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E T S R E S E A R C H R E P O R T

Monitoring Oral Reading Fluency From Electronic Shared
Book Reading: Insights From a Full-Length Book Reading
Study With Relay Reader®

Zuowei Wang1, Beata Beigman Klebanov1, Tenaha O’Reilly1, & John Sabatini2

1 ETS Research Institute, ETS, Princeton, New Jersey United States
2 Institute for Intelligent Systems, University of Memphis, Memphis, Tennessee United States

Existing research reveals a robust relationship between self-reported print exposure and long-term literacy development, yet few studies
have demonstrated how reading skills change as children read a book in the short term. In this study, 50 children (mean age 9.7 years,
SD = .8) took turns with a prerecorded narrator reading aloud a popular children’s novel, producing 6,092 oral reading responses over
1,093 book passages. Each oral reading response was evaluated by a speech engine that calculated words-correct-per-minute (WCPM).
Mixed effect models revealed that text level differences, between-individual differences, and within-individual variations explained
13%, 56% and 32% of variance in WCPM, respectively. On average, children started reading the book at about 93 WCPM, and they
improved by 2.26 WCPM for every 10,000 words of book reading. Random effects showed that the standard deviation of the growth
rate was 1.85 WCPM, suggesting substantial individual difference in growth rate. Implications for reading instruction and assessment
were discussed.

Keywords Book reading; oral reading fluency; reading development; mixed effects model; Relay Reader®
doi:10.1002/ets2.12390

It is widely believed that reading books benefits literacy development (Anderson et al., 1988; Baker et al., 1997; Bus
et al., 1995; Hargrave & Sénéchal, 2000; McBride-Chang et al., 1993; Scarborough & Dobrich, 1994; Torppa et al., 2020).
Indeed, research has indicated that self-reported book reading is associated with positive reading comprehension and
language outcomes (Bus et al., 1995; Scarborough & Dobrich, 1994; Torppa et al., 2020). In a meta-analysis, Mol and
Bus (2011) found that print exposure was moderately related to reading comprehension (r = .36) based on 21 studies
focusing on students from Grades 1 through 12. However, research studies that implemented interventions encouraging
more book reading have had more limited success (Ardoin et al., 2016; Carver & Leibert, 1995; Ingham, 1982; Kim &
Guryan, 2010).With these mixed findings, some have expressed doubts about the efficacy of encouraging children to read
more books to develop their reading skills (Baker et al., 1998; Carver & Leibert, 1995; Harlaar et al., 2011; Scarborough
& Dobrich, 1994; What Works Clearinghouse et al., 2015).

Collectively, these studies examined the impact of exposure to a wide range of books and texts across a span of months
to years on distalmeasures of reading skills. However, what we do not have are finer grained empirical data on how reading
a single bookmay contribute to reading skill development. Addressing this question requires amore direct, data-intensive
approach that more precisely examines what is read, what processes are engaged by the reader, and how reading ability
develops in the process. Recent advances in technology such as electronic book reading platforms, speech processing, and
natural language processing have made this data-intensive approach possible.

The goal of this study was to explore changes in oral reading fluency (ORF) when elementary school students engage
in sustained reading of a book. We invited children to read on Relay Reader®, an electronic shared book reading plat-
form designed to provide an engaging reading experience meanwhile capturing key information about children’s reading
behavior. Children took turns with a narrator reading aloud the book, and their oral reading responses were collected and
processed by a speech processing engine to monitor ORF changes.

Corresponding author: Zuowei Wang, Email: zwang@ets.org
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Z. Wang et al. Monitoring Oral Reading Fluency From Electronic Shared Book Reading

Individual Differences in Oral Reading Fluency and the Role of Book Reading

ORF has long been used as an indicator of children’s reading competence (Fuchs et al., 2001), and it is a strong predictor of
students’ reading comprehension (Roehrig et al., 2008) especially among primary-grade students (Wayman et al., 2007).
In a typical measure of ORF, the student is asked to read aloud a passage, and performance is calculated as the number of
words the student reads aloud correctly in a minute, namely, words-correct-per-minute (WCPM). A high WCPM score
indicates the reader can orchestrate a number of component skills at ease, including decoding words, accessing lexical
information, connecting information within and between sentences to make sense of the text (Fuchs et al., 2001).

Large individual differences in ORF emerge early in the school years. At the beginning of Grade 3, the difference in
ORF between students at the 90th percentile and students at the 10th percentile is already over 100 WCPM, and this
difference persists to the end of Grade 8; a first grader reading at the 90th percentile has similar WCPM scores to that of
a sixth grader at the 10th percentile (Hasbrouck & Tindal, 2006).

Thelarge individual difference inORFmay be partly attributable to the amount of reading practice that students engage
in. Indeed, prior research shows that children who spend more than 30 minutes a day reading books show substantially
faster reading development than children who spend less than 15 minutes a day reading (Renaissance Learning, 2019),
and the amount of book reading students engage in predicted their later reading comprehension development (Torppa
et al., 2020). Furthermore, the effect of print exposure on language development increases fromkindergarten through high
school (Mol & Bus, 2011). As Mol and Bus (2011) wrote, “The outcomes support an upward spiral of causality: Children
who are more proficient in comprehension and technical reading and spelling skills read more; because of more print
exposure, their comprehension and technical reading and spelling skills improved more with each year of education”
(p. 267). They go on to state: “Interestingly, poor readers also appear to benefit from independent leisure time reading”
(p. 267).

On the other hand, after reviewing studies of shared book reading that met its standards, the U.S. Department of
EducationWhatWorks Clearinghouse concluded that based on existing evidence shared book reading had no discernible
effects on alphabetics or general reading achievement and mixed effects on comprehension and language development
(What Works Clearinghouse et al., 2015). One potential reason for why there was no discernible effect uncovered in
these studies may have to do with the types of designs employed. For example, one thing these studies have in common
is that they all used a pretest, intervention, posttest design. This type of design has a limited number of observations
that might have missed opportunities to detect any reading gains. Support of this interpretation comes from a study
by Ardoin et al. (2016), who monitored the impact of wide reading and repeated reading on reading gains by giving
participants weeklyORF assessments over the course of about 10weeks.Withmanymore observations, the results showed
that students in both conditions demonstrated significantly more gains in ORF than those in a business-as-usual control
group. Inspired by Ardoin et al., this study utilized continuous ORF monitoring to help detect the impact of book reading
on children’s reading skills.

Leveraging Shared-Book Reading to Promote Engagement and Development

For children who are yet to develop adequate reading skills to enjoy reading a book on their own, shared book reading
can be an effective method to keep them engaged with the book content, meanwhile providing the modeling for chil-
dren to develop their reading skills (Blewitt et al., 2009). Different variations of shared book reading activities have been
used to promote reading development across age groups, including joint book reading (Bus et al., 1995), assisted reading
(Esteves & Whitten, 2011), and paired reading (Topping, 1987). The level of child involvement differs in these practices.
Notably, shared book reading can be performed not only between a child and a care-giver, but also between a child and
an audiobook (Esteves & Whitten, 2011). The audiobook narration, often provided by a professional narrator, provides
an excellent reading model for the child to learn from.

In this study, we utilized Relay Reader to facilitate shared book reading between the child and audiobook narration.
The platform has been shown effective in keeping children engaged with the extended book reading activity (Beigman
Klebanov et al., 2019). When reading on Relay Reader, the child alternates between listening to a skilled, expressive nar-
ration (i.e., the narrator’s turn) to engage their interest in the story and reading passages aloud themselves (i.e., the child’s
turn). During the narrator’s turn, children’s attention is directed to the corresponding text with the sentence or phrases
being read aloud by the narrator highlighted. During the child’s turn, the audiobook narration stops playing and the child

2 ETS Research Report No. RR-24-14. © 2024 Educational Testing Service
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Z. Wang et al. Monitoring Oral Reading Fluency From Electronic Shared Book Reading

is prompted to continue to read aloud. The beginning and the end of the passage that the child is expected to read for
their turn is highlighted. After every other reading turn, the child is prompted to answer one or two multiple-choice com-
prehension questions based on what they or the narrator have just read aloud. Once they have selected an answer, the
correct answer is provided. Their accuracy on all comprehension questions they have answered is provided to students as
feedback, with the goal of encouraging them to read for understanding.

Such a design enables a balance of demands between the narratormodeling fluent reading and the child practicing read-
ing. During the narrator’s turn, the child is expected to engage in assisted reading (Esteves & Whitten, 2011) by listening
to the narration and silently reading the text. This provides the child with the opportunity to learn how unfamiliar words
are pronounced and spelled (Blewitt et al., 2009). Furthermore, the narrator’s turn provides the child with an opportunity
to develop a mental model of the book content, even if the child’s text reading ability is so effortful that comprehension
when attempting to read themselves is compromised. This is especially important to keep the child engaged with the
book (Renaissance Learning, 2018). During the child’s reading turn, the child is expected to practice reading aloud and
hence develop ORF. Relevant to this study, because the child is reading aloud, this provides opportunities to measure and
monitor the child’s fluency growth.

Monitoring Oral Reading Fluency With Non-Standardized Book Passages

Traditional ORF assessments use standardized probe passages tomake theWCPM scores comparable across passages. For
example, one of the most extensively researched and widely used ORF assessments, DIBELS (Good et al., 2013), used the
DMGPassageDifficulty Index to select passages so that passages within any grade level are comparable in each of the three
dimensions: decoding difficulty, semantic difficulty, and syntactic difficulty. DIBELS developers then conducted empirical
studies collecting student performance data reading aloud these preselected passages (Powell-Smith et al., 2010). Passages
that were read aloud by students with performance that substantially deviated from other passages were eliminated (Good
et al., 2013). T his passage selection process helps assemble a set of passages for each grade level that are homogeneous in
readability based on measures provided by the DMG Passage Difficulty Index.

In contrast, passages in a book are less similar than one might think and therefore less comparable by design (Beigman
Klebanov et al., 2017; Eberwein, 1979; Liceralde et al., 2022). Previous research shows that a single book contains a wide
range of text complexity, more than the range of suggested grade levels that is of ten used to describe a book. For instance,
in one study the authors found that text sections excerpted from a popular children book, Harry Potter and the Sorcerer’s
Stone, ranged fromGrade 2 toGrade 12. Such variation in text features can also contribute to variation in students’WCPM
scores, which if left unaccounted for might result in bias when estimating the growth trajectory of students’ ORF (Barth
et al., 2014; Francis et al., 2008). In the current study, we analyzed text features of book passages and compared the results
to text features of probe passages used in traditional ORF assessments (RQ1). Because we found book passages had awider
range of text features than traditional ORF probe passages, we analyzed variance components in students’ WCPM scores
to examine the proportion of WCPM variances due to passage differences vs. individual differences with a cross-classified
random effect model that treated both person and passage as random effects (RQ2).

To help mitigate the impact of nonstandardized passages on the growth estimate of students’ WCPM scores, this study
adopted a continuous monitoring approach, wherein each student on average provided over 100 oral reading responses.
In a simulation study, Christ et al. (2012) demonstrated that a greater number of data points could compensate for large
residual variance in WCPM when estimating ORF growth. For example, the reliability of ORF growth estimate on a
data set with smaller residual variance in WCPM (i.e., 5 WCPM) and consisting of 15 observations, is similar to that of
another data set with larger unexplained variance (i.e., 10 WCPM) and consisting of 20 observations. These simulation
results suggest that thanks to the large number of observations, the current study may have a higher tolerance of residual
variance in WCPM due to non-standardized passages. To test this hypothesis, we compared the level of unexplained
residual variance in WCPM to Christ et al. (2012) when estimating the growth rate in students’ WCPM (RQ3).

Summary and Research Questions

The relationship between print exposure and literacy development is well documented in long-term correlational stud-
ies that often use, less than desirable, self-report measures (Mol & Bus, 2011). However, when educators investigate the
specific impact of reading an actual book on reading development within a shorter time frame, this relationship becomes

ETS Research Report No. RR-24-14. © 2024 Educational Testing Service 3
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Z. Wang et al. Monitoring Oral Reading Fluency From Electronic Shared Book Reading

much less clear. We believe a more data intensive approach to detecting growth will help clarify the inconsistent results.
Created and used as a progress monitoring tool, ORF holds promise for such a measure (Christ et al., 2012; Deno, 1985).
In this study, we explored whether we could detect changes in Grade 3–5 students’ ORF, as reflected by the WCPM on
passages that they read aloud in the process of completing reading a full-length novel on Relay Reader. We address the
following research questions (RQs):

1. What is the range of readability of passages in the book, and how does it compare to the range of readability in
standardized ORF assessments?

2. Given the wide range of readability of book passages, howmuch variation in students’WCPM is contributed by text
differences vs. individual differences?

3. Do students’ WCPM improve as they read the book?

Method

Participants

Fifty students completed a book reading activity, during which they provided 20 or more scorable oral reading responses.
These students came from a private elementary school located in a northeastern U.S. state. The school used Relay Reader
as part of their daily activities. We did not select the study site for specific reasons other than that the school principal
agreed to use a pilot version of Relay Reader. Students were allowed to participate if their instructors or parents determined
the reading activity would be appropriate for them and guardian consent was provided to us. We did not otherwise pose
any inclusion/exclusion criteria. Since the book reading activity was designed to be self-administered, we did not provide
extra instructions to the school for the book reading activity.

Demographic information was available from 49 of the 50 students: their mean age was 9.7 years old (SD = 0.7) at the
beginning of the book reading activity; 26 students were female, and 23 were male. Eight students were from Grade 3, 26
were from Grade 4, and 15 were from Grade 5. The study was reviewed and approved by the Committee for Prior Review
of Research at ETS. Prior to participating, legal guardians’ consent was obtained from each student.

Materials and Procedures

Book Reading Activity

Students read the book Harry Potter and the Sorcerer’s Stone (HP; Rowling, 1999) with an earlier version of Relay Reader
under a research license granted by the publisher. Thisbook was selected due to its popularity among the age range, which
we hoped would facilitate student engagement when participating in the reading activity. According to Scholastic, the U.S.
publisher of this book, it is appropriate for children in Grades 3–8.

Using Relay Reader, the child alternates between listening to the narrator (narrator’s turn) and reading aloud (child’s
turn). During a narrator’s turn, the child listens to a passage read aloud by the narrator and can also read along. During
a child’s turn, the child is expected to read aloud a passage assigned to them. The boundary of passages across turns is
predetermined based on the user’s setting of the length of the child’s reading turns. Additionally, each chapter always starts
from the narrator’s turn, and each time the child logs on to Relay Reader, the child always starts from the narrator’s turn:
Because of these implementations, as children read more at different paces, they diverged in the exact set of passages they
listened to or read aloud.

To encourage reading for understanding, the child is prompted to answer one or two multiple-choice comprehension
questions based on what the child or the narrator has just read aloud. Once the child has provided an answer, the correct
answer is provided as feedback. All questions are designed to be simple, focusing on readers’ literal understanding. The
answers to these questions can be found from a single sentence in the passages the child has just read aloud or listened to.

When the child reads aloud a passage in their reading turn, their oral reading response is recorded on Relay Reader
and transferred to a server for speech processing, which yields a WCPM score, thus providing one observation of the
child’s ORF.

In this study, students were asked to read the book on Relay Reader for about 20 minutes a day, three to four
days per week, and the reading activity extended up to 19weeks, depending on when the student finished reading

4 ETS Research Report No. RR-24-14. © 2024 Educational Testing Service
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Z. Wang et al. Monitoring Oral Reading Fluency From Electronic Shared Book Reading

the book. The average time for this sample to finish reading the book was about 10weeks. Most student turns were
fixed to about 150 words, with shorter or longer turns possible to preserve the natural boundary of paragraphs and
chapters. The book reading activity was group administered. Each student wore a headphone with a microphone.
Students read at their own pace without interacting with others during book reading. Students were encouraged
by their teachers to read aloud and to read for understanding. In each reading session, students read the book on
Relay Reader in a low stakes natural setting until time was up for the session, when they would move on to other
activities.

Text Features of Book Passages

In each child’s reading turn, the child is assigned to read aloud a passage. Their oral reading of the passage is an oral
reading response that provides one observation of their ORF. A total of 1,093 unique HP passages that were assigned as
child’s reading turns (as opposed to narrator turns) on Relay Reader had scorable oral reading responses from students.
Some of these passages had overlap with other passages. We processed these passages using TextEvaluator® (Sheehan
et al., 2014), which provided the grade level estimate of each passage. TextEvaluator predicts a passage’s grade level by
applying regressionmodels that use text features along eight dimensions as predictors. Formore details, please see Sheehan
et al. (2014).

Automatic Scoring of Oral Reading Responses

Students’ oral reading responses in Relay Reader were processed using an automatic scoring engine for ORF that has
been validated for this context. The engine transcribes an oral reading response and then matches the transcribed text
to the corresponding book passage to calculate the number of words that are correctly read aloud. This number is then
divided by the duration of the transcribed oral reading response, resulting inWCPM. Prior research demonstrated that the
automatic scoring engine provided satisfactory performance, with automaticWCPM scores correlating tomanualWCPM
scores at r = .93 at the individual student level, who provided multiple oral reading responses (Loukina et al., 2019). The
performance of the engine is comparable to existing automatic ORF scoring engines such as FLORA (Bolaños et al., 2013)
and Moby.Read (Bernstein et al., 2017).

Analysis

To address RQ1 on the range of readability of book passages, we examined the distribution of grade levels of book pas-
sages. To address RQ2 and RQ3, we fit a series of random effects models using the lme4 package (Bates et al., 2015) in
R, the statistics software. We used the maximum likelihood method for model estimation and compared model fit across
models with different fixed and random effects. The data set was organized as a data table in a long format, with each
row representing an individual reading a HP passage. This data table had 6,092 rows, which consisted of each of the 50
students contributing between 25 and 297 oral responses, with the median at 107 oral responses.

To address RQ2 exploring sources of variation in WCPM (i.e., person, text, vs. residual), we fit an unconditional model
(Model 1) with random intercepts at person and text levels, along with random residual errors. The WCPM of a student i
reading aloud passage j is denoted as:

WCPMij = 𝛽0 + u0i + u0j + 𝜖ij (Model 1)

As such, the WCPM of a student reading a passage was determined by characteristics of the student, the passage, and
other unspecified factors. By treating both student and passage as random effects, we were able to estimate how variance
in students’ WCPM was distributed across students versus passages.

To address RQ3, we added the ongoing amount of book reading to the random effects model to examine changes in
students’ ORF as they read aloud more of the book (Model 2). Specifically, we derived the variable Book Progress for
each passage, defined as the number of words (10,000 words as the unit) of the book before the passage. This variable was
treated as a fixed effect in Model 2, assuming every student had the same growth rate.

WCPMij = 𝛽0 + 𝛽1 ⋅ book_progressij + u0i + u0j + 𝜖ij (Model 2)

ETS Research Report No. RR-24-14. © 2024 Educational Testing Service 5
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Z. Wang et al. Monitoring Oral Reading Fluency From Electronic Shared Book Reading

To examine whether some students had excessive influence when estimating the effect of book progress, resulting in
unstable estimates, we treated students as a fixed effect inModel 3 and compare the coefficients of book progress inModels
2 and 3.

WCPMij = 𝛽0 + 𝛽1 ⋅ book_progressij + 𝛽2 ⋅ personi + u0j + 𝜖ij (Model 3)

Finally, we added a random effect of Book Progress to the model to allow the growth rate to vary between students in
Model 4.

WCPMij = 𝛽0 + 𝛽1 ⋅ book_progressij + u0i + u1i ⋅ book_progressij + u0j + 𝜖ij (Model 4)

Results

TheHP book has about 77 thousand words. The average location of the last student oral reading response from the sam-
ple was 75 thousand words, SD = 4 thousand words, and the range was between 61 and 77 thousand words. All students
provided oral reading responses covering at least 80% of the book, and 90% students continued to provide oral read-
ing responses after 90% of the book. Collectively, our student sample produced 6,092 scorable oral reading responses,
which consisted of 1,093 unique passages. Addressing RQ1 on the comparability of book passages in terms of estimated
grade level, the average length of passages read aloud by students was 109 words, SD = 44 words, or 9 sentences, SD = 4
sentences. The mean grade level as estimated by TextEvaluator (Sheehan et al., 2014) was Grade 5, SD = 2 grade lev-
els, and the range was from Grade 2 to Grade 12 (Figure 1). About 75% of all passages were between Grade 3 and
Grade 7, inclusive.

A series of random effects models were conducted to address RQ2 and RQ3. RQ2 concerns the sources of variation in
WCPM when children read the book. For this, we looked at the variance components of the random effects of Model 1.
Results showed that 56% (variance = 434) of the variance in WCPM scores was between students, 13% (variance = 100)
was between passages, and 32% (variance = 246) was within students (Table 1). The fixed effect of Model 1 (𝛽0) shows
that students’ average WCPM when reading the book was 102 WCPM.

To address RQ3, Model 2 included book progress as a predictor to examine how reading more words in the book
contributed to changes in WCPM. The fixed effects of Model 2 indicated that students on average started reading the
book at 93 WCPM (𝛽0), and with each additional 10,000 words of reading their ORF increased by 2.35 WCPM (𝛽1).
Adding book progress as a predictor significantly improved model fit compared to Model 1, 𝜒2(1) = 190, p< .01 (see
Table 1 for model deviance).

As a precaution, we also explored Model 3 in which student was treated as a fixed effect (rather than random effect
as in Models 1 and 2). After controlling for student characteristics, the slope for book progress was 2.35 WCPM per
10,000 words read. This value was the same compared to Model 2 in which student was treated as a random effect. The
convergence of results in the two models suggests a low risk of bias due to participant idiosyncrasies when estimating the
effect of book progress.

Figure 1 Distribution of Grade Level of Book Passages Read Aloud by Students

6 ETS Research Report No. RR-24-14. © 2024 Educational Testing Service
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Z. Wang et al. Monitoring Oral Reading Fluency From Electronic Shared Book Reading

Table 1 Variance Components and Model Fit of Random Effects Models Predicting Word-Correct-Per-Minute

Component Model 1 Model 2 Model 3 Model 4

Passage 100 70 70 70
Student 434 434 438

Growth 3.44
Residual 246 247 247 231
Model Deviance 52,170 51,980 51,677 51,719
Number of Parameters 4 5 53 7

∗Growth is represented by per 10,000 words of book progress.

Finally, we included book progress as a random effect in Model 4 to examine the between-individual variation in
WCPM growth. T he f ixed ef fects of Model 4 showed that students started reading the book at 93 WCPM, and each
10,000 words of reading was associated with improvement of 2.26 WCPM. Random effects showed that the variance
of book progress was 3.44. In other words, the standard deviation of growth rate as measured by book progress was 1.85
WCPM. Adding random effects associated with book progress significantly improved model fit compared to Model 2,
𝜒2(2) = 261.6, p< .01.

Discussion

Thegoal of this studywas to explore whether we can detect changes in children’s ORF as then engaged in sustained reading
of a book. We adopted a widely used progress monitoring measure, ORF, and applied it to the context of electronic shared
book reading using Relay Reader. Students used Relay Reader and alternated between listening (and reading along) and
reading aloud themselves. We used automatic speech recognition to monitor WCPM as an indicator of ORF. Because
the book passages are not standardized as passages in traditional ORF assessments, we first analyzed the distribution of
readability of book passages.

RQ1 What is the range of readability of passages in the book, and how does it compare to the range of readability
in standardized ORF assessments?

Traditional ORF measures constrain text readability of probe passages in an effort to make them “equivalent” (Ardoin
et al., 2005; Francis et al., 2008; Good et al., 2013). In contrast, the book passages that students read aloud in this studywere
not controlled for readability and they displayed a wide range of variation. The TextEvaluator grade level of book passages
ranged between grade 2 to 12 (Figure 1). This is larger than the range of grade levels of passages used in standardized
ORF assessments. For example, Toyama et al. (2017) analyzed the grade level of passages used in DIBELS, also with
TextEvaluator, and found that DIBELS passages used in the same grade level on average had a range of 3 grade levels, and
the widest range was 5 grade levels (Grade 4 passages; p. 156). If we use the range of 3 grade levels as a criterion, about
one third of book passages were outside of this range; if we use the range of 5 grade levels as a criterion, about 20% of
book passages were outside of this range. Thus, the book passages had wider range in readability than passages used in
traditional ORF assessments like DIBELS.

Prior research suggests that nonstandardized passages may add to unexplained variation in WCPM scores (Christ
et al., 2012; Wayman et al., 2007), creating imprecisions when estimating growth rate. RQ2 was aimed at understanding
the sources of variation in students’ WCPM scores.

RQ2 How much variation in students’ WCPM is contributed by text differences vs. individual differences?
According to the random effects of Model 1, 13% of the variance in WCPM scores was associated with differences

in passages. This is consistent with prior research. Francis et al. (2018) collected longitudinal data of over 1,500 Grade
6–8 students reading aloud multiple, independent passages that had a wide range of text features. They found that 11%
of variance in WCPM scores was from passages. Additionally, Model 1 showed that the largest contributor to variation
in WCPM scores was individual differences, which is also consistent with Francis et al. (2018). These results suggest that
the contribution of individual differences to WCPM likely overwhelms that of text difference to WCPM, supporting the
usage of more diverse texts in accessing students’ ORF for benchmarking purposes.

However, compared to Francis et al. (2018), the proportion of variance at the person level was smaller (56% vs. 73%),
and the proportion of variance at the within-person level was larger (32% vs. 16%). Several factors including the student

ETS Research Report No. RR-24-14. © 2024 Educational Testing Service 7

 23308516, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ets2.12390, W

iley O
nline L

ibrary on [30/01/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



Z. Wang et al. Monitoring Oral Reading Fluency From Electronic Shared Book Reading

samples, diversity of texts, and assessment contexts might have contributed to these differences. Importantly, the within-
person variance in WCPM scores contains growth effects, which was further examined in RQ3.

RQ3 Do students’ WCPM improve as they read more of the book?
Model 4 results showed that (a) children’s WCPM when they started reading the book was about 93 WCPM and (b)

reading each 10,000 words of the book corresponded to 2.26 WCPM improvement. How does this growth rate compare
to existing literature? Because previous studies have only focused on the growth rate by time, it is necessary to convert
this growth rate to time-based estimates.

Based on the growth rate, an average student who finished reading the 77,000-word book is expected to improve ORF
by 7.7× 2.26 = 17 WCPM. The average time students finished reading the book was about 10weeks. Therefore, assuming
linear growth, it can be estimated that students when reading the HP book on Relay Reader improved their ORF by 1.7
WCPM per week.

Deno et al. (2001) analyzed a database that included about 3,000 longitudinal ORF data for students in Grades 1–6.
They estimated that fourth-grade general education students on average hadweekly gain of 1.01WCPM.Deno et al. (2001)
also estimated growth rate in ORF separately by students’ initialWCPM. For students who were comparable to the sample
in this study in initial WCPM (i.e., between 81–110 in Deno et al., 2001), their growth rate was 1.36 WCPM.

In an intervention study comparing the effects of repeated reading vs. wide reading, Ardoin et al. (2016) randomly
assigned 168 Grade 2 students to one of three conditions: repeated reading, wide reading, or business as usual. Students
in the first two groups received reading interventions four times per week for about 10weeks. Students’ WCPM was
monitored with a weekly ORF test using passages independent of the materials used in the intervention. Results showed
that depending on reading level, students in the repeated reading condition gained between 1.19 and 2.10 WCPM per
week, students in thewide reading condition gained between 1.47 and 2.10WCPMperweek, and students in the business-
as-usual condition gained between 0.77 and 1.47 WCPM per week. The growth rate we estimated from the current study
(1.7 WCPM/week) was within the range of these prior studies (Ardoin et al., 2016; Deno et al., 2001).

While the growth rate of the current study is in linewith prior research, there are other notable f indings. For instance, an
analysis of random effects ofModel 4 revealed substantial variation between individuals in growth. The standard deviation
of the growth rate estimate between students was 1.85 WCPM. Assuming normal distribution, this means that about 16%
students’ growth rate was lower than .4 WCPM per 10,000 words and another 16% was above 4 WCPM per 10,000 words.
This significant individual difference in growth rate in WCPM suggests not all students’ ORF improved equally with the
book reading activity. Identifying students who are not making adequate progress and providing additional support may
help improve the effectiveness of book reading on ORF growth.

Implications for Reading Assessment

An interesting finding of this study is that, despite book passages having a much wider range of readability compared to
passages used in standardized ORF assessments, differences between passages only explained a small portion of variance
in students’ WCPM scores (13%). This is consistent with Francis et al. (2018), who found text level differences explained
11% of variance in students’ WCPM scores. The implication is that the evaluation of students’ ORF perhaps does not have
to be limited to passages with a narrow range of text features (Barth et al., 2014; Francis et al., 2008; Toyama et al., 2017).
Passages with a wider range of text features can still distinguish students’ ORF.

One consideration in monitoring ORF from children’s oral reading of book passages is the quality of data for detecting
growth. Christ et al. (2012) established standards on the quality of ORF progress monitoring data based on a review of
empirical studies. Specifically, the residual variance of WCPM, denoted as 𝜎𝜖2, ranged between 25 and 400 for data sets
with quality ranging from “very good” to “very poor.” In comparison, the variance component of Model 4 showed that
the residual variance was 231, which would be classified as “poor” according to Christ et al.’s (2012) standard. T his is
not surprising given the low stakes, nonstandardized, and unobtrusive assessment context: We merely observed students’
oral reading as they read a full-length book instead of giving them a test. Nevertheless, the data set revealed significant
growth in students’WCPM as they read the book on Relay Reader, thanks to the larger number of individual observations
(median = 107 oral reading responses) compared to traditional progress monitoring studies. Increasing the number of
observations helps reduce the level of standardization required of the assessment development process, thus allowing
more flexible use of ORF as a progress monitoring measure.

8 ETS Research Report No. RR-24-14. © 2024 Educational Testing Service
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Limitations and Future Directions

First, future research should investigate how much the ORF gain we observed when children read the book transfers to
other contexts. One way to address this question is to provide more books for children to read on Relay Reader. Potential
transfer of ORF improvement could be evaluated when children finish reading one book and move on to another. Addi-
tionally, future research should explore whether other modes of reading (e.g., silently, varying amount of listening, etc.)
also lead to similar gains in fluency.

Second, although we have collected many oral responses from each student, the number of students in this study was
relatively small compared to the number of book passages. On average, each book passage was only read aloud by about
5-6 students. The relatively small number of oral responses collected for each unique passage in this study might have
limited our precision when estimating passage effects on WCPM. The precision of our results will likely be improved with
each passage read aloud by more students.

Third, it remains to be explored what explains the ORF improvement that we observed in this study. One such division
is accuracy versus speed. How much of the WCPM increase can be attributed to better word reading accuracy (i.e., to
learn unfamiliar words and read them more accurately in later parts of the book) as opposed to improved articulation
speed and prosody? Another division is the content knowledge of the book versus the automaticity of reading. How much
of the WCPM increase is due to students’ better knowledge of HP and improved mental model of the plot as they read
more? How much of the WCPM increase is due to more automatized reading processing? Again, we believe this question
can be answered with an examination of students’ ORF changes across books. A larger ORF transfer as the child starts
reading a new book would be evidence supporting the automaticity component. However, we believe the accumulation
of content knowledge may not be entirely separable from the improvement of one’s reading skills, since the development
of reading skills depends on one practicing reading by reading of materials on some content areas.

Finally, in addition to book reading, other factors such as instruction, naturalmaturation, or other language and reading
activities may also contribute to the observed improvement in students’ ORF. We leave it to future research to examine
the unique contribution of book reading to ORF growth through experimental studies.

Conclusion

This study demonstrates how children’s WCPM change as they read a book on Relay Reader, an electronic shared book
reading platform. Results underscore the potential of ORF as a progress monitoring measure in the context of electronic
shared book reading. Despite the wide range of readability in the book passages—far greater than passages used in stan-
dardized ORF assessments—a sufficient number of oral reading responses afforded by this context enabled us to detect
significant improvement in WCPM scores as students read more of the book.
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