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Individualized Learning in Reading and Language Arts

We have entered a new era in education. The confluence of high technology, accountability, and a desire
to treat each child as having unique aptitudes, skills, challenges, and gifts has made it possible and has
shown the urgency now to teach to the individual child. Not to teach in some abstract way, but really and
truly to teach to the individual child.

In the old days, we used to say that no child should be left behind. It is true that no child should be left
behind or held back. But the solutions of the last two decades are still struggling to address with sufficient

clarity, why were children left behind in the first place?

Individualized learning arose as a desire to understand precisely this question. So, if we may, allow us to
reintroduce the concept in a way that emphasizes what this tradition is really about. There are a lot of
buzzwords related to individualized learning, but in the learning sciences, the notion of teaching to the

individual has a strong basis in academic theory and research. We explicitly draw on these traditions.

Before the widespread availability of portable computational technology, theorists such as Carroll (1989),
Bruner (1966), Goodlad & Anderson (1959), Glaser (1968), and Bloom (1960) envisioned a teaching
method of the future that focused on the specific needs of the individual. They called this idea mastery

l earning. It is the precursor to individualized

Mastery learning was a direct challenge to an older tradition in educational psychology that we might call
the bell curve model. In the bell curve model, a classroom is envisioned as a sample of children with
varied levels of aptitude for learning, with those aptitude levels having the shape of a bell curve. This level
of aptitude was considered more or less innate, or inherited. Teachers in earlier days, as a consequence
of this model, reasoned that the most cost-effective teaching method for a fixed bell curve was to teach to
the average and in a uniform fashion. This learning strategy brings to focus three very important
dimensions about teaching and learning that set the stage for everything that is to follow, so they are

worth calling out. These are three characteristics of the bell curve model:

1 Every child received the same lesson.
1 Every child received lessons in the same sequence.

1 Every child was given the same amount of time to master the skills.

What is the end-of-year outcome of the bell curve approach? Children with the highest aptitudes end up
with the highest performance scores, and those at the bottom of the distribution remain at the bottom.

Many students fail to acquire basic skills.
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So much about this picture seems anachronistic if not unsettling. We have learned much about
intelligence since the last century. A very important paper by Nisbett et al (2012) reveals that it is not as
unreasonable as previously thought to think that we can educate all children, regardless of initial ability.
Highlights of the paper include the following: an enriched learning environment can and does in fact
disrupt the bell curve; early intervention in education can and does improve academic and life outcomes
of children; environmental influences on intelligence are larger than they were thought to be last century;
and the achievement gap in education can and does decrease with sustained effort. Human ability has
greater plasticityd it is less fixedd than was thought during the bell curve tradition. The challenge of
educating all children need not be half-hearted based on a too literal conception of innate differences in

intelligence.

So, |l etds clear the sl ate. Let 6 s inteliggnt. @f cdurge treg dken o wl ed gi n
Every day children perform cognitive acts of attention, perception, inference, induction, deduction,

understanding, judgment, and decision making. Thatoés w

The difficulty is that these naturally occurring intellectual abilities can be hindered by auxiliary internal or

external conditions such as prior mastery of skills, prerequisite experience, processing speed, working

memory capacity, interest, motivation, self-efficacy, and, unfortunately, hunger and emotional trauma in

some cases. We canbét repair some of the rifts in a hum

learning path to a child so that child has the best chance at succeeding.

How can we improve teaching? Take another look at the three constants we talked about in the bell curve
tradition: uniformity of lesson, sequence, and time. These have been reimagined and shaped into what

we now call the individualized learning model.

Going against the grain, educational psychologist John Carroll declared in the 1960s that, whatever one
thinks of the bell curve model, there was insufficient evidence that intelligence was an innate construct
acquired at birth and fixed over time. He proposed that intelligence can be more fruitfully defined as the
amount of time it takes for a person to master a task. The genius of this insight was that it called attention
to the implicit belief that all children should master cognitive tasks in the same amount of time. What is
gained by uniformity of time constraints is efficiency in mass-educating children. The collective cannot be
held back by the struggling children. So, when we apply a uniform time constraint, the data are
interpreted as saying that there are fast and slow children whose abilities are fixed at birth. Carroll flips
things upside down. There surely are differences between children, but these differences should be

looked at as natural differences in the amount of time it takes to master cognitive skills.

Remove the assumption about the necessity of uniformity in lesson, sequence, and time, and we have a
working model for individualized learning. These are three characteristics of the individualized learning
model:

1 Every child receives lessons appropriate to his or her particular level of development.
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1 Every child receives lessons sequenced in a flexible way to accommodate progress.

1 Every child is given whatever time is required to practice the lessons.

Because every child receives assignments tailored to his or her level of ability, and is given the time
needed to achieve mastery, the majority of children in the classroom are expected to cross the finish line,

given sufficient time. This is the basic idea of individualized learning.

The graphical comparison below shows the two visions, drawn for illustrative purposes. The illustration
puts into schematic form the consequences of early visionaries like John Carroll and Benjamin Bloom.

The image accurately depicts the effect of fixed versus variable transformations of scores on a normal

distribution.
TWO VISIONS OF GROWTH
VISION 1: BELL CURVE VISION 2: INDIVIDUALIZED
MODEL MODEL
Beginning of Year Beginning of Year
|I|I||I|| |I|I|||||
0.000.100.20 0.30 0.40 0.50 0.60 0.0 0.80 0.80 1.00 0.000.100.200.300.40 0.50 0.600.300.80 0.90 1.00
End of Year End of Year
_-IIII|||III-- .lﬂDl I I I||
0.000.100.200.300.40 0.50 0.600.700.80 0.90 1.00 0.000.100.200.300.400.500.600.700.800.201.00

The model on the left shows the expected pattern of growth when (1) a uniform curriculum is applied to
the whole class, and (2) the classroom is managed under the constraint that the average rate of learning
suffices for all. In more technical terms, when you add a constant to scores in a normal distribution, the
new distribution has the same shape but is shifted. The quick students cannot accelerate the pace, and
the slow ones cannot hold it back. All students progress, but virtually all children who were at the top of
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the class at the beginning of the year cross the proficiency line, while most of the children at the bottom of

the class remain at the bottom.

The model on the right shows the growth pattern when (1) a differentiated curriculum is prescribed for

each child, and (2) differentiated rates of learning are recognized and accommodated for each child and,
therefore, self-paced learning is built in to the classroom. In the right-hand model, we see that almost all
students are envisioned as achieving proficiency. As above, we can view this in more technical terms by
saying that we multiply each score in the distribution not by a constant but by a variable that depends on

a particular studentodés diagnosi s.

Note that this is not just a strategy to bring the lowest students to the top, though that is indeed a
desirable outcome. It is a strategy that also challenges the B students to perhaps move outside their

comfort range to achieve the excellence of which they are capable.

Individualized learning looks good in theory. But does it work? Can we really narrow achievement gaps?
It appears so. Here we will focus on the most recent findings. Later we will relate the various components

of the Edmentum Exact Path to rigorous learning-science research conducted over the last 50 years.

The RAND Corporation (2014) performed a study of the effectiveness of personalized learning, which is
an extension of individualized learning. The study identified common factors of learning after observing
schools that appear to be vanguards in this model. These are common factors reported by schools that

reported successfully implementing a personalized approach:

9 learner profilesof each studentoés individual strengths, neeec
teacher find ways to reach children in a way that is meaningful to them personally and individually

1 personal learning paths in which each student is placed in a customized path of instruction that
responds to and adapts to where they are right now in terms of readiness

1 competency-based progressions in which a student is given clearly defined goals and is
repeatedly assessed on progress toward these goals until mastery is attained

91 flexible learning environments in which the classroom can be shaped and designed to

accommodate the differentiation in levels of student readiness

RAND studied 23 schools in predominantly urban locations to identify these new instructional
approaches. It used a quasi-experiment of a matched control sample of schools that practiced these four
elements versus a virtual comparison group drawn from a national database to arrive at a collection of

schools that served populations similar to the focal group that practiced personalized learning.

Results were measured objectively wusing the Northwest |

Progress (MAP) over two school years. The researchers found the schools that practiced personalized
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learning using the common factors listed above performed better in both mathematics and reading than

the matched virtual comparison group. The effect size for math was .41. An effect size is a standardized
measure of change that is objective (i.e., it is interpretable in the same way no matter what the outcome
measure). An effect size of .41 is conventionally interpreted as follows: If a student in the 50th percentile
of the control group had been moved to the personalized learning group, this student would have moved

from the 50th percentile to the 66th percentile in mathematics achievement. This is a robust effect.

The effect size for reading was .29, which translates into a treatment effect that would lead from the 50th

percentile rank to the 61st percentile rank.

Like much of the research in mastery learning over the past 50 years, this study unveiled an exciting
trend: the lowest performing students in the schools had the greatest gains. This is precisely what the

individualized learning vision sets out to do.

Pane, Steiner, Baird, and Hamilton (2015) continued the RAND study described above and expanded the
treatment sample to 62 schools. They used the same methodology as the earlier study and found that the

growth trends increased after a two-year follow-up, though the effect sizes showed slight attenuation.

The chart below is from the studyb6s report. I't gives
schools. Certainly, this learning framework is an approach withaf ut ur e. Now | et ds | ook

mastery learning approach to individualized learning.
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Most schools had a positive effect on students’ mathematics and reading achievement
2013-15 Effect Sizes by School

School 75
School 38
School 44
School 73
School 48
School 50
School 64
School 69
School 56
School 68
School 64
School 36
School 37
School 35
School 79
School 18
School 70
School 45
School 65
School 25
School 39
School 71
School 90*
School 62
School 53
School 52
School 74
School 72*
School 67
School 33
School 49
School 43
School 81
School 82
School 47
School 42
School 21
School 3
School 44
School 29
School 74
School 78
School 34
School 1
School 54
School 41
School 80
School 14*
School 13
School 40
School 16
School 87
School 32
School 5
School 83* -0.44
School & -0.49
School 57* -0.56

Mathematics

M Elementary
B Middle

17 K-8

A3 W High

Note: Solid

bars represent
significance at
the p < 0.05 level
after adjustment
for multiple
hypothesis tests.

* Denotes district
schools.

Effect Size

School 38
School 44
School 75
School 81
School 48
School 34
School 50
School 79
School 25
School 73
School 66
School 33
School 18
School 64
School 70
School 69
School 3
School 90*
School 49
School 62
School 39
School 78
School 74
School 43
School 35
School 37
School 71
School 13
School 54
School 68
School 45
School 76
School 41
School 72*
School 65
School 29
School 56
School 82
School 42
School 53
School 40
School 67
School 34
School 87
School 44
School 14
School 80
School 32
School 52
School 5
School 57*
School 14*
School 47
School &
School 83* -1.27

Reading

Effect Size

From Pane et al. (2015). Continued Progress: Promising Evidence on Personalized Learning. Copyright
© 2015 by the Bill and Melinda Gates Foundation. Published the under the Creative Commons Attribution
4.0 Generic License CC BY 4.0.
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Edmentum Exact Path

Mastery Learning Model

Edmentum Exact Path is linked to an evidence-based practice known as the mastery learning model. This
is not a one-size-fits-all model. It is consistent with and can be adapted to a wide variety of learning

situations.

MASTERY LEARNING MODEL

Diagnosis

This model could be used within a wide variety of learning strategies, including the family of intervention

approaches. This model shows that educational intervention starts (either intentionally or intuitively) with

some diagnosis,anopi ni on or assessment ¢then mdves todnktiudtiah dimedtou r r e n t
meet the child; then assigns practice to apply what has been taught; and wraps up with a suitable method

of checking, or testing, whether the child has learned the lesson. The process is rendered as a recurrent,

or circular, process to suggest that assessment eventually recurs so that in time the assessment confirms

that the child has or has not advanced to the expected level of achievement.

The functional flow is an iterative process. It does not end with a test. A test might show that the child
needs to repeat the skill. A teacher can and should cycle through the sequence until mastery is attained.
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Each step in the sequence is supported by a substantial body of research in peer-reviewed scientific

journals. We summarize the steps in our learning model here, followed by detailed description of the

functionality of the research base of our product:

il

Diagnosis to accurately determine particular deficits and strengths in hundreds of skills in the
reading domains of Reading Foundations, Language and Vocabulary, Reading Literature, and
Reading Informational Text, as well as Language and Writing domains in language arts. (The
Speaking and Listening domain is not assessed. However, it is included in the learning path.) The
diagnostic test is described later in the Adaptive Assessments section.

Instruction through high-quality animation and other audio-visual presentations with effective
character-driven dialogue focusing closely on the specific skills in the domains and adapted to a

| earner6s particular | evel of readiness. The
in the Learning Paths section.

Practice to reinforce the lesson by eliciting direct physical engagement such as drawing, reciting,
recording, calculating, solving, estimating, and other activities. A focus on practical understanding
forges implicit learning of the concepts and skills to complement and strengthen semantic or
explicit learning. The instructional architecture is also described in the Learning Paths section.
Testing of concepts and principles after practice. The learner is presented challenging quizzes
that initiate practice in retrieving what has been encoded in memory. Feedback on quizzes
reinforces learning and proactively prevents interference in memory. There are two kinds of testing
in our mastery learning model:

0 Mastery quizzes as part of instruction. Students can practice applying the concepts they
learned repeatedly by taking frequent mastery tests. This aspect of the instruction is an
evidence-based learning strategy and is discussed in the Learning Paths section.

o0 Progress checks on the skills that have been taught to reinforce automaticity and fluency,
and again to practice focused retrieval to consolidate learning. Confirmation of mastery
indicates that a child has successfully acquired a specific competency that can be drawn
on in future lessons and in life. When the progress check indicates competency in the skill,
we say that sufficient mastery has been demonstrated to recognize that the child has
acquired the skills competency on this node of the learning path. The progress monitors

are discussed in the Adaptive Assessments section.
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Adaptive Assessments

FEATURES

Description

Technical Specs

Assessment Component

Adaptive Diagnostic

brief tests of reading ability in
four knowledge domains
(Foundations of Reading,
Language and Vocabulary,
Reading Literature, Reading
Informational Text) and language
arts ability in two knowledge

domains (Language and Writing)

administered as an efficient

computer-adaptive test

designed for repeated
administration across the school

year

scores across multiple
administrations provide growth

measure across grades Ki 8

administered over the course
of an academic year in up to
four teacher-designated
testing windows (fall, winter,

early spring, end of year)

variable length computer-
adaptive test with an average
of 48 items, fewer for grades
Ki 2

typical testing time of 151 60
minutes, with the lower times

in the earlier grade levels
reliability above .90

classification consistency

above .90

Mastery Quizzes

short, five-item quizzes built to
test a chil dds

material within a learning module

provides feedback so the student
knows whether the answer is

right or wrong

g

short quizzes of variable
length in which the student is
told what the standard of
mastery is and is given

feedback on performance

primarily instructional tools
with no measurement model
applied; serve the function of
learning checks in the mastery

tradition

typically, mastery threshold

score of 4 out of 5
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Assessment Component Description Technical Specs

Progress Checks fixed tests with five items per skill | forms created dynamically
area and four skills assessed from carefully constructed item
with a total of 151 20 items pool of over 13,000 questions

dynamically generated formative covering over 500 skills

assessments used to monitor uses beta-binomial
progress of student mastery on a | psychometric model for
set of completed skills within a performance judgment

learning path typically, mastery threshold

inform and adapt| scoreof4outof5
learning path, determining the
next set of four skills a student

will see

The adaptive diagnostic test is designed and recommended to be given to all students, as opposed to
being reserved for students who are assessed for remedial options. While it will identify children who are
below grade as intervention systems do, the Edmentum Exact Path does so in the broader context of

placing every child in a developmentally appropriate learning path.

The adaptive diagnostic provides a standard score indicating where a student is in the Ki 8

developmental growth scale. The score cuts across grades so students who are above and below grade

can be identified with confidence. After taking the diagnostic test during a specific testing window, a

student is classified as being below grade, on grade,
interpreted as a progress-across-grade indicator and can also be interpreted according to national norms

to determine a childbés percentile rank within grade.

A total growth score and domain-level scores are reported for each learner. Grade classifications are
made at the domain level as well.

As an adaptive test, this diagnostic consists of a pool of over 2,000 high-quality test questions that have

been calibrated in their level of difficulty. The test is administered using a computer-adaptive algorithm.

This genre of testing method was designed for the express purpose of giving the most efficient testing
experience possible without sacrificing accuracy. |t

estimated ability level and not wasting time with items that are either too difficult or too easy.

Progress checks contain five items per skill, with up to four skills assessed on each test. The test items

are drawn from a pool of items with a specific skill that the child has been assigned to master as a
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competency. The items have a calibrated difficulty and are scored using a beta-binomial measurement
model. In the mastery tradition, it is customary to use short progress checks so the emphasis remains on
tutorials and practice (see Instructional Content). Brief mastery tests are not scored in terms of
percentage correct but instead by estimating the probability that a student with a given response profile

has mastered the skill.

The first release of the Exact Path uses a basic beta-binomial measurement model. However, starting in
2017, mastery will be calculated using modern cognitive diagnostic models, which enable greater
flexibility in drawing diagnostic information from response patterns. These models will be built using

response data being collected during the 20167 17 field test.

Psychometric Standards
Empirical support for our adaptive Developmental Growth Scales is established. Based on what we know

so far about our scales after a year of development and a large field test, we can report the following.

RELIABILITY

Reliability Metric Results

Student score reliability High. The item response theory (IRT) calibration
software calculated the score reliability for student

ability as .95.

Split-half reliability High. Field test results showed that split-half
reliability ranged from .80 to .90.

Classification consistency High. Field test results showed that grade-level

classification had consistency and accuracy

ranging from .90 to .95.

VALIDITY
Validity Type Validity Metric Results
Construct validity Grade separation Excellent. Learner ability scores

differ significantly between
grades and across grades within
grade cohorts in year-over-year

change.
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Validity Type

Validity Metric

Construct invariance

Results

Excellent. Item difficulties are
correlated in the .90s across

adjacent grades.

Growth (effect size) across

grade

Excellent. Co h e d dffect
sizes between grades closely
match predicted magnitude and
change pattern based on effect
size norms of a national sample

of state vertical scales.

Concurrent validity

Correlations with similar tests

In progress. Expected spring
2017; pending end-of-year data
to come for the 20167 17 school

year

Predictive validity

Correlations with end-of-year

tests

In progress. Expected summer
2017 after receiving end-of-year
test score data from the 201671

17 school year*

Classification accuracy

Concordance between
diagnostic and grade-level

placement

In progress. Expected summer
2017; pending end-of-year data
to come for the 20167 17 school

year

* Pending product-specific evidence in 2017, we can report that the item pool from which the diagnostic
assessments were created has been deployed in fixed-form benchmark tests nationwide, and the
predictive validity of these tests, from the same item pool, for predicting high-stakes end-of-year tests
such as the SBAC and the PSSA is consistently between .80 and .90. Based on this, we are confident of
excellent predictive validity for the diagnostic assessments.
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Adaptive Diagnostic

40 - Assessment Learning Path
' 4.0
3.0 1
3.0
201 2.0 o
1.0 4 Reference Materiats RS
' o >e ©%5 2 o
(@) % o © 0]
0.0 1 0.0 090’0 oo
©o
-1.0 4 1.0 (@] ) o
o @@ 8@ Multiple Meaning Words
-2.0 - -2.0 ® o
-3.0 1 -3.0 Connections Between Words
-4.0 - -4.0
0 50 100 150 200 250 300

The adaptive diagnostic algorithm is depicted on the left side as a sequence of ability estimates. The
algorithm intelligently s e arpobingwith seasitivedtems;natedhatras 6 s abi | i
we move through the assessment sequence, a smooth and clear estimate of ability emerges.

Because of the design of our system, this ability scale has been calibrated precisely to the difficulty of

lessons on the learning path (on the right-hand side). They are on the same scale. For purposes of

illustration we use a scale of -4 to +4, but the actual standard scores are expressed on a more meaningful

scal e. I'n this example, we s eerodesses. Thdbfudlieerissant st udent s o
kindergartner who is accurately diagnosed as being on grade and who is assigned into an appropriate

Language and Vocabulary lesson, such as Connections Between Words. Labels have been removed

from the remaining competencies to avoid excess clutter.

The brown line is an older child who might be in third grade. This student is ready for the grade-
appropriate lesson Reference Materials. Once the student is placed into the learning path based on the
adaptive diagnostic, the student will work on a lesson until the competency is attained. At that point, the
student continues in a self-paced manner, or as directed by the teacher, into subsequent lessons of
increasing difficulty from left to right.

It is important to note that the illustration above is plotted using actual calibration and diagnostic test
results. It is not simulated. These are real kids who were accurately diagnosed and assigned into what
the teacher recognizes as a suitable lesson module.
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We use an adaptive diagnostic assessment to place every learner into a developmentally appropriate
point in the learning path. Each point in the learning path is a skill that is taught using a computer-assisted

learning module, which we will explore next.

Research on Learning Paths in Educational Assessment

Recent authors in educational assessment (Briggs et al, 2015; Leighton & Gierl, 2011; National Research
Council, 2001) have called attention to the necessity of forging a much stronger link between the purely
psychometric aspects of educational assessments and explicit theories of cognitive components of
development in reading and language arts. This strong link between assessment and learning
progression is the key feature of the Exact Path. There are products that feature strong growth scales and
first-rate instructional content. Edmentum is in the unique position of having a rigorous and
psychometrically solid growth scale along with 50 years of success in building innovative computer-

assisted instructional systems. We have the best of both worlds.

What is exciting for us and our customers is that the leading-edge thinkers in educational assessment
and learning science are now calling for precisely the synergy we have: assessments that are tightly

knitted to learning paths. Here is a very brief review of the burgeoning science behind our approach.

Briggs et al (2015) described the difficulty in interpreting growth scores produced by many existing

standardized tests, arguing very coherently that changes in curriculum from grade to grade can have far

more influence on so-called growth scores than student growth itself. This renders many growth scores
uninterpretable. Briggs and his team of researchers at
Assessment, Design, Research, and Evaluation boiled the problem down to this: Educators, principals,

curriculum directors, and other stakeholders must be able to infer at the end of the testing period: (1) what

has been acquired by the children, and (2) how much has been acquired.

Theyadvocateda di f fer ent ki ndlrivesfo puagquycational assessmbenawherd it belongs:
close to the curriculum, the instruction, and the student. 6 What i s nee dsae before the
implementation of a growth scale, is a model of learning to serve as what the National Research Center

(2001) auxleds that briags éohesion to curriculum, instruction, and assessmentt oget her . 0

This nucleus, or learning model, is what we call our learning path. We joined our reading and language
arts learning paths with our Edmentum assessment assets to form a comprehensive solution where
scores can be closely linked to learning objectives. This allows us to answer the truly important questions,

What has a child learned? and How much? Assessment is both qualitative and quantitative.
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Instructional Content

Design and Architecture

After the diagnostic assessment recommends a learning path of a particular set of skills, the student may

begin working on the individualized playlist immediately. Additionally, the teacher may assign other

|l essons based on a judgment about the studentoés readin

teacherés portal, it appears in the |l earnerés portal,

[ My Learning Path Adventure

l : Reading
prommrs i J mme § —

Q

Locked

Each lesson is structured according to a common design. The table below outlines the typical structure of

lesson content.

Lesson Activities Description Comments

Tutorial This is primarily an HTML-based These features are typical, but
multimedia presentation of the key each lesson is unique and
concepts and principles of the skill. It adapted to the subject matter.

will typically be a video, an animation, a
tutorial, or some other audio-visual

display.

The tutorial follows a direct instruction
model in which the narrator defines key
components of the concept, offers a
clear demonstration, and directs the
student to follow steps to apply the
principles. The narrator is typically a
character embedded in a thematic
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Lesson Activities

Description
context, and instruction occurs within

character-driven dialogue.

A tutorial is designed to be brief, about
five minutes in length, and focused on
essential concepts and

demonstrations.

The tutorials may link to external

videos to augment the lesson.

Comments

Guided practice

A guided practice activity typically
consists of one set of 7 to 10
interactions with content. These are
specifically not test items, although
some interactions can be multiple
choice or technology-enhanced
guestions. For example, learners might
be asked to sort a set of objects into
kinds.

Learners will receive feedback on their
performance and may make multiple
attempts to answer questions during

the guided practice session.

Each activity is introduced by an
animated video, and the student can

proceed in a self-directed pace.

These activities extend learning on a
concept and extend thestud e nt 6 s
understanding by practicing retrieval of

key information.

Scores on the interactions are
displayed in the lesson-level and
in the skill-level Knowledge Map

in the learner interface.

Mastery quiz

Commonly, the lessons and practice
activities are followed by mastery
quizzes to engage students in cognitive

retrieval of the material they have

Scores on practice are
displayed in the Knowledge Map
and Student Reports.
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Lesson Activities

Description
learned and manipulated in previous

activities.

Typically, there are five interactions, or
items, in a quiz. The item types can be
multiple choice or technology

enhanced.

Feedback is a simple report of whether
the student got the right answer.
Simple feedback is used because the
role of this activity is to determine
mastery after the instruction and

activity steps.

Comments

Teacher-graded activities

Constructed-response questions,
drawing figures with tools, answering
open-ended questions, recording a
sample, and other activities are just a
few of the different teacher-graded
activities available. There is wide
latitude in the kinds of activities that

could be given, depending on the skill.

The teacher receiwv
on each assignment and uses a rubric
to score the assignment on a scale of
01 4 with feedback.

optional

Support tools

Finally, each lesson makes tools
available as appropriate. Such tools
are adjuncts to the learning materials in
the lesson. For example, a highlighter
might be available for the learner to

mark up an on-screen text.

optional
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Research Base
Computer-Assisted Instruction and Educational Technology

At the most general level, one can ask whether computer-assisted instruction is effective in education.
Cheung and Slavin (2012) reviewed the research on the effectiveness of educational technology,
including computer-assisted instruction, on learning outcomes in reading. Their large-scale meta-analysis,
which focused on 84 controlled experiments and quasi-experiments conducted among more than 60,000
students, indicated that the effect size of computer-based instruction for learning reading is statistically
significant but relatively small in absolute value. However, the authors carefully noted that this limited
effect was true only traditional Computer-Assisted Instruction in which the child and the computer
interacted using a simple interface usually involving text alone. When the authors examined online
instruction involving innovative applications and state-of-the-art technologies like audio-visual support and
gamification i which are features of Exact Path, and when such a platform was combined with the
expertise and support of a qualified teacher, the effect size was more than twice as large. Their

conclusion stated:

The findings of limited impacts of traditional [Computer Assisted Instruction] illustrate that for

reading instruction there is no magic in the machine. What matters is how technology integrates

withnont echnol ogy components of reading instructioné.
€. [W]hat wunifies t heaiewtehategrdaser promigettsn [fraditiohah i s r e
ComputerrAssi sted I nstructi on] is the use of technol ogi
effortse.

€. As replacements for teaching computers have yet t
outcomes,buté uses of technology to support and facilitate

reap greater gains than either technologies or teaching by themselves (p. 212)

We therefore recommend that the Exact Path be viewed not as a replacement for licensed teachers but
rather as technology to be used by teachers who offer additional supports such as a strong core reading
program. More important, we stress that the product should be used with strong fidelity to the
recommendations given to teachers by the training and support materials. When treatment fidelity is high,

the methodology has demonstrated measurable effects in the classroom.

Mastery Quiz Testing Effect

Mastery testing, as embodied by our learning modules as well as our progress-checking test feature, has
strong evidentiary support from controlled experiments. In addition, much has been learned recently

about the mechanism by which mastery testing is efficacious.
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Kulik, Kulik, and Bangert-Drowns (1990) published a widely cited meta-analysis of the effects of mastery
testing on academic growth. After pooling the research through 1990, they found a robust, positive benefit
of mastery testing, both in demonstrably improving the modular skills and in increasing end-of-course
standardized test scores. Usingth e C o hietatiétis, the authors computed the effect sizes and found
that the average effect size of frequent mastery testing was .52. Effect sizes are conventionally translated
into percentile interpretations. Here, the effect size of .52 indicates that, compared with a control group
with the average student at the 50th percentile, the average treatment group child receiving mastery-
based learning and testing would be located at the 70th percentile. This is considered a strong treatment

effect that clearly demonstrates the efficacy of mastery testing as an evidence-based practice.

The authors found specifically that learning through mastery testing was particularly effective for lower
performing students. Moreover, the achievement gains occurred both on classroom summative tests and

end-of-course standardized tests.

Since that 1990 study, a great deal of research has been performed to understand the cognitive
mechanisms by which mastery testing is thought to be effective; in other words, to know not only how

mastery testing improves learning but why it does.

Cognitive Psychology of Instruction

Experimental research by Roediger and Karpicke (2006), Roediger (2014), McDermott et al (2014), and
others suggests that mastery testing is efficacious because it provides practice in cognitive retrieval. This
means that information stored in long-term memory is to some extent volatile and subject to interference.
When a person intentionally retrieves information from long-term memory, it strengthens the memory and
makes it more accessible in future applications. This makes the information more accessible, confers

automaticity in information processing, and prepares the student for further learning.

With Edmentum Exact Path, students are supported at their instructional level and monitored closely
throughout their academic journey so educators can spend their time where it is needed most, leveraging
our educator tools to work directly with students. Our assessments build a complete profile of student
strengths and needs coupled with learning paths that deliver lessons in bite-sized chunks paired with
motivating gamification that rewards both grit and mastery. Educator alerts and skills-aligned teacher
resources provide another meaningful level of support to complement existing intervention strategies.
Each step of the way, educators are presented with insightful progress-monitoring views that include valid

growth measurements to help understand and communicate progress with stakeholders.
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Knowledge Map
Educator tools leverage data from student learning paths to inform and support daily instruction. These
tools include grouping tools to automate the process of building small groups and reporting alerts paired

with skills-aligned teacher resources that allow educators to target student skill gaps efficiently.

SKILL STATUS LEGEND

Assessed Above

g Mastered m
B Pracicing [ Struggling P o 4 5 & -3&
STUDENT

@ AEE

S—_— . ]

Powell, Timothy .-......

Hernandez, Gloria .......

R B .

S5 e e | ]|

HEEEEE EE EEN|

Anderson, Nora ..... . .-

Martinez, Anna . -. . ..

Cortez Garcia, Nathan .. .. ..
[ ge— [ — —

Grouping of Learners

Small-group learning is the bedrock of elementary success, but crafting meaningful groups requires a lot

of time. We have made grouping students for daily instruction easy. Exact Path uses real-time student
data to automate the process and provide meaningful student-grouping recommendations, allowing
educators to quickly review, adjust, and print their selections for more targeted daily instruction. Using
grouping automation, educators can simply select the domain and skill they want to focus on and see
groups arranged dynamically to reflect similar abilities. Simple drag-and-drop functionality also allows
educators to make necessary changes or build groups based on their own insights. Notes can also be
added to each group to allow educators to document lessons or activities they plan to use during small-
group learning.
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Groups

Reading

Group 1

New Group

Group 3

Current Learning Activities

Smart data visualization tools allow educators to dig into where learning breaks down, what skills have
been mastered, and what material students are ready to learn. By formulating insights based on progress

metrics and valid growth measures, educators can qui ck!
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Practice w

I Maria Alverez Emergent Texts Reading Foundations v Q0sE

Standard Coverage Rainy Day

Lesson Practice Practice Mastery Quiz

E & a aof

Reading and Language Arts Best Practices

Reading

The assessments and curricula in Exact Path reading product contain 222 separate skill groups divided

among four functional domains. The domains and the number of skill groups defined within each grade

are shown in the table.

K 1 2 3 4 5 6 7 8  Total

Reading Standards: Foundational Skills 11 4 6 4 2
ReadindStandards for Literature 6 9 10 10 9 10 8 8
Reading Standards for Informational Text 6 6 8 11 11 11 6 6

Language Standards: Language and
Vocabulary 6 5 7 5 7 7 5 3

Total 29 24 31 30 29 28 19 17

5

2
15

47
222
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Foundational Reading Skills
Print Concepts

Each e-book appears with a cover and pages that turn to mimic the act of reading a real book so students
gain knowledge of print concepts and book-handling skills (Clay, 1991). All Ki 2 lessons are read aloud to

the student and act as a model for their own fluent reading of the text.

o

I'm Ben. Matt is my brother.

Today is his birthday. | got

him a present. | knew what to

buy because of Matt's hints.

Phonological Awareness

Within the Exact Path, the phonemic awareness sequence of instructional activities includes, but is not

limited to, rhymes, alliteration, splitting and blending syllables into onsets and rimes, phonemic

segmentation, and manipulation tasks. These skills are developed progressively, with a focus on keeping

the tasks simple to avoid overloadingc hi | dr ends cogni t i seemnemayaadescibads and st
by Anthony, Lonigan, Driscoll, Phillips, and Burgess (2003). For example, the kindergarten activity Cat

Cozy helps students work on rhymes, and Bongo Beat helps students work on phonemic segmentation.

Developing these skills is critical to reading and spelling achievement (Byrne & Fielding-Barnsley, 1991).

Another large focus of the phonological awareness lessons has students working with onsets and rimes

so they become thoroughly familiar with segmenting words into smaller parts (Treiman, 1985, 1986). The

lesson Paint Pots incorporates audio and images to help students hear an onset and rime and match a

picture and word that include bothparts. These phoneme mani pul ation tasks bui
awareness skills and, whenc o mbi ned with phonics, rapidly increase a
(Goswami, 1995).
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HERE, THE LEARNER IDENTIFIED THAT THE ONSET /M/ COMBINED WITH THE RIME /AP/ MAKES THE WORD MAP. AFTER CHOOSING
THE CORRECT ANSWER, THE LEARNER GETS TO WATCH THE CHARACTER PAINT THE PICTURE OF THE MAP ON THE LARGE EASEL.

Phonics

Exact Path takes a synthetic phonics approach with instructional lessons that have an explicit focus of
mapping an individual letter, or letter combination, with its appropriate sound. Lessons that focus on
grapheme-phoneme correspondence knowledge encourage the use of grapho-phonemic knowledge to
read words (Adams, 1994, p. 245; NRC, 1999).

4= DISCO

THIS KINDERGARTEN TUTORIAL, D.I.S.C.O., SHOWS LEARNERS HOW TO COMBINE INDIVIDUAL LETTERS AND THEIR SOUNDS INTO
COMMON THREE-LETTER WORDS THAT ALL HAVE THE SHORT A SOUND.

Word Recognition

Many of the instructional activities within Exact Path aim to build automaticity in reading recall of an

increasing bank of high-frequency sight words. Sight-word recognition is one of the essential skills
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needed to become a fluent reader. An example of the incorporation of sight-word activities occurs in

Rainy Day, a lesson on emergent texts.

Rainy Day: Tutorial

LN P TR T

IN RAINY DAY, LEARNERS GET AN OPPORTUNITY TO PRACTICE A SET OF SIGHT WORDS BEFORE APPLYING THEM IN READING SOME
EMERGENT TEXTS.

The first 100 high-frequency sight words make up more than 50% of primary level reading texts. To be
able to read these words accurately and instantly is to develop rapid word-recognition skills, an essential
part of becoming a skilled and fluent reader (Compton, 1997; Freebody & Byrne, 1988; Strickland &
Morrow, 1991; Szeszulski & Manis, 1987). There is much evidence showing that the lack of a known body
of high-frequency sight words is one of the major difficulties facing beginning readers. These words need
to be mastered, their recall automatic, so students develop rapid, automatic word-recognition skills of an
increasing bank of words (Byrne, 1992; Chall, 1983; Ehri, 1991). This allows students to use their working
memory capacity to comprehend the text rather than laboring over decoding every single word. The more
words students have in their long-term memory banks, the greater their ability to comprehend written text
(Reid, 1988). Students can then use the majority of their mental processes to read for meaning, gain
information and enjoyment from text, and add to their word and concept knowledge and their
understandings of how texts work (Mauer & Kamhi, 1996; Perfetti, 1985).

Fluency

Many skills come together when a student is reading fluently, including knowledge of what a fluent reader
sounds like, familiarity with the words in the text, comprehension of the content, and an understanding of
phrasing and context. Development of fluency allows for inferences and further insights into a text. To
become fluent with a text, students often need to reread a text a number of times. Research shows this is
a useful way to improve fluency and comprehension (Dowhower, 1989). Exact Path has a range of

strategies to increase reading fluency, including modeled fluent reading of books, rereading each book,
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and activities that focus on increasing reading comprehension. However, fluency does not ensure better
comprehension; rather, fluency gives the memory enough extra time to direct attention where it is most

neededd to infer, to understand, to predict, or sometimes to repair discordant understanding and to

interpret a meaning afresh (Wolf & Stoodley, 2007).

Poetry Fluency: Tutorial

The Janniont thing abawt N s the wag A Lkes 19 grow
Neat ot all ke praper ohildron, which s alwags very tiow;
For b samanimes 1hasts wp taller Ghe an Indie rabber bl
And he sometimes gets 1o fntle that here’s naae of M ot ol

(W

THE THIRD-GRADE LESSON POETRY FLUENCY IS ONE OF A NUMBER OF LESSONS THAT PROVIDE STRATEGIES FOR PRACTICING
AND DEVELOPING FLUENCY WITH ON-GRADE TEXTS.

Literature and Informational Text

Comprehension

There are several ways to define comprehension. The RAND Reading Study Group (RRSG) defines

reading comprehension as the process of simultaneously extracting and constructing meaning through

interaction and involvement with written language (Snow, 2002). The RRSG acknowledged that a

student 6s sociocul tural context subsumes three el ements n
and the activity or purpose for reading. In the fifth-grade fluency lesson Industrial Revolution, and many

other lessons, students learn how to set a purpose for reading and then practice that skill.

Our learning path includes lessons targeting the most effective comprehension strategies: predicting,
guestioning, constructing mental images representing text content, seeking clarification, responding to the
text based on prior knowledge, summarizing, and interpreting (Pressley, 2006). For example, in Mr. Stig
Goes to Washington, students use prior knowledge to make connections, while in Famous Faces they
use questioning for comprehension of informational texts. The use of such strategies is especially helpful
with texts that a reader finds challenging (IRA, 2015).
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Also, comprehension in reading doesnd always take place immediately. Samuels (1997) and O&hea,
Sindelar, and O&hea (1985) showed that the strategy of rereading the same text more than once (i.e.,
close reading) improves fluency, comprehension, and memory, especially for fpoor readersoor for difficult
texts (Smith, 2004). Adopt a Pet is a second-grade lesson where close reading is demonstrated along
with skills for annotation to support mark-up approaches to close reading. The effect is particularly

pronounced if readers are prompted to read for comprehension rather than for correctness or speed.

The Reader

An i mportant factor of variability in rhsardhéronsm compr ehe
competency as a reader. Regardless of age, the belief in oneself (or the lack thereof) makes a difference

in how competent a reader feels (Paj ar e s , 1996) . Each of Edmentumébés | earn
goals for a skill and provides students with encouraging feedback on the progress they are making.

These attributes can lead to increased self-efficacy and a greater use of comprehension strategies,

particularly for lower-ability readers (Dillon, 1989; Schunk & Rice, 1993).

Al so, according to Pressley (2006), tasks a Ilittle bit
motivating. Tasks that are a little bit challenging cause students to work hard and feel good about what

they are doing. In contrast, unc hal | engi ng tasks dondt necessarily provi
see what they can do, and thus undermine confidence, in addition to being boring. Every grade in our

solution includes a reading lesson that deliberately moves learners through a series of texts over a range

of difficulty levels. The purpose of these lessons is to make sure learners are reaching a higher level of

challenge, not just sitting at a fully comfortable mid-range text for practice and assessment. The second-

grade lesson Adopt a Pet presents one example of providing that range of texts.
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ADOPT A PET INTRODUCES LEARNERS TO CLOSE-READING STRATEGIES AND SUPPORTS LEARNERS AS THEY WORK THROUGH
INFORMATIONAL TEXTS ACROSS A RANGE OF COMPLEXITIES APPROPRIATE TO SECOND GRADE.

Type of Texts and Complexity

The components of any text have a large impact on comprehension. While reading, the reader
conceptualizes various representations of the text that are central to comprehension. Those
representations include the surface code (the exact wording of the text), the text base (idea units
representing the meaning of the text), and the mental models (the way in which information is processed
for meaning) that are embedded in the text (Snow, 2002).

Recent shifts in instructional approach guidelines and standards related to text readability call for
teachers to engage students in reading some texts that the students are likely to struggle with in terms of
fluency and reading comprehension. To ensure that the interactions with such texts lead to maximum
student learning, teachers must provide significantly greater and more skillful instructional scaffolding,
employing rereading, explanation, encouragement, and other supports within lessons (IRA, 2015).

Lessons such as The Industrial Revolution and Telling Tales provide these levels of scaffolding.

Balanced literacy instruction involves sufficient exposure to various types of texts. Because so much of
secondary content reading is expository, it makes sense for elementary students to practice
comprehension strategies with nonfiction informational texts (Pressley, 2006). Edmentum Exact Path
includes a breakdown of skills for informational texts as well as literary texts, including instruction focused
on strategies for reading each type of text. It also provides informational texts with a range of complexity
across lessons. Once again, Adopt a Pet stands as a strong example of presenting strategies for tackling

informational texts across a range of complexities.
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