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I.  How Can This Research Foundations Paper Be Used?
II.  Key Points
III.  Zaner-Bloser Kickstart:  Number Sense  Logic Model
IV. The Goal of Zaner-Bloser Kickstart:  Number Sense  Instruction

A. Short-Term Outcomes:  Enabling students to understand and represent
quantities  efficiently,  f lexibly,  and accurately to create fluent number sense
in students
B. Long-Term Outcomes:  Increasing access to building students’  community,
curiosity,  and confidence in learning grade-level  material

V. How Does Zaner-Bloser Kickstart:  Number Sense  Help Students Build Number 
       Sense Fluency?  Each section includes a definition, a summary, and a deep dive 
       into the topic.

A. Engagement: students positively engage with the learning opportunities  
B.  Deepen Conceptual Understanding:  With a focus on developing
automaticity and mastery of each concept at  the concrete level,  students more
accurately and flexibly manipulate numbers and deepen their  number sense.
C. Advance to proficiency: gaps are addressed by focusing on key skil ls  and
using concrete-representational-abstract progression for students to master
challenging mathematical  concepts with ease,  advancing toward grade-level
proficiency 
D.  Strengthen math identity:  by knowing how to think and talk about
numbers,  student confidence increases to build their  identity as  a
mathematician 

VI.  Are you ready to improve your students’  number sense?

Outline
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Students engage in partner-talk and multimodal activities  with physical  movement
and visual  cues that support enhanced cognitive function and active engagement.
Students develop number sense through a focus on specific prerequisite numerical
skil ls  chosen to support the development of foundational mathematical
understanding

Four categories of skil ls:  symbolic and non-symbolic number sense (basic
magnitude comparison),  understanding mathematical  relations,  counting skil ls ,
and basic skil ls  in arithmetic.  

Students engage in “retrieval  practice” by pulling out information and practicing
what they’ve already learned.
Students revisit  topics over time to deepen their  learning and improve retention as a
result  of the spiraled approach of interleaved and spaced practice.
Instruction follows the natural  progression of student learning from concrete to
representational to abstract.
Students receive systematic and explicit  instruction based on developmentally
sequenced activities.
Instructors util ize integrated assessments and progress monitoring tools that closely
match content and target skil ls  to provide a scaffolded approach to support students
in mastering challenging concepts.
Students develop the confidence and understanding to talk and think about
numbers,  boosting their  self-efficacy and establishing their  identity as
mathematicians.  

Key Points

This research paper aims to shed l ight on the innovative strategies,  pedagogical
approaches,  and empirical  evidence that inform this  program’s design. Kickstart:
Number Sense  is  designed to foster number sense in students from kindergarten through
second grade.  Each section details  how Kickstart:  Number Sense enhances students’
foundational mathematical  thinking by deepening their  conceptual understanding of
numbers (number sense),  bolstering proficiency in grade-level  skil ls  and strengthening
their  identity as  mathematicians to build community,  curiosity and confidence in math
learning.

How Can This Research Foundations Paper Be Used?
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Humans inherently rely on an approximate number system (ANS) to provide basic
intuitions of quantity without relying on language or symbols.  This nonverbal  system,
which we refer to as number sense,  is  not dependent on explicit  instruction. In contrast,
humans develop a more formal,  symbolic system of mathematics that provides for
computations of exact quantity through explicit  instruction consisting of symbolic
representations,  quantitative concepts,  and formalized computational operations (Bonny
& Luarenco, 2013).  Evidence points to the functional role that number sense plays in
symbolic arithmetic,  laying the groundwork for enhanced performance in speed and
accuracy of symbolic mathematics (Hyde et al . ,  2014) when provided in instructional
settings.

Therefore,  we understand that number sense,  the flexible,  nonverbal  understanding of
numbers and their  relationships,  is  the cornerstone for mathematical  proficiency.  The
development of number sense relies  on a strong foundation of these prerequisite skil ls
that are essential  for a strong grasp of mathematical  concepts.  Number sense can be
described as good intuition about numbers and their  relationships.  It  develops gradually
due to exploring numbers,  visualizing them in various contexts,  and relating them in
ways that are not l imited by traditional algorithms (Howden, 1989).  These primary
abilities  form the basis  for secondary symbolic number competencies,  and early verbal
number competencies are necessary for extending knowledge with small  numbers to
knowledge with larger numbers as  well  as  for learning school-based mathematics (Jordan
et al . ,  2010).

What does number sense look l ike in the math classroom?  Children with strong number
sense can: 

visualize and talk comfortably about numbers,  
take numbers apart and put them back together in different ways,  
compute mentally,  
relate numbers to real- l ife problems by connecting them to their  everyday world,  and
use numbers and quantitative methods to communicate,  process,  and interpret
information (McIntosh et al . ,  2005; Jordan et al . ,  2009).

Research also indicates that early number sense predicts school success more than other
measures of cognition such as verbal,  spatial ,  or memory skil ls  or reading ability (Jordan
et al . ,  2007) and that foundational skil ls  in numbers and operations may set the stage for
reading skil ls  (Frye et  al . ,  2013).  Furthermore,  number sense develops as students deepen
their understanding of the size of numbers,  develop multiple ways of thinking about and
representing numbers,  use numbers as  referents,  and develop accurate perceptions about

What Is Number Sense, and Why Does it Matter?
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the effects of operations on numbers (National Council  of Teachers of Mathematics,
2000).  Children often demonstrate interest  in math well  before entering school,  and in
its  Teaching Math to Young Children Practice Guide,  The What Works Clearinghouse
presents five recommendations to capitalize on this  inherent interest  and make their
early learning experiences more engaging and beneficial:

Recommendation one emphasizes the importance of teaching numbers and operations
using a developmental  progression. To ensure effective instruction, it  is  imperative to
identify the knowledge children already possess and build upon that knowledge to take
them to the next developmental  step.  Developmental  progressions,  such as seen below,
can inform instructors about which skil ls  a  child needs to work on in order to move
forward (Frye et  al . ,  2013).  Based on this  research, Kickstart:  Number Sense  uses a
developmental  progression of instruction that moves from the concrete to
representational to abstract.  

5



Copyright © 2021 Zaner-Bloser, Prepared by LXD Research
All rights reserved.  

Kickstart: Number Sense Foundational Research Paper

6



Copyright © 2021 Zaner-Bloser, Prepared by LXD Research
All rights reserved.  

Kickstart: Number Sense Foundational Research Paper

Early basic whole number competencies,  or understanding the meaning of numbers and
number relationships,  al low children to connect mathematical  relationships,  principles,
and procedures (Gersten et al . ,  2005; Jordan et al . ,  2009).  Weakness in general  number
competence is  reflected in poorly developed counting procedures,  s low fact retrieval,
and inaccurate computation, which are al l  characteristic of general  math difficulties
(Geary et  al . ,  2000; Jordan et al . ,  2003a,  2003b).  Key areas of good number sense include
counting,  number knowledge,  and arithmetic operations (Jordan et al . ,  2010).

Counting: Children must be able to count fluently and understand the concept of
one-to-one correspondence between objects and numbers.  Accurate and efficient
counting supports a strong understanding of number relations,  ultimately leading to
strong connections between a problem and its  solution, reducing the need for rote
memorization (Siegler et  al . ,  1984, as  cited in Jordan et al . ,  2009).  

Number knowledge:  Recognizing and writing numbers accurately lay the
groundwork for numerical  representation, and the ability to visualize numbers and
quantities  in different contexts contributes to a deeper understanding of number
relationships (Jordan et al . ,  2010).  

Arithmetic operations:  Understanding basic operations such as addition and
subtraction is  fundamental,  as  number sense involves manipulating and comparing
quantities  (Jordan et al . ,  2010).  

Language skil ls  also play a significant role,  as  verbalizing and discussing mathematical
ideas help reinforce number sense.  Using open-ended questions and math conversation
help children recognize math ideas in the world around them, gradually moving from
informal representations and language to formal representations and math vocabulary as
understanding grows (Frye et  al . ,  2013).  These prerequisite skil ls  collectively provide the
scaffolding for children to develop a strong foundation in number sense and excel  in
more advanced mathematical  concepts.

Kickstart:  Number Sense  is  a  powerful educational resource that aids teachers in
evaluating students’  math proficiency.  It  offers progress monitoring forms and an
assessment to pinpoint strengths and weaknesses.  This assessment guides teachers in
placing students in Stages A, B,  or C, ensuring a tailored curriculum.
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Logic Model for Kickstart: Number Sense

LONG-TERM OUTCOMES AND IMPACTS

SHORT-TERM AND INTERMEDIATE OUTCOMES                                 

   PROBLEM STATEMENT    

Many students enter school with limited exposure to building number sense, a critical foundational mathematics skill. For
students whose gaps are not filled by on-grade-level instruction, schools struggle with limited instructional time,
insufficient resources, and a lack of opportunities for professional development. Instructors need to deliver engaging,
targeted intervention for students to close skill gaps and build their confidence as mathematicians. 

What will the activities, events, and such be?

STRATEGIES & ACTIVITIES  

Students engage in partner talk and
hands-on activities
Targeted approach to the prerequisite
number sense skills that are essential for
math success
Developmental progression of instruction
that moves from the concrete to
representational to abstract
Concepts taught through multimodal
activities and experiences that provide
variety and active engagement
Spiraled approach to instruction that
incorporates both interleaving and spacing
of content
A structured, sequential approach to
number sense development in the form of
20-minute lessons over 60 days
Practice questions and immediate
feedback to aid in learning
Progress Monitoring tool to let instructors
know what students have completed and
learned, as well as where they struggled
during the lessons

ASSUMPTIONS

What resources are or
could be available?
Dedicated time for
small-group
interventions
A provided model
for assessment and
intervention
support to students 
Instructor access to
a device, such as a
laptop, and the
internet for online
instructional
materials
Kickstart student-
facing learning
content for building
number sense
Kickstart instructor
guides with explicit
teaching support so
that any adult can
lead an intervention

RESOURCES OUTPUTS

What are the initial products of these activities?
Instructors present more interactive
lessons.
Students talk about numbers as much
as possible to gain confidence,
recognize relationships between
numbers, and develop flexibility in
using them.
Students explore numbers, visualize
them in various contexts, and relate
them to each other.
Students engage with the materials
through discussion and hands-on
multimodal activities.
Students’ skills are corrected or
reinforced through real-time
feedback, which allows for
differentiated instruction.
Instructors use the included
assessment to place students in the
appropriate stage and progress
monitoring tools to track data
necessary for essential decision-
making.

Copyright © 2021 Zaner-Bloser, Prepared by LXD Research
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Instructors build capacity in math instruction to support individual student growth.
Instructors more successfully differentiate instruction for all learners.
Students improve their math fact fluency.
Students engage in math discourse, building language relationships and math understanding.
Students find their math learning more relevant.
Students retain and apply math learning in novel situations.
Students are less likely to hesitate to complete math tasks.
Students are more likely to be confident in their math abilities.

Students build confidence in their ability to succeed in grade-level math, fostering self-efficacy so they can develop
their independent working abilities within math skill development.
The number sense knowledge gap between students who have different educational backgrounds is narrowed,
fostering a greater sense of community when students can collaborate and communicate on similar levels.
Students develop a sense of ownership over their mathematical skills, with the confidence to tackle increasingly
difficult math problems. 
Students can process their learning, make connections, and build curiosity as they are presented with relevant,
interesting contexts.

Instructors engage in professional learning and relevant product training.
The program is implemented fully and consistently.
Administrators allow for a variety of support personnel to engage in tiered levels of support, not just classroom instructors.
Activities are integrated and aligned with the overall math progression at the school and are not an isolated experience.
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Kickstart:  Number Sense  is  built  on evidence-based strategies to make early mathematics
intervention effective.  The program was created to help struggling students develop the
confidence and understanding to talk and think about numbers fluently by
incorporating interleaved practice.  By taking this  spiraled approach to instruction that
involves revisiting topics over time, concepts can build on themselves as  students
gradually progress in learning,  look for patterns,  make connections,  and experience
productive struggle.  

Kickstart:  Number Sense  is  a  K–2 small-group math intervention program designed to be
taught by any instructor as every lesson is  scripted, l ists  everything the teacher needs to
know and provides al l  of the necessary materials  within the classroom kit.  It  is  a  Tier 2
program meant to fi l l  gaps in specific number sense holes and is  designed to help
students who enter school unprepared for the grade-level  core curriculum. As an
intervention, it  is  to be used at a separate time of day than the core curriculum and was
written to be a 20-minute small-group pull-out,  which fits  f lexibly into schedules.
Additionally,  the ready-to-use kits  minimize preparation time, and the provided
assessments help place students in the program while monitoring their  progress.

Because Kickstart:  Number Sense  is  an intervention program, it  maintains a targeted
focus on specific numerical  skil ls  that are crucial  for children’s future mathematical
development to allow struggling students to access the grade-level  core curriculum.
Kickstart:  Number Sense  addresses skil ls  that fall  into four categories (Aunio & Räsänen,
2016):  

symbolic and non-symbolic number sense (basic magnitude comparison) 
understanding mathematical  relations 
counting skil ls  
basic skil ls  in arithmetic

These early skil ls  are intentionally and specifically targeted for intervention as they are
crucial  in developing a solid foundation for mathematics learning.  Subitizing,
hierarchical  inclusion, and general  number flexibil ity are built  through experience with
math tasks using objects and are not covered by the core curriculum. Successful,
research-based math interventions follow systematic and explicit  instruction based on
developmentally sequenced activities  (e.g. ,  Sterner et  al . ,  2019).

The Goal of Zaner-Bloser Kickstart: Number Sense  Instruction
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Researchers have uncovered that students enter school one to three years behind in
mathematical  thinking skil ls .  Unfortunately,  without targeted intervention, this  trend
tends to persist  throughout elementary school.  This phenomenon is  sti l l  true today and
has been exacerbated by the pandemic.  The State of Learning report in 2023 showed that
approximately two thirds of students in grades 1–5 placed on grade level  before the
pandemic;  however,  roughly half  of grades 1–5 students have placed on grade level  since
the pandemic (Curriculum Associates,  2023).  The report also highlights a lack of
preparedness among teachers to address this  issue and underscores how math
intervention is  not common in elementary school settings.  In fact,  based on data from
Google Trends,  which provides an unfiltered sample of actual  Google web search
requests,  we can see how little,  in comparison to reading intervention, math intervention
is searched (Google Trends,  2015).  Searching for an intervention for number sense is
practically nonexistent.

        How does interest in math intervention differ from reading intervention?

Red = reading intervention
Blue = math intervention

10
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Short Term Outcomes:
The short-term outcomes of the Kickstart:  Number Sense  math intervention program
encompass a multifaceted approach aimed at fostering comprehensive mathematical
development among students.  Through engaging in multimodal activities,  students will
enhance their  reasoning skil ls  and cultivate a deep understanding of numbers by
representing them in various ways.  This program focuses on insti l l ing a strong sense of
numbers,  enabling students to accurately gauge the magnitude of numbers and
comprehend the impact of operations on them. Furthermore,  the acquired number sense
skil ls  will  be a foundation for advanced mathematical  thinking.  As a result,  students will
experience accelerated growth in their  readiness for grade-level  mathematics,
concurrently bolstering their  confidence in executing mathematical  tasks and fostering
their  abil ity to retain and apply their  math learning in novel  situations.  The program
also aims to fortify students’  abil ity to articulate mathematical  concepts,  facil itating
effective communication. Simultaneously,  teachers will  benefit  from the program by
becoming adept at  delivering tailored interventions to support individual student
growth, differentiating instruction effectively,  and util izing progress monitoring tools to
inform essential  decision-making processes.

Kickstart:  Number Sense  focuses on key numerical  skil ls ,  util izes effective teaching
strategies,  offers developmental  progression from concrete to representational to abstract
learning,  and engages students through various multimodal activities.  It  is  structured to
cater to the diverse learning needs of students and provides a scaffolded approach to
strengthen comprehension and mastery of mathematical  concepts.

This program recognizes the significance and supports the growth of skil ls  such as
counting,  number recognition, basic operations,  spatial  awareness,  and language in
fostering number sense in students.  By incorporating an assessment and progress
monitoring system, educators can determine students’  mathematical  strengths and
weaknesses,  track their  growth over time, and make adjustments as  needed.
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emotions,  such as interest  and enthusiasm, fuel  engaged behaviors,  such as effort and
persistence (Skinner et  al . ,  2008).  Furthermore,  engagement involves both behavioral
and emotional aspects,  representing active,  purposeful,  adaptable,  constructive,
persistent,  focused, and emotionally positive interactions within the academic context
with both social  and physical  surroundings (Skinner et  al . ,  2008).  Active participation in
hands-on, multimodal activities  enhances the retention and application of knowledge,
developing critical  problem-solving skil ls  (Snyder et  al . ,  2017).  

How Does Zaner-Bloser Kickstart: Number Sense  Help Students
Learn?

Why does engagement in learning matter?

Engagement in learning foundational math skil ls  is  crucial  for fostering a positive
attitude,  intrinsic motivation, and understanding of mathematical  concepts.  Engaged 

Engaging Students in Learning

Long Term Outcomes:
The long-term outcomes of the Kickstart:  Number Sense  math intervention program
extend beyond immediate skil l  development,  aiming to cultivate enduring changes in
students’  attitudes and approaches to mathematics.  Students will  develop a lasting sense
of self-efficacy by building confidence in their  abil ity to succeed at grade-level  math,
fostering independence in their  mathematical  skil l  development.  Additionally,  the
program aspires to narrow the number sense knowledge gap between students with
diverse educational backgrounds,  promoting a greater sense of community through
collaborative and communicative efforts.  Over time, students are expected to develop a
strong sense of ownership over their  mathematical  skil ls ,  identifying themselves as
owners of their  math, with the confidence to tackle increasingly challenging problems.
Moreover,  the program encourages students to process their  learning,  make meaningful
connections,  and nurture curiosity by presenting mathematical  concepts within relevant
and interesting contexts.
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How Does Kickstart: Number Sense  ENGAGE Students in Learning?

Kickstart:  Number Sense  teaches concepts through multimodal activities  and
experiences that provide variety and active engagement.  Each activity is  designed
to involve students physically,  mentally,  and emotionally while fostering a deep
understanding of concepts.  By encouraging students to actively participate and
move as they learn, Kickstart:  Number Sense  creates a more effective and
engaging learning experience,  ensuring that students not only grasp
mathematical  concepts but also retain and apply them more effectively.  

Positive early experiences contribute to a confident math identity,  reducing math
anxiety and sustaining long-term interest  in the subject and its  applications (Aguirre et
al . ,  2013).  Children with initial  confidence in their  abil ities  and a positive math identity
approach learning tasks in manners that result  in greater success,  reinforcing their  initial
optimism. Conversely,  children with low efficacy tend to avoid challenges or participate
in tasks with minimal effort,  leading to a lack of success,  solidifying their  initial  self-
doubts (Skinner et  al . ,  2008).  Additionally,  other classroom dynamics involve the
instructor.  Children who demonstrate higher levels  of engagement tend to receive more
instructor involvement,  whereas disaffected students are more l ikely to find that
instructors withdraw support or,  conversely,  become more controll ing over time
(Skinner & Belmont,  1993 as cited in Skinner et  al . ,  2008).  

To highlight instructor influence more deeply,  math-anxious elementary school teachers,   
tend to negatively affect their  students (Beilock et al . ,  2018).  This also continues into
secondary math education, severely undermining students’  abil ity to acquire the
mathematical  knowledge needed for the workplace (Ramirez et  al . ,  2018).  Because
Kickstart:  Number Sense  is  scripted, provides al l  necessary materials,  and is  designed for
easy implementation, instructor math anxiety can be reduced, thereby potentially
reducing math anxiety and increasing engagement among students.
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DEEP DIVE INTO ENGAGEMENT

Multisensory learning  activities  are integrated into lessons to support numerical  skil ls
development.  Subitizing and estimating are the two most important skil ls  kids need in
preschool to predict mathematical  success (vanMarle,  2015).  Subitizing is  the ability to
instantly recognize the number of objects in a group without the need for counting.
Estimating is  the ability to provide an approximation of the value,  quantity,  or number in
mathematical  situations.  Kickstart:  Number Sense  encourages the mental  strategies of
subitizing and estimating by incorporating an element of speed, which challenges students
to find strategies other than counting and provides an opportunity for students to reflect
on and share their  strategies (Presmeg, 1986; Mason, 1992 as cited in Way, 2011).
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In Kickstart:  Number Sense,  students practice subitizing by viewing displays and reporting
back the number of dots they see.  For example,  during Day 1 of Stage A, students begin by
viewing a card with 2 dots for three seconds.  When the card is  no longer displayed,
students are asked to visualize what the dots look l ike,  and without speaking,  students
show how many dots they think were on the card using their  fingers.  After students have
this  individual opportunity,  the teacher and students collectively count together as  a
group to determine the number of dots.  

14



Copyright © 2021 Zaner-Bloser, Prepared by LXD Research
All rights reserved. 

Kickstart: Number Sense Foundational Research Paper

Opportunities to connect with peers  through partner talk is  pivotal  to the program in
order to foster community,  establish math identity,  learn from others,  and develop language
skil ls ,  and because we learn math through the language center of our brain (Sousa,  2015).   
Hattie refers to classroom discussion (aka math discussion) as a  0.82 effect size.  Students
who process math through language are deeper conceptual thinkers and better at  owning
the math themselves.  When students use Kickstart:  Number Sense,  they are sti l l  developing
their  language skil ls ,  either because they are new to the language or because they are
primary students,  and subsequently need the practice with vocabulary and developing their
arguments.  

With the Number of the Day activity,  students match quantities  by using their  fingers to
show the day’s  number,  identify the number on a “Number Path” of numbers 1–10, and use
cubes to represent that number and place them on the Number Path. These activities  not
only make learning enjoyable but also allow students to talk comfortably about numbers
and share their  thinking aloud. The program promotes a positive math identity by creating
an environment where students actively participate in their  number sense journey.  The use
of a plush friend named Cota Kangaroo adds a friendly and supportive element to the
learning process.

If  students can “just see” 2 dots without counting,  they are relying on the strategy of
subitizing.  Students complete practice with different numbers of dots for reinforcement to
improve their  abil ity to tap into this  strategy.  In this  same lesson, students simultaneously
participate in singing and movement exercises as  they count to 20,  applying research
findings highlighting the memory-enhancing benefits  of motor actions.  The program’s
emphasis  on motor actions aligns with the understanding that physical  engagement can
enhance memory retention and cognitive processing (Madan & Singhal,  2012).  Students
engage in songs,  jump on number l ines,  play games,  and engage with hands-on
manipulatives.  These visual  cues and physical  activity support enhanced cognitive function,
improved self-esteem, reduced stress,  and increased positive academic outcomes (Snyder et
al . ,  2017).  
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Motivational supports are embedded within Kickstart:  Number Sense  to encourage
students to continue in their  learning efforts.  These elements are designed to create a
positive and enjoyable learning experience,  fostering a sense of motivation and curiosity
about numbers.  According to the Self-Determination Theory,  students are more motivated
when they feel  autonomous,  competent,  and connected while learning (Ryan & Deci,
2000).  In the first  days of the program, students are carefully guided how to use specific
math tools and later given the freedom to choose the math tool that works best for them.
Embedded games such as “Dragon’s Treasure” and “Charge It  Up” motivate students to
learn number sense through play.  The explicit,  systematic approach of Kickstart:  Number
Sense  bolsters competence in math and is  intentionally designed to promote students’
autonomy and advance their  skil ls .  

Kickstart:  Number Sense  incorporates practice with language and partner talk throughout
the program, which supports Math Practice #3: Construct viable arguments and critique
the reasoning of others.  Opportunities  for math language practice include prompts for
students to share what they wonder and what they notice with others,  answering the
question of the day,  and providing reasoning for their  responses.  Students are able to
process language through discussion with their  “Sun and Moon” partners,  which provides
an opportunity for every student to talk and process the language,  al lowing them to retain
the math concepts they need. These opportunities  for partner talk are laced throughout
each day of each stage to help students gain math identity,  math vocabulary,  and
confidence in explaining their  thinking.
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Number sense extends beyond just knowing numbers—it’s  about seeing patterns,  making
informed estimations,  and engaging in strategic problem-solving.  When there are gaps in
number sense,  students may struggle to grasp more advanced mathematical  concepts,
leading to difficulties  in problem-solving,  critical  thinking,  and overall  mathematical
proficiency.  Research indicates that a deepened, early understanding of mathematical
relationships predicts school success more than other measures of cognition, such as
verbal,  spatial ,  or memory skil ls  or reading ability (Jordan et al . ,  2007).

Why does deepened mathematical understanding matter?

Number sense,  the understanding of numbers and their  relationships,  is  the cornerstone
upon which mathematical  proficiency is  built.  The ability of a child to understand and
work with sets  of numbers in first  grade is  a  strong predictor of their  future success in
both secondary school math and day-to-day l iving.  In a study of 180 seventh-graders
conducted by the University of Missouri,  researchers found that,  “those who lagged behind
their peers in a test  of core math skil ls  needed to function as adults  were the same kids who
had the least  number sense or fluency way back when they started first  grade” (Neergaard,
2013).  

Deepening Students’ Understanding of Number Sense

How does Kickstart: Number Sense  deepen students’  understanding?

Kickstart:  Number Sense  specifically targets foundational mathematics skil ls ,
including symbolic and non-symbolic number sense,  understanding mathematical
relationships,  counting skil ls ,  and basic arithmetic.  The program employs
research-based strategies,  hands-on multimodal activities,  and diagnostic
assessments to foster a strong foundation in mathematics to develop automaticity.
By incorporating interleaved and spaced practice,  which involves mixing up
problems relating to different concepts and deliberate intervals  between
repetitions,  the program aligns with cognitive science and supports long-term
retention and mastery of mathematical  concepts.
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Kickstart:  Number Sense  incorporates interleaved and spaced practice to deepen learning
and promote better retention, transfer,  and long-term mastery.  Mass,  or blocked practice,
is  characterized by introducing and practicing one concept for a long period of time.
Research has shown that “mastery and long-term retention are much better if  you
integrate practice than if  you mass it” (Brown et al . ,  2014).  The strategy of mixing up
problems, or interleaving,  for multiple concepts to be learned can significantly increase
math learning and retention. When these concepts are mixed, students must engage in
“retrieval  practice” by thinking carefully,  pulling information out,  and practicing what
they know (Agarwal & Agostinell i ,  2020).  Although mixing up practice may appear
counterproductive,  it  s ignificantly improves long-term performance.  The productive
struggle created from mixed practice helps the brain create more efficient neural  pathways
(Sriram, 2020).

Because Kickstart:  Number Sense  is  an intervention program, it  does not include coverage
of every core mathematical  concept.  Instead, the program focuses on the specific
numerical  skil ls  crucial  for children’s future mathematical  development to allow
struggling students to access the grade-level  core curriculum. These skil ls  fal l  into four
categories:  symbolic and non-symbolic number sense (i .e. ,  basic magnitude comparison);
understanding mathematical  relations;  counting skil ls ;  and basic skil ls  in arithmetic
(Aunio & Räsänen, 2016).  These early skil ls  are targeted for intervention because they are
critical  for developing a strong foundation for mathematics learning.

Research shows that students who space out their
learning outperform students who try to learn in

longer sessions, even if spacing results in less total
time on task. You can use the concept of spacing by

touching on important concepts multiple times a
week in brief, regular sessions.

(Sriram, R., 2020)
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This intentional mixing challenges learners to actively retrieve and apply their  knowledge,
reinforcing connections between different mathematical  concepts.  Kickstart:  Number
Sense  incorporates spaced practice by structuring learning sessions and activities  with
deliberate intervals  between repetitions of specific numerical  skil ls .  This approach aligns
with cognitive science research, which suggests  that spacing out learning over time
enhances long-term retention (Karpicke & Roediger III,  2007).  For instance,  Kickstart:
Number Sense  may revisit  certain number sense skil ls  in subsequent lessons,  reinforcing
learning at spaced intervals  to solidify understanding. Using interleaved and spaced
practice in Kickstart:  Number Sense  helps students deepen their  understanding of the
material  to develop a strong foundation in mathematical  concepts.

Why does grade-level proficiency matter?

Grade-level  proficiency provides a benchmark to ensure that students acquire the essential
mathematical  skil ls  deemed appropriate for their  grade level.  Proficiency at each grade level
signifies  that students have grasped foundational concepts,  setting the stage for more
advanced learning in subsequent years.  In a  study of 180 seventh-graders conducted by the
University of Missouri,  researchers found that,  “those who lagged behind their  peers in a
test  of core math skil ls  needed to function as adults  were the same kids who had the least
number sense or fluency way back when they started first  grade” (Neergaard, 2013).

Demonstrating grade-level  proficiency and having a strong foundation in mathematics at
each stage of education contribute to a cumulative understanding of the subject,  enabling
students to tackle increasingly challenging math concepts.  

Helping students quickly advance their proficiency in grade-level
skills

“Mathematical concepts build on each other throughout the school years.
A strong foundation allows students access to later mathematical
concepts.”

                                           ~Jen Hunt, Author of Kickstart: Number Sense

In the context of Kickstart:  Number Sense,  interleaved practice ensures that students
encounter a diverse set  of numerical  problems within a given session. Because the program
has a targeted focus on specific skil ls ,  rather than coverage of every possible skil l ,  plenty of
time is  devoted to interleaved practice across different skil ls .  For example,  students may not
only focus on counting,  but also switch between tasks such as symbol recognition,
mathematical  relations,  and basic arithmetic.
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How does Kickstart: Number Sense  help students gain proficiency in grade-level
skills?

Kickstart:  Number Sense  is  a  focused intervention for students who are struggling
with grade-level  math skil ls .  By specifically addressing number sense,  which is
foundational to overall  math proficiency,  Kickstart:  Number Sense  provides a
targeted approach to bridge gaps in understanding and quickly bring students up
to speed. The program emphasizes hands-on learning experiences,  including using
manipulatives and multimodal activities.  This format gives students a concrete
understanding of mathematical  concepts,  making abstract ideas more accessible.
Focusing on the concrete to representational to abstract approach accelerates
comprehension and retention of grade-level  math skil ls .  

DEEP DIVE INTO GAINING PROFICIENCY
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A critical  framework in education is  the understanding of the appropriate developmental
progression of instruction, an approach that emphasizes instruction should move from
concrete to representational to abstract.  This instructional approach recognizes the
diverse learning needs and cognitive development of students.  Successful,  research-based
interventions follow systematic and explicit  instruction based on developmentally
sequenced activities  (Sterner et  al . ,  2019).  The Kickstart:  Number Sense  program draws on
a large body of research to understand the general  progression of students’  strategies as
they are developing mathematics skil ls  (e.g. ,  Piaget,  1952; Bruner,  1964, 2004; Sousa,
2008; Hauser,  2009; Carpenter et  al . ,  2015).  Research tells  us that effective mathematics
instruction encourages students to establish connections among different mathematical
representations,  enhancing their  comprehension of mathematical  concepts and
procedures.  Additionally,  these representations serve as valuable tools  for problem-
solving (Leinwand, 2014).  
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Kickstart:  Number Sense  was designed with the natural  developmental  progression of
student learning in mind, moving from concrete to representational to abstract.  In this
approach, learners begin with concrete experiences,  which involve hands-on activities
with tangible objects,  such as fingers and manipulatives.  This stage allows them to
build a strong foundation of understanding by creating mental  models of numbers and
mathematical  concepts through direct manipulation and sensory exploration.
Importantly,  students with l imited interaction with concrete math concepts before
starting school need supplemented time with physical  number sense experiences l ike
those Kickstart:  Number Sense  provides.  As students progress to the representational
stage,  they transition to using visual  representations,  such as diagrams, models,  or
drawings,  to connect their  concrete experiences to more abstract concepts.  This phase
helps learners bridge the gap between the tangible and the conceptual,  facil itating
deeper comprehension. Finally,  in the abstract stage,  students are ready to work with
abstract symbols and equations,  applying their  solid foundation of knowledge to solve
complex problems. 

Students who struggle with number sense frequently
struggle with the concept that numbers are not static.
They can be big or small, they have relativity and
magnitude.

(Shumway & West, 2011)

21



Copyright © 2021 Zaner-Bloser, Prepared by LXD Research
All rights reserved. 

Kickstart: Number Sense Foundational Research Paper

This developmental  progression acknowledges that learning is  not one-size-fits-al l  and
provides a scaffolded approach to effectively support students in mastering challenging
concepts.  This progression repeats as  children learn larger numbers and foundational
number sense in kindergarten is  a  strong predictor of math achievement in elementary
school (Jordan et al . ,  2012).  By applying a concrete to representational to abstract
progression of instruction, Kickstart:  Number Sense  supports a holistic and effective
approach to teaching, promoting understanding, engagement,  and inclusivity in
mathematics education.

Assessment and progress monitoring tools
that are customizable and flexible help
teachers quickly gauge where students are in
their  learning,  helping to identify students’
individual strengths and weaknesses,
eliciting various types of recall/retrieval,
and appealing to a variety of student
cultural  backgrounds (Agarwal & Bain,
2019).  Effective formative assessment tools
also help teachers quickly diagnose where
students are having difficulty and provide
specific,  immediate,  targeted feedback to
support continued learning (Brookhart,
2017).  Program-provided assessments
typically include items that closely match
the content and skil ls  fostered in particular
interventions.  

On the contrary,  standardized assessments may prioritize content and skil ls  that are not
necessarily covered in an intervention program (Wang et al . ,  2016).  
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Using the included Kickstart:  Number Sense  diagnostic assessment,  teachers begin the
intervention by assessing students’  mathematical  understanding to determine individual
starting points in the program. This assessment identifies  strengths and gaps,  guiding
instruction tailored to each student’s  needs.  The program’s model ensures a systematic
and targeted approach with continuous assessment,  al lowing teachers to adapt instruction
based on individual progress.  

Kickstart:  Number Sense  also has built-in daily progress monitoring tools that help
instructors keep track of student understanding and where to focus their  instruction.
Instructors can mark whether the skil l  was addressed that day and whether the student
could work at the expected level  during the activity.  This brief  checklist  provides a quick
visual  for instructors to refer back to when starting each lesson. Intervention products
that include frequent,  low-stakes assessment moments help teachers easily see what kids
are picking up on a daily basis.  More than anything,  these progress monitoring tools help
the teacher keep track of everyone, every day.  With the Kickstart:  Number Sense  progress
monitoring sheets,  at  the end of the week, if  instructors see that a student is  sti l l  not
getting something, they can plan accordingly for the following lessons.  Without this  sort
of visual  tracking tool,  it  is  incredibly challenging for a teacher to keep track of al l  this  in
their  head. Because Kickstart:  Number Sense  breaks down the learning on the weekly
sheets into very specific skil ls ,  instructors can mark where students are to best help them
build all  the necessary skil ls .

Why does a student’s identity as a mathematician matter?

In order to support the next generation of math learners,  it  is  important that educators
support students’  identities  as  mathematicians,  helping students buy into the idea that
they possess their  own mathematical  abil ities.  By making math about more than just
numbers and incorporating real-world applications to demonstrate relevance and
creativity,  educators can play a critical  role in shaping students’  mindset,  perseverance,  and
sense of belonging.  In this  way, students are guided away from a fixed mindset,  where they
perceive themselves as  not being naturally inclined toward math, to a growth mindset,
emphasizing that effort and determination lead to success.  

Strengthening students’ identity as mathematicians
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How does Kickstart: Number Sense  strengthen math identity? 

The Kickstart:  Number Sense  intervention program is  designed to strengthen
students’  identity as  mathematicians by encouraging student ownership of their
learning and by fostering a positive learning environment.  The program’s small-
group setting encourages collaboration and community-building.  Kickstart:
Number Sense  addresses the needs of underrepresented students,  fostering
inclusivity and valuing each student’s  contributions.

DEEP DIVE INTO STRENGTHENING MATH IDENTITY
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Kickstart:  Number Sense  encourages students to take ownership of their  learning.  Having
a sense of ownership over their  work insti l ls  confidence and motivates students to actively
engage in their  mathematical  development,  encouraging the belief  that they have the
capability to succeed in math. Math identity is  framed in capability and confidence –
when young learners have confidence and belief  in their  math abilities,  they play an active
role in the learning process,  demonstrate improved retention and understanding, and are
prepared for success in future,  more challenging math environments (SanGiovanni et  al . ,
2021).  
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Opportunities  for students to share and hear about others’  experiences with math can
help learners connect and reflect on the importance of math in their  own lives.  With
Kickstart:  Number Sense,  educators have the ability to leverage Cota Kangaroo to
encourage ownership and make math more relevant.  By incorporating the math story of
Cota,  a  kangaroo who wants to learn but struggles sometimes,  makes mistakes,  and needs
the help of others,  students can better learn to accept their  own math journey through
learning and develop greater perseverance.  Each student will  have a unique math story
that includes experiences that have helped shape who they are as  learners.  By having
students reflect on their  math journey,  they may be able to i l lustrate their  own
perceptions of why it  is  important to learn mathematics (SanGiovanni,  2021).  When
students uncover for themselves the importance of math, they develop intrinsic
motivation and are empowered to approach math challenges with confidence and a
proactive attitude.  Intrinsically motivated individuals  will  persist  at  a  task and thus be
more l ikely to achieve (Garon-Carrier et  al . ,  2016).

Kickstart:  Number Sense  also creates a positive and inclusive learning environment where
students feel  comfortable discussing and engaging with numbers.  Kickstart:  Number Sense
is  designed for small  groups of two to six students.  A small-group setting of this  size
encourages peer interaction, providing a supportive context for students to share their
thoughts,  ideas,  and problem-solving strategies.  This collaborative atmosphere
contributes to a sense of belonging and builds confidence in students’  abil ity to navigate
foundational mathematical  concepts.  
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Belongingness also directly and positively impacts multil ingual learners,  who often
become isolated by l inguistic and cultural  differences.  Feeling a sense of exclusion, being
seen as culturally dissimilar,  and having anxiety around oral  communication (Finley,
2018; Beck & Malley,  1998; )  are al l  challenges faced by multil ingual learners that can be
improved through the intentional building of a supportive math community where
students feel  confident about engaging actively in class  and participating in discussions.
Activities  that promote  laughter,  teamwork, and engagement,  such as those found in
Kickstart:  Number Sense,  are known to promote a sense of belonging among students and
can help lay a foundation of trust (Pointer et  al . ,  2020).

Student experiences and interactions at  school,  in
the community,  and at home shape their
identities.  Furthermore,  building a math
community provides a space where students will
learn and grow together,  letting each student
know they are valued, respected, and important
(SanGiovanni et  al . ,  2021).  This positive
atmosphere enhances overall  academic
performance and well-being.  Kickstart:  Number
Sense  fosters community building by integrating
activities  where students are able to share their
own mathematical  thinking,  l isten to that of
others,  and collaborate with peers.  In the activity
Adding Within Five,  students hear Cota
Kangaroo say “3 + 3 = 5.” 
Students not only catch Cota’s  mistake but also collaborate with each other on how to
teach Cota the correct way to solve the problem and demonstrate their  own solutions.
When students share their  approach or their  thinking,  they establish their  own math
identity,  and peers learn new perspectives.

Establishing this  sense of belonging is  crucial  for underrepresented students such as
language learners and Black and Latinx students (Miller-Cotto & Lewis Jr. ,  2020).
Creating an environment that acknowledges and respects the cultural  backgrounds of
students from diverse communities makes students feel  that their  cultural  identities  are
valued, reducing the risk of marginalization and promoting a positive educational
experience.  By making mathematics relevant for Black,  Latinx,  and Multil ingual learners,
educators create a social  process that enables students to understand how mathematics
plays a role in their  everyday l ives,  communities,  and interests  and further enables them
to see themselves as  mathematical  thinkers and doers (Miller-Cotto & Lewis Jr. ,  2020).  
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Conclusion
Number sense instruction helps young learners understand and work with numbers in a
flexible and intuitive way. It  goes beyond just memorizing math facts and involves
developing a strong foundation in how numbers relate to each other.  When students have
good number sense,  they can visualize numbers,  solve problems mentally,  and use math in
real-l ife situations.  

Kickstart:  Number Sense  continually draws on key research to design and iterate the
program as a meaningful intervention for early math education. The program focuses on
key numerical  skil ls ,  util izes effective teaching strategies,  offers developmental
progression from concrete to representational to abstract learning,  and engages students
through various multimodal activities.  Through targeted, intentional,  and engaging
instruction, Kickstart:  Number Sense  lays the foundation of key skil ls  that are necessary
for students to access the K–2 math curriculum. Essential  foundational skil ls  including
counting,  number recognition, basic operations,  spatial  awareness,  and language are the
core focus of the program to help foster number sense in students.  The program is
structured to cater to the diverse learning needs of students and provides a scaffolded
approach to strengthen comprehension and mastery of mathematical  concepts.

Kickstart:  Number Sense  engages students in learning by incorporating a multisensory
approach. The program includes hands-on, interactive activities  with manipulatives,
songs,  and games,  promoting cognitive function and positive outcomes.  Partner talk
fosters community and language development,  while motivational supports encourage
autonomy and competence.  The program’s explicit,  systematic approach aims to create an
enjoyable and supportive learning environment,  enhancing students’  number sense
development.
 
Kickstart:  Number Sense  uses interleaved and spaced practice to deepen learning.  The
program intentionally targets specific numerical  skil ls  critical  for future math
development,  interleaving practice across various skil ls .  The approach challenges students
to actively retrieve and apply knowledge,  reinforcing connections between concepts and
enhancing long-term retention. 
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Kickstart:  Number Sense  helps students quickly advance their  proficiency to grade level
by aligning with a developmental  progression of instruction that moves from concrete to
representational to abstract.  The program emphasizes connections among different
mathematical  representations,  fostering comprehension and problem-solving.  It
acknowledges diverse learning needs and provides a scaffolded approach, ensuring
students build a strong foundation. The program’s assessment tools,  including diagnostic
assessment and progress monitoring tools,  enable instructors to tailor instruction based
on individual needs,  track student understanding, and adapt teaching strategies for
effective learning.  

Kickstart:  Number Sense  strengthens students’  math identity by promoting ownership of
learning,  insti l l ing confidence,  and fostering active engagement in a math community.
The program encourages students to reflect on their  unique math journeys,  and by
leveraging the character Cota Kangaroo, it  makes math relevant and relatable.  The
program establishes a positive and inclusive learning environment through a small-group
setting that cultivates a sense of belonging,  particularly crucial  for underrepresented
students.

With Kickstart:  Number Sense,  young learners are equipped with a strong foundation in
mathematics,  laying the groundwork for success in math for years to come. This program
prioritizes short-term outcomes by fostering comprehensive mathematical  development in
students through multimodal activities.  Short-term outcomes include enhanced reasoning
skil ls ,  deepened understanding of numbers,  and a strong number sense for accelerated
readiness for the grade-level  core curriculum with increased confidence and improved
retention. Short-term benefits  also include effective communication of mathematical
concepts and support for teachers through tailored interventions,  differentiated
instructions,  and progress monitoring tools.  

In the long term, Kickstart:  Number Sense  aims to cultivate enduring changes in students’
attitudes and approaches to mathematics beyond immediate skil l  development.  The
program seeks to build a lasting sense of self-efficacy,  confidence,  and independence in
mathematical  skil l  development.  Additionally,  it  aims to narrow the number sense
knowledge gap, promote a sense of community,  and foster students’  strong ownership of
their  mathematical  skil ls  over time, empowering them to tackle increasingly challenging
problems and encouraging curiosity through relevant and interesting contexts.
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How do you currently provide math intervention to your struggling students?

Are your students engaged in interactive and motivating number sense activities?

Do your lessons provide an efficient way to help students access grade-level  math?

How do you monitor student progress in number sense skil ls?

Are your students developing more automaticity in their  math skil ls?

Are your students provided with clear feedback and number sense support?

Do your students have opportunities  to practice the math skil ls  across various
contexts?
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Ready to Improve Your Students’ Number Sense?

Use these questions to reflect on your current practice,  considering the research
featured in this  paper.
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