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Rationale for Working on Number 

Sense in a HeadStart Setting 

American students are constantly out 

ranked in mathematics when compared 

to students in other countries, even as 

early as kindergarten. 

(Clements & Sarama 2007)



Rationale for Working on Number 

Sense in a HeadStart Setting

Low-income preschoolers are 1 to 2 years 
behind their middle- and high-income peers in 
number sense when they enter kindergarten 
(Griffin, 2002; Jordan, 2007)

Insufficient math instruction

Math instruction is hampered by semi-
academic activities, where mathematics is 
secondary to other learning goals (Stipek, 
Schoenfeld, & Gomby, 2012:National 
Research Council, 2009). 



Rationale for Working on Number Sense in 

a HeadStart Setting

Number Sense Knowledge Predicts Future 
Achievement

Preschool number sense predicts math & 
academic achievement through age 15 better 
than any other readiness assessment (Watt et 
al, 2014)

Students who acquire concrete foundational 
math skills at the elementary level have 
success in higher-levels of math later.

(Carr, 2012).



Rationale for Working on Number Sense 

in a HeadStart Setting

Non-mastery of mathematics can 

lead to an alternate career path 

which usually results in less 

economic gain. 

(Jordan, Glutting,& Ramineni, 2010)

Underdeveloped skills in 

mathematics lead to substantial 

negative impacts on daily living 

and advancement in careers 

(Jordan & Levine, 2009)



Theoretical Framework

Number 
Sense 

Development   

Content: Subtilizing, 
counting, identifying, 
numerical numbers, 
ordering, comparing.

(Clements & Sarama, 
2014)

Age: Number sense 
develops as early as 

pre-school.

(Lipton & Spelke,2006)

Learning: Counting involves 
thinking, perception, and 

movement of 
manipulatives. 

(Kilpatrick, 2001)



Content:   Number and Quantity

• Numbers and operations on numbers 

are usually the primary focus of 

mathematics for young children and 

the most important themes 

concerning the learning of math. 

• Number and Quantity - subitizing, 

ordering, recognizing representation, 

identifying numerical numbers, and 

comparing are among the most 

important skills.  



Counting 

• Counting is a fundamental skill in 

the development of mathematical 

knowledge. Counting is a complex 

process that involves thinking, 

perceiving, and often movement 

of manipulatives. 



Counting 
• Starts with preverbal 

number knowledge in 

infancy.

• Then the Child gains 

symbolic number 

knowledge and subitizing 

skills.

• Next the child assigns a 

number name to the objects 

being counted.

• In the final step, the child 

connects the verbal name to 

the objects in a set. 



Subitizing  

• Is referred to as the “just 

knowing” skill 

• The ability to instantly 

know the number of 

objects in a set without 

counting



Ordering

• The ordinal relationship of numbers 

creates the “greater than” and “less 

than” position of numbers.

• Understanding of order and 

cardinality (the number of objects in a 

set) provides conceptual 

understanding of number.



Play is Critical for Mathematics 

Learning: Consider Apps as a New 

Type of Play? 

Foundational play provides opportunities to develop 

intuitive and implicit conceptual skills needed for later 

mathematics. All children, no matter their gender or 

income level, engage in critical reasoning in numerous 

well-known and comfortable environments. Young 

children investigate by counting objects, recognizing 

spatial relations, and exploring shapes and patterns. 

(Seo & Ginsburg, 2004) 



Play is Critical for Mathematics 

Learning: Consider Apps as a New 

Type of Play? 

Curriculum and pedagogy have long observed 

play as a critical element in children’s learning 

(Dockett, & Perry, 2010).

Play is at the center of the learning process of 

children and is effective for learning math 

(Hunting, 2010). 



Play is Critical for Mathematics 

Learning: Consider Apps as a New 

Type of Play? 

Playing with shapes, Legos, building blocks, and 

technology provide opportunities  for Children to 

learn multiple math skills (Charlesworth, 2005). 

Researchers have also found that virtual 

manipulatives operated on a computer can be 

equally or more effective in fostering learning 

(Clements and McMillen, 1996). 



Play is Critical for Mathematics 

Learning: Consider Apps as a New 

Type of Play? 

Digital technology games are the first quality 

different form of play that has been 

introduced in several hundred years and 

merits an especially careful examination of 

their role in the play of children.

(Salonius-Pasternack & Gelford, 2005) 



Research 
• Very modest amounts of empirically-

based guidelines on how to implement 

technologies are established for 

effective student learning (Means, 

2010).

• Even though there has been an 

increased amount of research on 

digital games and play in different 

educational age groups, very

few studies have specifically examined 

young children (Spencer, 2013). 



Research Questions

• What is the effect of research-

developed apps on students’
number sense in a 1:1 setting ? 

• What is the effect of research-

developed apps in a 1:1 setting on 

students’ number sense when 

comparing girls and boys?



Theoretical Framework

Theoretical 
Framework 

Number 
Sense 

Development: 
content, age, 

learn  

Early Learning 
Influence: Prior 
knowledge of 

numerical ideas 
can be a strong 

indicator of 
mathematics 
achievement. 
(Krajewsk & 
Schneider, 

2009)
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Method

Randomized Trial
- 100 students (8 Head Start 

classrooms in NV) were 
randomly assigned to a 
treatment group (Math 
Shelf) or a comparison 
group (3 most popular-best 
reviewed pre/K math apps).

- Six weeks: 3 days per week, 
10-minutes each session

- Pre-test & Post-test for 
number sense assessment



Method



Method

• Pre and Post Tests: Children took an untimed 62-item 

number sense assessment on the iPads. 

• Assessment Reliability: Test-retest reliability was 

collected on a sample of 20 students (average age 4 years, 

5 months) from a HeadStart center in Northern 

California. These children took the test five days apart in 

a HeadStart office. The test-retest reliability intra-class 

correlation was 0.97. Cronback alpha inter-item 

reliability was 0.94.  



What is Math Shelf ?

Math Shelf  is a pre-K iPad 

number sense application that 

uses a variety of virtual 

manipulatives, math puzzles, 

and games to systematically 

teach 10 number sense 

competencies. 



10 Number Sense Skills Math Shelf Teaches

1. Rapidly name quantities 

(subitize)

2. Identify numbers 1 to 

10*

3. Match numbers to 

quantities 1 to 10* 

4. Order numbers & 

quantities 1 to 10*

5. Determine number 

magnitudes 

6. Decompose numbers 

7. Represent place value 

8. Add and subtract within 

10 with automaticity

9. Represent multiplication 

& division problems

10. Apply mental math 

strategies



Examples in Math Shelf



Method: Participants 



Result 

• What is the effect of research-

developed apps on students’ number 

sense in a 1:1 setting ? 



Result: Intervention Effects 

• Intervention Effects: 
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Result

What is the effect of research-developed apps in a 1:1 setting on students’
number sense when comparing girls and boys?

To specifically address the research question, we 
examined the interaction between growth and 
gender and found that the interaction was not 
significant (F(1, 84)=0.58, p=.449).  Females scored 
21.0 on the pretest and 28.4 on the posttest, while 
male students scored 21.9 on the pretest and 31.6 on 
the posttest.



Challenges and Lessons

 Technology issues:

Wifi connection; iPad frozen/crash. 

 Management: 

Hard to keep kids on task all the time

Scheduling 

Kids were absent frequently Build up a close 
relationship with kids; a back up schedule to make up 
for students absences; 10 min/each session; clear of 
distractions; positive reinforcement from teachers; 
rewards tasks encouraged active play. 

 Language barrier: Spanish v.s. English slow down

 Students’ knowledge: 0 counting skills. more practice 
in low level apps. For example, counting from 1 to 3. 
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Implementation of iPads 

• Implement as an iPad learning center

• Implement with pairs of students 

sharing and playing with the iPad

• Implement as an Individual Self-

Paced teaching tool

• Use as an intervention tool to provide 

additional opportunities for learning 

Number Sense 



Examples of Math Shelf



Advantages

• Engagement

• Hand- held mobile technology with point and 
click functionality – versatile for use in a range 
of locations 

• Provide a wide range of tools that have the 
potential to enhance teaching practices and 
student learning 

• Lots of interactive elements 



Game – Like Applications 



Interactive – Applications 



Framework 

Mathematics Content

Cognitive Demand

Differentiation

Friendliness

Feedback 



Math Shelf 
Mathematics 

Content 

Rapidly Name Quantities (subitize)                         Decompose Numbers

Identify Numbers 1 to 10                                           Represent Place Value

Match Number to Quantities 1 to 10                       Add and Subtract within 10 

Order Number & Quantities 1 to 10                         Represent Multiplication & 

Division

Determine Number Magnitudes                               Apply Mental Math 

Strategies

Cognitive 

Demand

Memorization 

Procedures with Connections 

Differentiation The app has the ability to set the level of difficulty or target specific skills for 

individual children. The app gives the child a placement test. Apps work from 1 

to 3, 1to 6, 1to 10.

Friendliness The app is easy to use and students are given different icons throughout the 

games to support the child while using the app.

Feedback Feedback is given to redirect students toward the correct response. 
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Examples in Math Shelf
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STMath 
Mathematics Content Rapidly Name Quantities (subitize)                         Decompose Numbers

Identify Numbers 1 to 10                                           Represent Place Value

Match Number to Quantities 1 to 10                        

Order Number & Quantities 1 to 10                    

Determine Number Magnitudes                         

Cognitive Demand Memorization 

Procedures with connections

Doing Mathematics

Differentiation The app has the ability to set the level of difficulty or target specific skills for 

individual children. 

The app is self-paced, language-independent, and has mastery-based 

objectives.

Aligned to state and Common Core standards

ST Math software games incrementally increase in difficulty with each level of 

the game.

Friendliness Interactive, hands-on and gesture-based learning experience.

The app is easy to use. 

Feedback The app provides immediate feedback 38



STMath 
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TouchCounts 

Mathematics Content Identify Numbers                                          

Match Number to Quantities

Order Number & Quantities                     

Counting by 2 

Counting by 3

Counting by 5                         

Cognitive Demand Memorization 

Procedures with connections

Doing Mathematics

Differentiation No Differentiation 

Friendliness The app is easy to use

Feedback No Feedback 



TouchCounts 



TouchCounts 



Geoboard 



Mathematics 

Content 

Counting (1-20)

Cognitive Demand Memorization (the Arabic numbers)

Differentiation N/A

Friendliness Simple

Feedback Professional narration, music and animations

Toddler Counting 123 



Toddler Counting 123 



Nemo 123

Mathematics 

Content 

Counting (1--10); identify numbers 1-10 ; matches quantity 1-10; trace the 

number 1-10; Sequencing numbers

Cognitive Demand • Memorization (e.g. the Arabic numbers); procedures with connections

Differentiation • Cannot control difficulty of the game. Have to finish the first game to get 

to the next game. 

Friendliness • Simple and children can operate on their own.

Feedback • Professional narration, music and animations. 

• Monitoring progress in parental section 



Sesame Street 123s



Elmo Loves 123s 
Rubric Result

Mathematics 

Content

Counting numbers 1 to 20;  Recognize and write Arabic numbers 1 to 20; Addition and subtraction 

by counting. Elmo doesn’t have “pre & post test; number sequencing, identify numbers, match 

number to quantities, order numbers and quantities, represent place value, represent multiplication 

and division”. 

Cognitive 

Demand

Memorization (e.g. recognize Arabic numbers);

Procedures without connections (e.g. count to a certain number); 

Elmo has a lower requirement of  cognitive demand. 

Differentiation The app asks the user to choose a number to play with, enabling user to customize game level.

Friendliness 1.Easy to access. 2. Users are allowed to choose game style: watching video (to learn how to 

count), color the number (write Arabic numbers), or math games (count, and recognize Arabic 

numbers). 3. Users are allowed the choose the number to practice with. 4. provides fun videos and 

music. Elmo is entertaining. 

Feedback 1. Feedback to users’ each action. (E.g the sound of “ding”, subjects change posture)

2. Feedback is give to redirect students toward the correct response. (e.g. “aha, this is not the 

correct answer”).

3. Elmo has a specialty: users can get a activity and performance summary at the end.  
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Specialty:  Summary 
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Math is Fun (Age 4-5)—Lina 2
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Math is Fun (Age 4-5)
Rubric Result

Mathematics 

Content

Counting numbers 1 to 10; Sequence Arabic numbers 1 to 10; Addition by counting: from 1 to 10; 

Comparing set amount by counting from 1 to 10; Matching number to quantities; Sequence 

ordinal numbers from 1 to 5.  Math is Fun doesn’t have “pre & post-tests, recognize Arabic 

numbers, identify Arabic numbers, order quantities, represent place value, represent 

multiplication and division, and subtraction”. Math is Fun has a unique session of “Sequence 

ordinal numbers from 1 to 5”. 

Cognitive 

Demand

Procedures without connections (e.g. count to a certain number);

Math is Fun offers procedure practice instead of instruction of concepts or mathematics facts 

(e.g. Math is Fun doesn’t teach users how to count, Math is Fun just provide games for users to 

count). 

Differentiatio

n

The app offers five different types of number sense games for users to choose from: sequencing 

numbers, counting, addition by counting, ordering ordinal numbers, comparing amount by 

counting. This app designs different games for different ages, showing that it considers 

differentiation. 

Friendliness 1. Easy to access. 2. Users are allowed to choose games. Math is Fun doesn’t have human 

voice direction or vivid game interface. 

Feedback 1. Feedback is given to show a correct answer. (E.g. the sound of “ding”). 2. Feedback is given 

to show a wrong answer. (E.g. the sound of “woo”). Math is Fun doesn’t have direction on how 

to get a correct answer. Math is Fun just gives a feedback of “right” or “wrong”.  
51



Specialty: Ordinal 
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