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The COVID-19 pandemic has changed how K-12 districts in the US. plan for teaching
and learning. Due to this pandemic, districts realized they must prepare for multiple
options: onsite learning, distance learning, and possibly a hybrid solution. Now more
than ever, technology-based instructional solutions will play an essential role in
teaching and learning. Districts need research-based solutions that take advantage
of the science of learning.

Waggle is a supplemental mathematics and English language arts digital solution
for Grades 2-8 that offers adaptive, personalized, guided practice and instruction,
while also providing ongoing formative assessment. Waggle leverages the latest
findings in educational research and learning science to maximize student
proficiency and growth. The intelligent adaptive engine analyzes multiple data
points (academic and behavioral) to provide students with the most appropriate
learning experience at the right time. Embedded hints and feedback support
student mastery and retention of essential knowledge and skills, while also helping
students develop higher order thinking and problem-solving skills and a growth
mindset. Waggle also fosters persistence and engages students in productive
struggle. The system empowers teachers by providing flexibility and real-time data
to support instructional decision making.

Waggle offers teachers several options for assigning content. Teachers can assign
content to students on a weekly basis, as a supplement to in-class instruction.

Alternatively, teachers can have Waggle automatically sequence the content over
the course of the school year, following its research-based progression of skills and
standards. A third option is for teachers to have students begin by taking the HMH

Growth Measure which can serve as an initial screener for placing students. With all
three options, Waggle makes continual adjustments to each students learning
sequence based on ongoing performance.
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This paper summarizes the research base for key elements of Waggle's design, and explains
how Waggle aligns to the research recommendations.

RESEARCH BASE

Personalized Learning Through a Continuous Adaptive Digital Learning System................. 6

Effective Retrieval Practice to Support Student Long-Term Mastery
and Application of Knowledge aNd SKillS ...t

Fostering Student Persistence and Productive Struggle ...

Teachers Use of Formative Assessment and Ongoing, In-Class

Performance Data to Inform Instructional Decision MOKiNG ...

RESEARCHBASE | 5



PERSONALIZED LEARNING THROUGH
A CONTINUOUS ADAPTIVE
LEARNING SYSTEM

An adaptive, personalized learning system RESEARCH-BASED RECOMMENDATIONS
continuously monitors key learner characteristics to ON ADAPTIVE DIGITAL LEARNING

make adjustments to “the objectives, pathways, SYSTEMS

and pace” of instruction to enhance learning (SRI

International, 2018, p. 7). Researchers define Research and research-based learning theories
learning systems as adaptive to the extent that: strongly suggest that adaptive personalized, learning

systems should:
B The design is "based on data about common
| " B nclude "well-defined student models, knowledge
earner challenges.
tracing, and detailed hint, help, and feedback
B Pedagogical changes are "based on support” (SRI International, 2018, p. 29);

psychological measures of individual learners.”
B Present learning challenges that are "difficult

B The system "interactively responds to learner enough to engage students in deep cognitive
actions” (Aleven et al., 2017, p. 523). work but not so difficult that they become

frustrated” (SRI International, 2018, p. 29);
A robust body of research indicates that formative

assessment data based on student performance on B Adapt to student knowledge by modifying

learning tasks can be used to modify instruction and instruction based on the students prior knowledge
personalize learning, resulting in increased student and growth in knowledge, and "based on data
learning (Aleven et al., 2017; SRI International, 2018). about knowledge demands of the

domain” (Aleven et al., 2017, p. 549);
Some researchers use the term intelligent tutoring

systems (ITS) to refer to adaptive, personalized B Respond to the specific learning path a student
learning systems. A meta-analysis found that takes through a learning activity including the
student use of an ITS resulted in superior learning “student’s solution strategy, specific errors, and
outcomes, compared to students experiencing requests for help” (Aleven et al., 2017, p., 549,

"teacher-led, large-group instruction,” other citing VanLehn, 2006, 201, 2016);

computer-based instruction, and “textbooks or B Adapt to learner affect and motivation (Aleven et

workbook instruction.” Significant, positive effects al., 2017, p. 539).

were found for ITS at all levels of education and in
almost all subject domains evaluated. Results for
learning from ITS were similar to learning from
individualized human tutoring and from small-group
instruction (Ma et al., 2014, p. 901). Earlier studies also
found that ITS can be "as effective as one-on-one
human tutoring” (SRI International, 2018, p. 16).
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HOW WAGGLE ALIGNS TO THE RESEARCH

Waggle is a continuously adaptive learning system that offers personalized practice and instruction to
meet each student’s individual needs.

As a student works through Waggle skills-based practice, the system assesses knowledge and skill mastery in
real-time. Students learning objectives, pathways, and pace are individually optimized through constant
analysis of their unique performance and behavior to deliver the right content at the exact right time.

Waggle use the Knewton' recommendation engine’ to continuously evaluate each student's performance on
learning goals based on a student learning model that includes 13 data points organized in three categories—
Learner's knowledge, Learner's Behavior and Learning Progressions—to provide a detailed picture of what
students know and how they learn.

B Learner's knowledge data points address learner proficiency on specific skills, the amount of practice
needed to become proficient, the need for remediation on prerequisite skills, and which skill(s) to target
within the current learning goal after proficiency on the current skill has been reached.

B | earner's Behavior data points address students pace on practice items, their need for repeated practice for
content they struggle with, and the learning strategies they use.

B | earning Progressions data points track each students progress through grade level sequences of skills that
comprise a learning goal within a curriculum strand.

Based on analysis of these data points, and teacher input, Waggle works as an intelligent tutoring system. It
identifies an individual students strengths, weaknesses, and learning patterns. Based on these, the system
places the student on a learning path and monitors the learning environment on an ongoing basis to make
appropriate adjustments to better support and enhance learning every time the student interacts with Waggle .
These real-time adjustments ensure that students are provided the appropriate level of challenge based on
their ongoing learning experience.

Like a good tutor, Waggle offers students detailed hints, help, and feedback support when they get stuck,
based on the students solution strategy and specific errors.

Waggle also continuously tracks student engagement, and Waggle's intelligent tutoring system measures and

encourages student effort and persistence throughout the learning activities.

When Waggleis used as a supplemental resource, teachers can provide essential whole class and small group
instruction while also offering one-to-one-tutoring through Waggle's intelligent tutoring system.

TKnewton, Inc.
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EFFECTIVE RETRIEVAL PRACTICE TO
SUPPORT LONG-TERM MASTERY OF
KNOWLEDGE AND SKILLS

Retrieval practice refers to learning activities
involving deliberate attempts to recall and articulate
previously taught information. It can take a form
similar to assessment, such as taking a quiz, but it is
intended as a learning strategy rather than as a
pure assessment of learning (Argawal & Bain, 20719,
p. 48).

Research indicates that retrieval practice can
greatly increase learning, and many researchers
consider it to be the most important component of
learning (Argawal & Bain, 2019, pp. 30-34). Research
in various classroom settings has demonstrated that
retrieval practice improved student learning across
different subject areas, for varying time delays, and
at different developmental stages (from preschool
to adult)—and it has been shown to boost skill
learning, higher-order thinking, and transfer of
knowledge (Agarwal & Bain, 2019, pp. 41-42). Based
on their research synthesis of the science and
practice of learning, The Committee on How People
Learn Il recommend "practicing retrieval of
memorized information, rather than just studying the
information again” (National Academies of Sciences,
Engineering, and Medicine [NASEM], 2018, p. 55).
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RESEARCH-BASED RECOMMENDATIONS
FOR EFFECTIVE RETRIEVAL PRACTICE

Research supports incorporating the following for
effective retrieval practice:

B Spaced retrieval practice—that is, practicing
retrievals multiple times as well as over a period of
time, rather than all at the same time (Agarwal &
Bain, 2019, p. 93). Research demonstrates that
spacing out learning and retrieval results in
improved long-term performance and memory
(Agarwal & Bain, 2019, pp. 94, 100 citing Rohrer &
Taylor, 2006; Dudai et al., 2015; NASEM, 2018, p. 55).

B /nterleaving—intermixing the focuses of retrieval
practice (e.g., practicing a math problem of type A,
then one of type B, then one of type C), in contrast
to blocked practice, where content is grouped with
like items presented next to each other (e.g.,
practicing a series of math problems of type A, then
a series of type B, etc.) (Agarwal & Bain, 2019, p. 106).
Research has established that interleaving retrieval
practice "can increase (and even double) student
learning and retention” (Agarwal & Bain, 2019, pp.
106-109).



THE IMPORTANCE OF FEEDBACK DURING RETRIEVAL PRACTICE

Frequent feedback during retrieval practice has been shown to support metacognition, so that students become
aware of "what they know and don't know” (Agarwal & Bain, 2019, p. 125). Research indicates that there is an "illusion of
fluency” and overconfidence when learning activities are too easy, resulting in students being unable to “accurately
predict their own learning.” However, when learning is more appropriately challenging and students are informed about
their performance along the way, their accuracy in making predictions about their learning improves (Agarwal & Bain,
2019, p. 128).

Feedback is regarded by many researchers as essential to improving knowledge and skill acquisition (Shute, 2008, p.
153). Reviews of 12 meta-analyses indicate that “the average effects of feedback are among the highest we know in
education"? (Hattie & Mark, 2010, p. 475, citing Hattie, 2009). Feedback has also been found to motivate learners
(Shute, 2008, p. 153).

RESEARCH-BASED RECOMMENDATIONS FOR EFFECTIVE FEEDBACK DURING RETRIEVAL
PRACTICE

m Provide feedback on incorrect and correct answers because when students are positive, they know something and
they are wrong, they are then more likely to remember the information in the future (Agarwal & Bain, 2019, p. 133).

m Prioritize elaborated feedback, which is especially useful for knowledge transfer to new contexts (Agarwal & Bain,
2019, p. 134, citing Finn et al., 2018). Elaborated feedback is response-specific and typically explains why the correct
answer is correct and “may explain why the selected response is wrong” (Shute, 2008, p. 159). A meta-analysis of
studies on feedback found that elaborated feedback produced larger effects than other types and was more
effective for higher order learning outcomes (Van der Kleij et al., 2015, p. 475). Other research supports providing
feedback that includes both verification of correctness and elaboration
(Shute, 2008, p. 158).

® Provide scaffolding feedback supports that enable “learners to do more advanced activities and to engage in more
advanced thinking and problem solving than they could without such help.” Examples of scaffolding include
simplifying tasks to make them more manageable, providing direction to help the student stay focused
on the goal, showing the difference between student work and the desired solution, and modeling and clearly
defining expectations (Shute, 2009, p. 163, citing Bransford, Brown, & Cocking, 2000).

m Provide feedback immediately or after a delay, as both strategies can be effective. (Agarwal & Bain, 2019, p. 135).

® Encourage students to make mistakes, because retrieval practice with errors plus elaborated feedback can improve
learning (Agarwal & Bain, 2019, p. 136, citing Metcalfe, 2017).

2 Average effect size was d =79
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HOWWAGGLE ALIGNS TO THE RESEARCH

Waggle was designed for retrieval practice, enabling teachers to assign learning goals to stimulate recall and
application of previously taught facts, concepts, and skills.

Teachers can search for and assign follow-up skills practice withinWaggle by learning goal or by curriculum
standard. After an assignment is completed withinWaggle it remains available for spaced follow-up practice.
Students can choose to return to these assignments, review their previous work, and engage in additional practice

toward reaching advanced proficiency. Teachers have the option of assigning additional practice on a completed
assignment.

Waggle provides interleaving of skills within a learning goal. For example, in English language arts practice, a
student might read a passage, and then answer questions associated with three different skills. When a student is
having difficulty with a mathematics problem-solving strategy, the system can offer up practice on related
prerequisite skills, including skills taught in earlier grades.

Waggle provides robust hints and feedback for students who are having difficulty with practice activities.
Waggle offers detailed hints as scaffolding support for students who are “stuck,” so they can better understand the
skill, apply prior knowledge related to the skill, and build confidence in their ability to apply the skill. For example, an
English language arts practice item presents a comprehension question about making inferences while reading. A

sequence of available hints is provided for each Waggle lesson. If students need additional help, they can click for
another hint. Waggle lessons have anywhere from 2 to 5 hints available to support students’ learning.

In this example, the first hint that would appear on the lesson screen is:

B Hint 1: An inference is a thoughtful guess based on clues from the text and your background knowledge.

s Waggle @ cour
Lesson [4 s 6 7 Apply (10 (20 (3 (4 (5 |~ amee
: it e
= >
Make Inferences While Reading |
Read the story. Consider which clues from the story and background Afswer each question © friake an

inference about the story.
knowledge could help you make an inference. Then answer the question.

Choose the correct sentence from
each drop-down menu.

Which is a clue from the story?

Choose v

Which is background knowledge?

Choose v
Two Truths and a Lie

As the sun rose, Zulma walked into the kitchen and noticed the With this clue and background
clock. Yikes, she thought. She only had two minutes before she had
to leave for school. Today was going to be a busy day—two tests, a

knowledge, what can you infer?

Chonse v

@ Hint 1: Aninference is a thoughtful guess based on clues from the text and your background knowledge. X

O mwa  HNTS (1) CHECK MY ANSWER
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Here is a mathematics example:

@ Generate Incorrect

Use >, <, or = to compare the
fractions.

Drag the symbol between the
fractions. Click or tap the Reset

w button to start over.
3

S

Look at the bottom number, the denominator, in both fractions. Both fractions have 4 in the denominator, so both x
wholes are divided into 4 equal parts.

Y >

The sequence of available hints are as follows:

® Hint T: (shown above) Look at the bottom number, the dominator, in both fractions. Both fractions have 4 in
the denominator, so both wholes are divided into 4 equal parts.

Hint 2: Since the denominators are the same and the wholes are the same size, compare the fractions by
comparing the numerators.

® Hint 3: The model for % has 3 parts shaded. The model for V4 has 1 part shaded. Which model shows the
greater number of shaded parts?

If Waggle detects that a student is going too fast and performing poorly, the student is encouraged to slow
down and try the hints.
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12

If a student gets a practice item wrong, Waggle offers elaborated feedback indicating why the answer was
incorrect and/or helping the student approach the problem in a different way, rather than immediately
revealing the correct answer. The student can then try tackling the problem again.

"
fia  Waggle g @ Logout
105 points YE! @ ) 3correct!
Three digits are missing in this subtraction problem. Fill in the missing digits to
9 8 4

5

@ TAKE ANOTHER LOOK pid you regroup the tens in 9842 How many tens are there left?

How many tens should be subtracted to get a difference of 4 tens?

@ roois HINTS: 1 2 3 4

As appropriate, Waggle sometimes offers a sequence of graduated levels of explanation. As needed,
Waggle offers optional instructional support, such as video lessons to help students develop conceptual

understanding. After several incorrect tries, Waggle explains the correct answer.

Waggle also provides scaffolded support for English learners.

Text and audio support is available for challenging language, academic vocabulary, idioms, cognates, and
possibly unfamiliar cultural references. Translanguaging strategies leverage students' knowledge of their
primary language to build metalinguistic awareness.

RESEARCH BASE



FOSTERING STUDENT PERSISTENCE
AND PRODUCTIVE STRUGGLE

Research evidence suggests that students whopersist when faced with challenging learning tasks tend to perform
better academically (Darling-Hammond et al., 2019, p. 26). Related to persistence is the concept ofproductive struggle
— figuring out something that is within reach: not too challenging to create frustration but challenging enough that
effort is needed to move from an idea that is “comprehensible but not yet well formed"” (Hiebert & Grouws, 2007, p. 387,
citing Hiebert et al., 1996). In a review of research on teaching for conceptual understanding in mathematics, researchers
found that "the engagement of students in struggling or wrestling with important mathematical ideas consistently
facilitates students’ conceptual understanding” (Hiebert & Grouws, 2007, p. 391).

Two approaches to encouraging academic persistence are supporting intrinsic motivation and fostering a growth
mindset. Research on each of these approaches is presented below.

RESEARCH ON INTRINSIC MOTIVATION

Intrinsic motivation is the human "inherent tendency to seek out novelty and challenges, to extend and exercise ones
capacities, to explore, and to learn” (Ryan & Deci, 2000, p. 70). According to the research-based Self-Determination
Theory and Cognitive Evaluation Theory, conditions that support intrinsic motivation include experiences that build a
sense of competence (e.g., “optimal challenges,” supportive feedback, and “freedom from demeaning evaluations”)
and experiences of autonomy (Ryan & Deci, 2000, p. 70; also see NASEM, 2018, p. 115). Research shows a positive
relationship between intrinsic motivation and academic achievement (Lemos & Verissimo, 2014, p. 931).

RESEARCH-BASED RECOMMENDATIONS FOR SUPPORTING INTRINSIC MOTIVATION

B Engage students in learning challenges that are B Provide students with choices over their learning.

manageable and approachable—within the learner's When students are offered choices to give them

zone of proximal development (Darling-Hammond et
al,, 2019, p. 26; NASEM, 2018, p. 109; Ryan & Deci, 2000,
p. 70; Stipek, 2002, p. 99).

Offer supports to students so they "feel safe in
attempting to wrestle” with a learning task (Darling-
Hammond et al., 2019, p. 26, citing Lee, 2017). Helpful
support includes “clear, specific, and informative
feedback” (Stipek, 2002, p. 103; also see Ryan & Deci,
2000, p. 70). Encourage students to ask for help when
they experience problems they can't solve on their
own (Stipek, 2002, pp. 106-107).

Appeal to student interests. Challenging learning
activities can be more motivating when they are
connected to issues that students believe are
important, relevant to their lives, and focus on
problems that are realistic and interesting
(Darling-Hammond et al., 2019, p. 26).

greater control over their learning, they are more
likely to show persistence in difficult task completion.
Evidence suggests that even small choices, if
meaningful, can support autonomy and motivation

resulting in greater learning.

B Having choices while learning can provide a buffer
against the inhibiting effects of negative feedback
and may foster higher levels of engagement (NASEM,
2018, p. 117; also see Ryan & Deci, 2000, pp. 70-71).

B Emphasize mastery goals over grades and
performance goals (Darling-Hammond et al., 2019,
p. 27). Set short-term goals, and differentiate the
goals for individual students based on their
knowledge, skills, and ability (Stipek, 2002, p. 103).
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RESEARCH ON ENCOURAGING A GROWTH MINDSET

RESEARCH-BASED RECOMMENDATIONS
FOR FOSTERING A GROWTH MINDSET

According to Dweck and Leggett's social-cognitive

framework, students who have—or can develop—a

growth mindset (seeing intelligence as malleable) are
more motivated and persevere, resulting in more
successful learning, compared to students who have a
fixed mindset (seeing intelligence as a fixed state) and
who more quickly give up when faced with challenges
(Sarrasin et al., 2018, p. 22, citing Dweck & Leggett,
1988). Research shows that students who see their
intelligence as fixed view academic challenges as a
sign that they may lack intelligence, and this
compromises their resilience, even among high-

achieving students (Yeager & Dweck, 2012, p. 302).

Students who have a growth mindset tend to adopt
mastery goals, whereas those that see intelligence as
fixed focus on demonstrating competence and adopt
performance goals. Research suggests that students
who adhere to mastery goals are more likely to enjoy
new and challenging activities, expend more effort,
use higher-order cognitive skills, and are more
persistent in their learning (NASEM, 2018, p. 119). A
recent meta-analysis of the research concluded that
having a growth mindset is “a predictor for academic
achievement,” associated with higher gains in
mathematics, language arts, and in general (Sarrasin
et al., 2018, pp. 22-23).

A review of cross-sectional and longitudinal studies
confirmed that helping students develop a growth
mindset is positively correlated with their adopting
mastery rather than performance goals, and with their
display of effort and use of positive strategies when
facing challenging learning tasks (Sarrasin et al. 2018,
p. 22). Research suggests that a growth mindset can
be fostered via learning and cultural influences that
help students change their self-attributions and learn
to view intelligence as malleable, which in turn can lead
to more successful learning (NASEM, 2018, p. 111, citing
Blackwell et al., 2007) and promote resilience

(Yeager & Dweck, 2012, p. 306).
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Emphasize students’ goals aimed at increasing
their ability, rather than proving their ability to
others (Sarrasin et al., 2018, p. 22).

Share the research-based theory that intelligence
is malleable and not fixed (NASM, 2018, p. 119;
Sarrasin et al., 2018 p. 22, citing Dweck & Leggett,
1988).

Encourage the belief that effort can lead to

positive outcomes (Sarrasin et al., 2018, p. 22).

Encourage "mastery oriented responses to failure”,
such as, displaying effort and positive strategies
when faced with difficulty or failure (Sarrasin et al.,
2018, p. 22).



HOW WAGGLE ALIGNS TO THE RESEARCH

The design of Waggle supports intrinsic

motivation in multiple ways.

Waggle ensures that students are appropriately
challenged without becoming frustrated through its
continuously adapting, personalized practice.
Waggle keeps each student in their zone of

proximal development.

As described previously, Waggle offers scaffolded
hints, support for English learners, explanatory
feedback, and optional instructional lessons, which
create an environment in which students feel safe
to wrestle with the learning activity at hand.
Students feel comfortable making mistakes along
the way because help is always available, and they
are encouraged to ask for hints when necessary.

Waggle offers students choices over their learning.

The student dashboard allows them to choose to
work on their assigned practice activities toward
their current learning goal, return to a previous
assignment, complete a skill boost (quick
assessment), or play a learning game. When
students experience difficulty through several
consecutive practice items, they can decide
whether to access a lesson or take a break.

Waggle engages students, captures their interest,
and provides a sense of ownership of their
experience from the start. When students log into
Waggle they select an avatar that reflects their
own persondlities. Then Waggle offers a choice of
age-appropriate "worlds" and missions in which to
work, based on their interests, and they can move
among these worlds freely at the conclusion of a

mission, lesson, goal, or learning game.

&=

Ouils Outpost

A Shadowy MErODOss

Hero City

whare ddverure lurks behnd every

oy . Heto Ciy 5 Sor Oefenders of jusice

Choose a World for your Learning Journey

Planet Tebus
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Waggle activities appeal to student interests with diverse characters, scenarios, and images that allow
students to “see themselves” as they engage in learning experiences.

Choose a Workd for your Learning Journey

e &8

<

! Hero Cry )

Planet Zebus

A dry, desty planet in deep cuter space Ut muy be 2 new
hope o0 sustanabie and renwewable resowrces Planet
Tebus 15 for explorers.

Choose a World for your Learning Journey

Planet Zebus

Oasis Outpost

A natural environment full of trees, lakes, and valleys
Qasis Outpost is for nature lovers.

CHOOSE
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Real life applications of concepts and skills make learning relevant to students' lives. For example, in a
mathematics lesson on place value, this concept is presented in the context of astronomy and space

science.

Place Value

Click or tap to watch the video.

Place Value

Click or tap to watch the video.
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As students work through their assignments within Waggle, their student dashboard emphasizes
mastery by tracking their progress toward mastery of specific skills and learning goals.

Waggle also encourages student motivation through teacher support, even when students and
teachers are working in a remote environment. For example, the Teacher Dashboard allows teachers to
manage their class and easily recognize all students' efforts, regardless of whether students are working,
below, at, or above proficiency.

For example:

Language

Mastered Skills

Use compound sentences
Capitalize words

Use simple sentences
Use commas

Make contractions

000000

Make possessives

Language Remaining skills
- | Useadverbs

6 out of 12 Skills Use adjectives

Use past tense verbs

Use pronouns

Algebraic Concepts

Mastered Skills
£ Addition to 20

> subtraction within 20
& Solve subtraction word problems
3 Solve addition word problems
Remaining skills
Two-step word problems
Algebraic Concepts ¢ Represent word problems
pa— ; Arrays

4 out of 10 Skills Add equal groups

Even and odd numbers

Even numbers as sums
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WAGGLE FOSTERS A GROWTH MINDSET.

Waggle encourages the idea that effort leads to successful learning. An on-screen character praises

students for continuing to make an effort if they initially experience difficulty with a skill.

Waggle includes a text messaging system for teacher shout outs to students, and teachers are encouraged

to praise students for their effort.

®

Awesome job! Now click on the FINISH
button to return to your dashboard.

FINISH

Students can also track their completed assignments, accomplishments, and previous work on their Student
Dashboard. For example, in the screen below, a student can see recently completed skill practice activities.

Brian Baggs - Math v

I - P

HT Skill Boost: Interpret multiplication equations @

—— — e e e S e ——

Skill Boost: Place value in whole numbers REVIEW
Skill Boost: Draw shapes REVIEW
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Students can also see how their persistence, effort, and proficiency have unlocked various achievements. For
instance, the screen below reports 1,110 points earned for persistence and effort, 6 differentgems for hot

streaks of proficiency, and badges for performance and mastery.

GEMS

BADGES
score 1,11@ 2929092

5 of 12 earned

K

Peak Peformer Top Scorer Informational Texts

- - -
level 1 out of 5 level 1 out of 5 2 out of 11 Skills

Waggle was designed with the theory of malleable intelligence in mind. This theory is discussed with teachers
during Waggle professional development, and teachers are encouraged to share this idea with students.
During professional development, teachers are also introduced to the features of Waggle that emphasize

learning through effort.

The Waggle Mindset Report provides teachers with data on student engagement, documenting the students
proficiency level, the number of attempts on an item, student use of hints, and the length of time spent on an
item, so teachers can identify which students are exhibiting positive learning behaviors and which students

might be disengaged and in need of additional teacher support.

Overall, Waggle encourages persistence and promotes a growth mindset by building students’ confidence
organically and incrementally—increasing their desire to continue with a challenging activity and heightening
engagement with content that sparks their interest. Wagg/e develops students’ understanding, and equally
important, builds students’ perceptions of themselves as capable learners, who can tackle difficult content.
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USE OF FORMATIVE ASSESSMENT AND
ONGOING PERFORMANCE DATA TO
INFORM INSTRUCTION

Formative assessment includes any student activity that
provides information that can be used to adapt teaching
and learning activities (Black & Wiliam, 1998a/2010). An
extensive literature review found strong evidence that use of
student data to adapt instruction to individual student needs
is an essential component of classwork and can improve
learning (Black & Wiliam, 1998a/2010, p. 1-2; Black & Wiliam,
1998b, p. 7). Strengthening formative assessment practices
can produce substantial learning gains with large effect
sizess and was found to help low achieving students more
than other students, resulting in a reduction of the
achievement gap while increasing achievement overall
(Black & Wiliam, 1998a/2010, p. 4).

A robust meta-analysis of 21 studies found a greater effect
size for studies where teachers used explicit procedures

for reviewing data and adapting instruction, compared to
studies where teachers had greater discretion about how to
incorporate data into instruction” (Black & Wiliam, 1998b, p. 15,
citing Fuchs & Fuchs, 1986). This meta-analysis also found that
when teachers created graphs of each students progress to
guide their teaching, there were larger mean gains than when
this did not occur® Black & Wiliam, 1998b, p. 15, citing Fuchs &
Fuchs, 1986).

A growing body of research suggests that teacher-mediated
instructional interventions informed byadaptive assessment
data are effective in improving learning. A review of seven
randomized controlled trials found that data-driven
personalized literacy instruction was effective in preventing
serious reading difficulties® (Connor, 2019, p. 89). These trials
featured adaptive assessments that automatically selected
new items based on a students previous responses, and that
provided teachers with scores immediately so they could
adapt instruction and create student groups based on skill
levels (Connor, 2019, p. 98). Research investigating the impact
of a formative assessment system for mathematics
determined that it helped teachers to differentiate instruction
and had positive effects on student achievement and
motivation (Faber, Luyten, & Visscher, 2017, p. 83).

3 Effect sizes ranged from 0.4 to O..

RESEARCH-BASED RECOMMENDATIONS
FOR USING FORMATIVE ASSESSMENT
DATA TO INFORM INSTRUCTIONAL
DECISION-MAKING

Recommendations below are based on a What Works
Clearinghouse (WWC) practice guide (Hamilton et al., 2009)
and the prior cited research:

B Collect and prepare a wide variety of data about
students, including classroom assessment data and
nonachievement data, to provide immediate
feedback to teachers on student learning (in addition
to annual and interim assessment data)

(Hamilton et al., 2009, p. 12).

B Interpret data and develop hypotheses about how to
improve learning, including analysis of whole class
and individual strengths and weaknesses to adapt
assignments, feedback, and instruction (Hamilton et
al., 2009, p. 14). Such data interpretation might
include creation or review of graphs of student
progress (Black & Wiliam, 1998b, p. 15, citing Fuchs &
Fuchs, 1986).

B Modify instruction to test hypotheses and adapt
instruction by spending more time on topics or
essential skills with which students are struggling,
grouping and regrouping students to focus on
specific skills, and trying new ways of teaching
complex concepts based on best practices
(Hamilton et al., 2009, p. 15).

B Provide teachers with guidance on reviewing student
data and adapting instruction (Black & Wiliam, 1998b,
p. 15, citing Fuchs & Fuchs, 1986).

B Utilize an adaptive assessment system, with reporting
features that support differentiated instruction and
organizing students for small group instruction
(Connor, 2019; Faber et al., 2017).

4 Mean effect size was 0.92 for teachers using explicit procedures versus 0.42 for teachers with greater discretion
SMean effect size was 0.70 for teachers creating graphs versus 0.26 for teachers not creating graphs

6An effect size of 0.7 was found for gains over a three-year span from Grades 1through 3
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HOW WAGGLE ALIGNS TO THE RESEARCH

Waggle reports on a wide variety of student data in rea time that gives teachers the information they need to plan

and adjust instruction on an ongoing basis.

Waggle reports on student proficiency at the skill level, taking into account not only percent correct, but also student
learning behavior within the system. The Waggle Teacher Dashboard's Student Profile: Summary View provides a real-
time overview of student proficiency level(s) on assigned skills and progress on skill boosts, learning goals, lessons, and
learning games. Teachers can see who has completed assignments, who is making progress, and who has not started yet.

Trout, Jeff
Select Class: Content QA G3 - ELA ~ ‘

SUMMARY ‘ SKILLS ‘ STANDARDS ‘ ACTIVITY ‘ WRITING ‘

Assignments Skills Proficiency Activity
Vo

27MIN

COMPLETED

® Not Started ® Minimal Learning Goals 92%
® Needs Help ® Partial Skill Gap &

L 6%
i i Remediat
hd m aSIC " I 2

Teacher Dashboard Displaying the Student Profile: Summary View

The Waggle reporting system interprets the data in ways that support improvement of learning.
The Waggle Teacher Dashboard also offers actionable insights. The teacher can immediately view the health of their
class, including which students are demonstrating proficiency and which students could benefit from skill-specific support.

The Students Need Help screen below lets teachers review the skills that challenge one or more students. Then teachers can

use the Find Content tool for any one of these skills to review and assign available resources to classes, groups, or individuals.

agg‘le“' Home R oy —
Mr. Brown's Math | Mr

dome Last Updated: 15

) Avg Student Time This Week
I\ Lo P

2°45~

Students Need Help Shout-Outs Leaderboard
3 HRLOS MIN LAST WEEK

These students may need additional instruction.
View By:  Students |

- 3.0A: Operations and Algebraic Thinking

John Mancy Inactive studers s

Solve division word prablems within 100 in situations involving equal L
ies 3.0A3 - Skill Gap Joe Weise

groups, arrays and measurement quantiti A ® students with below 2

Sarah Smith average activity

® Students with above 7
Fluently divide within 100 3.0A.7 - Skill Gap Mike Walker | Find Content | average activity
Assess the reasonableness of answers to two-step problems using L
mental computation and estimation strategies including rounding Gy =
3.0A8 - Skill Gap. Eric Emery
Solve two-step word problems by using the four operations " m )
3.0A.8 - Skill Gap Aimee Halsy Class Insights
+ 4.NBT: Number and Operations in Base Ten
Vi hich students

+ 4.NF: Number and Operations-Fractions. eceninga hghleralof

effort.
+ 4.MD: Measurement and Data

Teacher Dashboard: Student Needs Help Screen
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The Teacher Dashboard also tracks instances where a student's level of proficiency is low but productive struggle
(Mindset) is high, an indication that intervention by a teacher is required.

As noted previously, the Mindset Report tracks each students productive struggle, taking into consideration the
student's proficiency level, the number of attempts a student has made working on the practice items or games, the
number of hints accessed across all practice items and games, and the amount of time spent working on a skill.

Trout, Jeff =

SUMMARY SKILLS ‘ STANDARDS ‘ ACTIVITY ‘ WRITING ‘
Assigned | Top Skill Gaps
e livep P Change Selections m

Select Class:

4» Adjectives and Adverbs @ IN PROGRESS
SKILL PROFICIENCY MINDSET  TIME ON SKILL GROWTH
" . e . . 100% A
Use comparative adverbs, L.3.1.g Minimal (24) High Ohr 3min 1 Week Ago
= . : 100% A
Use superlative adverbs, L.3.1.g Basic (56) Avg Ohr 5min 1 Week Ago
Use comparative adjectives, L.3.1.g Partial (42) Avg Ohr 2min 100% A
Jeats 1 Week Ago
= E " " 100% A
Use superlative adjectives, L.3.1.g Partial (48) Avg Ohr 4min 1 Week Ago
> Nouns o] IN PROGRESS

SKILL PROFICIENCY MINDSET  TIME ON SKILL GROWTH

Teacher Dashboard: Student Profile: Skills View

The Waggle Growth Report provides a holistic view of the class's growth, including the class's current average
proficiency level and time spent across domains. This report also includes easy-to-interpret visualizations that
represent current proficiency and trends toward higher or lower levels of proficiency at a glance.

o eraTions & | Gpgrations OPERATIONS
IN BASE TEN IN FRACTIONS
% CONTENT ASSIGNED 100% 100% 80%
AVG. PROFICIENCY 79 PROFICIENT 65 Basic 71 PROFICIENT
AVG. TIME SPENT 42min 21min 38min

Advanced
20-100

Proficient
70-89

Basic
55-69

Partial
35-54

Minimal
0-34

7
STUDENTS

3
STUDENTS

9
STUDENTS

2
STUDENTS

4
STUDENTS
5

STUDENIS

Teacher Dashboard: Waggle Growth Report: Class View
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Digging deeper, the teacher can see positive or negative trends in proficiency for each assignment, along with
names of the students at each proficiency level, helpful in planning follow-up small group instruction.

Below-Level & Measurement, Data, and Probability

WAGGLE PROFICIENCY

SCALED 5.MD TIME ON
SCORE Measurement and Data DOMAIN

[] STUDENT NAME
Baggs, Student 559 Ohr 00min

O Michalak, Finn 554 Ohr 00min

Waggle Growth Report: Performance by Proficiency Level

Waggle provides teachers with guidance on how to review students’ performance data and use this to
determine next steps.

The Waggle Getting Started Guide and implementation resources introduce teachers to the Waggle Teacher
Dashboard and essential reports, as well as guidance on how to use these tools to make data-informed
instructional decisions. Waggle professional learning support guides teachers through the process of making
instructional assignments and decisions about small group instruction based on real-time data.

Waggle is both an adaptive assessment system and an adaptive learning system.
Every Waggle session a student completes contributes to an ongoing formative assessment picture. The results
are automatically and continuously used to determine the most appropriate, personalized guided practice and

instruction for each student, while also providing teachers with the data and analysis they need to make good
decisions about whole class and small group instruction.
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Waggle is a digital mathematics and English language arts solution based on
educational research and learning science to supplement and support the work of
dedicated teachers.

Waggle offers personalized practice and instruction through a continuously
adaptive digital learning system. Based on a student learning model that includes
multiple data points and teacher input, the system develops a detailed picture of
each student’s knowledge and approach to learning. Waggle employs this analysis to
provide an intelligent tutoring system built on each student's strengths, weaknesses,
and learning patterns. In these ways, Waggle aligns with research-based
recommendations on effective adaptive learning systems.

Waggle provides retrieval practice to support long-term mastery and application of
knowledge and skills. Consistent with the research on effective retrieval practice,
Waggle enables teachers to assign spaced, interleaved practice that incorporates
detailed hints as scaffolding support for students who get “stuck,” and elaborated and

corrective feedback for students who answer incorrectly.

Waggle fosters student persistence and productive struggle by supporting intrinsic
motivation and encouraging a growth mindset. Following research-based
recommendations, Waggle supports intrinsic motivation through its continuously
adaptive practice that challenges students without frustrating them, by offering
choices over their learning activities, by appealing to student interests and making
learning relevant to their lives, and by emphasizing mastery of specific skills and
learning goals. The system also adheres to research and expert opinion on fostering a
growth mindset by encouraging the idea that effort leads to successful learning and
by rewarding students to persevere when they initially experience difficulty with a skill.

Finally, Waggle is both an adaptive learning system and an adaptive, formative
assessment system. In alignment with research on formative assessment and data-
based decision making, the Waggle Teacher Dashboard and reports provide real-time
student data that inform teachers’ planning, and offer insights enabling teachers to
make ongoing adjustments to instruction. Teachers get the data and analysis they

need to make solid decisions about whole class and small group instruction.
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