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ABSTRACT

Cascade Reading's patented linguistically-driven text formatting algorithm transforms text into a
visual map to sentence meaning by identifying grammatical constituents and using indentations to
arrange them hierarchically. This report details a year-long longitudinal study in which 4th and 5th
graders read multiple passages per week in the Cascade Format and answered questions about what
they read. Results corroborate previous findings showing improved comprehension for reading in
the Cascade Format compared to traditional text formatting. This revolutionary reading technology
is uniquely positioned to address stagnant or declining levels of proficient reading skills.
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INTRODUCTION

The central goal of reading is to comprehend written text. This comprehension process is supported by
readers' ability to decode or understand printed words and then connect those individual words together
to make meaning. As Science of Reading programs, which emphasize explicit phonics instruction, become
more popular across the US, many reading practitioners, instructors, and researchers are turning toward
this post-word connection process to understand what's holding readers back beyond the word level.

Many readers face comprehension problems even if they can comprehend individual words with ease,
and this issue is exemplified in the alarming scores coming out of recent nationwide reports. For example,
NAEP estimates that, as of 2022, nearly two-thirds of US 4th and 8th graders exhibit reading
comprehension abilities below NAEP Proficient levels, with similar trends for 12th graders as of 2019 (US
Department of Education, 2022). Especially in the aftermath of the COVID-19 pandemic, this trend is
even more troubling for marginalized communities or English Language Learners (ELLs), with only 3%
of 12th grade ELLs exhibiting NAEP Proficient reading comprehension abilities as of 2019 (US
Department of Education, 2019).

To fully comprehend texts, readers must draw on a variety of cognitive abilities and knowledge, including
world knowledge, specific content knowledge, inference-making, and phrasal vocabulary (e.g.,
connectives or idioms). To this end, many reading instructional programs work to scaffold these areas;
however, they largely overlook a key component of the comprehension process, namely syntax. Syntax,
or how words combine to create meaning in language, is often relegated to serving the 'language
comprehension' factor of the Simple View of Reading (Gough & Tunmer, 1986). This categorization may
create the false impression that the syntax gleaned from language comprehension prior to reading
acquisition sufficiently prepares readers for written language.

One serious issue with this assumption is that language comprehension involves many cues, such as body
language, gestures, intonation, stress, etc., that are largely missing from written language. Moreover, the
types of syntactic structures used in written texts tend to be more complex than those found in natural
language (Graesser et al., 2003; Roland et al., 2007), and this trend is found even in picture books
designed for pre-literate children (Montag, 2019; Montag et al., 2015).

The relatively complex grammar found in written language presents a central barrier to reading
comprehension for many readers who have low syntactic knowledge, or an ability to interpret and
recognize grammatical structures while reading. Studies have established that syntactic knowledge is an
important predictor of reading ability (Brimo et al., 2017; Groen et al., 2019; Mackay et al., 2021), and
similar work suggests that interventions focusing on the formation and relationship between syntactic
phrases leads to better comprehension outcomes for struggling readers and those with Development
Language Disorder (Balthazar et al., 2020; Balthazar & Scott, 2024; Montgomery et al., 2024; Owen Van
Horne et al., 2023).

Although syntax as a central component of language comprehension has been championed by
psycholinguistic and neurological research over the past half-century (Brennan & Pylkkanen, 2012;
Brothers & Traxler, 2016; Chen et al., 2021; Clifton et al., 2003; Flick & Pylkkanen, 2020; Frazier &
Rayner, 1982; Friederici, 2002, 2011), many reading programs and curricula do little to focus on the
growth of syntactic knowledge during reading. This lack of appropriate focus on syntax during reading
acquisition may lead to comprehension difficulties down the road as texts continue to increase in
complexity throughout the school years. This problem is exacerbated by the fact that many higher
education programs designed for pre-service teachers fail to equip them with the requisite knowledge to
teach or adequately understand syntax (Brimo & Melamed, 2017).
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back to 2,500 years ago.

Figure 1. Example of the first four sentences of a passage taken from the Cascade Reading Passage Library

(www.CascadeReading.com/Passages)

CASCADE READING: LINGUISTICALLY-DRIVEN TEXT FORMATTING

One strategy for scaffolding syntax during reading is to leverage modern technologies that automatically
reveal aspects of the underlying grammar. As far back as the 1960s, studies have shown that language
comprehension can be influenced by inserting line breaks in the text corresponding with grammatical
phrase boundaries (e.g., Graf & Torry, 1966). Newer research has examined systems that include various
iterations of this chunking process (Levasseur et al., 2006), and some have also attempted to use
indentations as a means of further separating information visually (Kosaka, 2023; Tate et al., 2019;
Walker et al., 2005).

Although the identification of syntactic phrase boundaries is an important component of syntactic
knowledge, readers also need to know exactly how these phrases relate to one another in a sentence. To
that end, a system guided by linguistic principles that uses line breaks to isolate syntactic phrases and
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indentations to visually cue their relationships could provide readers with the support they need for
comprehending grammatical structures during reading. This could also lead to improvements in their
latent syntactic knowledge ability, further contributing to better reading comprehension outcomes even
when reading in traditional text formats.

Cascade Reading's linguistically-driven text formatting (LDTF) first uses natural language processing
models to interpret or parse the grammatical structure of sentences. Then, a patented algorithm is applied
to the text to automatically isolate syntactic phrases and use indentations to denote their hierarchical
relationships, making the unique structure of each sentence visible to the reader. By aligning subjects and
verbs, indenting dependent information past the phrase it describes, and aligning members of a
conjunction past the conjoining term (e.g., 'and'), each unique sentence structure is visually different
from one another, something not offered through traditional block text formatting. For further
specification of the Cascade Format, please visit www.CascadeReading.com/about.

Prior Research Findings

Recent studies show that the Cascade Format improves comprehension outcomes across
multiple reader populations:

« EL1 and ELL adult readers showed higher accuracy on comprehension questions in the
Cascade Format vs. traditional formatting (Dempsey, Christianson, & Van Dyke, 2024)

» Korean and Mandarin ELLs showed 5% and 11% score improvements, respectively,
compared to traditional formatting

« Eye-tracking data revealed both a comprehension benefit and greater efficiency, with less
time spent rereading (Dempsey et al., submitted)

« 4th and 5th graders reading Cascaded Text showed higher comprehension growth rates and
lingering benefits after switching back to traditional formatting (Van Dyke & Dempsey,
submitted)

FINDINGS

The comprehension findings are summarized below. Findings from the fall semester reveal an overall
trend where student scores for both groups fell as time progressed; however, this did not differentially
impact scores based on the format in which the student was reading.

Importantly, there was an overall effect of Format, meaning that students who were reading in the
Cascade Format showed better reading comprehension throughout the fall semester. Model-based
estimates suggest the benefit from reading in the Cascade Format to be an average score increase of
5.92%.

In the Spring semester, the overall effect of Format appeared to diminish, and students as a whole did
not show differences in comprehension outcomes as time progressed. There was, however, some
marginal evidence for an interaction effect between Format and Day, indicating that students reading in
the Cascade Format may have increased their performance as the spring semester progressed compared
with students reading in the traditional text format.

It is important to consider that students who were reading in traditional text formatting during the spring
were coming from a semester of exposure with the Cascade Format in the fall. It could be the case that
these students enjoyed a transfer effect from this exposure, meaning that the overall difference between
groups may be harder to detect. This largely corroborates the initial semester-long study where the same
pattern of results was found in terms of Format advantage.
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Semester Key Finding Effect Estimate (Format)
Fall Cascade Format students showed +5.92% average score increase;
significantly better 89% CrI [0.10, 0.39]
comprehension overall
Spring Marginal evidence for higher Format*Day interaction: 89% CrI
improvement rate in Cascade [0.00, 0.01]; possible transfer
Format group over time effect from fall
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Figure 2. Accuracy to comprehension questions across both semesters. Error bars represent standard error
around the mean by group.
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GENERAL DISCUSSION

The purpose of this study was to retest the efficacy of Cascade Reading's LDTF with a different elementary
school, with leveled texts accompanied by comprehension questions specifically probing syntactic
comprehension, and with a year-long study design. Results indicate that students showed better
comprehension when reading in the Cascade Format compared to traditional text formatting.

This study had several limitations that should be addressed. First, this study included 4th and 5th graders
with English as a first language from a rural US town, so future work should generalize these findings to
a broader and more diverse student population. Although passage questions were designed to probe
comprehension on a basic, structural level, it would still behoove reading researchers to investigate how
exposure to the Cascade Format affects other types of understanding (e.g., metalinguistic knowledge,
rhetorical skills, incidental vocabulary learning, etc.).

Another consideration is that explicit instruction was limited to several slides and presentations at the
beginning of the study. Future work should explore how explicit instruction and interactive exploration
of text structure bolsters comprehension outcomes for students exposed to the Cascade Format. Lastly,
the current design cannot adequately reveal or dismiss transfer effects after reading in the Cascade
Format. Future work is critical for determining the extent to which students enjoy lingering benefits after
exposure to Cascaded Text.

In sum, these data reveal promising results for the Cascade Format for improving reading comprehension
for elementary students at the precipice of the transition from learning to read to reading to learn. More
data is needed to understand longer-term effects of practice with Cascaded Text and how marginalized
and neurodiverse populations may similarly benefit from this type of scaffold during reading.

Optional reading — for those interested in the full study methodology.

RESEARCH PARTICIPANTS

79 4th and 5th grade students in a midwestern US school district, across two 4th grade and three 5th grade
classrooms, participated in this research. Half of these students spent the first semester reading passages
in the Cascade Format while the other half read the same passages in traditional text formatting. In the
spring semester, students switched the format in which they read passages. After examining attendance
records and ability to regularly participate in readings, only 74 students were included in the final analysis.

Demographic information was collected to control for external factors that could potentially influence
reading comprehension abilities. The participant cohort consisted of 49 White students, 12 students from
multiple ethnic backgrounds, and 3 Native American students. Male students comprised 42 of the
participants compared to 32 female students, 45 students received free or reduced school lunches based on
family SES, and 9 students had an Individual Education Plan in place.

Reading levels were estimated from school-administered assessments and were fit to a range of grades
spanning from a 2nd grade reading level to an 8th grade reading level. All of these factors were used in a
minimization algorithm using the Minirand() package (Jin et al., 2021) in R version 4.0.3 (R Core Team,
2020), ensuring the differences between the two groups were as small as possible.

STUDY MATERIALS

Reading materials and comprehension questions were taken from the Cascade Reading Passage Library.
The Passage Library consists of 195 unique passages, averaging around 500 words, corresponding to 4th
and 5th grade CKLA units, and each passage includes seven different variations corresponding to 2nd—8th
grade Flesch-Kincaid Grade Levels. The schedule of passages was designed to match the units students were
currently studying in their class to ensure relevance.

Comprehension questions targeted basic, sentence-level information from the passages. Half of these
questions had a correct answer of ‘Yes,’ the other half ‘No.” Students in 4th grade read all of the 4th grade
passages in the Passage Library throughout the school year, while 5th grade students read all of the 5th
grade passages. Students always read the versions of passages aligned to their individual reading ability
level.
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STUDY PROCEDURES

Students accessed passages via a private Ibex Farm server twice a week. Before the study began, the
researcher presented all students with a presentation about the Cascade Format, why it looks the way it
does, and what the purpose of the study was. The first two weeks of each semester, students who were
reading Cascaded Text for that semester received additional explicit instruction in the form of slides
presented on their computers before that day’s reading passages.

All students read two passages twice weekly. After each passage, students responded to a list of ten
comprehension questions presented after the passage had been read. Students were not able to go back and
read the passage once the questions appeared, so they were instructed to read carefully before proceeding
to the questions. Throughout the semester, motivational videos were sent from the researchers to all
students encouraging them to continue trying their best. These videos never explicitly mentioned the
Cascade Format and were meant to motivate students in both groups equally.

DATA PREPARATION

Based on reading rate expectations for this age group, passages that were read in less than one minute led
to the exclusion of that passage’s comprehension data in the analysis. Moreover, if students answered
questions at a faster rate than reading the questions at 130 words per minute, those data were also excluded
from analysis. On the other end, any passages that took more than 10 minutes to read were removed to
ensure that students were adequately engaged with the passage. Lastly, question sets that took more than
five minutes to complete were removed prior to analysis.

Although these criteria for including data in analysis resulted in a loss of 27% of data in the Fall and 31.5%
of data in the Spring, these steps are vital for ensuring that our analyses are evaluating comprehension when
students are completing the tasks in earnest. These are standard practice in psycholinguistic studies.

STATISTICAL MODELING APPROACH

Optional reading — for those interested in the statistical methodology.

For this study, we were interested in reading comprehension scores relative to the format in which students
read passages. We performed a statistical analysis evaluating the predictive relationship between the group
a student was placed in and accuracy rates, and how this changed across the span of each semester.

To control for individual and passage-level differences, we fit the question response data to Bayesian
hierarchical (mixed) models using the brms package (Biirkner et al., 2017) in R Version 4.0.3. In Bayesian
hypothesis testing, we use a sampling procedure based on prior expectations to approximate the 'true’ effect
of a given predictor on the dependent variable. The result is a posterior distribution of values. If the majority
of these posterior estimates indicate an effect in a given direction (e.g., the Cascade Format leading to higher
accuracy), this suggests the existence of an effect.

Models included fixed effects of Format (sum coded: —.5 = Traditional Format, .5 = Cascade Format), Day
(continuous), and their interaction. Additional control variables of Reading Level, Gender, Race,
Free/Reduced Lunch Status, and IEP Status were included. To interpret model outputs, we examined 89%
credible intervals (CrIs) from the posterior distribution. If the CrI falls completely below or above 0, 94.5%
of the posterior distribution reveals an effect in a given direction.
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