 
Reading Rate Quartile

Note. Standard error bars are too small to represent in quartiles 1–3.
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additional studies of silent reading rates have been pub-
lished since that time (Carver, 1983; Gallo, 1972; 
Vorstius et al., 2014), these are less useful for compara-
tive purposes due to their focus on a limited number of 
grades, not having used grade-leveled texts, and/or not 
requiring a comprehension standard (see Carver, 1989). 
The current study was designed to overcome these limi-
tations while also taking advantage of advances in eye-
tracking technology.

Trends in Reading Efficiency
The results of the current study suggest that present-day 
students are less efficient readers than their 1960 coun-
terparts. The data on reading rate and eye movement 
patterns suggest the strong likelihood of a decline in 
word recognition automaticity.

Comprehension-Based Silent Reading Rate
Differences in reading rate between the 2011 and 1960 
samples were characterized by a gradual divergence in 
average reading rates over grades. Grade 2 students in 
the two studies were comparable, but by grade 4, stu-
dents in the 2011 sample were reading about 12 wpm 
more slowly than those in the 1960 sample. By grade 6, 
this difference nearly doubled, and by grade 8, it had 
more than tripled to a 38 wpm deficit. By grade 12, stu-
dents in 2011 were reading at an average rate of 192 
wpm, 45 wpm more slowly than grade 11 students in 
1960. This represents a 19% decline in comprehension-
based silent reading rate.

The analysis of reading rate growth for 2011 stu-
dents with differing levels of reading efficiency (i.e., the 
lowest to highest quartiles for reading rate) also showed 
several interesting patterns. First, the reading rate in-
crease between grades 2 and 4 was significantly smaller 
in the lowest quartile relative to the upper quartiles, 
suggesting that these students are still developing de-
coding skills, vocabulary, and reading stamina. Second, 
growth in reading rate was stalled in all quartiles be-
tween grades 6 and 8. Given the uniformity of this pat-
tern across all efficiency groups, further investigation 
of this phenomenon is warranted. Challenges associ-
ated with transitioning from elementary to middle 
school may be a contributing factor (e.g., Schwerdt & 
West, 2013). Third, reading rate development in stu-
dents in the lower quartiles of the 2011 sample pro-
gressed slowly (if at all) over the high school years. 
Between grades 10 and 12, for example, students in the 
two highest quartiles increased their reading rate by an 
average of 13 wpm (reaching 201 and 276 wpm, respec-
tively), whereas those in the two lowest quartiles in-
creased their reading rate by an average of only 1 wpm 
(reaching just 129 and 164 wpm, respectively). These 
latter students will end their high school careers with 

reading rates that are well below or at best comparable 
to typical conversational speaking rates in English 
(150–170 wpm; Yuan, Liberman, & Cieri, 2006). These 
low reading rates likely reflect such low levels of auto-
maticity that comprehension and memory are taxed 
during reading tasks. When the process of decoding 
words is laborious and time consuming, short-term 
memory may begin to dispose of information before it 
can be integrated into the evolving text base and situa-
tion model (Hudson, Lane, & Pullen, 2005; Kintsch, 
1998; LaBerge & Samuels, 1974; Perfetti, 1985).

Fixations per Word
The analysis of fixations per word also revealed a pat-
tern of declining reading efficiency between 1960 and 
2011. Less skilled readers frequently resort to the analy-
sis of sublexical units (e.g., sounding out words), thereby 
requiring multiple fixations to identify a given word. 
More capable readers tend to identify common words in 
a single fixation and even skip shorter words that are 
predictable from the context, only resorting to sublexi-
cal analysis for less familiar and low-frequency words 
(Ashby et al., 2005; Joseph, Nation, & Liversedge, 2013; 
Samuels, LaBerge, & Bremer, 1978). Consistent with a 
pattern of increasing efficiency, students in 1960 aver-
aged 1.76 fixations per word in grade 2, followed by a 
steady reduction in the number of fixations per word 
through grade 12, when students averaged 0.95 fixa-
tions per word (i.e., less than one fixation per word).

Students in 2011 did not achieve such efficiency. 
Students in grades 2 and 4 were roughly comparable to 
their 1960 counterparts, but reductions in fixations per 
word were significantly smaller from grades 4 to 6 and 
were followed by an increase in fixations per word be-
tween grades 6 and 8, coinciding with the middle school 
period during which growth in reading rate was stalled. 
By grade 12, students in 2011 were averaging 1.32 fixa-
tions per word, a level of efficiency not substantially dif-
ferent from grade 6 students in the same year (1.39 
fixations per word) and nearly 40% less efficient than 
grade 11 students in the 1960 study. If a large number of 
fixations per word is regarded as an indication of more 
serial word processing with a focus on sublexical units 
(e.g., Ablinger, Huber & Radach, 2014), an interpreta-
tion of the 2011 results is that many students in grade 6 
and beyond continue to engage in the same sort of se-
quential decoding strategy that younger readers typi-
cally use.

Fixation Duration
Longer fixations are characteristic of less skilled readers 
and reflect, for example, less familiarity with vocabu-
lary and an inability to use textual context (Joseph 
et al., 2013; Williams & Morris, 2004). Students in 1960 
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and 2011 had similar fixation durations by the end of 
high school but followed different developmental paths. 
In the 1960 cohort, the length of fixation duration de-
creased substantially from grade 2 to grade 4. After this 
point, changes were not substantial until grade 11. 
Further, although the fixation duration remained more 
or less constant during this period, the number of fixa-
tions per word was steadily decreasing. Such a shift is 
consistent with holistic lexical processing (i.e., taking in 
more text per fixation). In contrast, becoming a more 
efficient reader in 2011 took the form of a steady reduc-
tion in fixation duration, whereas the number of 
fixations per word remained more or less the same (i.e., 
taking in the same amount of text per fixation but doing 
so in a shorter period of time). In other words, students 
in 2011 appeared to sustain a less efficient, predomi-
nantly sublexical word-processing strategy for a much 
longer time than was the case with students in the 1960 
sample.

Regressions per Word
With respect to number of regressions (right-to-left sac-
cades), students in 2011 made 3.7% fewer regressions per 
word than their 1960 counterparts, but this overall effect 
is complicated by the patterns of regressions across the 
grades. Students in 2011 made fewer regressions per 
word through grade 6, but beyond this point, they made 
more regressions per word than their 1960 counterparts. 
In other words, students in the upper grades in 2011 not 
only required more fixations per word but also more fre-
quently went back and refixated on words. Taking re-
gressions as an indicator of processing difficulty (e.g., 
Reichle, Rayner, & Pollatsek, 2003), these observations 
support the conclusion that many present-day students 
maintain a sublexical processing strategy well into the 
middle school grades and beyond.

Possible Explanations
The present results suggest that typical high school se-
niors in 2011 read more slowly than their counterparts 
in 1960 but also read less efficiently, persisting in word 
identification and systematic decoding of text rather 
than reading holistically and with automaticity. 
Additional research will be required to test causal ex-
planations as to why students are less efficient now than 
in the past. The literature, however, suggests plausible 
contributing factors, including a less than optimally 
calibrated approach to text complexity and insufficient 
silent reading practice.

Text Complexity
Since a decline in verbal SAT scores was reported in the 
early 1970s, decreases in the complexity of textbooks 
have been offered as a potential explanation for the 

poorer reading performances of high school graduates 
(Chall, Conard, & Harris, 1977; Hayes, Wolfer, & Wolfe, 
1996). This same explanation for poor performances by 
the current generation of high school students (ACT, 
2006) was raised by the Common Core writers, who 
stated, “Despite steady or growing reading demands 
from various sources, K–12 reading texts have actually 
trended downward in difficulty in the last half century” 
(NGA Center & CCSSO, 2010b, p. 3). They cited Chall 
et  al.’s (1977) and Hayes et  al.’s (1996) studies as evi-
dence for this downward trend. Williamson (2008) ana-
lyzed 75 texts used in grades 11 and 12 and a 
representative sample of texts that individuals are likely 
to encounter in college and career settings, including 
military and government publications. The level of high 
school texts was significantly less challenging than texts 
of the workplace (typically 125L higher), community 
college (169L higher), and universities (259L higher).

Several recent analyses indicated that texts have de-
creased in difficulty over time in some grade-level 
bands but not in others. For example, the typical texts 
used for first-grade instruction have increased in diffi-
culty, as evidenced by an analysis of the complexity of 
texts from each of the past seven decades from a con-
tinually best-selling first-grade core reading program 
(Fitzgerald, Elmore, Relyea, Hiebert, & Stenner, 2016). 
In these data, the overall text complexity measure 
trended toward more complexity over the seven de-
cades, especially in the last three (i.e., 1990s–2010s). 
Analyses of reading textbooks for grades 3 and 6 used 
over the past century show that text complexity (lexical 
sophistication, lexical diversity, and syntactic complex-
ity) generally decreased during the early part of the last 
century and then stabilized at a lower level in the 1950s 
through the 1970s (Gamson, Lu, & Eckert, 2013; 
Stevens et al., 2015). Since that time, however, the lexi-
cal sophistication and diversity of third-grade texts has 
increased markedly, reaching an apex in the 2000s and 
by some measures reaching higher levels than at any 
time previously. Changes in the syntactic complexity of 
third-grade texts followed a different pattern, declin-
ing during the early part of the last century but re-
maining relatively stable since then. The analyses of 
sixth-grade texts showed that after declines in the early 
part of the last century, lexical and syntactic complex-
ity have by most measures remained fairly stable. Save 
for Williamson’s (2008) analysis, there is little work at 
the high school level. If texts have increased in diffi-
culty through grade 3 but remained static in the mid-
dle school years, the patterns of declining performances 
in the middle grades reported in this study would ap-
pear to provide corroboration for the need to accelerate 
text levels for the middle- and high-level grades, as rec-
ommended in the Common Core’s staircase of text 
complexity (NGA Center & CCSSO, 2010b, p. 8).
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Finally, a serendipitous piece of evidence on the im-
pact of text complexity emerged from the practice of re-
vising (upward) some of Taylor et  al.’s (1960) original 
passages to meet the Common Core expectations for 
grade-level complexity. Recall that the passages that were 
revised to meet these standards did not elicit lower com-
prehension scores among the 2011 cohort of examinees. 
This provides at least a small piece of evidence that stu-
dents can handle more complexity than is commonly 
provided, at least in a testing situation. Of course, our 
data do not speak to the issue of the impact of exposing 
students to a steady diet of more challenging texts over 
an extended period of time, such as an entire school year. 
Indeed, the Common Core authors caution that students 
differ in their reading growth trajectories and “need op-
portunities to stretch their reading abilities but also to 
experience the satisfaction and pleasure of easy, fluent 
reading within them” (NGA Center & CCSSO, 2010b, p. 
9). Clearly, multiple factors feed into the optimal calibra-
tion of text complexity for each student (Williamson, 
Fitzgerald, & Stenner, 2013). The present results suggest 
that additional research in this area would be useful.

Reading Practice
Students who are able to develop strong language and 
reading skills during the primary grades tend to become 
engaged and proficient readers, whereas students who 
continually struggle with text tend to become frustrated 
and avoid reading (Mol & Bus, 2011; Sparks, Patton, & 
Murdoch, 2014). The data suggest that many U.S. stu-
dents fall into the latter category (e.g., Klauda, Wigfield, 
& Cambria, 2012; Melekoğlu & Wilkerson, 2013; 
Rideout, 2014). In the 2011 PIRLS, 27% of grade 4 stu-
dents in the United States reported that they liked read-
ing, whereas nearly half indicated that they only read 
when they had to (Mullis, Martin, Foy, & Drucker, 2013). 
Among older students, data from the National Center 
for Education Statistics (2013b) suggest that one third of 
13-year-olds and 45% of 17-year-olds rarely or never en-
gage in recreational reading. These infrequent readers 
also scored lower on the NAEP when compared with 
students who engaged in recreational reading once or 
more weekly. These data are consistent with a large body 
of evidence documenting the Matthew effect: Students 
who do not engage in sufficient reading practice fall fur-
ther and further behind (Sparks et al., 2014; Stanovich, 
1986). Against this backdrop, it seems clear that an ef-
fective program to improve reading development out-
comes must nurture both students’ reading skills and 
their motivation to read (Morgan & Fuchs, 2007).

Why a Decrease in Efficiency Matters
A long-standing national priority has been to increase 
the academic achievement of U.S. students. At the same 

time, declining, or at best stagnant, scores on national 
assessments have prompted a host of educational initia-
tives, such as formation of the NRP in 1997, the Reading 
First program under the No Child Left Behind Act 
(2002), and the Common Core State Standards Initiative 
(NGA Center & CCSSO, 2010a). Each of these under-
takings has placed considerable emphasis on improving 
reading performance, recognizing that reading volume 
and content play a key role in developing the vocabu-
lary, fluency, and declarative knowledge that students 
need to comprehend more complex texts such as those 
they are likely to encounter in college and career set-
tings (e.g., Allington, 2014; Cunningham & Stanovich, 
1998; Schmitt, Jiang, & Grabe, 2011; Sparks et al., 2014; 
Williamson, 2006).

Considered in this light, the significance of a de-
cline in reading efficiency since 1960 becomes appar-
ent: Evidence suggests that time spent reading in the 
United States is declining—and especially so among 
teens and young adults (National Center for 
Education Statistics, 2013b; National Endowment for 
the Arts, 2007). Yet, even in a situation in which the 
amount of time spent reading was held constant, the 
observed 19% (45 wpm) decline in the comprehension-
based silent reading rates of U.S. grade 12 students 
(in comparison with grade 11 students in 1960) rep-
resents a substantial decline in reading volume; 
slower readers inevitably read less in a given amount 
of time. Lower reading volume in turn is associated 
with lower levels of word recognition efficiency (as 
evidenced in the present study by the 17% increase in 
regressions and 38% increase in fixations), as well as 
more sluggish development of vocabulary, f luency, 
and declarative knowledge. A decline in reading 
comprehension would also be expected, given evi-
dence for a significant correlation between reading 
rate and reading comprehension scores (Rasinski 
et al., 2005).

The academic achievement of U.S. students is lag-
ging behind in relation to other nations. If restoring the 
country’s performance (and ranking) in this regard is a 
national priority, then reversing declines in reading vol-
ume and efficiency would seem to be of special 
importance.

Limitations
Considerable effort was expended to assure that the 
data for the present 2011 experiment were collected in 
as rigorous a manner as possible and in a way that ren-
dered them comparable to the data collected in the 1960 
study. There are, however, a number of limitations sug-
gesting that the results should be considered with 
caution.
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Comparability of Samples
A major limitation was the inability to ensure that the 
samples from the two time periods were equivalent. 
Students in both studies were selected by the participat-
ing school personnel who were asked to follow defined 
criteria. Yet, fidelity cannot be confirmed; the 1960 study 
did not report demographic data, and demographic data 
for the 2011 sample were provided at the student level for 
only about 60% of the students. For the remaining par-
ticipants, demographic data could not be associated with 
individual student records. Moreover, the 1960 study did 
not include an independent measure of reading ability. 
For the 2011 study, independent measures of reading 
ability were insufficient. As such, the possibility of sam-
ple bias cannot be ruled out in either cohort. A mitigat-
ing factor, however, is the good agreement between the 
results of the 1960 study and the results of replications 
that followed in the 1970s and 1980s (e.g., Carver, 1983; 
Gallo, 1972). Confidence in the results of the 2011 study 
will also benefit from replications with more complete 
documentation of demographic data and reading ability.

Technology
An additional limitation concerns differences in the eye 
movement technology used in the two studies. The 1960 
data were analyzed by hand from filmstrips, whereas the 
2011 data came from automated software routines. Both 
procedures shared the aim of accurately measuring read-
ing rate, fixations, fixation durations, and regressions. 
The possibility cannot be excluded, however, that system-
atic discrepancies between the two methods may have led 
to a constant difference in one or more eye movement 
measures. However, all of the parameters included in this 
study are relatively simple to quantify using either of the 
methods described and are unlikely to be subject to sys-
tematic distortion. Supporting this view is the fact that 
measures of reading rate and fixations per word in the 
1960 and 2011 cohorts were nearly identical in grade 2 
and did not diverge substantially until later grades.

Stimulus Materials
Various methods were used to validate the original pas-
sages and questions from Taylor’s (1965) study, includ-
ing the use of readability formulas and item analyses of 
the comprehension assessments. For the passages used 
in the 2011 study, level-appropriate Lexile scores were 
confirmed. No additional item analyses were performed 
because there was no reason to expect the characteris-
tics of the items to change over the 50-year interval. 
This practice seemed justified in that only minor ad-
justments were made to some passages, only small com-
prehension differences were found across passages, and 
these differences had no significant effect on reading 
rate or other measures of reading efficiency.

The use of true/false questions paralleled the proce-
dure in the 1960 study, so there were good reasons to 
retain those items. However, we readily admit that there 
are well-known limitations on true/false assessments 
(for summaries of research on true/false items, see 
Downing, Baranowski, Grosso, & Norcini, 1995; Frisbie 
& Becker, 1991), namely, that they tend to tap lower level 
rather than inferential or critical comprehension.

To maximize comparability across the 1960 and 
2011 studies, we decided to administer the original 1960 
versions of passages before having students respond to 
the passages revised to meet Common Core difficulty 
standards. In doing so, we were aware that this might 
introduce order effects that might account for the find-
ing that the accelerated passages were no more difficult 
for students than the original passages. It was decided, 
however, that maintaining comparability with the 1960 
administration was the more important consideration.

Grade-Level Designations
Additional complications were introduced by differ-
ences in the grades sampled in the 2011 and 1960 stud-
ies. In particular, Taylor et al. (1960) extrapolated data 
for grade 10 from grades 8 and 11 and for grade 12 from 
grades 11 and college. The 2011 study did not sample 
grade 11. As such, it was decided to forgo comparisons 
at grade 10 and to compare grade 12 in 2011 with grade 
11 in 1960 in the successive difference contrasts. This 
provided a one-year experiential advantage for grade 12 
students in the 2011 sample in these comparisons. Even 
so, the grade 11 students in 1960 were generally more 
efficient than the grade 12 students in 2011.

Data Reporting
Taylor’s (1965) study did not report measures of vari-
ance, nor could we find them in any reports or fugitive 
documents compiled in the 1960s when the work was 
completed. In order to compare performance across 
these two time periods, we had to find a way to extrapo-
late variance estimates for the 1960 sample. We ended 
up using a procedure that employed the 2011 standard 
deviations for grade-level performances to estimate the 
variance in 1960 data sets. This approach provided sep-
arate estimates of variation for each eye movement 
measure within and across different grade levels. This is 
a conservative approach to estimating variance because 
of the characteristics of the 2011 sample. We begin with 
the observation that standard deviations decrease with 
increasing sample size. Then, we note that the 1960 
sample was substantially larger than the 2011 sample. 
Hence, using the 2011 standard deviation values can be 
regarded as a conservative approach to estimating vari-
ance, only likely to overestimate the variance in the 
1960 sample and make it more difficult to find true 
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differences between the samples. Adding to confidence 
in this procedure is the observation that the 1960 
means did not fall within the 95% confidence intervals 
around the 2011 means where there were significant 
differences.

Constructs Measured
Finally, as important as these findings about efficiency 
may be, readers are reminded that any conclusions one 
might draw about declines in performance should be 
limited to the construct of silent reading efficiency and 
not extended to global indicators of reading proficiency 
or other, more specific indicators, such as critical 
reading or vocabulary knowledge.

Conclusion
The present research adds to evidence suggesting that 
the silent reading efficiency of U.S. students, especially 
older students, is declining, stagnant, or at least inade-
quate to meet the current literacy challenges faced in 
schools and the workplace (see, e.g., Adams, 2010; 
Chall, 1996). It is important to evaluate these declines 
in reading efficiency in the context of shifting demo-
graphics in the United States since 1960. There have, for 
example, been documented increases in racial and eth-
nic diversity, single-parent families, and the proportion 
of students from first- or second-generation U.S. fami-
lies (e.g., Kena et al., 2015). Additionally, there is a dis-
tinct possibility that poverty rather than race or 
ethnicity may be a key factor: First, there is increasing 
evidence that the proportion of our public school popu-
lation of children living in poverty has increased since 
the 1970s (Annie E. Casey Foundation, 2015) and that 
the sheer effect of poverty on achievement has been on 
the rise over the last few decades while the effect of race 
and ethnicity is declining (Reardon, Valentino, & 
Shores, 2012). Of course, over the same period, there 
have been fundamental changes in reading pedagogy 
and philosophy as well. Given the multiplicity of 
changes in the social, economic, and educational fabric 
of American society, the present study cannot distin-
guish the impact of these and many other factors on the 
results obtained in reading efficiency across the 50 years 
from 1960 to 2011.

It also appears to be the case, based on the rationale 
behind the Common Core State Standards (see 
Williamson, 2006), that most high school graduates lack 
adequate reading proficiency and have insufficient expe-
rience with the sorts of challenging texts they will face in 
postsecondary educational and workplace settings. 
These findings are rendered all the more serious when 
we consider that the United States ranks well behind 

many other industrialized nations in terms of the read-
ing performance of 15-year-olds and the number of 
young adults with postsecondary degrees (Organisation 
for Economic Co-operation and Development, 2011, 
2013). In the face of these shortfalls is the sobering real-
ization that with increasing automation and globaliza-
tion of the economy, nearly two thirds of the jobs 
available in 2018 will likely require an associate’s or 
bachelor’s degree (Carnevale, Smith, & Strohl, 2010) 
and, more importantly, more efficient and more critical 
reading skills than high school graduates currently 
bring to college and work. This shortcoming presents a 
dilemma both for employers seeking qualified workers 
and for the majority of job seekers who may lack the nec-
essary qualifications for those jobs. Effectively address-
ing the root causes of this dilemma should be a national 
priority.
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1 �Eye movement data in Taylor et al.’s (1960) study were collected 

using a Reading Eye camera (Educat ional Development 
Laboratories, Huntington, NY). A student positioned his or her 
head in a brace with a chin rest. Light was then reflected off each 
cornea and photographed through lenses positioned just below 
the text selection. The ref lected light was captured on filmstrips 
that moved at a constant rate so the time, direction, and duration 
of events could be calculated. Each eye stop appeared as a vertical 
line on the film, each saccade as a horizontal step, and each return 
sweep as a longer horizontal line in the reverse direction. Analysis 
of these recordings yielded the same measures of eye movement as 
the Visagraph.

2 �Some passages were slightly revised to comply with the accelerated 
Lexile levels of the Common Core (NGA Center & CCSSO, 2010b). 
Taylor et  al.’s (1960) passages for grades 2 and 4 did not require 
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revisions to comply with Common Core–accelerated Lexile re-
quirements. At each of grades 6, 8, and 10, one passage required 
minor revisions. Because level 10 passages had been used for all 
testing in grade 11 and above in the 1960 study (Taylor, 1965), two 
original level 10 passages were identified that met the level 12 crite-
ria without requiring adjustment, and two others were adjusted to 
serve as accelerated level 12 passages. On average, the two acceler-
ated passages in a grade set were 82 Lexile levels higher than the 
two original passages.

3 �Taylor and colleagues (1960) first tested comprehension questions 
with a sample of 500 subjects and performed an item analysis on 
each question. After adjustments, the questions were retested, this 
time with a cohort of 250 students, where it was found that scores 
obtained by guessing averaged 56% and those obtained after read-
ing averaged 88%. These results were the basis for 70% being se-
lected as the criterion for adequate comprehension.
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