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ABSTRACT
This article describes the use of a digital tool to conduct investigations that allow young children to collect 
data to answer questions that are interesting and developmentally appropriate for preschoolers. The curricu-
lar program is designed as a set of hands-on experiences for preschoolers to engage in problem-solving with 
data. The digital tool supports the teacher to mediate each step in the investigation process, as preschoolers 
collaborate to pose a question of interest, identify categories or variables that can help answer the question, 
proceed through the data collection process, and quickly generate a visualization (graph or tally chart) that 
drives a deeper discussion or “data talk” to make sense of the data. By maximizing the affordances of technol-
ogy, data can be efficiently collected while children engage in science practices (e.g. asking questions) and 
mathematics learning (e.g. gather relevant data, sort and classify by attributes, analysis and interpretation of 
data). The use of this digital resource amplifies the scaffolding of each investigation, assists in the details of 
planning and conducting investigations, and provides colorful, engaging visuals to spur discussions about the 
data in relevant, age-appropriate ways. Throughout the process, children can build on and expand their math-
ematics and scientific knowledge and skills.

Keywords: Early childhood; Common Core-Math; NGSS; math; asking questions and defining problems;  
planning and carrying out investigations; using mathematics and computational thinking; engaging in  
argument from evidence; computers/tablets/smartphones; use of technology

There are many ways to engage preschoolers in sci-
ence and engineering practices by posing meaningful 
questions, collecting and sorting data, using a digital 

tool to support the creation of visual representations, and 
using data displays to answer developmentally appropriate 
research questions. These experiences can extend what is 
currently taught in the classroom and build on children’s in-
terests. What might this look like in a preschool classroom?

•	 Example 1: “Lets do a sink and float experiment!” As 
children test objects, the teacher enters that result in 
the digital tool. Children view the data in a tally chart, 
counting how many are in each category (sink or float) 
and talking about which category has the most objects, 
and why that might be.

•	 Example 2: After reading a book about animals, the 
teacher focuses children’s attention on a physical attribute 
and has the children sort the animals and make a graph to 
show whether the animals in the book have those features. 
“How many of these animals have a tail?” she asks after 
they’ve entered that data in the app on the tablet.

•	 Example 3: In a small group, preschoolers sort a set of 
disposable objects into the correct bin for paper recycling, 
plastic recycling, trash, or composting. One child takes 
on the role of entering the data into the app. The teacher 
then helps the children count how many objects are in 
each category, determine which bin had the most or least, 
and discuss how the number of objects in the trash bin 
changed when recycling and composting options were 
added.

The early years provide a unique opportunity to lay the 
foundation for data science (DS) and technological literacy, 
and to support building the problem-solving skills children 

will need in their later education and the future workforce. 
To prepare our students to succeed in our data-driven world, 
investigations with data provide an applied context for pre-
schoolers to engage with science practices, such as using 
mathematics and computational thinking, while also incor-
porating foundational mathematics skills—namely counting, 
sorting, classifying, comparing, and ordering. Educators can 
capitalize on preschoolers natural inclination to ask questions 
and engage with the world around them through meaningful 
DS activities (Platas 2017). Yet, teachers often feel unprepared 
to implement DS investigations or meet their data collection 
and analysis learning goals.

Many in the education space suggest the importance of 
focusing on DS early (English and Watson 2015), with some 
standards beginning to include it more formally (e.g., New 
York State Prekindergarten standards). We used a compu-
tational thinking (CT) lens to address the “data and analy-
sis” CT strand (K–12 Computer Science Framework 2016), 
which in this context refers to a problem-solving process that 
includes the analysis and interpretation of data (Lewis Press-
er et al. 2023). We can engage preschoolers in CT by asking 
questions and investigating the answers, and by using data 
and technology to address meaningful problems (ISTE and 
CSTA 2011; Lewis Presser et al. 2023).

Recent standards for preschool mathematics, such as 
those in New York State, have expanded to include data, but 
to help preschoolers meet these standards, teachers need re-
sources designed for young learners. Below, we describe a set 
of freely available developmentally appropriate DS investi-
gations that utilize hands-on materials and digital tools with 
an intuitive design. Through these early learning DS experi-
ences, we aim to support children by helping them to meet 
the Common Core Measurement and Data standards by the 
end of kindergarten.
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Child-Centered Investigations
Preschoolers can engage in age-appropriate investigations us-
ing data to answer research questions, an endeavor that can help 
build their understanding of the scientific process. The Pre-
school Data Toolbox is a free digital tool (Table 1) with an em-
bedded Teachers’ Guide that includes a set of six investigations 
(Table 2) to encourage teachers to bring DS investigations to 
life by quickly creating age-appropriate, appealing visual data 
displays. The Teachers’ Guide has lesson plans that use hands-
on materials, picture books, and physical movement to en-
hance preschoolers’ participation in a series of problem-solving 
activities using data that takes young children’s developmental 
learning needs into account. With the goal of incorporating and 
extending children’s interest, the program also offers a “Create 
Your Own” investigation—an open-ended instructional expe-
rience that supplements the structured investigations—that 
teachers and children can collaborate on as often as they want 
and in as many different ways as they want.

Throughout these data-focused activities, we encourage 
teachers to have children role-play as a “data scientist,” which 
our research suggests instills the investigation practices as a 
routine. As preschoolers often take on the role of various ca-
reers, this is a common way to engage preschoolers in the pro-
cess. It also signals to children that they are about to engage in 
a problem-solving process that uses data to answer questions.

Support Mathematics and Science 
Practices through Investigations
While teachers employed these activities with the goal of 
fostering mathematics learning, the frequent engagement in 

step-by-step investigations also fosters knowledge of prac-
tices that connects mathematics and science (e.g., asking 
questions, defining problems, planning/carrying out inves-
tigations, analyzing/interpreting data, arguing with evi-
dence). Thus, the investigations promote the integration of 
meaningful mathematics and CT in the service of addressing 
research questions.

Our approach encourages the use of hands-on materials, 
engaging children physically in data collection, and talk-
ing about the meaning of data visualizations through “data 
talks.” Using a teacher-facing digital app, there are six struc-
tured investigations, each of which has three to five instruc-
tional activities that build on each other over the course of the 
investigation. For example, in the first activity of the Animal 
Data Shuffle investigation, children sort animals based on 
how many legs each animal has, then create a graph using 
the digital tool. This is followed by sorting the same animals 
based on how they move and creating a digital graph (activity 
2), and then having a data talk about the resulting two graphs 
in activity 3. After teachers and children have gained experi-
ence with the investigations and digital tool, they can create 
their own graphs and design a narrative data story presenta-
tion with a series of graphs.

Scaffolding of the Investigation Process
Each investigation scaffolds the process of (1) asking a research 
question, (2) collecting and organizing data, (3) analyzing that 
data, and (4) interpreting the data through a data talk. Graphi-
cal representations are created with physical objects (e.g., ob-
ject graphs), pictures (e.g., pictographs), children’s own bodies 
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TABLE 1 

Digital journal features.

Preschool Data Toolbox

This digital app guides teachers and children through data investigations and embeds tools to foster data 
talk discussions focused on understanding what the data means.

The app 
scaffolds the 
investigation 
process, 
beginning 
with a name 
for the session 
and entering 
the research 
question. For 
example, the 
teacher asks 
children whether 
they would 
rather be a cat 
or a dog.

   

Next, teachers 
select the type 
of graph they 
want to use—a 
bar graph or a 
tally chart. Bar 
graphs allow for 
2–7 categories 
and tally charts 
allow for two 
categories.

Teachers can 
select the range 
and category 
labels for this 
investigation. 
Using the 
camera 
feature allows 
participants to 
take a picture of 
anything and use 
it as a category 
label.
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TABLE 1 Continued

Preschool Data Toolbox

Data is entered 
by tapping the 
icon and using 
the plus or minus 
buttons to input 
data to the 
graph.

Tools at the 
bottom of the 
analysis screen 
allow teachers 
and children 
to draw on the 
screen.

Change the way 
data points are 
viewed, from 
a pictograph 
representing 
each data point, 
to a block, to a 
full bar.

    

The green and 
purple sorting 
icons can be 
used to sort 
categories 
ascending, 
descending, 
or drag-and-
dropped in any 
order on the 
graph.

    

Gracie & Friends®/©2014, 2022 WGBH Educational Foundation
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TABLE 2 

Description of activities.

Investigation What did children do in this investigation?

What Do We Wear? Activity 1: Data scientists observe an attribute of their own clothing and sort 
themselves based on it.
Activity 2: Data scientists sort and graph clothing in the classroom’s dress up area 
(or cards with illustrations of clothing on them).
Activity 3: Data scientists compare two graphs and discuss their similarities and 
differences.

Animal Data Shuffle Children create a series of graphs focused on attributes of animals and people.
Activity 1: The teacher reads a book (Five Creatures by Emily Jenkins) and the 
class creates pictographs in the app based on character attributes.
Activity 2: Each data scientists receives an animal card and sorts themselves 
based on how the animals move and the number of legs the animal has.
Activity 3: Data scientists view the pictographs, body graphs, and bar graphs 
created and discuss the data.

The Hungry Caterpillar Activity 1–3: Data scientists create a series of graphs focused on how many pieces of 
food the caterpillar in The Very Hungry Caterpillar by Eric Carle (1994) ate each day.
Activity 4–5: Data scientists vote for their favorite fruits and vegetables, make 
graphs of each, and compare and discuss them.

Our Feelings Freeze Activity 1–3: Data scientists create three graphs about their feelings at different 
time points—in the morning, in the afternoon, and after striking a “silly” pose—
then create graphs, and compare the graphs to discuss what the data shows.

Frame It Activity 1–3: Data scientists predict, sort, and create graphs of the different 
objects they see within a frame placed outside. For example, how many leaves, 
acorns, and sticks are on the grass inside the frame?

Measure with Me Activity 1–3: Data scientists use three units of measurement (e.g., their bodies 
with arms outstretched, their bodies with arms by their sides, and their shoes) 
to measure an area of the classroom (e.g., circle time rug), create a graph, and 
compare these measurements.

Create-Your-Own 
Investigation #1 and #2

Teachers help data scientists generate their own research questions, either related 
activities already happening in the classroom or based on children’s interests. 
Then they select categories, collect the data, create a graph, and discuss the data.

Design-Your-Own  
(Data Story)

Teachers help data scientists select an investigation theme with multiple research 
questions. Then they engage in those investigations and use the app to create an 
annotated description of their investigation process, including text describing their 
questions and findings.

(e.g., body graphs), and graphs and tally charts using the digital 
tool and corresponding app. Once the graphical representation 
is created, teachers can use tools to support children’s interpre-
tation of the data by drawing on the screen; sorting the data as-
cending, descending, and by hand; and changing the data visu-
alization from a more concrete representation of the data as a 
picture of stacked boxes, to a more abstract representation of 
the data as a large bar for each variable (see Table 1). Finally, 
teachers can click through discussion question prompts to 
facilitate the implementation of data talks.

Create Your Own Investigation
In the Create Your Own investigations, teachers and chil-
dren are able to ask new questions that build on existing 
classroom activities (e.g., a unit or book) or investigate 
questions related to children’s interests. For example, 
teachers can pose a “question of the day” (e.g “How many 
toy cars long are you?” or “Which fruit should we have for 
snack today?”) a common practice in preschool, or they 
might graph data from a book (e.g., “Which character 
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helped solve the most problems?”) or event (e.g., “How 
many children used the swings today?”), or take inventory 
of a set of objects (e.g., “How many green vs yellow blocks 
are in this bin?”).

Fostering Learning with Digital Tools
Using digital tools to collect and represent data shows that 
technology can be useful in a problem-solving and sense-
making endeavor (NRC 2012; Papert 1980). However, there 
are few digital tools that are developmentally appropriate for 
preschool classrooms. Moreover, research on how to engage 
young, preliterate children in DS with digital tools is lim-
ited. Therefore, the Preschool Data Toolbox was designed 
to build knowledge about how to support teachers to foster 
early DS skills as young children use mathematics and a digi-
tal tool to answer real-world questions.

Leveraging digital tools to support learning, particularly 
with data, provides an opportunity to support both teachers 
and students. Instead of a game that a child can play inde-
pendently, this digital tool is meant for teachers to use as a 
way to support preschoolers’ explorations throughout the 
investigation process. For example, you might see teachers 
and preschool children collaborate to pose a question that the 
children are interested in, decide which data to collect, sort 
the data, then use the app to take pictures and label the cat-
egories, and generate a graph or tally chart quickly and easily, 
followed by a deep and meaningful data talk.

The use of a digital tool and corresponding app supports 
teachers throughout the problem-solving process, which can 
be a challenging instructional practice with young children. 
The affordances of technology also include the ease of creat-
ing data displays and visualizations that do not take away from 
instructional time, and the digital tools within the analysis page 
allow teachers to draw on the screen, sort categories, alter how 
data are displayed, and use prompts to drive the discussion.

Technology and Classroom 
Management
It is important to note that teachers are the intended app us-
ers, not children themselves. In most cases, teachers select the 
options in the app. As a way to engage children in the activity, 
many teachers hold the tablet and ask children to help by se-
lecting the categories to include in their graph. These categories 
are pre-reader friendly icons or photos (such as an apple icon 
and a photo of a toy eggplant). Children can easily enter the 
counts for each category (e.g., tap plus or minus sign to add or 
remove a data point). During the data talk, teachers can literally 
draw children’s attention to specific aspects of the graph by us-
ing the drawing tool or sorting feature (Table 1).

As children gain familiarity with the app, they may use 
it more independently. The balance between the teacher 
controlling the tablet and childrens’ use of the tablet can be 
shifted as children learn about the goals of the investigations 
(create categories, collect data, sort data) and their comfort 
selecting options on the screen alone grows. For example, af-
ter using the app for over a month, a child carried the tablet 
around like a clipboard as she approached each classmate, 
gathered their vote, and entered the data into a visual repre-
sentation. This was followed up by a circle time discussion to 
find out which activity was most and least selected. Teachers 
reported that using the tablets with children was easier than 
they initially expected, and as time went on, they felt more 
comfortable implementing the investigations.

Leveraging Mathematics to Build Data 
Knowledge
With dual engagement in fostering mathematics content 
and scientific practices, this program provides a platform 
to cross-pollinate STEM instruction at the preschool level 
and prime children for learning throughout the elementary 
school years. The program’s development process leveraged 
co-design with teachers and research to ensure that revisions 
were made to both the investigations and the app in response 
to teacher feedback and children’s responses to engaging 
with the tool and related learning activities (Lewis Presser, 
Young, et al. 2022). Our findings suggest that teachers de-
sired these resources, appreciated the teacher guide, lessons, 
and supports, and gained confidence in their ability to use 
data in their teaching. Children were observed engaging 
playfully during investigations and improved in their math-
ematics knowledge and data science skills (Lewis Presser, 
Young, Clements, et al. 2022; Lewis Presser et al. 2023).
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Below we describe a few lessons learned about how the 
program fosters learning.

Extending and Expanding Mathematics 
Skills
Through a series of studies, we found that this program 
provided a platform to practice mathematics skills (e.g., 
counting) and introduce new ways to use mathematics in an 
applied manner (e.g., comparing quantities in two categories; 
using data to answer questions). The extension of mathemat-
ics into the applied space and use of visuals were particularly 
helpful. As one teacher explained:

“The students are going around and asking questions 
and getting answers, and they have the ability to look 
at the data that they collected. And if you were to say, 
well, what are you learning today or what did you ask, 
they’re able to use the visuals and explain it themselves 
rather than looking at a board and seeing words that they 
might not be able to read. They understand colors. They 
understand shapes. They understand pictures. Those are 
symbols that have meaning to them. So, they’re able to do 
it [read the graphs] on their own. They loved being data 
scientists and taking on that role.”

Leveraging Mathematics to Foster Growing 
Science Practices
This naturally stimulates connections by partnering mathemat-
ics, science, and technology. One teacher explained the ubiqui-
tous way the app could be used for cross-content learning:

“That’s where it was fun. You could implement other 
things into the app. So it was everything. It was social 
studies. It was self-awareness. It was science and litera-
ture and the math, which is the most important part. So 
I thought it was great to have everything in one app, and 
it was just so versatile that it’s user friendly, and I really 
had a blast.”

Supporting Teachers Professionally
The program and related app were educative not only for 
children but also for teachers who felt more confident deliv-
ering mathematics instruction and doing so regularly. For 
example, a teacher said:

“Math has never really been my strong suit, so it’s defi-
nitely not something I would always gravitate towards. 
So I feel like the app was a great tool to include math in 
our lesson plans every week.”

It also allowed teachers to move beyond traditionally 
taught mathematics concepts and engage with graphs and vi-
sual displays. Graphing helped teachers understand how to 
meet DS standards in a way that made sense for preschoolers:

“It was really one of the first times I’ve done in-depth 
graphs with the children. So I think it was a great experi-
ence. Not only for the kids, [but] for me too.”

Venue for Data Discussions
The investigations offered a way to talk with preschoolers 
about the data they saw in the graph and help them interpret 
it to answer the research question while engaging their criti-
cal thinking skills. Children’s use of language was illustrated 
by their engagement in the scientific process:

“Using their language to express what they want to 
do and how we [were] going [to] find out…they fill the 
cup with water and fill a bottle and said, ‘let’s measure 
how many cups in this whole [bottle]…how many cups 
will [you] put in here? [pointing to top of bottle]’ That’s 
amazing. Amazing. For four-year-olds to think about it 
and be like a scientist.”

Teachers often used these data talk discussions to conduct 
formative assessments of children’s understanding of math 
concepts (e.g., how well are children counting/classifying ob-
jects?) and data concepts (e.g., are children able to identify the 
category with the most and least objects?). Children typically 
show their knowledge by counting (e.g., pointing at each box 
on the graph), identifying the category with most or least, and 
using that information to answer the research question (e.g., 
which snack do the most children like?). Other skills are much 
harder for preschoolers, such as comparing data from two 
graphs. One strategy teachers often used to better understand 
children’s thinking and foster discussion was to ask children 
“Where on the graph do you see that?” regardless of whether 
children’s answers were correct or incorrect.

Investigations Extend Learning and Foster 
Children’s Interest
The “Create Your Own (CYO)” investigations allowed 
teachers to build on other activities they were already doing 
in the classroom. One teacher described how she built an 
CYO Investigation into their butterflies unit, which main-
tained children’s interest in the unit while they waited for the 
butterflies to emerge from their chrysalises.

“I liked how it was a topic that we had and talked about 
in our previous [lesson] studies. I liked that it [Create 
Your Own] was a high interest investigation, because we 
had butterflies, and were hoping they were going to emerge 
soon, so there was a lot of excitement around the insect unit 
to start with and they always love to share their opinions.”

Conclusion
This program seeks to foster children’s problem solving skills 
in mathematics and science, while leveraging the affordances 
of technology so that data can be collected easily and efficient-
ly to answer research questions. These investigations help pre-
school children employ science practices (e.g., asking ques-
tions, using models; NGSS Lead States 2013) and build their 
mathematics knowledge (e.g., counting, sorting, classifying 
data), as well as their CT and problem-solving skills such as 
reasoning and interpreting data. The digital app provides scaf-
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folding for each step of the investigation and serves to visually 
organize the data as a way to engage children in developmen-
tally appropriate discussions.

The curricular investigations and app provided chil-
dren with learning opportunities that would not otherwise 
be easy to implement in a preschool classroom. It builds on 
the meaningful mathematics that children are already do-
ing and extends that learning to science practices. Results 
from our studies suggest that the app provided a systemat-
ic process for data collection, entry, and interpretation; one 
teacher summarized how the app supported her students’ 
learning:

“Once they got toward the end [of the investigation], 
children anticipated the questions and took time to think 
about what the graph represented. Seeing the graph was 
really helpful. They loved [using] the iPad.”

Feedback from teachers suggests that these data in-
vestigations were developmentally appropriate, while 
engaging children in mathematics that was scaffolded 
for preschool teachers to implement. Indeed, teachers re-
marked that they knew there were prekindergarten data 
learning standards they were supposed to address in their 
instructional practice, but were unsure how to do so before 
using this program.

This program supported teachers and children through 
the science practice of using mathematics and data-focused 
computational thinking. Teachers like that the activities inte-
grate hands-on materials with movement, include data talks 
and discussion, and engage children in play-based lessons 
with authentic research questions that are relevant to chil-
dren’s lives.
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