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Abstract

Purpose: Reading comprehension ability is highly correlated with grammatical
knowledge (Catts et al., 2006; Nation et al., 2010). Moreover, many poor comprehenders cannot
accurately identify grammatical constituents (Breen et al., 2024; Groen et al., 2019). We present
a computational linguistics-based method for generating a new text format that cues grammatical
relationships via line breaks and indentations. This study provides preliminary evidence

regarding its effects on comprehension and attitudes towards its use.

Method: We evaluated this format with 87 4™ and 5™ graders attending a US public
school (Primary Language: English; 46 Female; Mean Age = 9.6 years; 36% White, 30% Black,
21% Hispanic, 6% More Than 2, and 7% Asian). Over a 12-week period, an experimental
(LDTF Format) and a control (traditional format) group read passages matched to their Lexile

reading level for 5 weeks, and then switched formats for the remainder of the study.

Results: Accuracy to comprehension questions was significantly improved for readers in
Lexile ranges 635L-945L, and gains were retained when students returned to reading
traditionally formatted text. These students also reported being able to “hear how the sentence
would sound if it were read aloud.” Students in the lowest Lexile range (470L-620L) reported

“feeling more confident about answers”, although accuracy gains were not significant.

Conclusion: Results discuss how visual cuing of syntactic relationships provides the
scaffolding necessary to create a situation model of what was read. We also discuss how visual

cuing aids the production of natural phrasing, which is a trademark of fluent reading.

Key Words: Reading Comprehension, Syntax, Linguistically-Driven Text Formatting,
Scaffolded Reading, Text Scooping



Educational Impact and Implications Statement

We present a new text format that cues grammatical relationships via line breaks and
indentations, referred to as Linguistically-Driven Text Formatting (LDTF) (a.k.a. the Cascade
Format). The format uses a computational linguistics algorithm to analyze the syntactic structure
of any text on a sentence-by-sentence basis, and then provides visual cues about the syntactic
relationships within the sentence. The current study provides preliminary evidence regarding 3™
and 4" grade student attitudes towards its use and its effects on comprehension outcomes for this
population. After brief exposure (30 minutes of silent reading, 3x/week for 5 weeks of approx.
1000 words of text), students achieved improved comprehension, as measured by answers to
comprehension questions, compared to controls who read the same texts without the new format.
Students also reported that the format “helps them hear how a sentence should sound” and that
they “feel more confident about their answers.” These results suggest that the Cascade Format
may have potential to help readers improve comprehension by explicitly revealing the syntactic

relationships within individual sentences.



Introduction

Since the publication of the National Reading Panel (2000) report on evidence-based
reading research, literacy instruction has been transformed to emphasize the phonological
structure of language (Castles et al., 2018; Fletcher et al., 2021). A preponderance of evidence
now demonstrates that curricula that emphasize phonics instruction produce better learning
outcomes for both typical and atypically developing readers (Brady, 2011; Ehri et al., 2001;
Galuschka et al., 2014; Siegelman, et al., 2022; Torgeson et al., 2006). These outcomes are
consistent with rigorous neuroscience research showing that such programs can produce a so-
called neurological ‘normalization’ for children with reading disability (RD) (Davis et al., 2011;
Dehaene, 2011; Lovio et al., 2012; Shaywitz et al., 2004; Simos et al., 2002; 2007.). These
advances were possible because of concerted efforts to bridge the research-to-practice divide
through bringing basic linguistic research into the arena of practice (Petscher et al.; 2020; Castles
et al., 2018; Dahaene, 2011). Unfortunately, these efforts have been predominantly focused on
the science of word reading (i.e., decoding); no parallel effort has connected the practice of
teaching reading comprehension to the voluminous body of cognitive and neuroscience research
that describes the computational and biological basis for language comprehension. This is
surprising, since the importance of language comprehension as a predictor of reading
comprehension increases over time, until it reaches a near-perfect correlation at high school age
(Catts, Hogan, Adlof, 2005; Clinton-Lisell, 2022; Foorman et al., 2018; Garcia & Cain, 2014;
Gernsbacher, 1990; Lonigan et al., 2018). Moreover, as noted in Snow (2002, p.83), individual
differences in language comprehension related skills, such as vocabulary knowledge and

syntactic competence, account for more of the variance in reading comprehension than do



individual differences in word-level skills once decoding has been mastered (e.g., Curtis, 1980;

Deacon & Kiefer, 2018; Hoover & Gough, 1990; Sticht & James, 1984, Tong et al., 2024).

The core of the comprehension process, whether by ear or by eye, is the ability to
integrate a word into the previously processed context (Kintsch, 1998; Perfetti, Yang, &
Schmalhofer, 2008; Van Dyke, 2021). While knowing a word’s meaning is a prerequisite, over
50 years of psycholinguistic research has established syntactic processing as the primary
mechanism through which integration happens (e.g., Brennan & Pylkkénen, 2012; Brothers &
Traxler, 2016; Chen et al., 2021; Clifton et al., 2003; Flick & Pylkkénen, 2020; Frazier &
Rayner, 1982; Friederici, 2002; 2011; Mollica et al., 2020; Shain et al., 2022, inter alia).
Behavioral and electrophysiological research reports effects of word-by-word syntactic
integration (e.g., joining individual words into meaningful units) as early as 100-150ms post
word onset (e.g., McElree & Griffith, 1996; 1998; Friederici, 2002; 2011; Flick & Pylkkénen,
2020; Bemis & Pylkkdnen, 2012; Van Dyke, 2007, inter alia). Thus, rather than waiting until the
end of a sentence, comprehension occurs incrementally; the human parsing mechanism uses
syntactic and semantic knowledge to decide how to combine each word into the preceding
linguistic context on a word-by-word basis. For example, a string of individually recognized
words (the, girl, with, the, cuddly, bunny, nudged, her, mother, impatiently, at, the, bus, stop) is

99 ¢

composed into a set of meaningful chunks (e.g., “the girl,” “with the cuddly bunny,” “nudged,”

99 ¢6

“her mother,” “impatiently,

99 ¢

at the bus stop”). The comprehender also encodes relationships
between these chunks, such as the fact that the phrase “with the cuddly bunny” is associated with
“the girl” and not the idea of nudging (even though this idea occurs immediately after it). A
skilled comprehender will also realize that the nudging was done by “the girl” and not “her

mother” (even though it occurs immediately after the word ‘nudge’), and that the girl was the



impatient one, rather than her mother or the bunny. These relationships arise out of the
comprehender’s general language ability—most particularly their knowledge of syntax—and
constitute the basic foundation for a mental model that captures the meaning of the sentence

(Van Dyke, 2021).

Notably, however, individuals with low language ability have difficulty recognizing
constituent boundaries (Andrews & Veldre, 2021; Breen et al., 2016; 2022; 2024; Groen, et al.,
2019), and are more susceptible to confusions over embedded phrases where multiple words hold
the same grammatical relation (Campanelli et al., 2023; Van Dyke et al., 2014). While such
deficits are often considered to be components of oral language, several longitudinal studies
have observed that grammatical knowledge (together with vocabulary) is a primary precursor to
specific reading comprehension deficits (i.e., below grade-level reading comprehension despite
typical decoding ability.) For example, Catts, Adlof, and Weismer, (2006) found that 8" graders
who scored below the 25" percentile in reading comprehension, but with typical word reading,
scored only at the 20™ percentile on measures of receptive vocabulary and at the 30™ percentile in
grammatical understanding. Moreover, these deficits were also present in kindergarten, 2", and
4™ grade. Similarly, 8-year-olds with poor reading comprehension but typical decoding ability
were observed to have significantly lower scores than matched controls on measures of
vocabulary, grammar, knowledge of sentence structures, and general oral language
comprehension, taken at 5.5, 6, 7, and 8 years. Effect sizes on all measures (except vocabulary at
age 5.5, which was not significant) were in the medium to large range, with the largest effects
being for measures that require interpreting syntactic relationships and recognizing rules of

grammar (Nation et al., 2010). These results emphasize the need for strong language knowledge,



especially of syntactic constituent structure, in order to efficiently recognize relationships

between phrases.

Robust compositional skills are especially crucial as students transition into a “reading to
learn” stage at the end of 3™ grade. This coincides with a pivot point in instruction at which
students encounter a wider variety of texts, many of which are expository in nature, from which
they are expected to assimilate new content via independent reading. Corpus analyses have
demonstrated that these texts contain more complex and non-canonical grammatical structures
(e.g., passives, clefts, object relative clauses, and multiply-embedded phrases or clauses)
compared to either narrative or spoken texts (Graesser et al,, 2003; Roland et al., 2007; Montag,
2019), and so even a reader with adequate oral language ability will be challenged to
comprehend them—and much more so a reader whose baseline oral language ability is weak.
The increased difficulty of texts at this stage undoubtedly contributes to the phenomenon of late
emerging reading disabled (LERD) readers, who exhibit only modest language deficits until the
4™ or 5™ grades, after which their achievement levels drop (Leach et al., 2003; Catts et al., 2012).
Indeed, the longitudinal study of Catts et al. (2006) reported that only about 18% of students who
were poor comprehenders in 8™ grade had received speech and/or language services in early
grades. This is consistent with the hypothesis that early syntactic processing deficits may not be
identified in early oral language assessments because students are not confronted with texts that
are sufficiently complex to allow their deficits to be observed. Taken together, these facts point
to a crucial need for early instruction that highlights the underlying grammatical structure in
written texts. To address this goal, we tested a novel method of text formatting called Cascade
Reading, which exploits artificial intelligence-driven natural language processing to identify

grammatical constituents and highlight syntactic relationships within texts. The current study



reports research conducted with 4™ and 5 graders in a midwestern US public school to test the

effect of this new format on reading comprehension.

Linguistically-driven text formatting

Advances in artificial intelligence and natural language processing now make it possible
to obtain accurate and automatic analyses of the grammatical structure of texts, including their
constituent structure and the relationships between constituents (e.g., Manning et al., 2014; Peng
et al., 2020). Taking advantage of these analyses, we built a system that provides visual cues to
the grammatical structure within each sentence of a text—described as “Linguistically-Driven
Text Formatting” (Van Dyke et al., 2021). The Supplemental Materials file contains a flowchart

and description of the LDTF algorithm. !

1 Readers may inquire whether the Cascade generator can analyze both spoken and academic language registers,
corresponding to simpler and more complex linguistic structures. Both spoken and academic language conform to
the same grammatical rules that define the English language, and the parser that underlies the Cascade algorithm
has a complete implementation of English grammar. Thus, any segment of English can be cascaded—the algorithm
can even analyze phrases or partial sentences, such as what may occur in spoken language (albeit errors may occur
if the language segment lies too far outside the bounds of a grammatical utterance.) The 4 principles of Figure 1
are applied to any utterance in accordance with the grammatical analysis it is given by our parser. Incomplete
phrases are still analyzed and cascaded to the extent possible by the amount of language provided (i.e., if there is
no predicate, then only the subject part of the sentence will be formatted as appropriate to its contents.



Figure 1: Principles defining the shape of Cascaded text.
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Cascades are created following 4 cuing principles (see Figure 1 for example cascades illustrating

these principles):

1- Subjects and Predicates are aligned. The noun and the verb corresponding to that noun
always appear at the same indent level. This applies throughout the sentence so that even
embedded clauses have their subjects and predicates aligned. This enables easy
identification of subjects with their predicates and is especially helpful when there are

multiple subjects in a sentence. Note that our system maintains consistency in applying



this principle even in passive constructions, in which the thematic subject of the sentence

is moved into a “by-phrase,” as demonstrated in Figure 2.

Figure 2: Subject-Predicate alignment for active and passive sentences.

Principle 1: Subjects and Predicates are aligned.
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Principle 2: Dependents are indented under their head.
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Principle 3: Introductory information is indented.
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2- Dependents are embedded under their grammatical heads. This applies to any type of

grammatical dependent (e.g., direct object, indirect object, oblique prepositional phrases,

relative clauses, and other types of modifiers.). For direct instruction, the indentation

relationship provides a visual cue to which part of the sentence is being modified by the

other phrases in the sentence.



3- Introductory information is indented. This is a subcase of Principle 2, but is unique
because the dependent appears before its head phrase. The dependent could be either an
introductory phrase, or an introductory subordinate clause, as illustrated in Figure 2. In
direct instruction contexts, we refer to these subordinate clauses as “introductory” or
“background” information. Note that all other principles continue to be applied within the

introductory phrase or clause, but from an indented starting point.

4- Words in a group are aligned and the entire group moves together. This principle
describes our method of visually cuing conjunctions. The conjunction itself is offset to
the left of items being conjoined, which could include simple words, phrases, or clauses.
This offset position provides a salient cue that the item encountered first is actually part
of a group. Thus, in the sentence “My daughter likes dogs and cats” from Figure 2, the
first member of the conjunction to be read is “dogs”, but its double-indentation and the
presence of the left offset “and” signals the language processing mechanism that the
actual direct object of “likes” is the entire group “dogs and cats,” rather than just the first
term “dogs”. The alignment of the word “dogs” with “cats” indicates that these two terms
are the elements being conjoined by “and.” This is important because the brain assigns
structure immediately, and therefore will initially interpret “dogs” alone as the direct
object of “likes” (Frazier & Rayner, 1982; Rayner & Frazier, 1987). Therefore, the extra
indent provides an early visual cue that the proper direct object is in fact the entire

conjoined phrase.



This system is akin to previous work which applied various text transformations with the
goal of supporting reading comprehension. For example, Graf and Torry (1966) showed that
reading comprehension improved when syntactic boundaries coincided with line breaks. Similar
chunking procedures have been used in formats to improve reading comprehension for
adolescent students, using a combination of increased spaces, line breaks and indentations to
visually rearrange sentences for readers (e.g., Bever et al., 1991; Frase & Schwartz, 1979;
Jandreau & Bever, 1992; Levasseur et al., 2006; Park et al., 2019; Raban, 1982; Tate et al., 2019;
Walker et al., 2007). While producing significant effects, the principles underlying the
formatting decisions in these studies have often been ad hoc and not easily generalized—in
particular, they often did not correspond with the linguistic constituent structure of the sentence.
This is important because research suggests that language learning occurs via recognizing
syntactic “chunks” of language (Christiansen & Chater, 2016; see also Dempsey et al. (2025) for
further discussion). The main exception is the work of Bever and colleagues, who used increased
spacing to isolate syntactic constituents within a continuous stream of words. In several studies,
they observed that this format was helpful to college-aged readers when completing a task that
required them to cross out semantically odd words as they read a paragraph (Bever et al., 1991;
Jandreau et al., 1986). Only one study investigated the effects of this constituent-isolating format
in a natural reading task (Jandreau & Bever, 1992), concluding that it aided comprehension for
college-aged readers with average verbal SAT scores (i.e., below 550) but not those with verbal
SAT scores higher than 550. Thus, there is reason to expect that isolating syntactic constituents
may assist comprehension, but more research is needed to understand the potential benefit for

comprehension, especially with child participants.



The LDTF algorithm extends the Bever work by using linguistic dependencies to define
the structure of line-breaks and indentations (for more details, see Van Dyke et al. 2021). By
incorporating a dependency grammar, Cascade Reading’s LDTF (referred to henceforth
specifically as the Cascade Format) can both highlight constituents and signal how they are
related, making it is easy to identify which constituents are associated with which other
constituents. Most notably, the pattern of line-breaks and indentations is determined solely by
linguistic dependencies within each sentence, and not user preferences or external display
criteria. This means that the Cascade Format provides replicable and highly reliable cues to the
underlying “syntactic chunks” that the brain’s statistical learning mechanism is sensitive to (e.g.,
Fine & Jaeger, 2013; Montgomery, Gillam, & Plante, 2024; Plante & Gomez, 2018). A clear
prediction from this framework is that repeated exposure to the Cascade Format should train
syntactic knowledge, which results in improved reading fluency and comprehension. The current
study was designed as an initial test of this prediction, focusing (for pragmatic reasons related to
mandates from our school partner) only on assessing effects on reading comprehension and

subjective attitudes towards reading in the new format.

Overview of Research Questions

To evaluate how students experienced reading in the cascade format, we conducted a 12-
week study in a US public elementary school with 4™ and 5 graders. Students began the study
either in the Cascade condition or the control condition, and then the groups were switched
halfway through the study, with one week intervening. We followed this procedure to ensure that
all students had exposure to the Cascade Format (i.e., the LDTF system being tested)—this was a

requirement imposed on the study by the school principal. We considered this design as an



opportunity to gain preliminary insights into what happens when students return to reading in
traditional format after having read in the Cascade Format. However, this also introduced
limitations in our design that prevented clear comparisons in some situations and we discuss

these throughout.

Texts for the study were taken (with permission) from the ReadWorks website, a nonprofit
organization with free curriculum-aligned leveled passages with accompanying comprehension
questions. The online repository includes a sample passage similar to those that students read,
illustrating what a full text would look like in the Cascade Format. Articles for the current study
were read digitally on Chromebooks, with a single column of text. Of note, paragraphs are
marked with shading in the Cascade Format, as the typical indentation signal has a different
meaning in cascaded text. All aspects of ReadWorks texts (including pictures, tables, or figures)

were placed just as they appeared in the original passage.

We collected both reading data (e.g., reading times and accuracy to comprehension
questions) and usability preference data (responses from questionnaires probing preferences) to

address the following research questions:

Reading data:

1. Does reading in the Cascade Format improve comprehension relative to reading in the
traditional text format? Gains were assessed via accuracy comprehension questions given
each day throughout the first phase of the study. To ensure that texts were not too

difficult for students, we identified each students’ reading level according to the Lexile



Framework™ (described below), and assigned them to texts with a matching Lexile
range.

2. Are effects of reading in Cascade different in relation to reading ability? We assess this
by investigating interactions between Lexile level (explained below) and Group.

3. Does practice with the Cascade Format improve reading in the traditional text format
(i.e., learning transfer)? We assessed this question via a mid-study switch (second phase
of the study) wherein students who began the study reading in the cascade format

returned to reading in the standard format.

Usability Preferences:

1. Do students enjoy using the new format?
2. Would students want to continue using the format in school?
3. Do students feel the format helps them learn specific reading-related skills (enumerated

in the assessment, discussed below)?

Preferences and self-perceptions were assessed either via a Y/N response format or a 7-point
Likert scale. At the conclusion of the study students were invited to give open-ended responses
to the question “What did you like about cascade?;” “How do you think the cascade format

helped your reading?;” and “Was there anything you did not like about cascade?”



Methods
Participants

Participants were recruited through a midwestern US public school and were either in a
4™ grade class, a 5 grade class, or an elective, STEM-focused (Science, Tech, Engineering,
Math content) class with both 4" and 5™ grade students. Parents were invited by the school
principal to enroll in the study after an assembly with the entire 4™ and 5 grade student body
that introduced the researchers and explained the study’s goals. Permission slips and FAQs
describing the study were sent home, and students were presented with assent forms once their
parent permission forms were returned. The study protocol and all consent/assent materials were

approved by the Yale University Human Investigation Committee.

Our sample size was determined by the number of parents who gave parental consent for
their children to participate. This amounted to 107 students across six classrooms: two 4" grade,
two 5™ grade, and two mixed grade STEM. In keeping with ethics considerations, all students
also gave their own assent to participate. Students with individual education programs (IEPs)
were included in the recruitment and testing, however their data was ultimately excluded from
analyses because their IEP accommodations resulted in a different administration procedure (i.e.,
interventionists worked with the students as they read the passage, often aloud and with
discussion, whereas non-IEP students worked independently.). This left 87 students in the main

dataset.

Upon receiving consent, all students were administered the Gates-MacGinitie Reading
Test (GMRT; MacGinitie et al., 2000) 4" Ed (Form S, Level 4 or 5) from which we obtained

their beginning reading comprehension level. Lexile values were also obtained via the GMRT



Lexile Conversion Manual, which provides separate conversions for 4" and 5" grade students.?
We created two matched experimental groups via a minimization algorithm using the Minirand()
package (Jin et al., 2021) in R version 4.0.3 (R Core Team, 2020), which took into account the
following variables (with corresponding relative weights): Age (1/14), Gender (1/14),
Race/Ethnicity (1/14), Disability Status (i.e., diagnosed or not) (1/14), District Resident Status
(i.e., living in or out of the school catchment area) (1/14), Free/Reduced Lunch Status (i.e.
qualifying or not based in family income) (1/14), Grade Level (1/14), and Lexile Level (7/14).
Weights reflect the fact that we wanted Lexile to be weighted most strongly because it is an
index of student reading ability, which we wanted to ensure was matched between the two
groups even if other factors could not be perfectly matched. Accordingly, all other variables were
given equal weighting in the minimization procedure. All variables except Lexile were obtained

from the district as anonymized data, indexed by the students’ participation identifier.

Nineteen students were not included in this minimization procedure either because they
were absent when the Gates MacGinitie was given, or were absent from the initial day of the
study, when orientation to the LDTF format was presented. These students were placed in the
traditional format group at the start of the study to allow time for Gates MacGinite testing to
occur and so that they could participate in the format orientation in the second Phase of the study
(described below). In order to ensure that this assignment did not create unbalanced groups, we
included several fixed effect controls in our modeling, as described in the Results section. This

acts as a failsafe against any residual differences between groups on minimized dimensions,

2 Lexile™ is a proprietary measure developed by MetaMetrics to describe both the complexity of written texts and
the reading ability of individuals. The formula is based primarily on sentence length and word frequency, and
allows educators to match a text to a student’s reading level, as determined via scores on Lexile-anchored
standardized assessments. Metametrics defines a students’ Lexile reading range to be 50L above and 100L below
the student’s measured Lexile level. (More information available at https://www.metametrics.com/lexile-for-
reading/).



including the extra variance that was potentially introduced by adding latecomers to the

traditional format group.

Once students were assigned either to the Cascade-first or Traditional-first group, they
were assigned to one of four Lexile ranges, based on their Lexile scores as derived from the
GMRT. Ranges were Group A (470L-620L), Group B (635L-785L), Group C (795L-945L), and
Group D (950L-1100L), such that Group D included the most proficient and Group A the least
proficient readers. Lexile cutoffs were selected based on the Grade level charts found on the

Lexile.com website (https://hub.lexile.com/lexile-grade-level-charts) and followed the suggested

convention of 100L below and 50L above the expected student Lexile level, beginning at the 25
percentile for beginning of year 4™ graders. The students’ Lexile group determined the difficulty
of the texts they read as defined by text Lexile levels. Descriptive individual statistics separated

by Group and by Lexile Group are reported in Table 1. The Supplemental Materials file includes

these data for the full cohort of 107 students.


https://hub.lexile.com/lexile-grade-level-charts

Table 1. Descriptive statistics by experimental group (N=83) after data exclusions. NOTE: Some

demographic data, including Age, Gender, Race, and Grade Level, could not be discerned for 4

students due to measures taken to ensure anonymity, so the following data represent only those

students for whom demographic information was made available. The reading data from these
participants were still used in inferential models, even though their demographic data were

unavailable.
Lexile A Lexile B Lexile C Lexile D
Cascade First | Cascad | Cascade | Cascade | Cascade | Cascade | Cascade | Cascade | Cascade
Total (N=40) | e First | Second First Second First Second First Second
Cascade (N=10) | (N=9) (N=13) | (N=18) (N=7) (N=7) (N=10) (N=9)
Second Total
(N=43)
AGE (SD) 9.50 9.67 9.70 9.72 9.57 9.43 9.60 (.70) 9.56
(.53) (.71) (.63) (.57) (.53) (.53) (.73)
GENDER 6F;4M | 3F;6M 8F;5M 9F;9M S5F;2M 4F;3M S5F;5M 6F;3M
Race/Ethnicity | White | White 3 | White4 | White 5 | White 1 | White3 | White 5 | White 6
4 Black 4 | Black4 | Black9 | Black2 | Black2 | Black 1 Black 1
Black | Hispanic | Hispanic | Hispanic | Hispanic | Hispanic | Hispanic | Hispanic
3 1 4 4 2 1 3 1
Hispan >2 1 >2 >2 0 >2 2 >2 >2 1 >20
ic 2 Asian(0 | Asian1 | Asian0O | AsianO | Asian 1 Asian 0 | Asian 1
>2 1
Asian
0
DISTRICT 6 4 7 11 4 4 8 9
RESIDENT
FREE/REDUC 4 5 7 9 4 2 2 0
ED LUNCH
GRADE 4th 5 4t 6 4th 6 4th 7 4th 3 4th 4 4th 3 4th 3
LEVEL 5t'5 513 5t 5t 11 5th4q 513 517 5t 6
LEXILE (SD) 544L 564L 713L 708L 827L 860L 1098L 1097L
(89L) (34L) (41L) (52L) (37L) (42L) (119L) (122L)

Procedure

The study ran from late September through mid-December of 2021. The study was split

into 3 phases; in Phases 1 and 2, one group was reading in the Cascade Format and the other in

the traditional format. In Phase 3, both groups returned to reading in the traditional format. The

difference between Phase 1 and Phase 2 was only that the groups switched the format in which



they were reading: those who began in the Cascade Format switched to the traditional format,
and those who began in the traditional format switched to the Cascade Format. One week
intervened between the end of Phase 1 and the beginning of Phase 2, and 3 days between Phase 2
and 3, during which time all students had only their usual curricular reading in traditional text
format. Table 2 shows the detailed schedule. Phases 1 and 2 lasted 11 days each and Phase 3
lasted for only 2 days. The goal of Phase 3 was to examine reading behaviors affer exposure to
cascade, for both the group that just finished reading in the cascade format and the group that

read with it 11 school days prior to the start of Phase 3.



Table 2. Study Schedule. Shaded days mark the beginning and end of a break from the regular

schedule.
Date Phase Cascade-First Traditional-First Group
Group

Wednesday, September 22" 1 Cascaded Traditional
Friday, September 24" 1 Cascaded Traditional
Monday, September 27" 1 Cascaded Traditional
Wednesday, September 29" 1 Cascaded Traditional
Monday, October 4™ 1 Cascaded Traditional
Wednesday, October 6" 1 Cascaded Traditional
Friday, October 8" 1 Cascaded Traditional
Monday, October 11™ 1 Cascaded Traditional
Wednesday, October 13" 1 Cascaded Traditional
Monday, October 25t 1 Cascaded Traditional
Wednesday, October 27" 1 Cascaded Traditional
Wednesday, November 37 2 Traditional Cascaded
Friday, November 5" 2 Traditional Cascaded
Monday, November 8" 2 Traditional Cascaded
Wednesday, November 10™ 2 Traditional Cascaded
Monday, November 15" 2 Traditional Cascaded
Wednesday, November 17" 2 Traditional Cascaded
Friday, November 19" 2 Traditional Cascaded
Monday, November 22" 2 Traditional Cascaded
Wednesday, December I*' 2 Traditional Cascaded
Friday, December 3" 2 Traditional Cascaded
Monday, December 6" 2 Traditional Cascaded
Friday, December 10" 3 Traditional Traditional
Monday, December 13™ 3 Traditional Traditional

The study schedule aimed to collect reading data during a single 30-minute period on
three days in each week. This was generally followed except for some breaks due to the school’s
calendar; specifically, from October 13™ to October 25™ (12 days off) in Phase 1 and from
November 22™ to December 1° (9 days off) in Phase 2. Both of these breaks occurred
approximately 1 week prior to the end of that study phase. Daily reading assignments comprised
three passages, each followed by 5-7 comprehension questions (described in the following
section). Each student’s assigned reading was available to them via a Google document on their

school Chromebook, which contained hyperlinks specific to that day. Students only saw their



own hyperlinks (i.e., directing them to assignments for their Format group and Lexile level).
Links were hosted on the PC Ibex website, which served as our data collection platform

(Schwarz & Zehr, 2018).

Students in the Cascade-First group received an orientation on days 1, 2, and 3, while the
students in the Traditional text format only received general instructions about how to complete
the readings and answer questions, which the Cascade-First group also saw. For this reason,
latecomers were automatically put into the Traditional-First group to ensure those in the
Cascade-First group all received the introductory instructions. These introductory instructions
consisted of seven screens and went through the four principles behind LDTF described above
with example sentences and accounted for all the explicit instruction relevant to the Cascade
Format given throughout the study. On the 9" day in Phases 1 and 2, students completed the
Likert-scale subjective questionnaire described below. At the conclusion of the study, the “Exit
Ticket” (also described below) was administered. During the study, all students regardless of
group were compensated at the teacher’s discretion with various motivational rewards like
classroom parties, and the researchers also supplied teachers with various candies and school
supplies to use as they saw fit to keep students engaged. No additional compensation was given
to students, and compensation was equally distributed to students regardless of their

experimental group.

Materials

Reading passages were used by permission from ReadWorks.org, a non-profit

organization providing a platform for K-12 reading passages. They were selected from the



academic categories of science, history, or art, and all were under 1000 words long.
Readworks.org publishes Lexile levels for all passages on their website, and we adopted the
given Lexile levels for each text, as provided by them. Due to ownership restrictions, we have
shared a passage from the Cascade Reading Library on our OSF repository that closely mirrors

the type of passage students read in the current study (https://osf.io/xmpce). In order to control

the length and complexity of reading across the 4 Lexile Groups, we applied the minimization
technique described earlier to a set of 90 passages to identify sets of 3 passages for each of the 30
days in our study. The variables used in this minimization algorithm, along with their relative
weights, included Sentence Count (10/20), Word Count (1/20), Sentence Length (1/20), and Text
Lexile (1/20), as assigned by ReadWorks. Three additional variables describing aspects of
syntactic complexity were obtained from Cohmetrix (McNamara, Graesser, McCarthy, & Cali,
2014): Syntactic Simplicity (5/20), a complexity index comparing all grammatical structures in
the passage, Connective Incidence (1/20), defined as the number of connectives found per 1000
words, and Left Embeddedness (1/20), defined as the mean number of words before the matrix
verb of the main clause. These variables were selected to reflect the amount of time and
difficulty estimated for each passage; weights were chosen to minimize differences most strongly
on number of sentences and complexity of syntactic structures, with all other variables weighted
equally. The Coh-Metrix statistics for all passages can be found on the OSF repository:

https://osf.io/xmpce/. This process was completed for each Lexile Group separately, since each

Lexile Group read different stories. Despite this minimization technique, there remained
variation on several measures between passages both within and across study days. For that
reason, passages were still included as random effects in all the inferential models (see Results

section for more details).


https://osf.io/xmpce
https://osf.io/xmpce/

Comprehension questions were those provided by ReadWorks. Each passage had 5-7
multiple-choice questions, with 4 answers each. Questions were structured so that 1-2 queried
explicitly mentioned information, 1 queried the main topic of the passage, 1 queried syntactic
relationships, 1 queried vocabulary, 1-2 queried text structure and/or evidence supporting a
conclusion, and 1 required inferencing about what was read. Answers to these questions
comprised our dependent measure for reading comprehension. No feedback was given following
responses, and no errors were explained to students. Once students began answering questions,

they could not go back to the reading passage.

At three testing points in each phase, students also answered a set of Y/N comprehension
questions for 50 sentences containing complex syntax (e.g., object relative clauses, viz. The
grandmother who the child is visiting is excited.; cataphor constructions, viz. After she hired the
intern that dressed in a suit for the interview, Stacey informed the manager.; and center
embedded clauses, viz., The student realized that the librarian who watched the lobby from the
desk looked at books in the history section.). These sentences were designed by the
experimenters to address other research questions with adult populations, but we chose to present
them here as exploratory research to determine whether the Cascade Format would assist
comprehension in these very difficult cases. However, the sentences proved too difficult for all
students regardless of reading condition, with most being unable to complete the task. Therefore,

these results are not reported further.



Usability questionnaires

In addition to comprehension data, we administered questionnaires to probe student attitudes
about reading in the new format and insights into their reading experience. These were
administered on Day 9 of each experimental condition, on the same platform as the reading
passages. This allowed us to analyze answers to these questions with respect to treatment group.

The questionnaires asked students to rate the following via a 7-point Likert scale:

a) How confident students were of their answers (Confidence);

b) How well they could hear how a sentence would sound out loud (Auditory
Simulation/Implicit Prosody);

c) How often students guessed at their answers (Guessing);

d) Whether students enjoyed reading on a computer compared to books (Technology).

In addition, we collected data using an “Exit Ticket” at the end of the study, which was a
general questionnaire administered anonymously in paper format. Students were given as much
time as they needed to complete the Exit Ticket, but were not required to turn it in. This
questionnaire asked students to indicate (Y/N) whether they “preferred the Cascade Format to
traditional format” and whether they “would be interested in using the Cascade Format in
school.” Each respondent also indicated (Y/N) which of 8 skills they “definitely learned more
about” during the study. Nonexclusive choices were: How to 1) guess better?; 2) read more
carefully?; 3) understand the importance of paragraphs?; 4) focus attention better?; 5) answer
comprehension questions better?; 6) recognize relationships between parts of a sentence?; 7)
remember what you read?; and 8) hear how phrases “sound” when they are put together?
Students also had the possibility of not responding to the questionnaire. Forms were submitted

anonymously, and were given to the entire class (including to students with IEPs whose data was



not included in the analysis reported above.). This exercise was followed on the same day by a
“Debrief” session in which the Experimental Team conducted informal interviews with each
class to give students an opportunity to express their thoughts about the LDTF format. Varying
amounts of time occurred between the Exit Ticket exercise and the Experimental Team’s

classroom visit, but all Exit Tickets were turned in prior to the Debrief session.

Transparency and Openness Statement

We report how we determined our sample size, all data exclusions (if any), all manipulations,
and all measures in the study, and we follow JARS (Kazak, 2018). All data, analysis code, and
analyses (including those not reported here) can be found on the OSF repository:

https://osf.io/xmpce/ (free OSF account required). Due to licensing restrictions, we cannot post

the texts used in the actual experiment, however they were all taken from the publicly available
website Readworks.org, and we provide an example passage similar to what students read during
the experiment. The comprehension dependent measure was consisted of the comprehension
questions associated with each passage on the Readworks website. Data were analyzed using R,

version 4.0.0 (R Core Team, 2020). This study’s design and its analysis were not pre-registered.


https://osf.io/xmpce/

Results

Reading Data

Data Preparation

Our dependent measure of interest for reading data is accuracy to comprehension
questions from our working sample of 87 students. We report two analyses for this measure, one
fit to data from all the reading trials during the study and a second on a subset of the data for
which we are confident that students actually read the passages associated with the
comprehension questions. The All-Inclusive analysis minimizes post-hoc data processing,
although we did drop trials that could not be identified with a real participant ID (due to students
entering incorrect ID numbers.). These cases occurred primarily in the initial days of the study

and constituted fewer than 2% of trials.

The second analysis prioritizes internal validity by verifying that correct answers to
comprehension questions were actually possible, given what the student read. We verified the
possibility of comprehension by examining passage and question reading rates, and dropping
trials with reading rates below what would be reasonably assumed to coincide with effortful
comprehension. Cutoffs were calculated based on the reading rates in the standardization sample
of the Aimsweb+ Silent Reading Fluency assessment, which is based on 31,000+ students in
grades K-8. Using the mean reading rate for Fall, Winter, and Spring for each grade from Table
12 in the AimsWeb technical Manual (NCS Pearson, 2017), we calculated an expected mean
Silent Reading rate for each of our Lexile Groups. Lexile Group equivalents were determined
using Table 14 of the manual, which reports Lexile levels by grade and season for the

standardization sample. Any passage that was read at a rate that was faster than 3 standard



deviations from the expected mean for the reader’s Lexile Group was dropped from the analysis.
These methods resulted in a loss of 29% of passages (11.4% for Lexile Group A, 20% for Lexile

Group B, 19% for Lexile Group C, and 6.9% for Lexile Group D).

Another reason that students may have answered comprehension questions incorrectly is
because they didn’t read the question itself. Therefore, we used a similar procedure to ensure that
all our comprehension data reflect robust cognitive processing. We assumed that the fastest a
student should be able to answer a question would be no faster than the amount of time it takes
that student to read the question. Therefore, we calculated a cut-off for the entire question set
based on the number of words in the questions using the same reading rates as described above.
Unfortunately, questions were presented all at once on a single screen, so if the questions page
was filled out too quickly after any given passage, the entire list of questions had to be removed
prior to analysis. This resulted in a considerable loss of 18.7% of remaining data (26.3% for
Lexile Group A, 23.6% for Lexile Group B, 13.6% for Lexile Group C; and 8.9% for Lexile
Group D). Alternative methods that would still keep these data, such as robust modeling or
down-weighting extreme responses, were not employed since they would still include
problematic data (i.e., data from students who didn’t read the passage or the question and
therefore guessed at the answer tell us nothing about comprehension ability.) As noted in the
Limitations section, this is a strong consideration for future research, in that maintaining internal
validity without extensive data loss may be more attainable by presenting questions one at a
time. Figure 3 presents a flowchart showing the number of data points in the pre- and post-
reading rate analysis samples. In this context, a data point specifically refers to a binary value

reflecting the accuracy to a specific comprehension question. It is also worth pointing out that



many students were absent to varying degrees, and the numbers reported in Figure 3 reflect that

reality.
Figure 3: Data reduction flow chart.
All-Inclusive Data Internal Validity Data
GroupA GroupB GroupC GroupD GroupA GroupB GroupC GroupD
Phase 1 Cascade 2532 3386 1979 2177 - Cascade 1224 1964 876 1836
Traditional 2314 3884 1539 1846 Traditional 1188 1535 879 1316
GroupA GroupB GroupC GroupD GroupA GroupB GroupC GroupD
Phase 2 Cascade 2517 2753 1798 2098 - Cascade 1453 1804 798 1579
Traditional 1982 3837 1576 1867 Traditional 1020 1757 1041 1214
Inferential Methods

The identical methods were applied to both the All-Inclusive and the Internal Validity
sample. Bayesian hierarchical models were fit to each dataset using the brms() package
(Biirkner, 2017) in R version 4.0.3 (R Core Team, 2020). Mildly informative priors were used
that allowed for a wide range of a priori expected values for the intercept, fixed effect, and
group-level standard deviation parameters given normal distributions. Models fit to
Comprehension Question Accuracy were fit to a Bernoulli distribution. All models were initially
run for 7500 iterations, 2500 of which were warmup. If a model failed to converge and had an
Rhat value greater than 1.1, the model was run with a higher adapt delta value and/or more
iterations, maintaining the warmup proportion, until a model successfully converged. Models
were analyzed by inspecting the 89% credible intervals (Crls), which specify the range of the
posterior distribution where 89% of the least extreme posterior estimates occurred. If a Crl did
not cross 0, that was interpreted as 94.5% of posterior estimates from the model signifying a

directional effect.



For all models, fixed effects were sum coded if binary or contrast/dummy coded if
categorical with more than two categories, including Group (sum coded: -.5 = Cascade-First; .5 =
Traditional-First), Day (numeric value), Lexile Group (treatment coded with Group D baseline),
and Phase (1 vs. 2 or 2 vs. 3; sum coded: -.5 = Earlier Phase, .5 = Later Phase). The baseline of
Group D (950L — 1100L) was chosen since this was unsurprisingly the highest performing
group; thus, it constituted a baseline for the high end of what scores could be expected.
Additional variables were added as fixed effects, including Grade (sum coded: -.5 = 4, 5 =5
Gender (sum coded: -.5 = Male; .5 = Female), Race (treatment coded with White baseline), and

Reduced/Free Lunch Status (sum coded: -.5 = No; .5 = Yes).

The Group comparison in Phase 2 is not with respect to a true control group because the
control comparison was to students who had already received the intervention. This was
unavoidable due to a requirement from our school partner that all students receive the
intervention. Despite this confound, a Group-based modeling approach was still chosen over
alternatives (e.g., within-subject growth-curve modeling) to maximize statistical power while
still accounting for individual variance in demographic variables via mixed modeling. Random
intercepts by Participant, Passage, and Class were added to the models to account for group-level

variance in the data.

Results

All data and analyses (including those not reported here) can be found on the OSF

repository: https://osf.io/xmpce/ .



https://osf.io/xmpce/?view_only=b742ba4c47414824adddbc931e6acce5

All-Inclusive Sample

Model output for Comprehension Accuracy in Phase 1 is reported in Table 3. There were
simple effects of Lexile Group such that the highest Lexile Group outperformed all others. There
were no other effects observed, including effects of interest like the effect of Group or its
interaction with Day. The model output for Phase 2, shown in Table 4, reveals no effects
following the 89% CrlI criterion. Although there was some marginal evidence for effects in Phase
2, (e.g., positive Crl boundaries that end on 0), these did not meet our criteria for establishing
significant effects. Likewise, the model output for Phase 3 revealed no effects of interest, as
shown in Table 5 below. There exists a strong possibility that the pattern of null effects could be
due to compromised internal validity of this dataset, as all participant data were included
regardless of quality, but inspection of reading times revealed some exceptionally fast reading
rates. For that reason, we treat the analyses of our Internal Validity sample as our main analysis

for the remainder of the article.



Table 3. Phase 1 Accuracy Model (All-Inclusive)

(Significant effects indicated by bold and *)

Effect Estimate | Est. Error 89% Crl
Group 23 25 [-.16, .62]
Day .01 .03 [-.04, .06]
Lexile Group A/D -1.45 31 [-1.94, - 95]*
Lexile Group B/D -1.15 .30 [-1.64, -.66]*
Lexile Group C/D -.76 31 [-1.26, -.26]*
Group*Day -.03 .03 [-.08, .02]
Group*Lexile Group A/D -.17 33 [-.70, .35]
Group*Lexile Group B/D -.30 31 [-.80, .20]
Group*Lexile Group C/D A2 37 [-.46, .71]
Day*Lexile Group A/D .04 .04 [-.03, .11]
Day*Lexile Group B/D -.01 .04 [-.08, .05]
Day*Lexile Group C/D .00 .04 [-.07, .06]
3-Way Interaction A/D .02 .04 [-.04, .08]
3-Way Interaction B/D .00 .03 [-.05, .06]
3-Way Interaction C/D .00 .04 [-.07, .06]

Table 4. Phase 2 Accuracy Model (All-Inclusive)

(Significant effects indicated by bold and *)

Effect Estimate | Est. Error 89% Crl
Group 37 40 [-.26, 1.01]
Day .02 .02 [-.02, .06]
Lexile Group A/D -.44 57 [-1.34, .47]
Lexile Group B/D -.38 55 [-1.26, .51]
Lexile Group C/D .05 .58 [-.87, .97]
Group*Day .03 .02 [.00, .07]
Group*Lexile Group A/D -.53 53 [-1.38, .31]
Group*Lexile Group B/D -.66 48 [-1.43,.10]
Group*Lexile Group C/D -.37 57 [-1.28, .54]
Day*Lexile Group A/D -.03 .03 [-.09, .02]
Day*Lexile Group B/D -.02 .03 [-.08, .03]
Day*Lexile Group C/D -.01 .03 [-.06, .04]
3-Way Interaction A/D -.03 .03 [-.08, .02]
3-Way Interaction B/D -.03 .03 [-.07,.02]
3-Way Interaction C/D -.05 .03 [-.10, .00]




Table 5. Phase 3 Accuracy Model (All-Inclusive)
(Significant effects indicated by bold and *)

Effect Estimate | Est. Error 89% Crl
Group .02 .98 [-1.90, 1.95]
Day .30 31 [-.31,.90]
Lexile Group A/D .02 .99 [-1.91, 1.98]
Lexile Group B/D 14 1.01 [-1.85, 2.14]
Lexile Group C/D .01 .99 [-1.92, 1.94]
Group*Day .02 .05 [-.07,.11]
Group*Lexile Group A/D -.05 1.00 [-2.03, 1.90]
Group*Lexile Group B/D .02 .99 [-1.89, 1.97]
Group*Lexile Group C/D 14 1.00 [-1.81, 2.12]
Day*Lexile Group A/D -.06 .05 [-.15,.03]
Day*Lexile Group B/D -.06 .05 [-.15,.04]
Day*Lexile Group C/D -.04 .05 [-.13,.06]
3-Way Interaction A/D .00 .05 [-.09, .09]
3-Way Interaction B/D -.02 .05 [-.11,.08]
3-Way Interaction C/D -.06 .05 [-.15,.04]

Internal Validity Sample

Model output for Comprehension Accuracy in Phase 1 is reported in Table 6, and by-
group progress for Phase 1 is visualized in the left panel of Figure 4. There were simple effects
of Lexile Group such that all groups performed worse than the highest Lexile Group (Group D),
which is unsurprising given that this group is comprised of the best readers. A Group by Day
interaction was found wherein reading comprehension increased at a greater rate throughout
Phase 1 for students in the Cascade-First group compared to students in the Traditional-First
group. Although no interactions between Group and Lexile Group were found, the data do reveal
higher numeric benefits from the Cascade Format for intermediate reading levels. In particular,
the trend, highlighted by Figure 5 below, suggests that students in the Lexile B (635L-785L) and
Lexile C (795L — 945L) groups may benefit the most from the Cascade Format. These Lexile

interaction effects, however, are merely speculative— further research is needed to provide



additional statistical rigor to these Lexile interactions. This result is discussed further in the

General Discussion.

Table 6. Phase 1 Accuracy Model (Internal Validity)
(Significant effects indicated by bold and *)

Effect Estimate | Est. Error 89% Crl
Group 17 25 [-.24, .57]
Day .00 .03 [-.05, .06]
Lexile Group A/D -1.57 34 [-2.11, -1.04]*
Lexile Group B/D -1.18 32 [-1.70, -.67]*
Lexile Group C/D -.62 34 [-1.16, -.07]*
Group*Day -.06 .03 [-.11,-.01]*
Group*Lexile Group A/D -.20 .36 [-.78, .38]
Group*Lexile Group B/D -23 33 [-.76, .30]
Group*Lexile Group C/D .01 40 [-.62, .66]
Day*Lexile Group A/D .05 .05 [-.02, .12]
Day*Lexile Group B/D .00 .04 [-.07, .07]
Day*Lexile Group C/D .01 .05 [-.09, .06]
3-Way Interaction A/D .06 .04 [-.01, .12]
3-Way Interaction B/D .05 .04 [-.01, .11]
3-Way Interaction C/D .03 .05 [-.04, .11]




Figure 4: Group Accuracy by reading day in Phases 1 and 2.
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Figure 5. Difference between by participant mean percentages for students reading in cascade
versus block text in phase 1. Positive numbers indicate an overall advantage with reading
Cascaded text. Ranges with fewer than three students were omitted from this visualization.

Cascade Advantage by Lexile Range

10-

Difference in Comprehension Scores
o
i
1
1
1
1
1
1
1
1

500 600 700 800 900 1000 1100
Lexile Range

The right panel of Figure 4 shows the by-group progress for Phase 2. No simple effects,
main effects, or interactions were observed for Phase 2 data. We also observed no significant
effects for Phase 3 data. Model outputs for Phase 2 and 3 data are reported in Tables 7 and 8
below. We interpret these null findings to the fact that the group reading in traditional format in
Phase 2 is not a suitable control group for the group beginning to read in Cascade because they

had already read in Cascade and increased their reading scores. Thus, although the two groups



were matched at the beginning of Phase 1, this was no longer the case at the beginning of Phase
2 due to benefits already conferred by the intervention. This was verified in the analysis
described below, which examined comprehension accuracy for the Cascade-First group once
they returned to reading in traditional format during Phase 2. We refer to these effects as transfer
effects because we are interested in how the experience of reading text with explicit syntactic
cues may transfer to reading text that is formatted without those cues (i.e., in the Traditional

format).

Table 7. Phase 2 Accuracy Model (Internal Validity)
(Significant effects indicated by bold and *)

Effect Estimate | Est. Error 89% Crl

Group 21 43 [-.48, .89]

Day .01 .03 [-.03, .05]
Lexile Group A/D -.61 .61 [-1.58, .37]
Lexile Group B/D -.51 .60 [-1.48, .43]
Lexile Group C/D .30 .63 [-.70, 1.30]
Group*Day .02 .03 [-.02,.06]
Group*Lexile Group A/D -.78 .61 [-1.75, .20]
Group*Lexile Group B/D -.67 .54 [-1.53, .20]
Group*Lexile Group C/D -.17 .66 [-1.23, .88]
Day*Lexile Group A/D -.03 .04 [-.08, .03]
Day*Lexile Group B/D -.02 .04 [-.07, .04]
Day*Lexile Group C/D -.01 .04 [-.07, .05]
3-Way Interaction A/D .00 .04 [-.06, .06]
3-Way Interaction B/D -.01 .03 [-.06, .04]
3-Way Interaction C/D -.06 .04 [-.12,.00]




Table 8. Phase 3 Accuracy Model (Internal Validity)
(Significant effects indicated by bold and *)

Effect Estimate | Est. Error 89% Crl
Group 22 .98 [-1.66, 2.13]
Day .03 .36 [-.68, .75]
Lexile Group A/D .01 1.00 [-1.94, 1.98]
Lexile Group B/D A1 .98 [-1.82,2.00]
Lexile Group C/D -.02 1.00 [-1.97, 1.94]
Group*Day -.00 .05 [-.10,.09]
Group*Lexile Group A/D .08 1.00 [-1.88, 2.04]
Group*Lexile Group B/D .05 1.00 [-1.90, 2.03]
Group*Lexile Group C/D 17 1.00 [-1.77,2.14]
Day*Lexile Group A/D -.06 .05 [-.16,.03]
Day*Lexile Group B/D -.04 .05 [-.14, .05]
Day*Lexile Group C/D -.04 .05 [-.14, .07]
3-Way Interaction A/D -.01 .05 [-.11,.09]
3-Way Interaction B/D -.00 .05 [-.10,.10]
3-Way Interaction C/D -.04 .05 [-.14, .07

Data broken out by Group, Lexile, and Phase are visualized in Figure 6. Table 9 presents
the output of models testing transfer from Phase 1 = Phase 2, which revealed significant simple
effects of Lexile, wherein Lexile Groups A and B performed worse than Lexile D. A critical
interaction was found between Treatment and Phase such that the Cascade-First group retained
the gains they achieved in Phase 1 after switching back to traditional format, whereas the
Traditional-First group improved after switching to Cascade format. This is qualified by a 3-way
interaction indicating that the accuracy gains were greatest for Lexile Group B. The Phase x
Lexile C interaction indicates a significant increase in accuracy scores for all readers when they
switched formats; however, this did not interact with Treatment group. The Phase x Group x
Lexile Group B and the Group x Lexile B interactions indicate that the gain for the Lexile B
students was specific to those reading in the Cascade Format and thus represents a transfer effect

as previously defined.



Table 9. Transfer Effect Comparison Models

(Significant effects indicated by bold and *)

Comparison Effect Estimate | Est. Error 89% Crl
Group 25 21 [-.09, .59]
Phase -.13 14 [-.36, .10]
Lexile Group A/D -.95 20 [-1.27, -.62]*
Lexile Group B/D -.86 .19 [-1.15,-.55]*
Lexile Group C/D -.25 .19 [-.56, .06]
Group*Phase 24 14 [.02, .46]*
Phase 1 vs. Phase 2 Group*Lexile Group A/D -43 .29 [-.89, .03]
Group*Lexile Group B/D -.52 .26 [-.93, -.10]*
Group*Lexile Group C/D -.24 31 [-.73, .25]
Phase*Lexile Group A/D A2 20 [-.20, .44]
Phase*Lexile Group B/D .16 20 [-.16, .48]
Phase*Lexile Group C/D 48 21 [.15, .82]*
3-Way Interaction A/D -23 .19 [-.53,.06]
3-Way Interaction B/D -43 17 [-.71, -.15]*
3-Way Interaction C/D -.19 21 [-.53, .15]
Group .36 29 [-.11, .82]
Phase 40 26 [-.02, .81]
Lexile Group A/D -.93 27 [-1.37,-.50]*
Lexile Group B/D -.63 26 [-1.04, -.21]*
Lexile Group C/D -.06 .29 [-.53, .41]
Group*Phase 22 27 [-.22, .65]
Phase 2 vs. Phase 3 Group*Lexile Group A/D -.53 40 [-1.16, .10]
Group*Lexile Group B/D -.52 34 [-1.07, .02]
Group*Lexile Group C/D -.80 42 [-1.48, -.13]*
Phase*Lexile Group A/D -.17 .35 [-.74, .39]
Phase*Lexile Group B/D -.28 35 [-.84, .28]
Phase*Lexile Group C/D 41 37 [-.18, 1.00]
3-Way Interaction A/D -.35 35 [-.92, .21]
3-Way Interaction B/D -.55 33 [-1.08, -.03]*
3-Way Interaction C/D -.33 .39 [-.96, .29]




Figure 6: Lexile Group differences across Groups and Phases. Error bars represent standard error
by condition.
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From Phase 2 = Phase 3, simple effects again show the expected result where students in Lexile
Groups A & B performed worse compared to those in the highest Lexile Group. Two and three-
way interactions again show significant effects in Lexile Groups B and C. The Phase x Group x
Lexile Group B interaction shows that, although both groups had lower accuracy moving from
Phase 2 - Phase 3, the group reading in the Cascade Format during Phase 2 had a significantly
smaller reduction in scores, particularly for students in Lexile Group B, possibly indicative of a
transfer effect similar to what we saw from Phase 1 = Phase 2. These results are discussed in the

context of transfer effects in more detail in the General Discussion.



Comparison Between Samples

To assess the extent to which the data exclusions in the Internal Validity sample led to
unforeseen differences or conditional imbalances in treatment groups and Lexile levels, we first
ran a Chi square test of independence, finding no differences in the amount of data excluded
between the Cascade-First and Cascade-Second groups. This is reported in Table 10 below. We
were further interested in whether, within treatment groups, the loss of data for the Internal
Validity sample impacted Group or Lexile Group differentially on a day-by-day basis. To this
end, we fit the data to two multiple regression models with a dependent variable of number of
data points, one with factors of Day and Group and their interaction, and another with factors of
Day and Lexile Group and their interactions. The model outputs are reported in Tables 11 and
12. There were no interaction effects found, suggesting the rate of data exclusions remained
consistent throughout the experiment and did not create significant imbalances on a day-to-day
basis. We did however observe differences in the amount of data lost between Lexile Group A

and the other Lexile Groups, but this did not change over time.

Table 10. Model output for Chi Square Test of Independence for treatment group data exclusion
Proportions

Test of Independence: Cascade-First vs. Cascade- X=12 |df=9 |p=0.213
Second




Table 11. Model output for multiple regression analysis testing lost data for Treatment Group x
Day. Group is treatment coded with Cascade-First as the baseline and Day is numeric.

Effect Estimate SE t Value p
Value
Day -5.67 3.05 -1.82 .07
Group -89.66 61.66 -1.45 15
Group*Day -.13 4.32 -.03 .98

Table 12. Model output for multiple regression analysis testing lost data for Lexile group by
Day. Group is treatment coded with Lexile level A as the baseline and Day is numeric. Effects in
bold are statistically significant.

Effect Estimate SE ¢t Value P

Value

Day -1.48 1.98 -.74 46
Lexile B 159.19 40.05 3.975 | <.000

Lexile C -97.667 40.05 -2.44 017

Lexile D 115.82 40.05 2.89 .005

Day*Lexile B -2.35 2.8 -.84 40

Day*Lexile C 1.94 2.8 .69 49

Day*Lexile D -4.96 2.8 -1.77 .08

To further assess how data exclusions impacted our inferential results, we conducted a
Bayesian sensitivity analysis by manipulating the priors in Phase 1 models for both samples to
determine how reliable respective model outputs were, specifically for the Group by Day
interaction effect. This was accomplished by comparing Bayes Factors between models with
different prior specifications (one with more informative group-level standard deviation priors,
one with weaker standard deviation and beta priors) and examining the degree to which they
change as a result of the changing priors. The results are reported in Table 13 below. These
results suggest that the Internal Validity data are in fact more robust than the All-Inclusive data,
further strengthening the rationale behind conducting these data exclusions to improve internal

validity for the analyses.



Table 13. Sensitivity analysis outputs. Informative priors changed the sd parameter to normal(0,
.1) and weak prior changed the beta and sd parameters to normal(0,10).

Data Prior BFprr | Probability
Cleaned Original 35.5 .97
Cleaned Informative | 35.83 97
Cleaned Weak 39.28 .98

Pre-Cleaned Original 4.75 .83
Pre-Cleaned | Informative | 36.04 97
Pre-Cleaned Weak 37.95 .97

Finally, we conducted a post-hoc power analysis using the BFDA package (Schonbrodt
& Stefan, 2024) to estimate the power from our Internal Validity sample of 87 participants
following data exclusions. This method simulates effect sizes from a normal distribution with a
mean Cohen's D of .4 and standard deviation of .2 to examine a range of potential effect sizes
reflecting our agnostic assumptions (i.€., a small to large effect size could be possible) for 10,000
iterations. Being a Bayesian power analysis method, the output gives us the proportion of
simulations where the effect size passed a certain threshold of evidentiary strength, either
equivalent to a Bayes Factor for the alternative hypothesis of 3 (substantial evidence in favor of
the alternative hypothesis) or 1/3 (substantial evidence against the alternative hypothesis; see
Jeffreys, 1998). Importantly, simulations that do not reach one of these endpoints at the 87
sample size limit still provide evidentiary support one way or another, with roughly half the
remaining simulations showing effect sizes either in favor for or against the alternative
hypothesis. The result is shown in Figure 7. The analysis reveals a range from 57% power (BF
values greater than 3) to 70% power (BF values greater than 1) for the analysis following data
exclusions. We further address the issue of power in our Limitations section together with

strategies for improving data retention in future school studies.



Figure 7: These two panels show the output for the Bayes Factor Design Analysis approach to post-hoc power analysis
used in the current study. These analyses were done for a range of small to medium effect sizes following a normal
distribution around a mean of Cohen's D of .3 and standard deviation of .1. Each point represents groups of simulations
starting with a range of 70 participants and ending with 87 participants (our sample size follow data exclusions). The
other panel shows simulations starting with a range of 87 participants to 107 participants, our sample size prior to data
exclusions. These simulations were run under the scenario in which the alternative hypothesis were correct, meaning
that successful identification of the null hypothesis with substantial evidence (i.e., a Bayes Factor value below 1/3)
reveals a post-hoc Type II error rate from which power can be calculated. For simulations that reached a Bayes Factor
between 1/3 and 3 after the final sample size was reached, their evidentiary support can still be lent by examining
whether the value is greater than or less than 1. Given the roughly normal distribution of these values, we approximate
about half of these values represent Bayes Factors that successfully evidence the alternative hypothesis. From this
analysis, we calculate that the power for a small to medium effect size (Cohen's D ranging from .2 to .4) remains at
70% power for both sample sizes; however, unsurprisingly, there is stronger evidentiary support with the larger sample
size (BF values still above 1 but a bigger proportion below what would be considered substantial). For more
information on the evaluation of Bayes Factors, see (Jeffreys, 1998).
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Since 70% power is still below the standard goal of 80% power, several precautions were
taken to mitigate the further loss of power from data exclusions as indicated from this power

analysis. First, Bayesian modeling allows for the inclusion of maximal mixed effects models



even in relatively low-powered samples compared with frequentist models, allowing us to
account for more variance in the data without encountering convergence issues (Kimball et al.,
2019). Second, the sensitivity analysis described above shows that our results remain stable even
when presented with more or less informative priors, indicating reliability in our data (Gronau et
al., 2017; Schad et al., 2021). Taking all of these methods into consideration, we believe that
although underpowered, the fact that we still found stable, significant effects, suggests that the
current data serves as a strong preliminary step towards establishing efficacy of the Cascade

Format for this student population.

Usability Questionnaires

Likert Response Analysis

The subjective assessment questions were answered via a four- or five-point Likert scale,
depending on question. Responses were numerically coded and fit to ordinal logistic regression
models with Condition (the format of the text), Lexile, and their interaction as predictors, with
Condition sum coded and Lexile treatment coded as described above. Models were run and
interpreted via the MASS (Venables & Ripley, 2002) and AER (Kleiber & Zeileis, 2008)
packages in R version 4.0.3 (R Core Team, 2020). Of the four models (Confidence, Auditory
Simulation/Implicit Prosody, Guessing, and Technology), significant effects were observed only
for Confidence and Auditory Simulation/Implicit Prosody. Table 14 reports outputs for both
models. For Confidence ratings (Figure 8), a significant interaction was found between Group
and Lexile Group A such that students in the lowest Lexile Group reported higher confidence

when reading in the Cascade Format compared to when reading in the traditional format. The



Auditory Simulation/Implicit Prosody model yielded a main effect of Group and a simple effect
of Lexile Group A such that students reading the Cascade Format and students in Lexile Group
A overall reported more frequent experiences of “hearing how the sentence should sound” while
reading. Figure 9 visualizes the two significant interactions in the proportions of students who
answered that the Cascade Format a/ways helped them hear how the sentence would sound;
students from the two intermediate Lexile Groups (B & C) were more likely to report a higher
frequency of experiencing auditory simulation when reading in the Cascade Format compared to
students of an equal reading level who were reading in traditional format. We further tested for a
relationship between Likert scale ratings and comprehension performance, but no significant
relationships were found, suggesting more research is needed to establish any causal link

between these subjective attitudes and changes in comprehension outcomes.

Table 14. Ordinal regression model outputs

(Significant effects indicated by bold and *)

Subjective Question Effect Estimate | Std. Error | z value p value
Group -.33 .63 -.53 .60
Lexile A/D 42 49 .86 39
Lexile B/D .08 40 .20 .84
Confidence Lexile C/D 28 47 .59 .56
Group*Lexile A/D 2.75 1.00 2.76 .01
Group*Lexile B/D .98 .80 1.23 22
Group*Lexile C/D -71 .94 -.76 45
Group -1.35 .65 -2.09 .03
Lexile A/D -1.25 S0 -2.52 .01
Lexile B/D -47 40 -1.17 24
Auditory Simulation Lexile C/D -.86 47 -1.882 .07
Group*Lexile A/D 1.10 .98 1.12 .26
Group*Lexile B/D 1.76 81 2.17 .03
Group*Lexile C/D 2.38 96 2.48 .01




Figure 8: Self-reported confidence in answering comprehension questions. Error bars represent standard
error within Lexile Range and Group.
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Figure 9: Auditory Simulation/Implicit Prosody - Proportion of “Always” responses.
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Exit Question Data

Exit question data could not be analyzed with respect to treatment group because it was given to
all students anonymously. Instead, we calculated correlations between reported attitudes towards
Cascade (if they preferred it to the traditional format and if they would like to use it in school)
and answers to the questions about whether they learned about the 8 skills shown in Table 15
below. We received 91 respondents. Of those who responded, 45% said they prefer the Cascade
Format over the standard format, and 38% said they would like to continue using it in school.

Those who preferred the Cascade Format were significantly more likely to report that they were



better able to remember what they read (r =.24, p = .04) and that they learned about the
importance of paragraphs (» = .26, p = .02). Those who wanted to continue using the Cascade
Format also reported learning about paragraph importance (» = .24, p = .04) and stated that the
program helped them answer comprehension questions better (» = .24, p = .04). We also
observed a marginal correlation such that those who expressed interest in continuing to use the
Cascade Format were more likely to report hearing how the sentence should sound (» =.21, p =

.07). Table 15 presents the complete correlation table for these data.

Table 15: Correlation matrix for Exit Question responses

Skill Interest Preference
Better Guessing 0 0.01
Carefully Read 0.08 0.07
Paragraph Importance 0.24" 0.26"
Better Focus 0.16 0.11
Answer Questions 0.24" 0.15
Sentence Relations 0.19 0.12
Memory 0.09 0.24"
Auditory Simulation 0.21° 0.15

*=p<.05;+=p<.10

General Discussion

The Cascade format provides visual cues to the syntactic structure of a sentence, with the
aim of making relationships between characters and concepts within the sentence easier to
identify and understand. The current study examined reading comprehension accuracy (N = 87)

and subjective response data (N = 91) from 4™ and 5™ grade public school students reading in



either the new format or traditional format over the course of 12 weeks. The central finding is
that students reading in the Cascade Format during Phase 1 improved their accuracy at a greater
rate and amount compared to students reading in the traditional text format. This was evident
from the interaction of Group and Day in Phase I, confirming the prediction of Objective
Research Question 1. These gains were retained by students in Lexile Group B, the group with
the numerically highest advantage from the Cascade Format when they switched back to reading
in the traditional format, as indicated by the significant 2- and 3-way interactions with Phase.

Thus, our Objective Research Question 2 was borne out for Lexile Group B readers.

Subjective assessments provide insights into the possible mechanism that produced these
comprehension improvements. For example, students reading in the Cascade Format reported
being able to “hear how the sentence would sound” more often compared to students reading in
traditional format. Although the linkage between responses to this question and students’
comprehension processes is underspecified, this result coincides with the idea that explicit
phrasal boundaries, like those the Cascade Format provides, may help readers to produce more
natural intonational phrasing. This ability to read with “natural expression” is a key component
defining the highest levels of oral reading fluency as defined by the NAEP scoring rubric (White
et al., 2021) and has been linked to accurate reading comprehension in numerous studies (e.g.,
Kim, 2015; Dowhower, 1991; Kuhn et al., 2010; Miller & Schwanenflugel, 2006; 2008; Ravid &
Mashraki, 2007; Wolters et al., 2020). Moreover, low prosodic ability has been specifically
observed in high school students with grade-appropriate word reading skills, but below grade
level comprehension ability (e.g., Breen et al., 2016; 2024). Thus, the Cascade format can be a
valuable support to comprehension because it provides salient visual cues that a reader can use to

identify phrases while they are in the midst of interpreting a sentence. A potential caveat is that



students may have understood this question to be about word-level pronunciation or some other
phonological element. If the Cascade Format promotes a more general sense of “how a sentence
should sound” this would be consistent with findings that suggest a positive relationship between
auditory perceptual simulation (i.e., imagining a voice while reading) and reading
comprehension (see Zhou & Christianson, 2016). Hence, regardless of its precise character, our
findings suggest that reading in the Cascade Format encourages auditory and/or phonological

simulation significantly more than when reading in the traditional format.

Another important outcome from the subjective assessments is that Cascade appears to
show promise for below-grade-level readers’ motivation to read. Readers in our lowest ability
group, Lexile A (470L-620L), reported greater confidence in their answers to comprehension
questions. Although no related improvements in comprehension were observed, it is possible that
this group may require more practice and/or more explicit instruction than what was provided in
this study. We interpret their increased confidence as a positive indicator that the Cascade
Format may help to remove anxiety about reading in struggling readers. Indeed, during our post-
study school visit, we had many students report that the Cascade Format feels more accessible to
them because “the words were broken up into smaller chunks.” In addition, the special education
teacher gave anecdotal evidence about an IEP student who “felt like a reader” for the first time
because of Cascade.® This is consistent with our exit data in which 45% of our sample reported
that they preferred the Cascade Format to the traditional format, and more than 38% said they
would like to continue using it in school. While it is true that these percentages are not the

majority, we take this as remarkable enthusiasm for a new reading experience among a group 4™

3 As noted in the Methods, students with IEPs were not included in the data reported here. Nevertheless, these
students did complete Cascaded readings during their pull-out instructional periods.



and 5" graders with a wide range of reading ability. Additional research is necessary to better
understand how to implement the Cascade Format with below-grade level readers, including
details related to how Cascade Reading may interact with deficits in other foundational skills

(e.g., decoding, vocabulary, monitoring, etc.)

The current data point to the greatest benefit—both in objective accuracy and subjective
measures—for students whose reading level corresponded to Lexile Groups B and C (635L-

945L). According to the MetaMetrics Lexile Grade Level Charts (https://hub.lexile.com/lexile-

grade-level-charts), this corresponds roughly to the 25"-75" percentiles of students in grades 3-7.

Although reading data only revealed significant comprehension growth for Lexile Group B
students, numerical evidence and subjective data reveal that the benefit may also extend to those
in Lexile Group C. Especially given the lower power for this Lexile Group in particular, more
work is needed to better understand the optimal ability range for the best benefits to be
conferred. These Lexile levels also comprise the groups who were most likely to report the effect
of “hearing how a sentence should sound,” although students in Lexile A also contributed to the
overall main effect of experimental group. These findings are helpful because they shed light on
which readers may have the most benefit from using the Cascade Format. It should also be
remembered that Lexile refers to both students and texts, and these were matched in the current
research. In real life, it is often the case that individuals must interact with texts that are beyond
their reading ability. For example, it is possible that a Lexile D student presented with a college
level text may benefit greatly from a Cascaded version because the Cascade Format may make it

easier to interpret complicated grammatical structures that are characteristic of advanced writing.


https://hub.lexile.com/lexile-grade-level-charts
https://hub.lexile.com/lexile-grade-level-charts

Limitations

This study was conducted in a year following major school shutdowns due to COVID.
Hence, the principal of the host school was enthusiastic about bringing in a novel intervention
that could bolster failing reading scores, but at the same time was concerned that every student
should have the opportunity to participate in the LDTF intervention. This meant that our sample
was effectively cut in half, as the group who read in the Cascade Format during Phase 2 could
not be compared to a true control group in the same way that the group who read in the Cascade
Format during Phase 1 could, since the Phase 2 control group (the Cascade-First group) had
already been exposed to the LDTF intervention. The significant Phase x Group x Lexile
interaction attests to this fact, as we saw that their reading comprehension scores were increased
at the beginning of Phase 2 compared to scores at the beginning of the study. An additional
problem in evaluating the Phase 2 = Phase 3 transfer effect comes from the fact that only 3 days
intervened between those Phases, unlike the Phase 1 = Phase 2 comparison, where a full week
intervened between phases. This “washout” phase is important in order to distinguish effects of
the intervention from incidental effects due to general practice effects or recency of exposure
effects. These limitations necessarily make the conclusions we can draw from the Phase 2 and 3
data tentative. The conclusions from the Phase 1 data are more promising, despite the reduced
power created by focusing only on the data in which student read the passages (i.e. our Internal
Validity sample). This promise is evident in the robustness of our results, which show that even
with reduced power there is substantial support (Bayes Factors for the interaction effect > 3) for
the conclusion that reading in the Cascade Format improves reading comprehension. Future

research should seek to replicate the present effects with a larger sample and a true non-treatment



control group, and for a longer duration in order to assess whether readers in the lower Lexile

group might also achieve comprehension benefits over a longer time scale.

A second drawback is that a substantial portion of data was dropped due to reading and
question answering at speeds beyond what would reasonably suggest task fidelity. It is well
known that there may be many reasons for why students failed to complete a task as directed,
and nearly impossible to assess at an individual level in a systematic way (e.g., Christianson et
al., 2022). It is possible that our assignment of a 30-minute reading period, or 3 passages of 1000
words in length was beyond the cognitive or attentional capacity of 4™ and 5 grade participants.
We were also unable to assess the extent to which the COVID shutdown may have affected
students’ stamina or created skill gaps. We did choose this dosage after careful consultation with
the classes’ teachers, who assured us that this was within the range of the classes’ typical reading
activities, but it remains possible that aspects of the intervention itself, including reading on the
computer, knowing that this was not a typical classroom assignment, the format itself, or some
other consequence of COVID, led students to attend less while reading. We attempted to probe
some usability aspects of the reading experience with our questionnaires, but there is certainly

more that could be done in this area, both via self-report data and usability studies.

In order to address our goal of investigating how the Cascade format affects reading
comprehension, we chose to create an “Internal Validity Sample,” which we could be confident
would reflect actual comprehension processes, as evidenced by students having adequate time to
comprehend text at a basic level. Our post-hoc analyses on this sample compared to the All-
Inclusive sample confirms that there was no systematic association between treatment group,
reading ability, or demographic variables. Hence, while we don’t know for sure that every

student was reading with the necessary attention for comprehension, our Internal Validity sample



followed previously accepted practices for ensuring this is true to the greatest extent possible
(e.g., Matsuki et al., 2016; Méziere et al., 2024). Future research should adopt strategies to
reduce lost data (e.g., those described in Christianson et al., 2022), as well as a presentation
procedure that does not present all questions on a single screen, which would allow researchers
to remove only those specific questions that were read too quickly for comprehension. It cannot
be denied that substantial loss of data may have affected our results, with power for the sample
size being only 70% prior to data exclusions. This problem is exacerbated when testing higher
order interactions, like our effects for Lexile Group. Our strongest effects were for Lexile Group
B, and it may not be a coincidence that this is the group for which we had the most data.
Specifically, compared to Lexile B, Lexile A had 43% fewer data points, Lexile C had 77%
fewer, and Lexile D had 27% fewer. This pattern begs the question of whether our non-
significant interaction effects in Lexile C were due to a loss in statistical power, as we did
observe significant effects of Phase x Lexile and a numerical trend for the Phase x Group x
Lexile interaction consistent with transfer effects for the Lexile C group. Despite these
shortcomings, the value of the current data remains strong and encourages additional research to
corroborate and expand the effects established here. Moreover, our Bayesian approach enables
future studies to use our data in a cumulative scientific process (Vanpaemel, 2010). We expect
that future work, with the improved procedures discussed, will clarify which readers experience

immediately and/or sustained benefits from LDTF interventions.

Relatedly, the current study cannot speak to the required dosage or exposure to LDTF
that is required for elementary-aged students to benefit. Previous work with college-aged readers
has found comprehension improvements after reading ~3000 words of text presented in the

Cascade Format (Dempsey et al., 2024, 2025). Although numeric trends in the current data



indicate that improvements began after only a few sessions, more work is needed to determine
how experience with this formatting builds over time with this age group. This language
technology has also not been implemented widely, meaning that best practices for
implementation in real classrooms remains unknown.* For example, students certainly read
materials throughout the day in traditional text format, and it would be of interest for future
research to determine if the proportion of exposure to traditional formatting vs. LDTF influences
comprehension growth. Finally, we noted in the introduction that the ability of Cascade
Reading’s LDTF algorithm to reliably generate regular cues to syntactic structure positions it
well to support statistical language learning. The current study was not able to assess changes in
grammatical knowledge due to limitations from the host school’s calendar, but this is a priority
for future work. Nevertheless, we view the increased comprehension accuracy and significant
interactions indicative of transfer effects in the current study as an indicator that repeated

exposure to LDTF holds great promise for improving comprehension outcomes.

Conclusion

We tested 4" and 5™ grade students’ comprehension of passages presented in
Linguistically-Driven Text Formatting (LDTF; specifically the Cascade Format), which uses a
natural language processing algorithm to provide linguistically-driven visual cues that help a
reader identify the syntactic relationships within a sentence. The concept of reading using LDTF

is a novel intervention for reading comprehension because it makes the structure of the sentence

4 Access to LDTF is available for free at https://cascadereading.com. Any amount or genre of text can be
transformed into the Cascade Format, and an interactive tool to explore the underlying syntactic structure of a
sentence is available, together with a Cascade Passage Library and an initial set of lessons for classroom
instruction.



more salient as the reader is creating meaning—unlike other comprehension interventions which
target meta-level reasoning or monitoring skills, or knowledge reinforcers like vocabulary or
background knowledge. As such, the LDTF approach seeks to tap into the word-by-word
language processing that the brain carries out as it assembles individual words into an overall
meaning representation. Explicit instruction in phonics leads to better decoding because phonics
is the part of the language system that the brain relies on for decoding. Likewise, we anticipate
that explicitly revealing the linguistic structure within sentences will improve comprehension,
since word-by-word syntactic processing is fundamental to comprehension (Van Dyke, 2021;
2025). We expect this to be true especially for texts with complex language, such as those
encountered during the middle elementary years and beyond. Results of the current study support
this conclusion—reading in the Cascade Format was found to improve reading comprehension
for 4™ and 5™ graders who spent 2-3 ELA periods/week using the new format, with a continued
benefit for on-grade-level readers when they returned to reading traditionally formatted text.
Students also reported that reading in Cascade Format promoted auditory simulation, possibly
corresponding to implicit prosody, in all but the most advanced readers, as well as increased
confidence in struggling readers. Although additional research is needed to appreciate the full
effects of using this new text formatting approach, the current findings provide optimism for

improved instructional methods in the comprehension domain.
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