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ISTART-Early and Now | Can Read:
Effective Reading Strategies for

Young Readers

Micah Watanabe, Tracy Arner, Danielle McNamara

This article introduces teachers to ISTART-Early, a game-based reading tutor that
provides for developing readers to build knowledge and practice comprehension

strategies.

Introduction

David Stephens, a 4th grade teacher in Washington State,
was preparing a lesson plan about desert wildlife (all
names are pseudonyms). He was planning on assigning
his students the chapter book, “Desert Giant: The World of
the Saguaro Cactus.” The students had divergent knowl-
edge about the topic. For example, Maryam had grown
up in Arizona, and had a lot of personal knowledge and
experience with the topics in the book. Theo had gone
on vacation to the Grand Canyon and his parents made
sure he read all the informational signs. Julie had little
knowledge about the desert, all her family vacations were
to Canada.

Mr. Stephens was concerned that not all his students
would be able to understand the words or ideas in the
book, and searched for instructional strategies that he
could teach his students that would help all of them better
understand what they read. At an education conference,
he had seen a demonstration of a reading comprehen-
sion tutoring system, iSTART-Early (Kendeou et al., 2022).
He decided to research both the system and the evidence
behind it to see if it was right for his students.

Mr. Stephens recognizes that his students are at a criti-
cal point in their reading development. The most recent
National Assessment of Educational Progress (NAEP
2022) found that only 32% of 4th graders score as profi-
cient or advanced in reading comprehension. Those who
may have been at or above grade level in reading decod-
ing assessments may not have mastered the skills nec-
essary to comprehend the full text (Best et al., 2004,
Stockard, 2010). For example, students like Julie who
lack topic-specific knowledge, a key contributor to read-
ing comprehension, may fall behind their peers on read-
ing comprehension assessments as they enter 4th grade.
What Julie and others experience is frequently referred to
as the “fourth grade slump.”
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The focus of Mr. Stephens’ instructional materials
is shifting from teaching students the skills needed to
decode and read texts (e.g., alphabetic principle, phone-
mic awareness, word decoding) to students reading texts
to acquire knowledge. That is, the curriculum is switch-
ing focus from “learning to read” to “reading to learn.”
Unfortunately, the “learning to read,” “reading to learn”
distinction is based on a misconception. The misconcep-
tion is that children must learn to read before they can
learn how to use comprehension strategies that enable
reading to learn. This misconception has been reinforced
by theories of working memory resources that assume
that early readers must have mastered decoding skills
to free up the resources needed to devote to comprehen-
sion. Additionally, materials used to teach reading further
reinforce the emphasis on decoding skills as the linchpin
for comprehension while relegating domain knowledge
and reading strategies to a secondary or non-existent role
(Wexler, 2020).

In fact, research has demonstrated that young students
are able to use their knowledge and comprehension strate-
gies to generate inferences and comprehend texts (Cain &
Oakhill, 1999, 2009) and in some cases, use their knowledge
and comprehension to improve their decoding skills (Cain
et al, 2003). Unfortunately, in many cases, the students
who struggle to master decoding skills are not provided
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with content that builds their knowledge and are not given
instruction on how to comprehend challenging material (i.e.,
strategies). Thus, the misconception that students must
achieve perfect decoding before reading to learn has con-
tributed to a large number of students being left behind.

The solution to the false dichotomy created by “learn-
ing to read”"—"reading to learn” is twofold. First, young chil-
dren, from the time they are born, must

Considerable research has suggested the importance of
students building knowledge beginning at birth and continu-
ing in conjunction with instruction on foundational reading
skills. Yet, recent reporting by Emily Hanford (Hanford, 2018,
2019) reveals that findings from the science of reading have
not yet penetrated curricula or teacher education programs.
Therefore, teachers are ill-equipped to implement evidence-

based practice when teaching stu-

be exposed to content that builds their PAUSE AND PONDER dentstoread and lack the resources
knowledge of the world and, particularly necessary to bridge the gap in their

for school, their knowledge of history
and science. Research on comprehen-
sion has demonstrated that knowledge
is foundational to generating the infer-
ences required to understand a text
(Kintsch, 1998). Furthermore, children

content?

do not need reading skills to build knowl- = How can | create a community of
knowledge builders in my classroom?

edge and learn how to comprehend
challenging content. For example, lived -
experiences such as growing up in the
desert like Maryam or visiting the Grand
Canyon like Theo can increase their
knowledge. Students who struggle to
learn to read (i.e., learn to decode) must
first be building their knowledge base.

Second, students must have prac-
tice in engaging in reading comprehension strategies.
Students who are highly skilled readers may spontane-
ously use a variety of strategies to support comprehension
of the variety of fiction and non-fiction texts they engage
with in the pursuit of knowledge (McNamara, 2004; Zwaan
et al., 1995). Students who use comprehension strategies
can also build their knowledge base, as the more content
students are able to comprehend, the easier it is for them to
acquire new knowledge. Conversely, students who are less
skilled struggle with implementing strategies that will help
them comprehend texts, particularly those that are complex
informational texts such as science texts. Yet, these are the
texts that students need most to acquire new knowledge.
Consequently, when they are faced with the task of read-
ing to learn (often in the 3rd and 4th grades in the US), they
struggle to do so because they lack both domain knowledge
and comprehension skills. Indeed, these students strug-
gle with acquiring the knowledge that will, in turn, support
future knowledge acquisition. In sum, students who have
adequate reading skills acquire knowledge easier and faster
than those who do not. This is known as the Matthew effect
(Hirsch, 2003). Fortunately for educators and students like
Julie who do not have sufficient knowledge bases, research
has demonstrated that students can overcome knowledge
gaps by using reading comprehension strategies. When
these students do catch up to their peers in decoding, they
will be ready to read to learn.

texts?
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= Why is knowledge important for my
students to understand and learn new

= How can | bring knowledge building
into my classroom?

When should I begin to teach
comprehension strategies?

= What comprehension strategies will
help my students tackle challenging

preparation (Hindman et al., 2020).
A viable approach is needed to help
students succeed in developing the
individual reading skills necessary
to read texts, and reading compre-
hension strategies that are essen-
tial for acquiring knowledge. As Mr.
Stephens and teachers like him dis-
covered, there are evidence-based
tools that provide both instruc-
tion and practice opportunities for
young readers to develop their read-
ing comprehension skills and build
their knowledge base.

What Is Comprehension?

As Mr. Stephens began reading about iSTART-Early, he was
pleased to find out that iSTART-Early is backed by more
than 40years of research on reading comprehension.
Comprehension is the process of integrating the ideas and
constructs that emerge in the mind of the reader. iISTART-
Early is built on theories of text comprehension describing
the reading comprehension process in terms of three key
levels: the surface model, textbase, and situation model
(Kintsch & van Dijk, 1978). These three levels are a part of
the reader’'s mental representation of the text. The surface
model consists of the explicit words and sentences in the
text. The textbase consists of the readers’ understanding
of the meaning of the words and sentences in the text, as
well as their relations within the text. The situation model
consists of the understanding of the text that emerges
as the reader connects the ideas in the text to each other
and to their own prior knowledge. The reader’s situation
model is also known as their deep comprehension of the
text because they are using what they already know about
the topic, domain, and world to make sense of the text.
When the textbase and situation model are well integrated
with prior knowledge, the emergent mental representation
is coherent because there are more connections that bind
new and old information. A coherent mental representation
results in better knowledge building, which can in turn sup-
port future learning.
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Crucially, in the process of comprehension, understand-
ing the words and sentences is necessary, but not sufficient,
for comprehension (Moravcsik & Kintsch, 1993). A strong
surface model of the text does not result in deep compre-
hension because the readers must generate inferences to
achieve deep comprehension of the text. Inference genera-
tion is the process of making connections between ideas
in a text that are not explicit and connecting ideas in the
text (both explicit and inferred) to prior knowledge. For
example, consider the following two sentences:

Thomas walked over the bridge.
Janice kayaked under the bridge.

While not explicit, these two sentences can be connected
by the inference: Janice is below Thomas. Inferencing
is the keystone of comprehension because it binds the
ideas together (McNamara, 2021). Knowledge is an
essential piece of comprehension because knowledge
affords readers the ability to generate inferences. In the
example above, world knowledge of bridges and kayaks
is required to generate the inference. As such, knowledge
building is key to comprehension and learning (Bereiter &
Scardamalia, 1996).

Fortunately for teachers like Mr. Stephens, there are
interactive effects of students’ comprehension skills and
the texts that they read (McNamara & Kintsch, 1996). Less
skilled and knowledgeable students can better compre-
hend texts that are cohesive. Cohesive texts use repeated
words and phrases across sentences and paragraphs to
make the connections between ideas more explicit (Ozuru
et al., 2009). In contrast, more skilled and knowledgeable
students can benefit from less cohesive texts because
they are challenged to generate these connections by
themselves. Teachers can assign texts within students’
Zone of Proximal Development (Vygotsky, 2012) by assign-
ing more cohesive texts to less skilled students, and more
challenging texts to skilled students. However, for teachers
like Mr. Stephens, there are time constraints on their ability
to teach comprehension strategies and assign personal-
ized texts for students to practice on. Thus, there is a need
for intelligent tutoring systems (ITS) that are able to sup-
port teachers’ instructional goals. As we will explore in the
following sections, iISTART-Early is specifically designed to
support teachers and students by teaching effective com-
prehension strategies and providing opportunities for stu-
dents to practice.

Comprehension Strategy Instruction in
iSTART-Early

After reading about the nature of comprehension, Mr.
Stephens realized he needed to teach his students
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simple, effective reading comprehension strategies, and
have them practice the strategies on texts that span a
range of domains and topics. This approach is backed by
the science of reading evidence which demonstrates that
teaching 2nd-4th grade students’ reading comprehension
strategies can enhance their knowledge acquisition and
retention (Cain & Oakhill, 2009; Reutzel et al., 2005; van
den Broek et al., 2015). In particular, teaching students a
set or family of related strategies is recommended as stu-
dents can be taught to coordinate the different strategies
(Reutzel et al., 2005). This approach helps the students
build their knowledge and practice transferring comprehen-
sion strategies to new topics. Mr. Stephens was excited to
test iISTART-Early (Kendeou et al., 2022) in his classroom,
as it was able to provide reading comprehension instruc-
tion at different levels based on his students’ different lev-
els of skill and knowledge.

iISTART-Early provides instruction on a family of related
comprehension strategies: question asking, paraphras-
ing, finding information and answers in the text, bridg-
ing and elaborating, and summarizing. The selection of
these strategies was informed by research on the effec-
tiveness of explanation as a reading comprehension
strategy (McNamara, 2004). These strategies have also
been included in past versions of iSTART (McNamara
etal.,, 2004; Snow et al., 2016) and have been demonstrated
to improve reading comprehension for students at differ-
ent grade and skill levels (Johnson et al., 2017; McCarthy
et al., 2020; McNamara et al., 2004; Snow et al., 2016).

The unifying idea behind these reading strategies is to
enhance students’ activation of knowledge and inference
generation while reading, resulting in longer lasting men-
tal representations and greater knowledge building. The
strategies are taught via interactive lessons (see Figure 1)
that include multiple opportunities for students to check
their understanding of the strategy and receive feedback
by responding to selected response questions. These
questions serve to check students’ understanding of the
strategy and ensure students are practicing the strategies
immediately after they are learned.

Question Asking

Question asking is a starting point for students to gener-
ate inferences (McCrudden & McNamara, 2017). Research
demonstrates that teaching students the importance of
asking questions, how to ask questions, to answer their
questions, and to evaluate the quality of their questions
leads to improved comprehension (Cohen, 1983; Davey &
McBride, 1986). For example, Davey and McBride (1986)
found that students who were given question asking train-
ing wrote higher quality questions, scored higher on both
literal and inference comprehension questions, and had
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Figure 1
An Example of an Interactive Lesson from
iSTART-Early

Restructuring

moving parts of the sentence around

Before

better metacomprehension accuracy compared to students
in comparison conditions. Additionally, having readers gen-
erate questions about the text encourages comprehension
and movement toward making links between ideas across
sentences (King, 1994; Rosenshine et al., 1996). Students
who ask higher quality questions also recall more informa-
tion from the text and answer more questions correctly
about the text (Rosenshine et al., 1996).

Questions vary in type (e.g., verification, definition,
interpretational) and in depth of reasoning (shallow or
deep reasoning; Graesser & Person, 1994). It is important
for readers to generate a variety of questions. For exam-
ple, consider the sentence, “The dog was lackadaisical.”
A shallow question about the meaning of a word (e.g.,
what does “lackadaisical” mean?) can afford the reader an
opportunity to generate a more accurate paraphrase (“the
dog was lacking something?” vs. “the dog was lazy”). A
more accurate mental representation of the text allows the
reader to create a stronger connection between the textual
information and their prior knowledge which is necessary
for deeper comprehension.

In comparison to shallow questions, deep-reasoning
questions go beyond ideas that are explicit in the text. For
example, deep-reasoning questions ask for explanations
about relations, events, and processes to further under-
standing of how or why something occurred (e.g., “What
made the dog lackadaisical?”). Searching for answers to
deep-reasoning questions encourages readers to con-
nect between the ideas (and sentences) in a text or use
prior knowledge to generate inferences and elabora-
tions. Paraphrasing, bridging ideas, and generating infer-
ences are key comprehension strategies (see below) and
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question asking can increase students’ propensity to
engage in further reading strategies.

Paraphrasing

Paraphrasing is restating the text in different words, and
preferably, in a reader’s own words. It is an important part
of the comprehension process because readers often
paraphrase the sentence in order to begin an explanation
(McNamara, 2004; McNamara et al., 2023). Paraphrases
are important because they help the reader to better under-
stand the information in the sentences, and thus help the
reader, particularly less skilled readers, to develop a bet-
ter textbase level understanding of the text (McNamara
et al., 2006). Essentially, the act of paraphrasing external-
izes the reader’s understanding. This process can force the
reader to fill in conceptual gaps and facilitates the activa-
tion of relevant concepts that are necessary to generate
inferences (Best et al., 2005).

Finding Information in Text

When reading a text, students must find key information.
For instance, it is important for students to identify what the
author is saying (e.g., key ideas), how they are saying it (e.g.,
word choice, details), and why they are saying it (e.g., autho-
rial intent or goal). When students successfully find this
information, they are better able to complete more com-
plex comprehension strategies (see below). For example, a
reader's summary of a text will be significantly improved if
they find the key ideas and supporting details in the text.

Explaining—Bridging & Elaboration
Explaining the meaning of the text to oneself while reading
can improve the generation of inferences and enhance com-
prehension (McNamara, 2004). Past research has found
that the use of two strategies, bridging and elaboration, can
increase the readers’ propensity to generate connections
between the text and knowledge. Bridging and elabora-
tion have been found to improve performance in a number
of comprehension tasks (Feller et al., 2020; McCrudden
et al,, 2021; McNamara, 2004; van den Broek et al., 2015).
Bridging inferences link ideas and the relations between
separate sentences in the text. Making bridging inferences
is critical to text comprehension because texts normally
do not (or cannot) state all of the relevant information
(e.g., McNamara & Kintsch, 1996). Deep comprehension
requires more than merely interpreting individual sen-
tences; the reader must also be able to integrate individual
sentence meanings into a coherent text level representa-
tion (Gernsbacher, 1997; Kintsch, 1988, 1998). Therefore, to
successfully comprehend a text, the reader must generate
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bridging inferences to build a coherent mental model that
connects the separate ideas across the text.

Elaboration is the process of making inferences that
link what is in the text or sentence to related knowledge.
For example, when reading this sentence about heart dis-
ease, “Coronary artery disease occurs when the arteries
become hardened and narrowed,” the reader might make
a connection to prior knowledge that arteries supply blood
to the heart muscle. The reader might also use general
knowledge or logic to infer that narrowed arteries would
reduce blood flow to the heart muscle and result in a lack
of oxygen supply and potentially lead to a heart attack.
Encouraging readers to use logic and common sense
helps them to understand that it is possible to make sense
of the text, and go beyond the text, without knowing a lot
about the topic (McNamara, 2004).

Summarizing

While question asking and explaining encourage elabo-
rating the text with more information to generate infer-
ences, the goal of summarization is to reduce the text to
its core ideas. The summarization process helps readers
integrate content with pre-existing knowledge (Wade-Stein
& Kintsch, 2004), and better retain text material (Rinehart
et al., 1986). Summarizing reinforces readers’ mental rep-
resentations of the content, enhancing not only retention
of text material (Rinehart et al., 1986), but also conceptual
understanding (Wade-Stein & Kintsch, 2004), particularly
for lower achieving students and those with learning dis-
abilities (Gil et al., 2010). In a recent meta-analysis, Graham
and Hebert (2011) reported that summarization enhanced
comprehension in 18 out of 19 studies.

Figure 2
An Example of a Game in iSTART-Early

Comprehension Strategy Practice in
iSTART-Early

Mr. Stephens realized that once his students had been
taught strategies, they needed to deliberately practice those
strategies in order to improve their ability to execute read-
ing strategies across different texts. Students who practice
without goals or feedback are less likely to master new
skills. For instance, a study by Plant et al. (2005) found
that the amount of time spent studying was not predictive
of college students’ grade point average (GPA), rather, the
quality of the time spent studying predicted GPA.

Thus, in iSTART-Early students are provided with two
types of deliberate practice modules: coached practice,
and generative games. Coached practice is the most basic
form of practice, where students generate think-alouds
while reading, and are given feedback on the quality of their
responses. The responses are scored using natural lan-
guage processing (NLP) algorithms that have been shown
to correlate with teachers scores of writing quality, such as
their responses to reading or summaries (Allen et al., 2015;
Crossley et al., 2019), and demonstrated to be predictive of
students’ reading comprehension (McNamara et al., 2007).

Generative games (see Figure 2) use the same struc-
ture as coached practice (students write or speak think-
alouds while reading) however, they include a gamified
aspect to improve their motivation and engagement. A
considerable amount of evidence suggests that educa-
tional technology (e.g., games, interactive applications,
intelligent tutoring systems) improves a variety of student
level-outcomes, such as motivation, engagement, and
learning (e.g., D’Mello, 2013; Jackson & McNamara, 2013).
Both types of practice include automated formative and
summative feedback designed to address students’

Tips

Blood Q) | Question Bank

Your heart beats for your entire life. It starts. 1 (VL)

beating even before you are bom. But have you Task Instruction:

ever asked why your heart beats? The answer Please choose a good question for your students.

is that itis keeping you alive. Your heart pumps Remember your students know a lot about this
viv

blood to all the parts of your body. topic.

Your heartis an organ in your body about the
size of your fist. It is very strong, and when it
beats it pushes blood to every part of your

body. Everything in your body needs blood,
including your feet, your brain, your eyes, and
your fingers. They all need blood to live. That is
because blood carries oxygen throughout your
entire body. Oxygen is an element in the air that
keeps us alive. Al the air you breathe
eventually makes its way into your blood. Your

What would happen if an artery got blocked?

What body parts do not have blood vessels?

blood carries the oxygen from the air to the rest
of your body to give it energy.

Do arteries look pretty?

Al over your body are tubes that carry blood
These tubes are called blood vessels. Blood

vessels can be so tiny that you need a Vv
microscope to see them. Some blood vessels
you can see with just your eye. There are two
main kinds of blood vessels: arteries and veins N) [
Arteries are thicker and they carry blood away
from your heart and to the rest of your body.

Are hearts gross looking?
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individual practice needs. Furthermore, practice opportu-
nities within iSTART-Early are adaptive, as students read
more texts, their think-aloud scores are used to select new
texts for them. For instance, if a reader receives low scores
across a text, the system will select a new text that is one
level lower.

Teacher Tools in iISTART-Early

Mr. Stephens was impressed by the teacher tools avail-
able in iISTART-Early. iSTART-early includes tutorial videos
and teacher professional development resources to help
teachers integrate iSTART-Early into their classrooms. For
example, teachers have the ability to integrate their course
materials into the students’ experience on iSTART-Early.
Instructors can access a teacher interface (see Figure 3)
that allows them to upload their own texts and select target
or key sentences for students to practice their strategies
on. In addition, teachers can create both group or custom
text assignments for their students, which allows teachers
to cover key materials as well as target texts to students
who need more support or challenges. In addition, teachers
can monitor students’ performance across different strate-
gies by viewing their performance in lessons and games.

Figure 3
iSTART-Early Teacher Interface

Conclusion

Mr. Stephens was thrilled with his class’s progress after he
implemented iISTART-Early. Students across the knowledge
and skill spectrum were getting the instruction they needed
in order to improve their reading skill. Students like Julie
were learning reading comprehension skills that allowed
them to overcome knowledge gaps and learn from texts.
Students like Maryam and Theo were being challenged with
harder texts and practicing their reading comprehension
strategies on texts on different topics in history and science.

iSTART-Early is targeted specifically at students in
the 3rd and 4th grade who are struggling to navigate the
“learning to read”"—"“reading to learn” transition. iISTART-
Early is built on decades of research in reading, modern
theories of motivating students with game-based learning
and enhancing their skills with deliberate practice. iSTART-
Early is currently in the final stages of development, and
teachers and schools can sign up to be notified of oppor-
tunities to participate in testing of iSTART-Early at www.
adaptiveliteracy.com. iSTART, the precursor to iSTART-
Early has been proven effective for a range of readers at
different skill and grade levels (McNamara et al., 2004,
Snow et al., 2016). iSTART includes instruction videos
and games for question asking, paraphrasing, explaining
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TaKe AcTion

1. Engage in knowledge-building activities with
developing readers so that they can use their
knowledge base to understand texts when they must
read to learn.

2. Build students’ vocabulary through lessons—both explicit
instruction (flashcards, definitions) and implicit so that
they can use their vocabulary to understand texts.

3. Introduce simple comprehension strategies (i.e.,
question asking, paraphrasing) early so that students
can practice using them on a variety of texts.

4. Provide opportunities for students to deliberately
practice comprehension strategies (i.e., reading aloud)
with feedback on their performance.

5. Lead discussions with students to facilitate knowledge
growth and reading comprehension.

6. Structure curriculum and lesson plans to meet
students’ interests and skills. This can motivate
students to practice reading and build knowledge.

7. Use texts as tools for developing students’ learning and
communication skills. Scaffolding texts to students’
reading abilities can promote knowledge growth as
they move from easier to more difficult texts.

(bridging and elaboration), and summarization. iSTART is
freely available to students, parents, teachers, and schools
through www.adaptiveliteracy.com.

Disclaimer

Viewpoint articles are commentaries that do not undergo
peer review and may not reflect the opinions and beliefs of
ILA and the journal editors.
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MORE TO EXPLORE

= To learn more about the science of reading, check out
these articles:

a 9 Things Science Tells Us about how Kids Learn to
Read: https://www.the74million.org/article/9-things-
science-tells-us-about-how-kids-learn-to-read-and-
think-critically/

b The Science of Reading Comprehension Instruction:
https://doi.org/10.1002/trtr 1993

= The Knowledge Matters Campaign: https://knowledgem
atterscampaign.org

= A Presentation by Dr. Danielle McNamara on using
Intelligent Tutoring Systems to Improve Literacy: https://
www.youtube.com/watch?v=LbX-FfllgNg
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