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Abstract

Typical print formatting provides no information regarding the linguistic features
of a text, although texts vary considerably with respect to grammatical complex-
ity and readability. Complex texts may be particularly challenging for individuals
with weak language knowledge, such as English language learners. This paper in-
vestigates the usefulness of a text format referred to as Linguistically-Driven Text
Formatting (LDTF), which provides visual cues to grammatical structure for in-the-
moment language support during reading. We assessed reading comprehension in
adult English Language Learners after a two-session exposure to the new format
(also called Cascade Format). Participants’ primary languages were Mandarin and
Korean, which have substantially different syntactic structures from English. Ninety
participants (30 L1 English, 30 L1 Mandarin, 30 L1 Korean) were randomly as-
signed to either the traditional or the LDTF format and read six English passages
across two sessions within the same week. Comprehension was assessed via ques-
tions that probe sentence comprehension and global text properties. Participants also
completed a TOEFL assessment, presented in either LDTF or traditional format.
Bayesian analyses showed that the Cascade Format improved sentence comprehen-
sion relative to control participants for all language groups and experience levels.
Effects on the TOEFL assessment, which taps inferencing and meta-linguistic skills,
were not observed. Syntactic knowledge plays a fundamental role in reading com-
prehension, and LDTF appears to support comprehension by providing visual cues
to this knowledge that can be used at the very moment of meaning construction.
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Introduction

Mastering reading comprehension remains a serious challenge for all learners, espe-
cially in the wake of a multi-year pandemic (e.g., Kuhfeld et al., 2023). For example,
the National Center for Education Statistics released the National Assessment of
Educational Progress (NAEP) Report Card (also known as the Nation’s Report Card)
for reading comprehension skills, showing that average reading scores for US twelfth
grade students (and likewise for fourth and eighth grade students) were significantly
lower from when the first reading assessment was administered back in 1992 (US
Department of Education, 2019). As of the most recent assessment, taken in 2019
before the effects of Covid, only 37% of twelfth grade students performed at or above
NAEP Proficient levels, quantifying a real crisis for graduating students. Low lit-
eracy presents a major obstacle to attaining educational and occupational goals, and
has been associated with increased mental and physical health risks (Kutner, 2007,
National Institute for Literacy, 2008). Even more troubling is that English Language
Learners (ELLs) have consistently scored between thirty and fifty points behind their
Native English-speaking (EL1) peers (for reference, the difference between NAEP
Basic and NAEP Proficient is 38 points). Thus, quality of life challenges for ELLs
living in a predominantly English-speaking society may be especially acute.

It has long been documented that ELLs fall behind their EL1 peers in reading
comprehension in elementary school and that this gap tends to increase with each
subsequent grade (e.g., Farnia & Geva, 2013). Studies have revealed a variety of
causes for this gap, such as differences in vocabulary knowledge (Droop & Verho-
even, 2003), listening comprehension (Li et al., 2021), language-specific knowledge,
and metalinguistic skills, including morphological and syntactic knowledge, syntac-
tic awareness, and the ability to build a mental model of the text (Farnia & Geva,
2013; Guo et al., 2011; Li et al., 2021; Raudszus et al., 2021). Although there is no
definitive research regarding which of these factors has the greatest impact in deter-
mining comprehension outcomes (Choi & Zhang, 2021), some studies suggest that
syntactic knowledge, e.g., recognizing constituent boundaries and relations between
them, may be particularly important in elementary grades (Farnia & Geva, 2013;
Shiotsu & Weir, 2007) and into adulthood (Jeon & Yamashita, 2014, 2022; Zarei
& Neya, 2014), just as it is for EL1 readers (Andrews & Veldre, 2021; Balthazar &
Scott, 2023; Breen et al., 2016; Brimo et al., 2017; Groen et al., 2019; Mackay et al.,
2021; Van Dyke, 2021; Van Dyke et al., 2014).

This is consistent with a long tradition in psycholinguistic and neurolinguistic
research which points to syntactic processing as a core component of language com-
position—the process of joining individual words into meaningful phrases and sen-
tences (e.g., Brennan & Pylkkdnen, 2012; Brothers & Traxler, 2016; Chen et al.,
2021; Clifton et al., 2003; Flick & Pylkkénen, 2020; Frazier & Rayner, 1982; Frie-
derici, 2002, 2011; Mollica et al., 2020; Shain et al., 2022, inter alia). This evidence
base suggests that increased syntactic knowledge, or more immediate accessibility
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to a sentence’s structure, is the foundation for constructing a mental model during
reading. In the ELL context, this is a crucial point, as learners often have poor syntac-
tic knowledge and processing ability in their non-native language. Multiple studies
of adult ELLs and bilingual children have shown that syntactic knowledge predicts
comprehension outcomes (e.g., Gottardo et al., 2018; Guo, 2008; Siu & Ho, 2020;
Sohail et al., 2022; Zhang, 2012), and evidence also shows that syntactic knowledge
in one language can improve reading comprehension and syntactic awareness' and
knowledge in another language (Siu & Ho, 2020; Sohail et al., 2022).

Since syntactic knowledge is an important determinant of comprehension, it is
critical to consider that there are many reported differences in how EL1s and ELLs
process syntactic information during reading. One influential line of work in second
language processing posits that syntactic reasoning is more difficult in L2 process-
ing than in L1 processing, resulting in a heavier reliance on non-syntactic factors
like semantics and pragmatics. This Shallow Structure Hypothesis (SSH; Clah-
sen & Felser, 2006a, b, ¢, 2018) is important to consider in conjunction with ELL
reading comprehension outcomes since it claims that syntactic knowledge is often
underutilized in favor of other linguistic cues. Alternatively, Good-Enough theories
of language processing (e.g., Ferreira et al., 2002; Christianson, 2016) argue that
these differences between L1 and L2 processing are quantitative in nature rather than
qualitative, with L2 readers differing in their sensitivity to syntactic cues rather than
in their ability to use them (Lim & Christianson, 2013a, b, 2015), given adequate
proficiency. Regardless of whether this difference in processing is quantitative or
qualitative, researchers agree that syntax is not as reliably accessible for L2 read-
ers compared to L1 readers (Christianson, 2016; Lim & Christianson, 2013a, b,
2015; Clahsen & Felser, 2006a, b, ¢, 2018; Ferreira et al., 2002). Hence, methods of
increasing and supporting syntactic processing ability may be especially effective for
improving reading comprehension for ELLs, whose access and use of syntactic infor-
mation may be less automatic. In sum, both EL1s and ELLs are expected to benefit
from syntax-based reading interventions, with a potential for even larger benefits for
ELLs, since such interventions may provide added support for less developed or less
efficient syntactic processing.

Indeed, a number of educators have recently emphasized the importance of explic-
itly teaching grammatical structures to improve ELL reading (Algahtani, 2019; Cai
& Yao, 2022; Zipoli, 2017). This approach is synergistic with the long debate about
whether second language instruction is better taught via methods that draw explicit
attention to linguistic forms or rules versus methods that rely on implicit learning of
structures presented in natural contexts (see Goo et al., 2015; Kang et al., 2019; Nor-
ris & Ortega, 2000; Spada & Tomita, 2010 for metanalyses.) Across all these studies,
explicit instruction emerged with consistently large effect sizes, usually Cohen’s d/

! Whereas syntactic knowledge can be defined as the ability to recognize and interpret syntactic gram-
matical structures during reading, syntactic awareness represents a more metalinguistic skill that allows
readers to reflect upon and manipulate these structures (Tunmer et al. (1988)). Although both are predictors
of comprehension, recent work by Brimo and colleagues (2017) show that syntactic awareness is only a
significant predictor when mediated by syntactic knowledge, thus syntactic knowledge is likely the better
predictor for more immediate comprehension abilities.
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Hedges’ g>1,> with larger effect sizes compared with implicit instruction in all but
one study (Kang et al., 2019). These authors attributed the discrepancy to the inclu-
sion of 39 new studies that investigated implicit instruction, in response to height-
ened interest in this topic in more recent years. The Kang et al., meta-analysis is also
notable in that it incorporated modern random-effects statistical methods to control
for sample-size bias and investigate moderator variables on individual effect sizes
(Borenstein et al., 2011; Shintani et al., 2013), therein producing a more nuanced
analysis of summative results. For example, Kang et al. found that for short-term
learning (i.e., immediate assessments) there was no difference between explicit and
implicit instruction, while implicit instruction produced significantly larger effect-
sizes for long term learning. Finally, when investigating the impact of specific types
of linguistic instruction, their meta-analysis found that the largest effect size was
found for instructing syntax (g=0.94), compared to instructing morphology (g=0.85)
or pragmatics (g=0.32).

These results bode well for the relevance of linguistically-driven text formatting
(LDTF; Van Dyke et al., 2021) for ELL learners, as the format presents visual cues
to emphasize syntactic information while learners are reading naturally. Although we
are not claiming to improve explicit syntactic knowledge via LDTF, we do believe
that LDTF—also known as Cascade Reading—offers a novel approach to present-
ing form-focused (Nassaji, 2015) exposure to syntax during authentic reading. Spe-
cifically, the Cascade format utilizes line breaks to chunk syntactic constituents
onto separate lines and indentations to cue dependency relations between them. A
more detailed description of the algorithm can be found in Van Dyke and Dempsey
(submitted), however the basic principles are briefly elaborated here. First, syntac-
tic subjects and their heads are aligned with one another. Second, other dependent
constituents are indented one level past their head, whether they precede or follow
linearly. Lastly, members of conjunctions are indented one level past the conjoining
term, which assumes a head constituent role. These rules allow participants to see a
visual map of the syntactic structure in each sentence as they are reading—providing
an unobtrusive scaffold from which readers can access (or develop) their syntactic
knowledge while building interpretations. An example can be found in Fig. 1 below.

Although no previous research has investigated whether this type of alternative
text formatting can improve syntactic knowledge in ELLs or EL1s, previous studies
have shown that chunking based on syntactic constituents improves reading com-
prehension of EL1s (Graf & Torry, 1966; Levasseur et al., 2006; Tate et al., 2019;
Walker et al., 2007). For example, Van Dyke and Dempsey (submitted) asked 4th and
Sth grade EL1s to read passages in either a Cascade group or a control group before
switching halfway through the semester. They observed larger growth in reading
comprehension ability for students reading in the Cascade Format compared to those
reading in the traditional text format. Moreover, students who benefitted most from
this format were significantly more likely to self-report higher instances of implicit
prosody (i.e., hearing how a sentence would sound were it to be read out loud.) This
finding is consistent with other research demonstrating that prosodic processing and

2 The lowest effect size of 0.73 was found by Spada and Tomita (2010) for explicit instruction of simple
linguistic features.
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Cascade Reading LDTF Principles
(3)
\F—/After the party,
(1):the maid
icleaned
—~ _ the chairs

Q) and *@

 the tables.

Principle 1: Subjects and verbs are aligned.

Principle 2: Dependents are indented under their head.
Principle 3: Introductory information is indented.
Principle 4: Elements of a conjunction are aligned and

preceded by the conjoining term.

Fig. 1 Example of the Cascade Reading LDTF and its core principles

syntactic knowledge are tightly linked, particularly in students with lower reading
comprehension ability (Breen, 2014; Breen et al., 2016, in press).

The current study seeks to determine whether the LDTF format can improve read-
ing comprehension for adult EL1 and ELLs. While we believe that the mechanism
for this improvement is due to increased access to syntactic knowledge due to form-
focused cuing, at this time we do not assess syntactic knowledge. We discuss this
further below under Limitations, although given the discrepancy in ELL reading
scores summarized above, we believe that identifying interventions that can improve
reading is a worthy goal in itself. Hence, the current research seeks to address the
following two questions: (1) Can Cascade Reading’s LDTF improve reading com-
prehension for adult EL1s? (2) And can it also improve, perhaps to a greater extent,
reading comprehension for adult ELLs during reading?

Methods

Participants

We recruited adult EL1, L1 Mandarin ELL, and L1 Korean ELL readers at an Ameri-
can university. Korean and Mandarin ELLs were selected as participant groups for

several strategic reasons. First, they are among the 10 most commonly reported
home languages of ELLs in the United States (NCES, 2022). Second, they represent
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typologically and orthographically different languages. Mandarin uses a logographic
system where characters denote semantic and phonological information, whereas
Korean uses an alphabet expressing phonological information and syllabic informa-
tion via arrangement of the letters into “syllable blocks.” Perhaps more importantly,
in terms of each language’s syntax, Korean is agglutinative, where meanings are
often expressed in productive affixes (Koopman, 2005), whereas Mandarin is iso-
lating, where meanings are often expressed in single, isolated morphemes (Huang
& Liu, 2014). English, on the other hand, uses an alphabet, similar but distinct to
Korean, and is an analytic language where meaning is expressed partially through
productive affixes but largely through word order (Jespersen, 1984). Thus, Korean
and Mandarin represent ELL populations who would likely have different sources of
issues with English syntactic processing due to interference from their respective first
language, which typically represents over one third of errors ELLs make (Pichette
& Lesniewska, 2018). Finally, these population groups are readily available on the
university campus where the research was conducted.

Participants were all at least 18 years of age and earned a total of $80 for participa-
tion across all three sessions of the experiment. Participants in the EL1 group were
required to have grown up speaking English as (one of) their first language(s). To be
eligible to participate in one of the ELL groups, participants had to have grown up
speaking either Mandarin or Korean and had to have not grown up speaking English in
the home. Although education level was not a criterion for eligibility, all participants
indicated at least a bachelor’s degree if not higher post-secondary degrees. Language
experience and history were assessed by using an adapted LEAP-Q (Kaushanskaya et
al., 2020; Marian et al., 2007). Thirty participants were initially recruited from each
language group and were randomly assigned to either the Cascade format group or
the control group, who read in a traditional text format. Some of these participants
were not included in the final analysis (see Results section), resulting in 27 L1 Eng-
lish, 28 L1 Korean, and 30 L1 Mandarin participants in the final analysis. A post-hoc
power analysis conducted in GPower (Erdfelder et al., 1996) shows that our design
achieved 70.0% power for finding the main effect of Format (Odds Ratio=1.65,
Probability of HO=0.5, Alpha=0.05, Total Sample Size=85).

Language experience differed in terms of exposure to English reading and age of
acquisition between groups. The former finding revealed that English participants
have a higher tendency to read in English, which is not very surprising. The age of
acquisition difference shows that Mandarin participants reported an overall higher
age of acquisition compared to Korean participants; however, this significance did
not hold across format groups. To ensure that the age of acquisition imbalance was
not driving differences in the data, we ran an additional model only including ELL
participants, revealing that the Mandarin ELLs scored higher than Korean ELLs even
when controlling for age of acquisition. That model can be found in the supplemen-
tal code, and this language-based difference is discussed in the general discussion.
Differences also existed between groups for the individual differences observed in
Session 1, outlined below; however, these differences were mostly expected given
language requirements for these groups, and these variables were all added as fixed
effects in the main models to control for their influence on the effects of interest.
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Language experience and individual difference variables across the three groups are
reported below in Table 1.

We administered tasks before the first reading session to collect information about
various participant abilities, including English reading comprehension as assessed
by the Gates-MacGinitie Reading Test (GMRT; MacGinitie et al., 2000) 4th Ed
(Form T, Level AR), word-decoding ability as assessed by a spelling recognition
task (Andrews et al., 2020) and oral reading fluency as assessed by a read-aloud task
(Breen et al., in press) and scored according to the NAEP oral reading fluency scoring
rubric (White et al., 2021). This latter measure was scored by two independent rat-
ers with high interrater reliability (/CC [A,2]=0.996, p<.001). Means and standard
deviations on these measures by group are reported in Table 1. Due to the theoreti-
cal importance of these variables on reading comprehension success, GMRT scores,
spelling recognition scores, and ORF scores were included as control predictors in all
inferential models (see Results section).

Materials

For the two reading sessions, passages were selected and used with permission from
ReadWorks.org. Passages were all over 1000 words in length and were evaluated
as being suitable for the 12th grade reading level by ReadWorks. Comprehension
assessments were administered as a combination of multiple choice and binary choice
probes immediately following each passage. These included four multiple-choice
questions taken from ReadWorks that probed explicitly mentioned information, the
main topic of the passage, text structure and evidence, and inferences about what
was read. We created an additional ten binary choice (yes or no) questions which
were written to explicitly probe information conveyed by the syntactic relationships
expressed within the texts (e.g., who did what to whom) on the sentence level. An
example of these binary choice questions can be found in the supplemental materials.

In each of these sessions, participants also completed a TOEFL (Enright et al.,
2000) practice test passage presented alongside ten comprehension questions, appear-
ing in either traditional or Cascaded text depending on experimental group. These
passages were taken from the Educational Testing Service’s website and are freely
available. Since these tests are publicly available, participants were also asked if they
had ever read the passage. No participant indicated that they had seen the TOEFL
passage prior to their session. These passages were included for a few reasons. First,
although many of the questions in the TOEFL target higher-level, metalinguistic
skills unrelated to sentence-level comprehension, it is possible that a scaffold to sen-
tence comprehension could lead to better inferencing and metalinguistic understand-
ing of passage content, which could then lead to increases in TOEFL scores. Second,
we wanted to evaluate the effect of Cascade on an assessment that is of considerable
interest for the ELL community.

Procedure

The study was administered across three separate sessions. Each session took place
in a laboratory setting where the participant was seated at a computer within sight
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of the researcher. The researcher followed a written protocol to ensure participants
were given the same instructions in the same order. The first session collected data
on all the individual difference and language background measures described above,
including the GMRT, a spelling recognition task, self-reported TOEFL questionnaire,
LEAP-Q, and a read-aloud task. The second and third sessions of the study occurred
within seven days of one another to ensure that the Cascade format was not forgotten
between sessions, and these sessions never occurred on the same day. For each of
the reading sessions, participants read three passages either in Cascade or traditional
format, each followed by a series of fourteen comprehension questions. Passages and
questions were presented using a private Ibex Farm (Drummond et al., 2016) server
hosted online. Participants were allowed to take as much time as they needed to fin-
ish reading each passage, but they could not go back and read the passage once they
viewed the comprehension questions. This process iterated through three passages
until participants reached the TOEFL practice passage. Participants were limited to
twenty minutes to read this TOEFL passage, presented in either the Cascade Format
or the traditional format, and answer the ten questions about the reading. Unlike the
first three passages, the TOEFL passage was presented alongside the comprehen-
sion questions, so participants were allowed to freely move back and forth between
answering questions and reading the text.

Results
Data cleaning & analytic approach

Participants’ data were removed prior to analysis if they did not complete one of the
reading sessions, leading to a loss of three L1 English participants, two L1 Korean
participants, and no L1 Mandarin participants. Inspection of passage reading times
and question reading times revealed no discernable lower boundary cutoff that
needed to be implemented since neither continuous measure showed a clear lower-
end outlier. No data trimming was required due to longer reading times or responses
since participants were given as much time as they needed to complete the passages
and questions.

We use Bayesian inference in all our statistical models for this study. The Bayes-
ian approach is an alternative, and now highly popular, approach for statistical infer-
ence to frequentism. Whereas frequentist analyses quantify the probability that the
null hypothesis is false given the data, Bayesian analyses allow researchers to con-
duct direct model comparisons to quantify how well the data support a particular
hypothesis (e.g., the null or the hypothesized model; Masson, 2011). The method has
increased sensitivity because it incorporates a priori knowledge of an effect’s size and
shape. Even when specific effect sizes are not known, so-called mildly informative
priors can be used to approximate general information like the shape of distributions
(Gelman et al., 2008). These prior distributions are computed along with the data to
derive a posterior distribution, or a distribution of posterior estimates, that is the result
of a Markov chain Monte Carlo sampling method used to approximate a true effect
size. Thus, rather than producing a t or z statistic, the output of a Bayesian model is
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an entire distribution. From this distribution, rejection of the null hypothesis can be
inferred by looking at so-called credible intervals (CrI) around the null estimate (i.e.,
0). For example, an 89% Crl that does not contain zero indicates that 94.5% of the
posterior estimates in the posterior distribution showed an effect in a given direction.
Although not a decision criterion like a specific p-value in the frequentist framework,
this is often likened to statistical significance.

There are several reasons we decided to use Bayesian inference in the current
study. Since Bayesian inference does not use a significance cutoff such as a p-value,
probability for a null hypothesis, if borne out, can be computed via Bayes Factors
(for a review, see e.g., Schad et al., 2021; Wagenmakers et al., 2017). Importantly,
p-values cannot be used as a measure of probabilistic magnitude (i.e., using p-values
to compare significance of models), whereas such comparisons between models are
possible in Bayesian statistics (Wagenmakers, 2007). Therefore, Bayesian inference
offers a higher degree of analytic flexibility. Also, the same structure of models, like
mixed effects or hierarchical models, can be used via the brms package (Biirkner
et al., 2017) in R, just as they can be used within a frequentist framework. More-
over, models with both random and fixed effects are more optimized with Bayesian
inference because the sampling procedure causes fewer convergence issues, mean-
ing that researchers can fit maximal random effects models without issues caused by
quasi-separation (Eager & Roy, 2017; Kimball et al., 2019). Finally, lower-powered
samples, as this one, are less problematic when using Bayesian inference versus
frequentist inference thanks to the former’s magnitudinal probabilistic approach,
although higher-powered samples still give more accurate estimates on true effect
sizes.

We fit comprehension question accuracy separately for ReadWorks and TOEFL
passages to Bayesian hierarchical models using the brms package in R Version 4.0.3
(R Core Team, 2020). These included fixed effects of Format (sum coded: Con-
trol=—0.5, Cascade=0.5), Language (treatment coded with English baseline), and
Session (sum coded: 1=—0.5, 2=0.5), along with their interactions. Additional fixed
effects of Gates MacGinitie Scores, Spelling, and ORF, all numeric, were added as
controls. Random effects were maximal and included intercepts by Participant and
by Question with slopes of Passage by Participant and Group, Language, and their
interaction by Question. All models were fit to a Bernoulli distribution and included
mildly informative priors specifying a wide range of a priori possible values (inter-
cept=normal(0,1), beta=normal(0,1), sd=truncated normal (0,1). Models were run
on four chains for 7500 iterations, 2500 of which were warm-up. No models failed to
converge, and all population-level effects had Rhat values of 1.00, indicating good fit.
Following convention, model outputs were interpreted by using 89% credible inter-
vals (Crls), denoting that at least 94.5% of estimates from the posterior distribution
indicate an effect in a given direction when 0 is not included in the interval.
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Comprehension models

Means and standard deviations for ReadWorks passage accuracy and for TOEFL pas-
sage accuracy are reported below in Table 2. These are also visualized in Figs. 2 and
3, respectively. The model outputs for ReadWorks passage and TOEFL passage accu-
racy are reported in Tables 3 and 4, respectively, and only include the fixed effects
that are part of interactions. The full model outputs are available in the supplemental
code. For the TOEFL passage accuracy model, the only effect found was a simple
effect showing that Mandarin ELLs answered these questions more accurately than
EL1 participants (estimate=0.82, 89% Crl = [0.30, 1.34], as shown in Table 4. This
effect was not mediated by the format in which participants read, suggesting this
effect is indicative of an overall group difference in TOEFL experience. Overall, the
Cascade Format and traditional format led to similar TOEFL accuracy results regard-
less of language group.

The analysis of ReadWorks passage accuracy revealed a main effect of Format
such that the Cascade group performed better across languages and across sessions
(estimate=0.50, 89% CrI =[0.06, 0.93]). There were also simple effects of Language
showing that both Korean (estimate=0.35, 89% Crl = [0.02, 0.68]) and Mandarin
(estimate=0.74, 89% Crl = [0.35, 1.14]) ELL groups scored higher than EL1 par-
ticipants on average. This was qualified by an interaction with Session such that the
Mandarin group did better overall, particularly in the third session, compared to the
English group (estimate=0.64, 89% Crl =[0.24, 1.05]); however, this did not interact
with Format, suggesting again that this group may just have more experience in this
kind of testing environment.

These results suggest that Cascade Reading’s LDTF led to higher accuracy for
questions following ReadWorks passages, but this benefit did not significantly vary
across language or session. This could be due to insufficient power for finding smaller
interaction effects, so more work is needed to ascertain the exact degree to which dif-
ferent ELL populations enjoy a larger benefit. There also seems to be an advantage
when answering questions for Mandarin speakers on both TOEFL and ReadWorks
questions and for Korean speakers on ReadWorks questions. This may be due to an
increased familiarity with English comprehension exams compared to L1 English
speakers. Despite the lack of significance, it appears that effects were greater in the
second reading session, so we quantified this benefit with separate models for the
Session 2 data for each language group. This revealed a 2.6% format advantage for
EL1s, 5.3% for Korean ELLs, and 11.1% for Mandarin ELLs. On the other hand,
there was no evidence that Cascade Reading’s LDTF led to higher accuracy for ques-
tions probing comprehension of the TOEFL passages. One potential reason for the
benefit difference in readings is the type of questions that were asked: the questions
following ReadWorks passages probed sentence-level syntactic relations, whereas
the questions asked alongside the TOEFL passages probed many other aspects of
comprehension, including inference, author intent, vocabulary, and paragraph struc-
ture. This difference is addressed further in the Discussion.
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Discussion

In the current study, we examined reading comprehension outcomes for three groups
differing in language background following the reading of texts presented in either
traditional formatting or in Cascade’s LDTF. Our central finding was that, regardless
of language background, Cascade’s LDTF improved comprehension on ReadWorks
passages, as evidenced by accuracy to comprehension questions probing sentence-
level interpretation of the texts. Moroever, ELLs appeared to receive an even greater
advantage compared to EL1 readers, although additional research comparing lan-
guage groups is required.

We argue that the benefit conferred by reading in the LDTF is due to the scaffolding
of syntactic knowledge during meaning construction. Whereas syntactic knowledge
is a latent ability that a reader possesses, the visual syntactic cues in the LDTF makes
accessing syntactic structures easier compared to reading in traditional text format,
which provides no guidance regarding relationships within the text. Syntactic knowl-
edge guides a readers’ understanding of “who did what to whom,” allowing them
to more efficiently and accurately build mental models while reading. We believe
that the LDTF works in a similar fashion by explicitly laying bare the relationships
between entities in a sentence, as communicated by its syntax. We acknowledge that
our decision not to directly assess syntactic knowledge makes it impossible to verify
our argument, however even if LDTF is not improving access to a readers’ general
syntactic knowledge, the positive result found here demonstrates that explicit demar-
cation of syntactic relationships leads to improved comprehension. This is consistent
with a wealth of evidence that suggests that syntactic processing provides the founda-
tion for sentence comprehension in EL1s (e.g., Frazier & Rayner, 1982; Christian-
son et al., 2001; McElree & Griffith, 1995; Van Dyke & McElree, 2011). Moreover,
those with poor comprehension also display deficits in syntactic knowledge (Adlof
& Catts, 2015; Bowey, 1986; Campanelli et al., 2023) and have a reduced ability to
signal linguistic constituents during oral reading (Breen et al., in press). Future work
should focus on directly testing effects of LDTF on syntactic knowledge.

The finding that ELL reading comprehension was improved by LDTF suggests
that any impoverished use of syntactic cues—as suggested by both the Shallow
Structure and Good-Enough Processing hypotheses—does not obviate the benefits
of LDTF during reading; in fact, the opposite is more likely to be true. This result is
promising even when we consider that the ELLs in this study were highly proficient,
most of them being students who use English on a daily basis. That is, even though
their syntactic knowledge was presumably quite advanced, they nevertheless derived
additional benefit from the visual cuing provided by the novel format. Given our find-
ings that the LDTF improves comprehension for less experienced elementary-aged
EL1 readers (Van Dyke and Dempsey, submitted), we believe this format also holds
promise for teaching English as a foreign or second language to younger learners.

The current results provide a hint that the format may be especially helpful for
those whose L1 has substantially different syntactic properties compared to English;
however, further research is necessary to specify any interactions stemming from
known languages and varying levels of proficiency. For example, Mandarin is an
isolating language whereas Korean is agglutinative, putting both languages at polar
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Fig.2 Accuracy to questions follow ReadWorks passages across reading sessions and across language
and format groups

extremes in terms of average number of morphemes expressed in a single word. It
could be the case that Mandarin ELLs could make better or more immediate use of
the Cascade LDTF since they are more accustomed to multi-word expressions and
their relations with one another compared to Korean ELLs. The Mandarin ELLs also
learned English at a younger age compared to Korean ELLs; however, Mandarin
ELLs still outperformed Korean ELLs when controlling for age of acquisition. More
research is needed to determine whether a possible interaction between first language
typology and age of acquisition exists in terms of predicting LDTF’s success for sup-
porting reading in these populations.

The lack of effects for TOEFL passages was disappointing, but not wholly unex-
pected given the fact that many TOEFL questions required higher-level rhetorical
reasoning that Cascade’s LDTF is not designed to scaffold. In contrast, the binary-
choice questions associated with the ReadWorks passages were designed to probe
sentence-level interpretations of the text—meaning that every question had a corre-
sponding sentence in the passage that contained the information needed to answer the
question correctly. This means that the ReadWorks assessments were more closely
calibrated to the syntactic processing that the LDTF is designed to support. To be
clear, it is not that the TOEFL materials are more complex in terms of text readability;
rather, the comprehension questions themselves may require higher-level metalin-
guistic reasoning abilities than sentence-level syntactic cues alone can address.
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Fig. 3 Accuracy to questions presented alongside TOEFL passages across reading sessions and across
language and format groups

Table 3 Model outputs for. Effect Estimate SE 89% Crl

ReadWorks passage question Format 0.50 027 [0.06, 0.93]*

accuracy. Asterisks denote cred-

ible intervals that do not cross 0 Korean vs. English 0.35 0.21 [0.02, 0.68]*
Mandarin vs. English 0.74 0.25 [0.35, 1.14]*
Session 0.22 0.35 [-0.34, 0.77]
Format*Korean -0.15 0.37 [-0.74, 0.44]
Format*Mandarin -0.22 0.34 [-0.77, 0.32]
Format*Session 0.48 0.36 [-0.10, 1.05]
Korean*Session 0.27 0.22 [-0.07, 0.62]
Mandarin*Session 0.64 0.25 [0.24, 1.05]*
Format*Korean*Session 0.19 0.40 [-0.46, 0.83]
Format*Mandarin*Session ~ 0.49 0.41 [-0.17, 1.13]

Another important difference between the two assessments is the fact that the
TOEFL assessment allowed participants to go back and forth between passage and
questions, while this was not possible for ReadWorks questions. Hence, the TOEFL
assessment enabled a more general problem-solving approach where students could
consult the text to identify answers regardless of the comprehension they attained
during initial reading. This makes this assessment less related to reading comprehen-
sion per se, and therefore the benefit of LDTF may be more difficult to measure. In
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Table 4 Model outputs for Effect Estimate  SE 89% Crl

TOEFL passage question accu- 000 0.06 031 [-043,0.54]

racy. Asterisks denote credible .

intervals that do not cross 0 Korean vs. English 0.21 0.29 [-0.25, 0.66]
Mandarin vs. English 0.82 0.32 [0.30, 1.34]*
Session -0.21 0.66 [-1.26, 0.86]
Format*Korean -0.10 0.47 [-0.85, 0.64]
Format*Mandarin --0.03 0.43 [-0.72, 0.66]
Format*Session —-0.12 0.45 [-0.83, 0.58]
Korean*Session 0.07 0.42 [-0.60, 0.74]
Mandarin*Session 0.17 0.41 [-0.50, 0.82]
Format*Korean*Session 0.36 0.64 [-0.67, 1.40]
Format*Mandarin*Session  —0.13 0.62 [-1.12, 0.87]

contrast, the ReadWorks assessment required students to read the text for comprehen-
sion and retrieve information from the mental model they created during reading—
they could not look back into the text to find the answers after initial reading. Hence,
the significant effect of the LDTF suggests not only that overall comprehension is
improved, but also that it may facilitate memory for the specific text that was read.

In sum, Cascade Reading provides a promising new format for supporting reading
comprehension for both EL1 and ELL adult students. It is entirely unique in offering
visual cues that provide in-the-moment guidance about how to construct a mental
model, including relationships between characters and concepts in a text, and appears
to extend a particular benefit when readers are tested for their memory of what was
read. Taken with previous research showing improved comprehension in elemen-
tary learners, Cascade Reading is poised to become an important pedagogical tool to
improve English comprehension for all learners.

Limitations

The most obvious limitation in the current study is that we did not evaluate whether
reading in Cascade has a direct effect on syntactic knowledge. As discussed above,
implicit methods of instructing linguistic forms have proven successful, especially
for syntactic knowledge (Kang et al., 2019). Hence, it would be useful to determine
whether reading Cascaded text can improve linguistic competence as well as read-
ing comprehension. In our estimation, the brief duration of the current study makes
it unlikely that syntactic knowledge could have been generally improved, especially
since we did not focus on any specific linguistic forms in our intervention, but instead
used naturally occurring texts that contained a mixture of forms. A study seeking to
produce a syntactic benefit would likely require greater exposure to Cascade format
than provided here, and was therefore outside of the scope of the current project. In
addition, the participants in the current study already had relatively high language
proficiency (i.e., sufficient for admission to an American university), so the specific
effect on syntactic competency could be difficult to assess. It should be emphasized,
however, that improving reading comprehension is itself a valuable outcome, even
if the exact mechanism of action is unknown. The fact that LDTF could have an
effect—even for advanced ELLs—is especially promising, and future research will
determine the role it may have in ESL pedagogy.
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A further limitation is the focus on only two ELL groups with modest sample
sizes. Future research should explore other native languages to better understand
whether LDTF differentially impacts learners with particular linguistic backgrounds.
Although issues with power are somewhat mitigated with our Bayesian approach,
higher-powered samples and replications or corroborations would help solidify the
current findings and grow our certainty for LDTF-driven improvements in read-
ing comprehension. Longer-duration studies, as well as studies that keep track of
a greater number of individual differences, would also be beneficial, as consistent
exposure to this format could help higher-order comprehension skills improve over
time, eventually supporting the metalinguistic reasoning needed to do well on high-
stakes assessments like the TOEFL.

Conclusions

The patented LDTF, developed by Cascade Reading, uses line breaks and indenta-
tions to chunk syntactic constituents and show their relationships to one another. This
system is hypothesized to work by aiding in the accessibility of syntactic structures
during reading. The current study showed this to be true for EL1, Korean ELLs,
and Mandarin ELLs while reading expository texts, as evidenced by higher accuracy
rates to comprehension questions following the readings. This improvement in read-
ing comprehension was greater for both ELL groups and greatest for Mandarin ELLs.
Future work is needed to explore the generalizability of these reading benefits across
different populations and reading contexts.

Data availability All data and analyses are publicly available on OSF: https://osf.io/7s5tb/
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