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ABSTRACT

It is difficult to overstate the importance of literacy for adequate
functioning in society, from educational attainment and employ-
ment opportunities to health outcomes. We created a reading app
with the goal of helping readers improve their reading skill while
reading for meaning and pleasure, and used it to collect unique
data on children’s extended reading. Analysis of the data reveals
the importance of a behavioral factor in understanding observed
reading performance.
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1 INTRODUCTION

Learning analytics, as a field, is seeking insight into learning pro-
cesses and outcomes by means of collection and analysis of relevant
large scale data, which is greatly facilitated by today’s digital envi-
ronments. Indeed, according to [10], 63% of K-12 teachers in the U.S.
make daily use of technology in their classroom. This is a golden
opportunity to track the processes of learning that are happening
over the technological platform (a) unobtrusively, and (b) in rich
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and minute detail, and seek insight into cognitive, behavioral, so-
cial and other aspects of the necessarily complex process of human
learning and development.

We describe a study in which we capitalized on exactly such
an affordance and were able to track a group of upper elementary
school children engaging in a daily independent book reading activ-
ity over the course of a summer camp. Analyzing the collected data,
we first sought to confirm findings in the reading literature about
inter-connection among various reading subskills, by specifically
considering the relationship between reading comprehension and
reading rate. We found that the relationship is not straightforward,
and is mediated by a behavioral (that is, not skill based) aspect of
the child’s long-term engagement with the reading app.

2 DATA COLLECTION INSTRUMENT

According to the recent report from the National Assessment of Edu-
cational Progress, thirty-two percent of U.S. 4th graders read below
the Basic level [9]. The goal of the project is to help low proficiency
readers improve their reading skill through sustained reading with
technology-based support, specifically targeting the transition from
word-by-word reading to reading fluency. The method is to try and
engage the user in the flow and process of reading for meaning
and pleasure by (a) choosing a high-interest, fairly long and fairly
challenging book, and (b) using technology to enhance engagement,
alleviate frustration, and provide feedback. The main idea is to allow
the user to take turns reading aloud with a virtual partner, realized,
in our case, through an audiobook narration. Our premises are that
the interest in the story and the quality of the narration would
increase enjoyment, while the interleaving of the effortful reading
with the more relaxing experience of listening to a skilled narrator
should help reduce the perceived difficulty of the task. Furthermore,
due to the continuity of characters, settings, and events throughout
the story, many of the actual words the reader would have to read
during his or her turn would have been just read by the narrator in
his turn, effectively modeling the target reading behavior for the
user while also advancing in the story. The web and mobile app
MyTurnToRead that implements this idea is described next.
MyTurnToRead is an app that is available both via the web and
also as standalone i0S and Android apps (currently in beta). The
mobile apps are built using Apache Cordova' - a cross-platform
toolkit — with platform-specific modifications where necessary. The
reading and listening components in the web-app and the mobile

Uhttps://cordova.apache.org
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apps are built on top of Readium,? a robust, standards-compliant,
and open-source EPUB-based reading system; see Figure 1.

In order to check that the readers are paying attention to the
story they are reading and not only “calling words" [7], as well as
to remind the reader about the important points in the story, we
created more than 700 reading comprehension questions, approx-
imately one question for every 100 words of running text. These
are surface-level questions focused on the plot, on relationships be-
tween characters, on descriptive detail of characters or events that
are important for the story overall; the answers to the questions
are generally stated in the text. For the data collection described in
this paper, the schedule of reading comprehension questions was
as follows: the user was asked two questions after every other user
turn, namely, the recurrent unit of reading activity was narrator-
user-narrator-user-question-question. Each question is anchored
to the string in the text that contained the latest piece of informa-
tion required to answer the question. The reader is asked the two
questions that most closely precede the reader’s current bookmark.

As the children are reading with MyTurnToRead, the app logs
information about their interaction with the app. The audio of the
user’s turn is recorded and stored. The app also logs rich process
data which allow reconstructing the timeline of student interaction
with the app, such as timestamps for the beginning and end of each
student and narrator turn and answers to comprehension questions.

3 DATA

The data were collected in two summer camp programs during
June-August of 2018.3 One program ran for 6 weeks and included a
reading session with the app for 20-50 minutes four days a week,
with fewer days in the first week of the camp. The second program
ran for the total of 8 weeks (different children were enrolled for
a different number of weeks) with a variable reading schedule
depending on other camp activities; each reading session included
about half an hour of reading and half an hour of related games
and activities. While other reading-based activities, unrelated to
reading with the app, occurred during camp, neither of the camps
specialized in reading instruction. In both camps, the children used
the app to read J.K. Rowling’s Harry Potter and the Sorcerer’s Stone
[12] and listen to the audiobook narration by Jim Dale [13]. The
book contains about 80K words and the narration lasts 8.5 hours.
Children read on mobile devices in a fairly laid back, informal
atmosphere; see Figure 2.

The total of 36 children had at least one reading turn logged
by the app, for a total of 2,390 logged turns. For the purposes of
our analyses, we exclude children with <20 reading turns. This
excludes 4 children and 51 turns. Of the remaining 32 children, 14
were boys and 18 girls, aged 8-11; mean age was 9 years 8 months
as of end of camp. Table 1 describes the data used in this paper.

4 FROM DATA TO ANALYTICS

For this analysis, our target performance variable is percent cor-
rect in reading comprehension questions that measures how well
children pay attention to important details of the plot of the story.

https://readium.org
3We use the data slice from June 25 through August 13. One of the camps was still in
session as of August 13. The cut-off was done to allow for processing and analysis.
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ﬂ You are now listening

Nothing like this man had ever
been seen on Privet Drive. He was
tall, thin, and very old, judging by the
silver of his hair and beard, which
were both long enough to tuck into
his belt. He was wearing long robes,
a purple cloak that swept the ground,
and high-heeled, buckled boots. His
blue eyes were light, bright, and
sparkling behind half-moon
spectacles and his nose was very
long and crooked, as though it had
been broken at least twice. This
man’s name was Albus Dumbledore.
o Albus Dumbledore didn't seem to
realize that he had just arrived in a
street where everything from his
name to his boots was unwelcome.
He was busy rummaging in his cloak,
looking for something. But he did
seem to realize he was being
watched, because he looked up
suddenly at the cat, which was still
staring at him from the other end of
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_ e

48% completed Chapter 1

Figure 2: Children reading at one of the summer camps.

Table 1: Data description. The table shows the distributions
of aggregated values for each child. N=32.

type of data mean std min max
# reading turns 73 42 23 174
# questions answered 63 38 20 153
% answered correctly 66 17 33 100
total audio time recorded (min) 87 68 7 302

Our goal is to explore relationships between this variable and other
aspects of reading behavior measured by the app, based on reading
research. In particular, reading research shows a strong relationship
between reading comprehension and reading rate [15], which, in
turn, is a part of the construct of oral reading fluency [11, 15, 18].
We seek to observe whether the relationship holds in our case.


https://readium.org

Would you? Could you? On a tablet?
Analytics of Children’s eBook Reading

4.1 Reading comprehension vs reading rate

Reading rate is usually measured as words per minute, or wpm.
To calculate a student’s reading rate for the given turn, we divide
number of words in the text passage by the the recorded duration
(in minutes). We observe a medium-to-strong negative correlation
of r=-0.63 between average reading rate and percent correct in the
reading comprehension questions, which seems to suggest, on the
face of it, that children who read faster comprehend less well.

To further explore this first result, we examined more closely
the relationship between reading rate and percent correct in com-
prehension questions; see Figure 3. The most striking feature of the
plot is the scale of the estimated reading rate, reaching thousands
of words per minute on average across turns for some readers. Such
reading rates are highly implausible; the narrator of the audiobook,
an accomplished reader and performer, reads at a rate of about
164 words per minute, on average, for this book. Given that our
estimate is length of passage to be read in words over actual time
spent in minutes, it stands to reason to assume that quite often the
child did not actually read the whole passage before clicking “Done".

Estimated reading rate(wpm) vs reading comprehension (%correct)
4500
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% corect in reading comprehension questions

Figure 3: Average reading rate (calculated as length of pas-
sage over turn duration) vs. percent correct in reading com-
prehension questions for each student in the sample. The
horizontal red line indicates average reading rate of the nar-
rator of the book; clearly, values much above the red line are
not plausible.

4.2 Estimating reasonable durations

Our next step is therefore to estimate boundaries for turn durations
that at least could be a complete, bona-fide reading. This is possible
since there are published oral reading fluency norms for elementary
school children [2]. Thus, a 5th grader in the 90th percentile in the
winter term would read 183 words per minute; a 3rd grader in the
10th percentile in the winter term is expected to read 62.*

4The norms are for words correct per minute (wcpm). The upper boundary for reason-

able wpm would be higher than for wcem, but not much higher, since the better (and
faster) readers tend to read more accurately. We use the wcpm-based estimates.
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The second piece of information needed for estimating a reason-
able duration per passage is an estimate of within-person variation
in reading rates across a large variety of passages. We are not aware
of studies that would provide such estimates for children, but a
recent study that tracked two proficient adult readers across hun-
dreds of passages with varying textual characteristics has reported
a normal-like distribution of reading rate across passages with a
standard deviation of just under 10% of the average reading rate for
that person [5].

We can thus set relatively permissive boundaries for reading rate
per passage as being between a case of a slow reader who reads a
passage that yields a reading rate that is two standard deviations
below this reader’s average (62 - 26 = 50) and a case of a fast reader
who reads a passage that yields a reading rate that is two standard
deviations above the average reading rate for that reader (183 +
2*18 = 219). Thus, we do not expect bona-fide reading to be done at
arate faster than 219 words per minute or slower than 50 words per
minute. Using the actual number of words for every given passage,
we thus have a duration range that could correspond to a bona-fide
reading of the passage.

4.3 Re-analysis using reasonable durations

We then re-analyzed the data, taking only turns with reasonable
durations (N=1,335 turns, or 57% of all turns), as the rest of the
turns are unlikely to be complete readings. The strong negative cor-
relation disappears; in fact, we find no correlation at all (r=-0.04). So,
while the counter-intuitive result is explained by presence of turns
that were not actually fully read, we still do not see the expected
positive correlation between reading rate and comprehension.

One possible reason is that the subset of turns with reasonable
durations might not represent faithfully a child’s reading behavior.
Thus, for one reader, out of the total of 128 reading turns, 126 are
removed because their durations are shorter than the lower bound-
ary of a reasonable duration. This reader’s rate is thus estimated
using only 2 turns, which could easily yield an unreliable estimate.

Secondly, our method of estimating reasonable durations is rela-
tively permissive, so the subset of turns with reasonable durations
might still include turns in which the child did not complete the ex-
pected reading but for one reason or another achieved the expected
turn duration. Substantial presence of such turns in a child’s data
could undermine estimation of reading rate.

If we restrict the sample further to only children for whom
reasonable turns constitute at least 70% of all their turns, that is,
children for whom turns with reasonable duration dominate their
reading behavior (N = 11 children), we observe the expected positive
correlation between reading rate and comprehension (r = 0.53).

4.4 Proportion of reasonable turns (PRT) vs
reading comprehension

As the reader might have noted, the subsetting to reasonable turns
and further subsetting to children who tend to have reasonable
turns resulted in a dramatic reduction in the size of the dataset.
Indeed, as many as 43% of the turns are outside of the reasonable
bounds, where 36% are too fast and 7% are too slow. The distribution
of proportion of reasonable turns (PRT) per reader has a mean of
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Figure 4: PRT (y-axis) vs % correct in comprehension ques-
tions (x-axis); N=32.

0.59 and standard deviation of 0.25. This suggests that proportion
of likely bona-fide turns shows large variation across readers.

Our last, exploratory step, was to check whether the observed
variation in PRT for each child corresponded to the target per-
formance variable, percent correct in comprehension questions.
We found the two variables to be very highly correlated: r = 0.83.
Figure 4 shows the plot relating the two variables.

5 DISCUSSION

We identified a novel measure of independent reading behavior in
the context of extended interactive reading that is highly predictive
of comprehension performance. This close relationship is easy to
explain - if you tend to not read your turns completely, you do
not get all the information needed to respond to comprehension
questions. We think about it as a tendency to take advantage of
reading opportunities, or to “show up”: In order to make success at
reading comprehension even possible, you need to actually read.
Success in reading comprehension (as far as it is evidenced by
percent correct in surface comprehension questions) is apparently
directly related to consistently acting on opportunities to read.

One potential caveat to this interpretation of the measure is that
we do not know that within-bounds turns actually correspond to
a reasonable attempt at reading. In principle, it is possible that
the child was staring at the ceiling but knew when to stop staring
just so the duration of his staring would coincide with reasonable
boundaries of reading duration. To check whether students with
higher showing-up tendency did in fact tend to read more, we ran
all the recordings of the children’s reading turns through automated
speech recognition (ASR) [6]. We then used the ASR hypothesis to
compute the proportion of words in the passage that the system
recognized as correctly read by the child. Finally, we computed
average per child and correlated that with the child’s tendency to
“show up". We observed a correlation of r = 0.77, suggesting that
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children who tended to “show up" also tended to read, not just stare
at the screen for the right amount of time.

Another potential objection to thinking about PRT as a tendency
to actually read the text is that perhaps children who had a low
PRT were still reading - silently, instead of orally, as instructed.
While this possibility cannot be completely ruled out, the following
two observations suggest that this is not likely to be a substantial
occurrence in our data. First, [17] put the average rate of silent
reading in 5th grade at 173 wpm and at 158 for 4th graders; [3]
replicated the latter, with 154 wpm. Thus, to read consistently at
more than 219 wpm would take a very fast reader, for this age; it is
unlikely that many children in our sample could sustain such a rate.
Secondly, Figure 4 suggests that readers with a high proportion of
unreasonably fast (putative) readings did poorly on comprehension
questions. It is unclear whether moving through the text very fast
without taking in sufficient information to respond to questions
should count as “silent reading”. Indeed, in [3], very fast readers who
could not respond to comprehension questions were removed from
the norming study of silent reading rate. Our data do not seem to
have a substantial presence of extremely fast, silent, comprehension-
effective readings.

Children with low “showing up” seem to have consistently re-
fused to read. It is possible that they perceived the reading as either
requiring too much effort or even perhaps insurmountable. In con-
sultation with the instructors in one of the camps, we reduced the
average duration of student turns from 150 to 50 words (while keep-
ing the narrator turn at 200 words) for two children with extremely
low “showing up", as of half way into the program. The intervention
was ineffective for one of them: [%“showing up”, %correct] were
[16%,45%] before the change and [20%,45%) after, but looked more
promising for the other child: [23%,44%] before vs [57%,67%] after.
Continuously monitoring the “showing-up" analytic may create
opportunities for individualized assistance such as reduction in task
difficulty; more experiments are needed for best time-point and
extent of such interventions.

6 RELATED WORK
6.1 Measurement of effort in assessment

Low effort might interfere with demonstration, and therefore with
assessment, of true ability. In addition, unmotivated responses
could hamper estimation of item difficulty. These considerations led
to a recommendation of “motivation filtering" in the educational
measurement literature [19], namely, removal of low-motivation
responses from the data. Solutions for detecting low-motivation
responses include self-report of effort [16], as well as automatic
measurements based on plausibility of response time [20]. Response
Time Effort (RTE) is the proportion of items for which the response
was obtained too quickly for the test taker to actually have read the
question [20]. In [20], RTE is not correlated with measures of aca-
demic ability; however, what is true of a one-time low-stakes testing

SWords from the passage detected in the speech signal are strong evidence that the
child has read, but non-detection is not strong evidence of the opposite; a child could
have read silently, or even orally, but due to noise, interference from another reader
nearby, or to muttering, ASR did not detect what was said [6]. Duration measurement
is more robust than ASR but is more permissive, giving readers the benefit of the doubt
regarding whether or not they actually read, as long as the duration was reasonable.
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situation with adults might not hold in a context of children’s read-
ing across an extended period of time: the not-showing-up tendency
repeated every day could be a whim but could also reflect reluctance
due to anticipated difficulty. Better understanding of reasons for
low showing-up behavior is a major goal for our future work.

6.2 Reading development in children

Reading continuous text accurately, at a grade-appropriate rate,
with good prosody and expression is evidence that foundational
reading skills (decoding, word recognition, vocabulary, and phrasal
and syntactic processing) are developing along expected trajec-
tories [15]. Currently, oral reading probes are a commonly used
instrument in the early grades for monitoring progress as indicators
of reading fluency and of comprehension [18]. However, the time
and effort to collect this information are considerable, so deriving it
unobtrusively and continuously through an app used for extended
reading would be helpful for learners and teachers. The techniques
applied in this study represent steps along that path.

6.3 Automated support of oral reading

Automated reading tutors have been around for a while. Project
LISTEN [8] is one of the most mature systems in this area. [1] provide
an overview of some of more recent developments in the area of
technology-based literacy instruction. A unique challenge in our
application is the context of extended reading sessions in a relaxed
laid-back atmosphere over a period of several weeks which makes
it difficult to consistently control the environment. However, with
the growth of speech-centric devices, noise robustness is becoming
a core ASR technology, dealing with speech collected in relatively
adverse conditions [4]. Connecting automated processing of the
child’s oral reading to the app is future work.

7 CONCLUSION

It is difficult to overstate the importance of literacy for adequate
functioning in society, from educational attainment and employ-
ment opportunities to health outcomes [14]. We created a reading
app with the goal of helping readers improve their reading skill,
and used it to collect unique data on reading behavior when reading
a long book for an extended period of time in a relaxed, low-stakes
context. The collected data reflect behaviors that would tradition-
ally be filtered out as “noise". Yet we show that aggregating such
information across an extended period of time yields a consistent
behavioral pattern which is strongly predictive of performance.

In the context of using analytics to obtain new knowledge about
the process of reading in general and about the interplay between
speed of reading and comprehension specifically, our findings sug-
gest that actually getting down to the reading consistently across
many such opportunities is an important mediating factor. Thus,
once the reader is in fact acting on an opportunity to read in a
consistent fashion, the expected relationships between reading sub-
skills are observed. Inconsistent reading behavior in which many
reading opportunities are not fully utilized leads to a breakdown
in the observed subskill relationship and in the reading compre-
hension itself. The visionary author of children’s books was thus
quite prescient by placing could you right next to would you, and
not only for eating green eggs.
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