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Abstract 
iPads offer a new and engaging platform for young children to learn mathematics. Due to the newness 
of digital play for young learners, this research seeks to inspire mathematics educators to consider the 
attributes of the apps that would support maximized learning for elementary students. Digital platforms 
have been depicted as being transformative in the learning process. However, very modest amounts 
of guidelines for teachers on how to choose apps have been explored. Approximately thirty-five apps 
were analyzed for the following criteria: cognitive demand, mathematics content, engagement, 
differentiation, and ease of use. The apps were then rated with a developed rubric. Two researchers 
rated the apps individually, and then a consensus was reached among both researchers. The goal of 
this research is to support teachers in the implementation of iPads in the classroom by providing a 
rubric that examines apps to aid app selection. The researchers identified eight number sense apps 
that will be presented, along with the rubric to guide teachers in selecting appropriate apps for 
learning. The research study seeks to inspire mathematics educators to consider the attributes of apps 
that support increased learning. 
Keywords: Number sense, mobile learning, iPad apps, preschool. 

1 INTRODUCTION  
The iPad, with its touchable screen, provides the ability to access a large amount of educational 
applications and information that foster a more constructivist view of learning [1]. iPad applications 
provide opportunities for students to engage through methods that emphasize collaboration and 
problem-solving, often promoting student-centered approaches [2]. Interactive programs accessed 
through the iPad allow for new ways to explore the discipline of mathematics. Among some of the 
tools available are GPS devices, webcams, online polling sites, recording devices, spreadsheets, 
cameras, and applications set up in a game-like or puzzle-based framework [3]. For young learners, 
most of these apps primarily utilize a game- or puzzle-based design. These types of applications can 
enhance the engagement of the learning and teaching of mathematics [2]. Free integrative games or 
puzzle-like applications can be downloaded for any age group to promote students’ engagement. 
Some of these apps can focus on drill and practice through a game-like environment. Some 
applications specialize in targeting specific skills or objectives [3]. iPads not only provide applications 
with rich mathematical investigations, but also support student-student and student-teacher 
communications and collaborative efforts. The iPad allows for communication that is quick and easily 
accessible. 

Recent research has shown that the incorporation of experimental game-based learning apps over a 
five-week period produced enhanced engagement and motivation to learn. In addition, this research 
showed development of cognitive skills and enhanced learning approaches [4]. It should be noted that 
employment of game-based learning as a teaching tool is in its initial stages of development [5]. It has 
been suggested that real world applications connected to mathematics can be taught through 
interactive games. Additionally, young children normally enjoy educational games and engage with 
mathematics concepts when playing them [6]. The iPad has a variety of instructional mathematical 
game applications and virtual manipulative applications for maximized learning. Students will benefit 
from additional exposure to mathematics through game-based learning using iPad applications [6]. 
Mathematics games can be used to improve engagement, motivation, and students’ learning [7]. 
Since there is not a well-developed picture of how game-based apps can impact cognitive 
development of mathematics concepts with young learners, further research is needed to investigate 
and observe children playing with number sense game-based iPad apps. 

Free play provides a “risk-free environment, rich in mathematics, science, and language that allows all 
children the liberty to make mistakes to learn” [8]. Constructivism’s curriculum and pedagogy have 
long observed play as a critical element in children’s learning [9]. As noted above, play is at the center 
of children’s learning process and is effective for learning mathematics [10]. However, digital 
technology games are “the first qualitatively different form of play that has been introduced in at least 
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several hundred years” and “[merit] an especially careful examination of its role in the lives of children” 
[11]. Furthermore, even though there has been an increasing amount of research on digital games 
and play in different educational age groups, once again, very few studies have examined young 
children specifically [12]. As the use of iPads in classrooms is becoming more prevalent, research is 
needed to document this play and its interaction with and impact on learning. Additionally, examination 
of iPad apps is necessary to ensure that young children are provided appropriate interactions to 
promote foundational mathematics learning. This research looks at number sense apps that foster 
foundational number concepts such as counting, identifying, connecting representation to symbol, 
connecting verbal pronunciation to symbol, ordering, comparing, matching, and sorting, among others.  

Mastery of foundational concepts, such as number and quantity, at a young age has been found to 
promote successful skills in later mathematics [13]. Early academic advancement is important for 
future academic success [14]. Numbers and operations of numbers are usually the primary focus of 
mathematics for young children and the most important themes concerning the learning of math. 
Numbers and operations is a well-developed area of mathematical research [15], [16] supported by 
numerous psychological and early childhood studies [13]. Counting is a fundamental skill in the 
development of mathematical knowledge. Counting is a complex process that involves thinking, 
perception, and often movement of manipulatives [16]. Counting starts with preverbal number 
knowledge in infancy. Next, the child gains symbolic number knowledge and subitizing skills [17]. In 
counting, children must understand the objects to be counted. Also, in the counting process, children 
need to use manipulatives such as blocks, beans, marbles, or candies to form a concrete 
understanding of quantity. Next, the child assigns a number name to the objects being counted. The 
final step is for the child to connect the verbal representation (the name of the number) to the objects 
in a set [16]. Most children in preschool and kindergarten learn to count objects in order by 1, 2, and 3, 
then understand that the last number pronounced corresponds to the set [17]. Counting is more than 
reciting number words in order; children must also be able to associate the number words with objects 
to be counted.   

Elements most important to early numeracy development are subitizing, verbal and object counting, 
comparing, ordering, recognizing representations, identifying numerical symbols, and estimating [18]. 
Subitizing is when a child can look at a group and recognize without counting the number of objects in 
the set. Subitizing is considered a rudimentary mathematical skill. It is viewed as a foundational tool 
for counting because subitizing involves both the understanding of whole and unit items. For example, 
in the recognition of the number 2, a child should understand that the set contains two elements [19]. 
Also, in the counting of number 4, a child should understand that there are 2 groups of 2.  

When learning to count objects, children combine their knowledge of number words with an action, 
such as pointing. When children first learn to count objects, it is easier for them to count small objects 
in a line so that they are able to touch the objects as they count. With practice, children are able to 
count larger collections in various patterns. The progression of object counting is an important tool for 
children to grasp: “[t]he capstone of early numerical knowledge, and the necessary building block for 
all further work with number and operations, is connecting the counting of objects in a collection to the 
number of objects in that collection” [13]. 

The ordinal relationship of numbers establishes the greater than and less than positions of numbers. 
Ordinality of numbers distinguishes five as being greater than two. The understanding of ordinality, 
coupled with cardinality, provides the conceptual understanding of numbers. Cardinality is “the ability 
to represent the number of discrete entities in a set and to appreciate the numerical equivalence of all 
sets whose members can be placed into exact one-to-one correspondence” [20]. Once children have 
obtained this level of knowledge, the ability is utilized in various situations throughout their lifetimes. 
Verbally, the ordinal aspect of number represents the position of each number’s word in the counting 
sequence. 

Elements of each of these foundational mathematics concepts related to number sense were evident 
in the eight apps this research highlights. When teachers select apps for young learners, the apps’ 
fundamental competencies of number sense and quality of mathematics content are paramount. 
Teachers could look for digital platforms that mimic number sense tasks already-implemented in their 
classrooms to reinforce learning.  
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2 METHODOLOGY 
Thirty-five apps were selected by searching key words such as number sense apps, number concept 
apps, popular math apps for pre-schoolers, educational math apps, preschool apps, and math for kids, 
among others. Additionally, apps were selected for review from a list of number sense apps collected 
from several National Council of Mathematics conferences in which the author, Amy Adkins, 
presented. The list of apps was collected from professionals in mathematics education during three 
consecutive years of presenting on number sense apps. These apps were reviewed by the rubric 
provided in the following paragraph. The author will highlight eight outstanding number sense apps in 
the results section of this paper. 

Although digital platforms have been depicted as transformative in the learning process, very few 
guidelines for teachers on how to choose apps have been explored. There are four important areas to 
review when analyzing the quality of mathematics apps: quality of content, feedback and scaffolding, 
richness of interactions, and adaptability of the applications [21]. MathApps also included the following 
categories when developing their MathApps analysis website: level of cognitive demand, content 
standards, and standards for mathematical practice [22], which could be helpful when thinking about 
important characteristics of iPad apps to employ in the educational setting.  

When selecting apps for this project, particular attention was given to the apps’ level of cognitive 
demand. The apps were evaluated in categories of memorization (low cognitive demand tasks), 
procedures without connection (low cognitive demand tasks), procedures with connection (high 
cognitive demand tasks), and doing mathematics (high cognitive demand tasks). Memorization in apps 
generally involves reproducing previously learned rules, formulas, definitions, or facts. Procedures are 
not used or called for in these tasks. Procedures without connections in apps implicitly or explicitly call 
for specific procedures or algorithms without any apparent connection to underlying concepts. 
Procedures with connections in apps implicitly or explicitly call for specific procedures or algorithms, 
but do so to make connections to underlying concepts. When doing mathematics, which has high 
cognitive demand, apps require users to demonstrate, in some form, investigation of complex 
relationships and related concepts. Completion often requires problem solving, reflection, creating 
algorithms, generalizations, and conjecture [22], [23]. 

Other criteria for selecting apps was quality of mathematics content, engagement, feedback and 
scaffolding, differentiation, and ease of use. The apps needed to cover mathematical content 
significant to the learning of number sense such as recognizing small numbers, subitizing, ordering, 
enumerating objects (connecting the number words with objects), and understanding that the last 
number word said refers to how many items have been counted [18]. When considering the 
mathematical content of an app, the mathematics concepts need to be handled in an appropriate way 
and should build on prior knowledge. Engagement characteristics of the apps should greatly motivate 
students to use the app [24]. The feedback and scaffolding aspects of the apps are also important 
because students often use apps without the supervision of teachers. Apps’ feedback should assist in 
redirecting students towards a correct answer. Apps that provide similar questions to those missed, 
simplify a skill, or provide clues to help students improve their performance can be beneficial in mobile 
learning. Significant to the feedback and scaffolding characteristic of an app can be the teacher’s 
ability to view students’ work later for direction or redirection of instruction [25]. Differentiation in an 
app is vital to individual student instruction; being able to select the level of difficulty or target precise 
skills can increase the possibility of student success [25]. Differentiation features need to be easily 
used to meet the needs of diverse learners [24]. Ease of use refers to the students’ ability to launch 
and independently utilize the app [24]. Dynamic factors that can effect this aspect of ease of use are 
having directions read aloud, sequential or color-coded mathematics instruction, and student control, 
allowing students to move between levels of difficulty [25]. The rubric used to evaluate apps is 
included on the following page. It is modified from a rubric created by Harry Walker from Johns 
Hopkins University in 2010. The original rubric has authenticity as a category, but since this study is 
not interested in authenticity, the category was removed. The apps have been reviewed by three to 
four researchers for various national mathematical conferences presentations. 
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Table 1.  The rubric used to analyze apps 

Domain 4 3 2 1 

Cognitive 
Demand [22] 

Exercises in app require 
learner to demonstrate, 
in some form, 
investigation of complex 
relationships and relate 
concepts. Completion 
necessitates problem 
solving, reflection, 
creating algorithms, 
generalizations, and 
conjecture.  

Exercises in app 
directly or indirectly 
call for specific 
procedures or 
algorithms, but do 
so to make 
connections to 
underlying 
concepts. 

Exercises in app 
directly or indirectly 
call for specific 
procedures or 
algorithms without 
any apparent 
connection to 
underlying 
concepts.  

Exercises in app 
generally involve 
reproducing 
previously learned 
rules, formulas 
definitions, or 
facts. Procedures 
are not used or 
called for.  

Mathematics 
Content 

Mathematics content in 
the app is handled 
appropriately and builds 
on prior knowledge. 

Mathematics 
content in the app 
is correct but does 
not build on prior 
knowledge. 

Mathematics 
content in the app 
has a few errors and 
does not build on 
prior knowledge. 

Mathematics 
content in the app 
is incorrect and 
does not 
represent best 
practices. 

Engagement  
[24] 

Student is highly 
motivated to engage 
with the app’s 
instruction. 

Student utilizes the 
app when directed 
by a teacher. 

Student perceives 
the app as another 
assignment and 
may be distracted 
when directed to 
use the app. 

Student avoids 
using the app and 
might complain 
when it is 
required. 

Feedback and 
Scaffolding  
[24] 

Student is provided with 
specific feedback and 
lessons have 
appropriate scaffolding. 
Teacher can also view 
students’ work at a later 
date.  

Student is provided 
with general 
feedback. 
Exporting the 
student feedback is 
difficult or limited. 

Student is provided 
limited feedback. 
Limited performance 
data is available or 
student product is 
not accessible.  

Student is 
provided with no 
feedback. No 
performance 
summary or 
product is saved. 

Differentiation 
[24] 

App can easily be 
altered to meet the 
needs of diverse 
learners. 

App offers more 
than one degree of 
flexibility to meet 
students’ needs.  

App offers limited 
flexibility (few 
levels). 

App offers no 
flexibility and 
settings can’t be 
altered. 

[24] Student is able to 
launch and 
independently use the 
app. 

Student needs to 
have a teacher 
show or model how 
to launch and 
operate the app.  

Student needs to be 
cued each time the 
app is opened.  

App is difficult to 
operate or 
crashes often. 

3 RESULTS 
The following are brief descriptions of eight apps that include activities and tasks appropriate for young 
children. These apps exhibit strong potential to maximize learning for young children when considered 
alongside the aforementioned rubric’s criteria, including the cognitive demand of the tasks, 
mathematical content covered, engagement, feedback and scaffolding, differentiation, and ease of 
use. The following eight apps scored highest among the original thirty-five and would be 
recommended for implementation with young learners in a school or home setting. 

3.1 Todo Math 
This app provides animated personal learning tasks for children through fun and colorful digital world. 
For example, there is a section called “little farm” wherein the child matches different animal figures to 
representations on a card. The app provides matching tasks, in which symbols of numbers are 
matched to representation numbers 1 to 5. Todo Math activities involve basic math concepts such as 
counting and cardinality, number operations, mathematic reasoning, time, money, and geometry. The 
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learner’s progress is visualized on a map of the app’s activities and levels of difficulty. Parents and 
teachers can monitor young’s children progress through this map. 

3.2 Montessori Numbers 
This app provides an assortment of activities to practice number concepts. Activities such as counting, 
dragging blocks to match given numbers, ordering number symbols 1 through 9, identifying numbers, 
matching quantity to number symbol, and tracing numbers are incorporated into this app. A nice 
feature of this app has is the ability to set the difficulty of mathematical content by selecting the range 
of numbers to be practiced. For example, a student could work on numbers 1 to 3, 1 to 5, or 1 to any 
selected number range. 

3.3 Pink Tower-A Montessori Sensorial Exercise 
Pink Tower is an app that provides a digital version of Montessori’s physical Pink Tower activities. The 
app has twelve exercises for the child to work with, which allows the child to gain visual discrimination 
of dimensions and understanding of difference in size. The app provides tactile practice for learning 
dimensions of large, medium, and small. Its interface further allows users to navigate through either 
touch-clicks or touch-drags. Developed by Montessori teachers, this app provides young children with 
interactive opportunities to develop number sense. 

3.4 Math Shelf 
Math Shelf is an app developed on research principles surrounding math skills and math sequences; it 
incorporates a variety of Montessori’s physical manipulatives in a digital format. These manipulatives 
include colored beads, dot cards with number representations, counters, and number rods. It has a 
progression of sub-apps that address important competencies such as “subitizing, ordering quantities, 
one-to-one counting, and matching different quantity representations” [26]. Math Shelf has a variety of 
sub-apps; this study will include only the following sub-apps: Pink Tower, 1 to 3, 1 to 5, 1 to 9, bead 
addition, dice addition, number addition, charts 20, and addition to 10. Math Shelf has undergone 
significant design changes, but these sub-apps are still offered in the trial version. 

3.5 TouchCounts 
TouchCounts provides a digital platform for students to explore number concepts such as naming, 
counting, ordering, cardinality, and arithmetic. The app can support foundational concepts such as 
less than, greater than, equal to, and skip counting. Children are able to use touch, sight, and hearing 
to learn and develop stronger number sense. TouchCounts provides a mathematics exploration 
environment in which students can learn by allowing them to create and study their own questions. 
The app is designed for a preschool environment in small group or one-to-one settings. It was 
developed by the Tangible Mathematics Learning Project in the Faculty of Education at Simon Fraser 
University. 

3.6 Elmo Loves 123 
This app consists of all the familiar characters on Sesame Street. This app provides games, puzzles, 
songs, activities, and videos for children to learn numbers from 1 to 20. Children get to explore 
numbers with Elmo in interactive tasks such as trace the number, a digital display coloring book, and 
hide and seek number games. The app can support children in learning about number identification, 
number symbols, counting groups, problem solving, and creativity. It was developed by Sesame Street 
Workshop Apps, Incorporated. 

3.7 Count, Sort and Match 
This app focuses on preschool math concepts such as counting, sorting, and matching. This app 
provides counting, tracing, and sorting activities by both size and color. This app additionally provides 
an engaging element such as virtual manipulatives to move, colorful graphics, and clear directions. 
The app was featured in “Kids Best iPad Apps” in May of 2013 and was developed by Ripple Digital 
Publishing. 
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3.8 Basic Skills 
This app provides a variety of activities in which the child moves virtual manipulatives to complete the 
tasks. For example, the app may ask the child to match pairs with animal figures or toys. The app has 
several exercises that allow children to count objects, such as balloons and toys. The app provides 
prompts for the child, such as touch the smallest or largest toy. The app incorporates creative 
components by allowing children to design the carts on a moving train between learning tasks. The 
app won the Parent’s Choice Award and was developed by Studios 22 Learn, an award-winning 
education developer.     

4 CONCLUSIONS 
As the world moves toward increasingly digital learning platforms, it is crucial for even the youngest of 
students to be able to operate and facilitate technologies. Soon enough, we will live in a paperless 
world were students will interact with technology daily for all learning skills surrounding reading, 
writing, and calculations. Evaluating number sense apps at a preschool level has been both fun and 
exciting. As a math educator, math content and cognitive demand was the focus in app analysis to 
ensure foundational opportunities would be provided to young children. The researchers would like to 
suggest to future developers of number sense apps to include such attributes as short videos with 
number themes such as the ones in Elmo Loves 123. Apps that have virtual manipulatives with 
moveable objects provide students with engaging opportunities to experience and practice 
mathematical basic skills. Each of the eight apps discussed have these types of interactions in some 
form. The Count, Sort, and Match app illustrates this type of activity through the sorting of clothes 
hung on a clothesline. The MathShelf app provide familiar number activities explored in a digital format 
utilizing Montessori’s hands-on manipulatives, such as number rods and counting beads. There some 
nice tracing activities to learning numbers with the Todo Math app, Montessori Numbers app, and 
Elmo Loves 123. The goals of this research are twofold: firstly, to provide a framework for the 
appropriate selection of number sense apps for young learners, and secondly, to highlight specific 
attributes of apps that can mimic successful, already-established routine classroom practices in a 
digital environment. 
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