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Visual-Syntactic Text Format: Improving Adolescent Literacy
Tamara P. Tate , Penelope Collins, Ying Xu, Joanna C. Yau, Jenell Krishnan, Yenda Prado,
George Farkas, and Mark Warschauer

University of California, Irvine

ABSTRACT
Seventh- and 8th-grade students in a within-teacher randomized control study
read from visual-syntactic formatted text for 44 min per week over the course
of 1 year. On the annual state assessment, we found small statistically signifi-
cant improvements on the overall English Language Arts scaled score
(ES = 0.05, p < .05) and the writing assessment (ES = 0.07, p < .01) for the
treatment group compared to the control group. We found no interactions
between gifted, special education, or English learner classification and treat-
ment status on the effect on overall English Language Arts score, but our
categorical and subgroup analyses showed that the use of visual-syntactic text
formatting provided a modest benefit to middle school students who were
near or at grade level in the prior school year.

For most typically achieving students entering middle school, continued reading at grade level depends on
more than their automatized decoding skills. Instead, successful performance in middle school reading
increasingly depends on students’ effective processing of language and text structures. At the same time, the
linguistic complexity of the texts students must read in seventh and eighth grades increases dramatically.
One way of scaffolding students’ understanding of complex texts and ability to write critically about those
texts is to modify the formatting of the text to make its underlying structure more visible and encourage
students to synthesize their understanding of the contentmore frequently. Research studies have shown that
texts that have beenmodified to highlight prosodic cues and syntactic structures, such as phrase boundaries,
can facilitate linguistic processing and reading comprehension (e.g., Hirotani, Frazier, & Rayner, 2006;
Jandreau & Bever, 1992). Visual-syntactic text formatting (VSTF) is produced by natural language proces-
sing techniques that parse text to highlight phrase and clause boundaries, thereby scaffolding students in
processing complex syntactic structures while leaving the content, vocabulary, and syntax of the text
unchanged. This article presents the findings of a within-teacher randomized control trial of a digital
intervention in seventh- and eighth-grade English Language Arts (ELA) classes designed to improve
students’ reading and writing performance. The intervention was implemented over 1 school year using
VSTF, digital devices in classrooms, and integrated professional development designed to foster pedagogi-
cally sound use of the devices and formatted text.

Adolescent literacy

According to the Reading Systems Framework (Perfetti & Stafura, 2014), reading comprehension is
accomplished through linkages between the word identification and the comprehension system, with
readers updating their representations of the text as they decode the text. More specifically, the word
identification processes yields semantic representations of the meanings of words and phrases. These
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semantic representations are the linkage between the word identification and word-to-text integra-
tion systems, and they directly influence and are influenced by sentence representations. The
sentence representations, in turn, shape and are shaped by both the reader’s text models, or
representations of the propositions expressed in the text, and situation models, or mental represen-
tations of the scenarios described by the text (Perfetti & Stafura, 2014). Reading comprehension is
a dynamic process, as readers update their mental model online, integrating new word-level
information with text and situation models (Kintsch, 2005; Perfetti & Stafura, 2014). If readers are
slower to update their mental model of the text, there can be consequences for maintaining
coherence across sentences, as memory resources are limited (Perfetti & Stafura, 2014). This
updating is part of “wrap-up processes,” whereby individuals pause at clause and sentence bound-
aries for meaning construction and integration (Stein-Morrow, Shake, Miles, Lee, Gao & McConkie,
2010; Tiffin-Richards & Schroeder, 2018). Proficient readers parse text into phrases or clauses
(Fuchs, Fuchs, Hosp, & Jenkins, 2001). Thus, critical comprehension skills include sensitivity to
the prosodic features of text and an understanding of complicated syntactic and organizational text
structures (Cain, 2007; Fitzgerald & Shanahan, 2000).

Although most middle school students, particularly those who are reading near or at grade level,
will have automatized their word identification skills, students still need support in processing the
complex language structures they face as texts become progressively more challenging throughout
secondary school (Fang, Schleppegrell, & Cox, 2006; Williams, Fitzgerald, & Stenner, 2013). These
complex language and text structures may pose barriers to students’ ability to construct coherent
mental representations of the texts (Biancarosa & Snow, 2004; Faggella-Luby & Deshler, 2008; Lipka
& Siegel, 2012; Mokhtari & Thompson, 2006; Torgesen et al., 2007; Veenendaal, Groen, &
Verhoeven, 2014). These challenges have come more into focus since adoption of the Common
Core State Standards, with their emphasis on the use of informational and complex texts (CCSSI,
2017) and on high-level reading and writing skills and mastery of language structures (Porter,
McMaken, Hwang, & Yang, 2011). Thus, middle school students are positioned to benefit from
scaffolding designed to aid in the processing of text structures if they are sufficiently adept at word
identification (i.e., reading and writing near or at grade level) because the texts in the curriculum are
becoming sufficiently complex to require the support (as compared to, e.g., simpler texts found in
elementary grades). The skills of reading and writing are closely linked (Fitzgerald & Shanahan,
2000; Shanahan, 2006) and share many of the same orthographic, phonological, and working
memory subprocesses (Berninger, Cartwright, Yates, Swanson, & Abbott, 1994).

Prior interventions

Although text complexity may be thought of as the interactions among text features, reader
characteristics, and task demands, a common pedagogical approach to making texts accessible is
to simplify texts to match students’ reading levels (Bunch, Walqui, & Pearson, 2014; Oh, 2001).
However, simplified texts may not be an ideal solution to supporting struggling readers, as they may
limit the overall coherence of the original texts, reduce students’ exposure to important vocabulary
and text structures that students will eventually need, yet remain syntactically complex texts
(Crossley, Louwerse, McCarthy, & McNamara, 2007).

Another approach to making texts more accessible for diverse and struggling readers is by adjusting
the print itself. These alterations have taken the form of simple changes in letters, spacing between lines
and sentences, or capitalization (Johnson, Bui, & Schmitt, 2018), or the insertion of additional spaces
between phrases (Bever, Jandreau, Burwell, Kaplan, & Zaenen, 1990; Hirotani et al., 2006; Jandreau &
Bever, 1992). Although a number of studies found that print modifications may support English learners’
understanding of English texts (Lee, 2007; Lee & Huang, 2008; Shook, 1994; Simard, 2009), others
reported that simple print modifications, such as underlined and bold letters, may have little or no effect
on language learning (Leow, 1997; Overstreet, 1998).

2 T. P. TATE ET AL.



VSTF is a form of textual organization that uses natural language processing techniques to
automatically parse text to highlight sentence and phrase structures. Specifically, VSTF breaks
sentences up at salient clause and phrase boundaries, fits each row of text into one or two fixation
eye spans, uses a cascading pattern to denote syntactic hierarchies, and creates visual clusters across
multiple rows that help readers retain and integrate multiphrase images in their mind. VSTF also
renders active verbs in colored font to further highlight meaning. The end result is a streamlined
column of text that allows more efficient eye movement and syntactic processing (see Figure 1 for an
illustration of VSTF text compared to traditional block text without formatting). Thus, VSTF alters
the presentation of texts’ print to scaffold readers in processing complex syntactic structures while
leaving the content, vocabulary, and syntax of the passage unchanged. In this way, VSTF supports
syntactic processing and reading comprehension by facilitating the word-to-text integration pro-
cesses by making sentence representations more salient.

Reading in VSTF is also thought to free up cognitive resources, such as working memory,
which would otherwise be involved in making sense of texts. Studies on the relevant cognitive
process have demonstrated that meaningful unit-based segmentation of information has
beneficial effects on learning, either by reducing repeated attention-switching between old
and new information (Barrouillet, Gavens, Gaillard, & Camos, 2009) or by reducing the
cognitive load that learners need to identify salient boundaries between information
(Schwan, Garsoffky, & Hesse, 2000; Wouters, Paas, & van Merriënboer, 2008). VSTF text,
with its explicit phrasal segmentation, may help reduce readers’ cognitive loads by cueing
when wrap-up processes should occur (Hirotani et al., 2006). Facilitating wrap-up processes at
phrase and clause boundaries enables readers to integrate the meanings of the phrases so that
readers may construct richer and more lasting mental models of the text (Just & Carpenter,
1980).

Initial studies by the developers of VSTF reported gains in reading comprehension, reading
speed, retention, and proficiency among high school and middle school students (Walker
et al., 2007; Walker, Schloss, Fletcher, Vogel, & Walker, 2005; Walker & Vogel, 2005).
Independent examination of the effects of VSTF on young adolescents’ literacy achievement
revealed generalizable gains in reading comprehension for students in sixth grade but not in
fourth grade (Park & Warschauer, 2016; Park, Warschauer, Collins, Hwang, & Vogel, 2013;
Park, Zheng, Lawrence, & Warschauer, 2012), perhaps suggesting that a baseline level of
literacy skill is needed or that a certain level of text complexity is required to make the
scaffolding salient. Further, the effects of VSTF for sixth-grade students were found not just
for the composite state ELA assessment score (b = .07, p < .10) but also in three subcate-
gories: word analysis (b = .11, p < .05), written conventions (b = .12, p < .05), and writing
strategies (b = .13, p < .05; Park, Xu, Collins, Farkas, & Warschauer, 2018). The study was

Figure 1. Traditional block-formatted text on the left and the same text in visual-syntactic formatted text on the right.

SCIENTIFIC STUDIES OF READING 3



limited by the class-level randomization, which made it difficult to isolate teacher and class
effects from the effects of the intervention.

The current study

The current study was designed to provide a more rigorous examination of VSTF’s effectiveness for
improving middle school student literacy. First, we randomly assigned classes to the treatment and
control conditions within teachers, thereby limiting differences in teacher quality across conditions.
Acknowledging the potential that different digital devices might have different affordances, we also
examined the effects of using VSTF on the digital devices widely used in schools—Chromebooks and
iPads. Finally, although past studies provided teachers with minimal professional development, this was
one of the first studies to provide teachers with robust professional development opportunities to guide
their use of formatted texts.

This study focused on answering the following research questions:

RQ1: To what extent does students’ reading of texts in VSTF improve academic outcomes on
standardized state assessment measures of reading and writing compared with students in control
classes who read the same texts in the usual block-text format?

RQ2: Are there differential effects of VSTF for students based on (a) subgroups, such as English
learners, gifted students, and students with disabilities; or (b) prior academic performance?1

Method

Participants

District context
The study took place in an urban school district that enrolled more than 45,000 students during the
2015–2016 school year. Of these students, 68% qualified for free and reduced-price lunch and 39% were
English learners (California Department of Education, n.d.). All 10 of the district’s middle schools
participated and shared a common curriculum textbook series, pacing guide, and quarterly benchmark
tests.

Teacher participants
All 93 middle school ELA teachers were invited to participate in the study, and 59 teachers initially
agreed to participate. Each participating teacher received a study information sheet, gave informed
consent, and was paid at the overtime rate to complete all research activities. Over the course of the year,
seven teachers discontinued their participation (two left due to medical leave for part of the year, and
five chose to discontinue their participation). Thus, our final sample consisted of 54 teachers (including
four teachers who cotaught) and their 170 seventh- or eighth-grade ELA classes. Each teacher received
a technology cart equipped with a classroom set of either iPads with keyboards or Chromebook
computers at the end of the previous school year or the beginning of the intervention school year.

Student participants
Our final analytic sample included the 3,453 students (1,400 in seventh grade, 2,053 in eighth grade)
who remained in the same class with the same teacher for the full academic year, with 1,780 students
in the treatment condition and 1,673 students in the control condition.2

1We found no statistical difference between devices. Please see the supplementary materials online for additional detail.
2See the supplemental materials for additional details regarding our sample.
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With the exception of more students receiving special education services in control classes
(χ2 = 9.843, p = .002), treatment and control students are not significantly different demogra-
phically or in their achievement on the previous year’s state ELA assessment (Table S-1 shows
the treatment and control group characteristics of the final sample). Parents/guardians were
informed of the study in a letter sent home, which was translated into Spanish and Vietnamese.
Implied consent was granted if parents did not object to their child participating.

Measures

We collected student demographic and achievement data. Demographic data included the student’s
grade, gender, ethnicity, whether the student qualified for free/reduced lunch, whether the student
was an English language learner, and whether the student was identified for GATE or special
education. Achievement data were drawn from the annual state assessment, the Smarter Balanced
assessment’s overall ELA score, and the reading and writing subtests. The overall ELA score is
a continuous scaled score from approximately 2,258 to 2,769 in Grades 7–8 in 2017, with a mean of
2,542.4 in Grade 7 and 2,558.7 in Grade 8 (California Department of Education, n.d.). These data
also included the state assessment’s ELA subscales for reading, writing, listening, and research and
inquiry, which were scored 1 (below standards), 2 (near standards), or 3 (above standards). Although
the categorical subscores were less sensitive measures than the overall ELA score, they allowed us to
examine differences in effect on specific components of the ELA test, particularly reading and
writing. The Smarter Balanced assessment is administered each May online, with scores from the
previous year used as baseline and from the current year as the outcome. The Smarter Balanced
assessment does not use VSTF; thus, all treatment and control students completed this assessment
using traditional block formatting.

For each teacher, we observed both a control and a treatment class in the fall, winter, and spring.
Graduate student researchers scored class activities every 5 min to gather information on the types of
activities that students were engaged in and the use of VSTF or block text reading materials.
Teachers also completed weekly reports on their study experiences, including a report of the minutes
spent in each class engaging with either VSTF or block text.

Study design

We used a randomized controlled trial study design in which classes were randomly assigned to the
treatment (VSTF texts) or control (traditional block-formatted texts) condition within grades,
schools, and teachers.3 Thus, each teacher taught both treatment and control classes, ensuring that
teacher characteristics were similar across conditions. This design reduces the likelihood of
confounding teacher knowledge and teacher quality with the treatment. Ethical review and oversight
was provided by the University of California Irvine Institutional Review Board, which confirmed
that the research project was exempt research in accordance with 45 CFR 46.101, and conforms to
U.S. Federal Policy for the Protection of Human Subjects.

Professional development and teacher support
All teachers participated in the professional development, consisting of a discussion of the research
motivation behind the study, facilitation of technology use, and explicit instruction in teaching close
reading strategies (see Figure 2 for the first professional development meeting agenda). In addition
to being supplied with a technology cart equipped with a classroom set of iPads or Chromebook
computers, teachers were paid at their extra-duty rate as an incentive to attend professional
development sessions, complete weekly reflection forms, and supply writing assessments. To increase
teachers’ support and minimize attrition, funding was provided for a teacher-on-special-assignment

3We complied with one teacher’s request that her first period be a control class.
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and for a staff member to provide technical support for the use of iPads or Chromebooks during
classroom instruction.

Treatment and control conditions
Teachers remained responsible for creating the curriculum for their classes in both conditions. In the
treatment classes, students were to engage with the standard texts in class for 50 min each week
using VSTF, whether the reading was done digitally with study-based e-books, Google documents, or
dialectical journals, or with paper-based printouts of the texts. The 50 min could be in one or more
class periods, solely in the teachers’ discretion. In the control classes, teachers taught the same
material, but the texts were not reformatted into VSTF. Researchers observed each teacher three
times during the year, attending both a control and treatment class on the same day generally. We
not only confirmed fidelity of implementation during these observations, as noted next, but also saw
that teachers were generally using the same presentation slides and pedagogy in each class, simply
exchanging VSTF and block text examples of the text being discussed that day, and similarly the
students read either digitally on a GoogleDoc or on paper in the appropriate format, but classes were
largely doing the same reading activity (e.g., a first read of a text, or looking for new vocabulary in
a text) in the same mode (paper-based or digital) regardless of condition.

Fidelity of implementation measures
We used two measures to assess fidelity of implementation: teacher self-reports through a weekly
reflection form and a modification of the Pathway Observation Measure (Olson et al., 2012)
completed during our observations. On average, teachers completed 29 reflection forms (an 85.3%
completion rate). Data from completed forms indicated that, on average, teachers used the study’s
reading materials approximately ten minutes more in their VSTF classes (M = 44.11, SD = 15.47)
than in their control classes (M = 33.67, SD = 17.56), t(50) = 2.26, p = .03. However, there was great
variability in the use of the study materials across teachers (ranging from a weekly mean of 12 min to
112 min). Our observations found no use of VSTF in control classes.

Data analytic strategies

We used several regression approaches to examine the impact of the VSTF intervention on students’
annual assessment scores and categorical change in the reading and writing domain scores,
respectively.

Effects on annual assessment scores
We used fixed effects (teachers) regression and clustered standard errors (classes) to analyze the
treatment effect of VSTF on overall ELA, reading, and writing scores. Our analyses were restricted to
students who had had a full year of either the VSTF intervention or a full year of the control
condition and who had spent the entire year in the same class, with the same teacher. Given the
limited nature of the intervention and the time generally required to fully implement any technol-
ogy-based practice, we felt that a full year of the intervention was necessary. However, for compara-
tive purposes, we also ran the same analyses on the full sample based on placement in treatment or
control in Semester 1 for all students, regardless of their condition status in Semester 2.

To estimate the program’s effect on student academic outcomes (overall ELA, reading, and
writing scores) we analyzed data at the student unit of analysis. These include tests involving the
gender, ethnic, racial, and linguistic diversity of our population and allow us to analyze hetero-
geneous effects, one of our research questions. A variety of regression techniques were used to
increase the precision of our estimates and provide correct standard errors accounting for the
clustering of students in classes. Because our design involved random assignment within each
teacher, we used teacher fixed effects estimation to guarantee that outcomes for treated students
were compared only to those for control students who had the same teacher. Standard errors were
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           Thursday 

Topic Intended Results Time 

Welcome and Setting 
the Stage 

Introduce key personnel from the Live Ink Team and today’s 
objectives. 

8:00AM-8:35AM 

Live Ink Foundations Dr. Warschauer will share Live Ink history, research, and purpose.  

Dr. Schleppegrell will preview lesson on the affordances of Live 
Ink format for reading comprehension . 

8:35 AM -9:10AM  

Teacher Commitments Dr. Jenkins, Dr. Collins, and the Live Ink team will discuss 2016-
2017 Live Ink teacher commitments. 

9:10AM-10:00AM

BREAK 10:00AM-10:10AM 

 Introduction to eBook 
Readers  

Teachers will receive an introduction and interact with the eBook 
Reader.  

10:10AM-11:00AM

LUNCH 11:00AM-12:00PM 

Spend-A-Sticker 
Brainstorm 

Teachers will collaborate on how to engage students in 50 minutes 
of interaction with Live Ink Text.  

12:00PM-12:50PM 

Web Clip Read 
Introduction  

Teachers will interact with Web Clip Read interface as a tool that 
can be used in the classroom.  

12:50PM-1:15PM 

Survey Teachers will complete a survey to gather data on their beliefs 
about teaching ELA 

1:15PM-1:35PM 

BREAK 1:35PM-1:45PM 

Reflection 
Q and A 

Teachers will discuss Live Ink Foundations, Teacher 
Commitments, eBook Readers, and Web Clip Read.  

1:45PM-2:05PM 

Review Teachers will participate in a Live Ink review game via Socrative.  2:05PM-2:30PM 

Next Steps Teachers will review the day’s objective and receive Day 2 
information.  

2:30PM -3:00PM 

     Friday 

Topic Intended Results Time 

Welcome Recap of Day #1 
Introduce Mary Schleppegrell and Purpose of the Day 

8:00AM-8:05AM 

Model Lesson Teachers will participate in a model lesson given by Dr. 
Schleppegrell  using the 7th grade text,  “Rogue Wave.” 

8:05AM-9:15AM 

Lesson TOTD and 
Reflection 

Teachers will reflect on the model lesson and complete a TOTD 
using a Google Form. 

9:15AM-9:45AM 

Break 9:45AM-10:00AM 

Break Out Session: 
Basics and Digital Text 

Annotation 

Teachers will participate in a break out session outlining the basics 
of either Notability or Google Documents and  practice using 
digital text annotations.  

10:00AM-11:00AM 

Lunch 11:00AM- 12:00PM 

Team 
Collaboration  

Teachers will collaborate on daily Live Ink specific lessons utilize 
tools, skills, and information shared during the presentations.

12:00PM - 1:30PM 

Break 1:30PM-1:40PM 

Team 
Collaboration 

Teachers will collaborate on daily Live Ink specific lessons utilize 
tools, skills, information shared during the presentations. 

1:40PM-2:45PM 

Closing Teachers will generate and share lessons on Google Drive and 
complete Evaluation Forms. 

2:45PM - 3:00PM 

Figure 2. Agenda for 2-day professional development.
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clustered at the class level to account for the nonrandom assignment of students to classes. We used
the standardized overall ELA score, reading score, and writing score as outcome variables. We
controlled for race/ethnicity, gender, free or reduced lunch status, English learner status, gifted
designation, and special education status (students with an Individualized Education Plan). We also
controlled for prior achievement levels in each of the ELA domain areas (reading, writing, listening,
and research/inquiry). Using a fixed effects model is appropriate due to our design, which randomly
assigned classrooms within each teacher. This assignment and modeling eliminates any effects of
teacher-level variables from the analysis, ruling out “between” variation so that fixed, unobserved
differences in our higher level unit (teachers) do not bias our results. Although HLM was considered,
a fixed effects regression with clustered standard errors makes a smaller number of assumptions and
produces results that are equally reliable as those that would be obtained from HLM. In particular,
the clustered standard errors methodology is to be preferred over HLM when, as is the case here, the
goals of the study do not involve a decomposition of the residual variance within and between
aggregate units (McNeish, Stapleton, & Silverman, 2017).

We also tested for moderating variables by including interactions with time spent using VSTF as
reported by teachers, device type (iPads or Chromebooks), demographic subgroups, and prior achieve-
ment levels. Finally, we conducted subgroup analyses on students identified as gifted, English learners,
or in special education, as well as students at each of the levels on the prior reading and writing scores,
by running the same analyses solely on students in each of these groups separately.

Effects on categorical change in reading and writing proficiency levels
As a robustness check, we used multinomial regression to test the treatment effect on students’
categorical improvement in the reading and writing domains. Specifically, we divided the student
sample into three groups by their prior state assessment scores in the same domain (i.e., Levels 1, 2,
and 3, corresponding to below, near, and above standards) and examined whether and to what
extent receiving the intervention would enhance the probability of having an improvement in their
proficiency level based on prior proficiency level. We conducted a series of multinomial logistic
regressions separately for students in each of the prior proficiency levels. For example, for students
whose proficiency was at Level 2 in the pretreatment assessment, we investigated their relative
probability of performing at Level 1 or Level 3 if they had or had not received the intervention. The
estimation equation was the following:

Pr ðy ¼ mjXÞ ¼ exβmjb
PJ

j¼1 Xβmjb

We are estimating the probability that the posttreatment categorical proficiency level results in any J = 3
outcomes m, where m = {1, 2, 3}. The subscript on β indicates that a separate vector of coefficients is
estimated for each of the outcome categories in reference to the base category b. As the purpose of this
analysis is to examine students’ improvement, we always use students’ prior proficiency level as the
reference group. In this example, Level 2 is the base group. Thus, the estimate of this equation results in
two vectors of coefficients, one corresponding to the probability that a student performed at Level 3
(relative to Level 2) and one corresponding to the probability that a student performed at Level 1
(relative to Level 2). Student-level covariates and teacher fixed effects were included, as in the ordinary
least squares model. Standard errors were also clustered at the classroom level.

The same analyses were carried out six times, for two outcome variables and three student groups,
respectively. However, for students who had a pretreatment proficiency at Level 1, few of them
managed to improve two levels to Level 3. For this analysis, we thus collapsed Level 2 and Level 3 in
the outcome category. Similarly, few students who were at Level 3 at pretreatment performed at
Level 1 in the treatment year, and thus Level 1 and Level 2 were collapsed. Therefore, for students at
Level 1 or Level 3, logistic regression analyses were conducted to estimate the probability of changing
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to Level 2 or Level 3 (relative to Level 1, for Level 1 students) or the probability of changing to Level
1 or Level 2 (relative to Level 3, for Level 3 students).

Results

Descriptive information

We found that teachers did not average the intended 50 min of classroom use of VSTF, but rather
treatment teachers reported an average of 44 min of use. Control classes were reported to use 10 min
less of block-formatted text, but given that all traditional text is effectively in the “control” format, we
believe that time to be underreported, with teachers reporting only the use of the online or digital texts
that corresponded to the texts formatted in VSTF for their treatment classes. We suspect that all classes
read traditional block texts (e.g., in their books) for additional minutes each week, but teachers found it
salient to retroactively report only the time spent with consciously formatted text. Because teachers were
observed conducting essentially the same class in each condition, we are hesitant to ascribe much to the
differences in minutes reported between conditions. We tested our models to determine whether
reported time was a significant predictor of improvement and found that reported time was neither
practically nor statistically significant and, thus, dropped it from our analyses.

Descriptive information on mean student achievement (and standard deviation) on the state
annual assessment in the year prior to our intervention and in the spring of our intervention by
grade, condition, and device are set out in Table S-2. The district routinely performs well overall
compared to similarly situated districts on the annual state assessments. In some respects, this
reduced the opportunity to improve students’ scores as the large number of students in the highest
proficiency level created a ceiling effect.

Analyses of treatment effects

Effects on annual assessment scores
Table 1 shows the results of estimating VSTF effects on overall ELA, reading, and writing test scores.
For each outcome, the first model shows a regression with the dichotomous treatment variable as the
only predictor. This is equivalent to a difference in means between the treatment and control groups.
Models 1, 3, and 5 indicate that students exposed to the VSTF intervention gained more than control
students by, respectively, .08 SD on the overall ELA assessment, .05 SD on the reading subtest, and
.10 SD on the writing subtest, although none of these are statistically significant.

The second model shows the regression with a full set of controls, including the four subtest
scores of the ELA from the prior year, and includes teacher fixed effects (dummy variables for all but
one of the teachers). Because these added predictors decrease the standard errors of the treatment
coefficients, the treatment now achieves statistical significance for two of the three outcomes: the
overall ELA assessment (ES = .05, p = .026) and the writing assessment (ES = .07, p = .005). The .04
effect on reading was not statistically significant, with p = .118.

With respect to heterogeneous effects, we found no interactions with gifted, special education, or
English learner classification on the effect on overall ELA, reading, or writing scores (see Table S-3).
However, our subgroup analyses (see Tables S-4, S-5, and S-6) show that there was no statistically
significant treatment effect for students identified as gifted or in special education, and the treatment
effect for English learners on the writing subscore (ES =.08, p = .068) did not reach statistical significance
at the p < .05 level. We found no statistically significant interaction with prior reading or writing scores
(Tables S-7 and S-8). Our subgroup analysis based on prior reading and writing scores showed only one
statistically significant effect, students previously scoring a 2 on writing received a significant treatment
effect on the current year writing score (ES =.14, p = .000; see Figure 3). Our categorical results, discussed
next, show that there was, however, a nonlinear interaction based on student performance levels.
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Given the attrition from students changing teachers, classes, or conditions midyear, we also ran
the same analyses using the entire sample to gauge the effect of being placed in the treatment
condition Semester 1 regardless of condition placement in Semester 2. The results are similar to
those found with the more limited analytic sample (see Table S-9).

Effects on categorical change in reading and writing proficiency levels
Table 2 presents a descriptive breakdown of students’ posttreatment reading proficiency level
by pretreatment reading proficiency level, for treatment and control samples, respectively.
Row totals indicate the total number of students in each proficiency level before the inter-
vention, and column totals indicate the number of students in each proficiency level after the
intervention. Each cell represents the number of students with specific pretreatment and
posttreatment proficiency levels. The numbers of students in these cells are percentaged
across the rows in order to show, separately for treatment and control students, year-to-
year movement across the proficiency levels.

In the first row of Table 2 we see that, among students at the first reading proficiency in the
prior year, the treatment and control groups had very similar distributions across the reading
proficiency levels after program implementation. By contrast we do find meaningful treatment-
control differences for students at the second reading proficiency in the prior year: In the treatment

Table 1. Regressions Predicting Overall ELA, Reading, and Writing Scores on Analytic Sample.

(1)
ELA

(2)
ELA

(3)
Reading

(4)
Reading

(5)
Writing

(6)
Writing

Treatment 0.08 0.05* 0.05 0.04 0.10 0.07**
(0.10) (0.02) (0.08) (0.02) (0.08) (0.03)

Hispanic −0.01 −0.03 −0.02
(0.03) (0.05) (0.04)

Asian 0.29*** 0.18*** 0.28***
(0.04) (0.05) (0.04)

Black −0.19 −0.13 −0.02
(0.12) (0.18) (0.17)

Filipino 0.15 0.14 0.11
(0.09) (0.11) (0.13)

Male −0.07*** 0.02 −0.12***
(0.02) (0.03) (0.03)

Socioeconomically disadvantaged −0.08** −0.07 −0.09**
(0.02) (0.04) (0.03)

English learner −0.25*** −0.19*** −0.24***
(0.03) (0.04) (0.04)

Gifted education 0.35*** 0.25*** 0.24***
(0.03) (0.04) (0.04)

Special education −0.17** −0.16* −0.05
(0.06) (0.06) (0.07)

Prior reading 0.23*** 0.21*** 0.15***
(0.01) (0.02) (0.02)

Prior writing 0.21*** 0.19*** 0.22***
(0.02) (0.02) (0.02)

Prior listening 0.09*** 0.08*** 0.07***
(0.01) (0.02) (0.01)

Prior research/Inquiry 0.20*** 0.17*** 0.15***
(0.01) (0.02) (0.02)

Constant −0.04 −0.07 −0.05 0.10 −0.06 0.10
(0.07) (0.06) (0.06) (0.09) (0.06) (0.06)

N 3,258 3,125 3,257 3,125 3,257 3,125
R2 .002 .703 .001 .498 .002 .485

Note. Teacher variables for fixed effects not shown in table, but included in analyses with controls. Standard errors are in
parentheses. ELA = English Language Arts.

*p < .05. **p < .01. ***p < .001.
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group, 28.08% moved up from Reading Proficiency Level 2 to 3, whereas in the control group only
24.88% moved up.

Table 3 presents the same statistics as Table 2 but for the writing domain. The patterns are similar
to those for reading. Among students at Writing Proficiency Level 2 in the prior year, differences
between control and treatment groups were found: 25.49% of the treatment students but only
20.55% of the control students moved up from Writing Proficiency Level 2 to 3. There was also

Table 2. Prior and Current Year Reading Proficiency Level by Treatment Condition.

Current Year

Prior Year Level 1 Level 2 Level 3 Total

Treatment sample
Level 1 183 162 12 357

51.26% 45.38% 3.36% 100%
Level 2 111 491 235 837

13.26% 58.66% 28.08% 100%
Level 3 2 143 343 488

0.41% 29.30% 70.29% 100%
Total 296 796 590 1,682

17.60% 47.32% 35.08% 100%
Control sample
Level 1 172 162 8 342

50.29% 47.37% 2.34% 100%
Level 2 115 492 201 808

14.23% 60.89% 24.88% 100%
Level 3 8 120 300 428

1.87% 28.04% 70.09% 100%
Total 295 774 509 1,578

18.69% 49.05% 32.26% 100%

Note. Reading proficiency level was scored 1 (below standards), 2 (near standards), or 3
(above standards).

Figure 3. Group analyses, indicating effect size of impact on treatment on overall ELA score, reading score, and writing score, for
students previously scoring below, at, and above standard on the prior year’s reading or writing scores. Only the effect of
treatment on the posttreatment writing score for students previously scoring at or near grade-level standard for writing is
significant (ES = .14, p = .000).
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a difference in the rate at which Writing Proficiency Level 2 students fell back to Level 1: 14.43% for
control group students but only 10.73% for treatment students.

To further explore the patterns of gains described in the cross tabs in Tables 2 and 3, we estimated
regressions to test the significance of those effects while using a full set of controls. Table 4 presents
the treatment effects on reading proficiency level for students at Levels 1, 2, and 3 in the preinter-
vention assessment, respectively. All covariates and teacher fixed effects were included. Relative risk
ratios are reported. Significant treatment effects were found for students performing at Reading
Proficiency Level 2 in the previous year. Specifically, treatment students had a significantly higher
probability of improving their reading proficiency to Level 3 (odds ratio [OR] = 1.307, p = .020).
However, no significant effects were found for students at Reading Proficiency Level 1 or 3 at
preintervention, suggesting that receiving the intervention yielded neither positive effects to students
who were Level 1 nor negative effects to students who were at Level 3 in reading proficiency.

Table 5 presents the treatment effects on writing proficiency level for students at Levels 1, 2, and 3 in the
preintervention assessment. Similarly, significant positive treatment effects were revealed for students at
Writing Proficiency Level 2 in the pretreatment assessment. Students who received the intervention were
approximately 43%more likely than control students to improve their writing proficiency fromLevels 2 to 3
(OR = 1.427, p = .011). In addition, treatment students were 29% less likely than control students to exhibit
a worsening of their writing proficiency from Level 2 to Level 1 (OR = 0.690, p = .007). Similar with the
reading proficiency outcomes, the intervention did not manifest significant changes in writing proficiency
levels for students at Writing Proficiency Level 1 or Level 3 at the preintervention assessment.

We conclude that the VSTF intervention significantly affected the reading and writing skills of students
at the midrange (Level 2) of proficiency—students who were near or at grade level at the end of the
prior year. For reading, the intervention increased the upward mobility of these students. For writing, it
increased their upward mobility and decreased their downward mobility. However, for students who were
Level 1 or Level 3 in the prior year, the effects of VSTF on change across proficiency levels were not
significant. Recall that the regression estimates testing for interactions between the treatment and prior
achievement levels found no significant interactions. However, the tabular analyses in Tables 3 and 4 found
a stronger effect for students whose prior score was at themiddle level. This would not be detected from the
linear regression analyses because it is, in fact, a nonlinear interaction. Thus, the results are not in conflict
with one another. Instead, the extra detail provided by the tabular analyses inTables 3 and 4 allowedus to see

Table 3. Prior and Current Year Writing Proficiency Level by Treatment Condition.

Current Year

Prior Year Level 1 Level 2 Level 3 Total

Treatment sample
Level 1 96 130 6 232

41.38% 56.03% 2.59% 100%
Level 2 88 523 209 820

10.73% 63.78% 25.49% 100%
Level 3 8 161 461 630

1.27% 25.56% 73.17% 100%
Total 192 814 676 1,682

11.41% 48.39% 40.19% 100%
Control sample
Level 1 96 128 6 230

41.74% 55.65% 2.61% 100%
Level 2 111 500 158 769

14.43% 65.02% 20.55% 100%
Level 3 5 168 406 579

0.86% 29.02% 70.12% 100%
Total 212 796 570 1,578

13.43% 50.44% 36.12% 100%

Note. Writing proficiency level was scored 1 (below standards), 2 (near standards), or 3
(above standards).
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Table 4. Logistic and Multinomial Logistic Regression Analyses of Treatment Effects by Student Prior Proficiency Levels in Reading.

Prior Level 1 Prior Level 2 Prior Level 3

Base Category = Level 1 Base Category = Level 2 Base Category = Level 3

Outcome Level 2 or Level 3 Level 1 Level 3 Level 1 or Level 2

Treatment 0.985 0.933 1.307* 1.136
(−0.09) (−0.54) (2.32) (0.87)

Hispanic 1.554 0.989 0.866 1.424
(1.58) (−0.04) (−0.59) (1.31)

Asian 2.274* 0.284*** 1.695* 0.592*
(2.27) (−3.69) (2.40) (−1.99)

Black — 1.783 0.356 —
— (0.71) (−0.94) —

Filipino 4.098 0.560 1.363 0.527
(0.69) (−0.67) (0.60) (−0.78)

Male 0.595** 1.161 1.273 0.875
(−3.06) (0.93) (1.80) (−0.78)

Socioeconomically disadvantaged 0.927 1.098 0.546*** 0.955
(−0.26) (0.33) (−3.37) (−0.26)

English learner 0.478*** 3.117*** 0.470*** 1.613
(−3.91) (6.49) (−3.79) (1.00)

Gifted education — 0.000*** 4.395*** 0.319***
— (−36.41) (4.36) (−5.15)

Special education 0.718 2.369* 0.348* 1.168
(−1.10) (2.47) (−2.28) (0.23)

Observations 689 1,637 902

Note. Exponentiated coefficients; t statistics are in parentheses. Teacher fixed effects are included in all models. Covariates included
are identical with Table 5. Reading proficiency level was scored 1 (below standards), 2 (near standards), or 3 (above standards). In
model with sample of Prior Level 1 students, Black and GATE were omitted due to collinearity. In model with sample of Prior
Level 3 students, Black was omitted due to collinearity.

*p < .05. **p < .01. ***p < .001.

Table 5. Logistic and Multinomial Logistic Regression Analyses of Treatment Effects by Student Prior Proficiency Levels in Writing.

Prior Level 1 Prior Level 2 Prior Level 3

Base Category = Level 1 Base Category = Level 2 Base Category = Level 3

Outcome Level 2 or Level 3 Level 1 Level 3 Level 1 or Level 2

Treatment 1.148 0.690** 1.427* 0.874
(0.66) (−2.72) (2.55) (−0.79)

Hispanic 2.319 1.786 0.997 1.042
(1.55) (1.85) (−0.01) (0.18)

Asian 4.427** 0.397* 2.568*** 0.357***
(2.65) (−2.53) (3.86) (−4.32)

Black 2.883 2.406 0.911 1.007
(0.65) (0.98) (−0.13) (0.01)

Filipino — 0.452 1.388 0.536
— (−0.82) (0.57) (−0.96)

Male 0.459** 1.655** 0.954 1.485**
(−3.06) (2.89) (−0.37) (2.66)

Socioeconomically disadvantaged 0.396 0.789 0.513*** 1.312
(−1.90) (−0.96) (−3.30) (1.58)

English learner 0.500* 2.120*** 0.311*** 2.508**
(−2.31) (4.08) (−6.25) (2.77)

Gifted education — 0.000*** 2.902* 0.225***
— (−41.43) (2.44) (−6.44)

Special education 1.113 1.572 0.807 1.282
(0.27) (1.42) (−0.58) (0.42)

Observations 449 1,584 1,203

Note. Exponentiated coefficients; t statistics are in parentheses. Teacher fixed effects are included in all models. Covariates included
are identical with Table 5. Writing proficiency level was scored 1 (below standards), 2 (near standards), or 3 (above standards). In
model with sample of Prior Level 1 students, Filipino and GATE were omitted due to collinearity.

*p < .05. **p < .01. ***p < .001.
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that the treatment effects were largely confined to students who demonstrated near or at-grade level ability
in reading and writing on the annual state assessment at the end of the prior year. Similarly, our subgroup
analyses showed no effects on students classified as gifted or qualified for special education and suggestive,
but not statistically significant, results for English learners.

Discussion

The main goal of our study was to explore whether an intervention that modifies the presentation, but not
the content, of text would support middle school students’ literacy skills. Our design was particularly
rigorous, as the randomizationwithin teachers ensured that all students experienced the benefits of teachers
who had received the professional development, access to technology, and the same instructional materials.
The sole difference between treatment and control classrooms was the use of VSTF to present texts and
instructional materials. Overall, we found that students who read texts formatted in VSTF for fewer than
50min aweek showed small yet significant gains in their overall ELA achievement and in theirwriting skills.
Given that empirical benchmarks suggest that normative growth in the middle school grades is slower than
the elementary school grades, these effect sizes are of practical value (relative to years of expected growth; see
Bloom, Hill, Black, & Lipsey, 2008; Hill, Bloom, Black, & Lipsey, 2008). What is particularly noteworthy
about these gains is that they were found on a fairly broad standardized assessment (see Hill et al., 2008,
notingmean effect sizes decreasing from .44 on a specialized test, to .23 on a narrow standardized test, to .07
or below on a broad standardized test). In addition, both treatment and control students completed the
Smarter Balanced assessment using traditional block texting, suggesting that the benefits of VSTF were not
limited to supporting online processing of challenging texts, but also led to changes in the word-to-text
integration processes underlying reading comprehension (Perfetti & Stafura, 2014). Although the design of
our study makes us unable to determine which or how many components of word-to-text integration
processes (e.g., sentence representations, text models, or situationmodels) were enhanced through ongoing
use of VSTF, the finding that the effects of using VSTF transferred to unformatted texts suggests that long-
term use of this formatting improved students’ skill at processing and comprehending challenging texts.

The intervention’s larger effect on writing compared to reading scores is consistent with prior studies of
VSTF (Park,Warschauer et al., 2013; Park &Warschauer, 2016) and a recentmeta-analysis of the impact of
reading interventions on writing (Graham et al., 2018). Reading instruction designed to increase students’
knowledge about the functions and purposes of text gives students importantmetaknowledge about written
language (Graham et al., 2018). In addition, we note that the writing subtest of the Smarter Balanced
assessment required students to write an essay using multiples texts as sources of evidence. Consequently,
success on the writing subtest was, in part, dependent on heavy reading comprehension demands. In
contrast, the prompts and required responses for the reading subtest were less complex, shorter, and
generally limited to a single text. Thus, the writing assessment may have had greater sensitivity to reveal the
gains in comprehension processes and academic language.

Finally, wewished to determine if the use of VSTFwould yield differential effects for students based on
subgroup characteristics, such as students who are gifted, students with disabilities, and students who are
English learners. Whereas our fixed effect regression analyses suggested that treatment effects did not
interact with gifted, special education, or English learner classification, the subgroup and categorical
analyses suggested that VSTF did produce differential effects. Although on the surface these may appear
to be contradictory, our fixed effects regression assumed linear relationships, whereas the subgroup and
categorical analyses did not. Indeed, the interaction uncovered by the categorical analysis is nonlinear,
indicating that the treatment effect occurs only for students whose prior performance was at the middle
level—at or near grade level, which may account for why the linear interaction was not significant.

There are a variety of reasons why the effects of VSTF were limited to students whose baseline was at
the middle range, or near grade level at the end of the prior school year. First, almost twice as many
students had middle-level baseline scores as students whose baseline scores were at the highest and
lowest proficiency levels. Thus, the power to detect change may have been sufficient for midlevel
students but insufficient for students at the top and bottom levels of performance. Second, the 3-point
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scale of the reading and writing subtests may have limited sensitivity and produced ceiling effects for the
students whose baseline scores were at the highest level. Other reasons may reflect potential mismatches
between the intervention and the students. For example, students with the highest baseline scores, and
those identified as gifted, may not have been sufficiently challenged by the reading level or complexity of
the texts and, thus, did not need the scaffolding provided by VSTF. Students below grade level may need
support with more fundamental reading skills, such as work identification, which were not supported by
the intervention. The limited effects of VSTF for students with disabilities may reflect the heterogeneity
of the population covered by the special education designation (any student with an individualized
education plan, ranging from physical disabilities to mental disabilities of all degress), and thus we
identify this as an area for further study. In contrast, there was suggestive evidence that English learners,
who tend to struggle with comprehension rather than word identification processes (Nakamoto,
Lindsey, & Manis, 2007), may benefit from VSTF scaffolding. Whereas English learners did not show
a benefit from VSTF on their overall ELA or reading scores, they did show an effect on writing scores
that, although not statistically significant at the p < .05 level, was of a similar magnitude to the overall
writing results. Thus, although VSTF may hold promise as an intervention for English learners,
replication studies are needed to test this.

Limitations and future research

This study was conducted only in general education ELA classes. Because special education classes,
resource rooms, and basic English language development classes were excluded, our findings cannot
be generalized to students who lacked the prerequisite skills to participate in the general middle
school curriculum.

Unique factors complicated implementation of this study. Although teachers used the same lessons for
their treatment and control classes, preparing these lessons with VSTF and unformatted texts presented an
additional burden to teachers. Thiswas exacerbated by the introduction of a newELAcurriculum, including
both a new digital textbook and pacing guide, which was being developed well into the first semester of the
school year. Finally,most of the deviceswere not provided to teachers prior to the intervention; teachers and
students typically become more adept with new technology in the second and subsequent years of use
(Means & Olson, 1995; Sandholtz & Reilly, 2004). For all these reasons, we would expect the benefits of
VSTF use to expand if teachers continue to use it in instruction beyond the constraints of the study.

Our achievement measures were less sensitive than we would have liked (with scores of 1, 2, or 3 for
reading andwriting) and given before the end of the school year.We had planned to use district assessments
for more proximal measures over each quarter but found the measures were not aligned to the new
curriculum, unlike the end-of-the-year state assessment. Future studies with a norm-referenced reading
comprehension and writing component at the beginning and end of the intervention would provide more
fine-grained detail on changes due to the intervention.

Conclusions

Despite these limitations, VSTF shows promise as a means of supporting the word-to-text integra-
tion processes critical for reading comprehension, particularly among typically achieving middle-
school students. Use of VSTF provided a modest benefit to middle school students who were near or
at grade level in the prior school year, making it appropriate for use as a tool in general education
classrooms, particularly if optional.
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