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Abstract

This systematic review investigates best practices for promoting data literacy development in pre-K—5
learners, with a specific focus on caregiver involvement in at-home learning environments. A comprehensive
search and screening process identified 42 studies for inclusion. The studies were analyzed to determine
effective strategies for fostering early data literacy. Key findings emphasize (1) early, developmentally
appropriate engagement with attention to equity; (2) core learning outcomes in computational and data
literacy; (3) learning approaches integrating real-world contexts and hands-on experiences; (4) balanced use
of digital tools and unplugged activities; and (5) essential parental and caregiver involvement. The review
highlights integrating data concepts into everyday family routines, using age-appropriate activities, while
addressing barriers related to access, confidence, and cultural relevance. Significant gaps remain in
understanding effective caregiver support strategies. This review provides actionable insights for educators
and caregivers to strengthen early data literacy through collaborative home-based interventions in an
increasingly data-driven world.
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Introduction

In an expanding data-driven world, fostering early data literacy skills in children is not merely advantageous; it is
essential for their academic achievement and lifelong success. Despite the growing recognition of data literacy as a
critical 21st-century skill, no prior systematic review has comprehensively examined the role of caregivers in
cultivating these foundational abilities at home.

At-home data literacy refers to the efforts of caregivers to engage with and support their pre-K—5 children in basic
data-related activities (Jones et al., 2020). Engagement and support include helping children understand,
interpret, and use data in everyday contexts—skills that are vital for navigating an information-rich society.

Caregiver engagement in early data literacy involves teaching children to gather information, ask meaningful
questions, identify patterns, and make decisions based on simple data (Kircali & Ozdener, 2023). Everyday
interactions, such as tracking weather patterns, managing household tasks, or budgeting, offer rich opportunities to
embed data literacy into family life and foster critical thinking and early numeracy skills. However, the broader
impacts of such activities on children’s academic trajectories and social-emotional development remain
underexplored.

Existing research has touched on parent and caregiver involvement in children’s education and the benefits for
formal learning outcomes (e.g., Cosso et al., 2022). However, a critical gap persists in understanding how
caregivers specifically influence early data literacy skills, an area positioned to shape future educational equity and
community participation. This literature review aims to systematically explore this intersection, synthesizing
findings from informal learning contexts, pre-K—5 computational and data literacy education, and informal
statistical inferencing practices.

By consolidating evidence and identifying effective caregiver strategies, this review seeks to provide a
groundbreaking framework for understanding how families can nurture their children as digital data consumers.
Ultimately, this paper offers practical guidance for empowering caregivers to foster early data literacy, positioning
children for success in higher grades and in an increasingly data-centric world.

The research questions guiding this review include:

1.  What are general best-practices for at-home data and computational learning, reinforcement, or tutoring
that target pre-K—5?

2. What lessons are learned from current or recent research in related fields (computer science, statistics,
computational thinking) that may inform practices for at-home data literacy?

Defining Key Terms

Data literacy is the ability to interpret, work with, produce, and share information derived from data (Stornaiuolo,
2020). Data literacy encompasses skills such as data collection, data analysis, data interpretation, and data
presentation and involves understanding data sources and being able to interpret visualizations (e.g., charts,
graphs) to make informed decisions based on data (Stornaiuolo, 2020).

Computational thinking (CT) is an approach to problem-solving that involves decomposing complex issues into
simpler, more manageable components while applying logical, structured strategies to find solutions (Yadav &
Berthelsen, 2022). CT includes skills such as algorithmic thinking, pattern recognition, abstraction, and
decomposition and is fundamental in programming and computer science; it is applicable across various
disciplines and everyday problem-solving tasks (Yadav & Berthelsen, 2022).
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Computer science education (CSE) involves teaching and learning the principles and practices of computing and
technology. CSE covers various areas, including coding, algorithms, data structures, software engineering,
cybersecurity, and the ethical considerations surrounding technology (Yadav & Berthelsen, 2022). The goal of CSE
is to equip students with both conceptual understanding and hands-on skills to analyze and develop technological
solutions (Yadav & Berthelsen, 2022).

In the context of CT and CSE, unplugged and plugged activities refer to different approaches in teaching and
learning. Unplugged activities are educational tasks that do not involve the use of computers or digital technology.
Unplugged activities are designed to teach concepts of CSE, CT, or data literacy through hands-on, offline methods
(Yadav & Berthelsen, 2022). Plugged activities involve the use of digital tools and technology to teach and learn
concepts. Plugged activities incorporate computers, tablets, or other digital devices to explore and apply knowledge
and often include programming, simulations, and interactive tools (Yadav & Berthelsen, 2022). Both approaches
have their place in education and can complement each other. Unplugged activities can build fundamental
understanding and skills, while plugged activities can enhance learning through technology and provide practical
applications (Ocak et al., 2023).

Methodology

Search Strategy

A detailed search strategy was developed using the ERIC database. The search terms included “pre-K-5 data
literacy,” “statistics education,” “statistical inference,” “families,” “out-of-school,” “at-home learning,” “unplugged
activities,” “computer science,” and “computational thinking.”

To ensure the relevance of selected studies, the search was conducted using predetermined inclusion and exclusion
criteria, with no restrictions placed on publication date. Inclusion criteria required studies to be peer-reviewed
journal articles focused on pre-K-5 education, empirical in nature, available in full text, written in English, based in
the United States, and with a clear methodological framework. Exclusion criteria ruled out gray literature, studies
outside pre-K—5 education, nonempirical studies, duplicate studies, and studies outside the United States.

A total of 42 articles are included in this review (see Figure 1 for the PRISMA; Page et al., 2021). These criteria were
established to ensure that the review addresses relevant research that informs the design and improvement of at-
home data literacy learning in the U.S. context, consistent with the priorities of the funding organization.
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Figure 1. PRISMA Diagram for Selection of Studies
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Data Extraction, Synthesis, and Analysis

From the eligible reports, a total of 42 studies met all inclusion criteria and were included in the systematic
review. Data extraction focused on key aspects, such as study design, participants, intervention or exposure,
outcomes measured, and findings related to data literacy or CT. Additionally, each included study underwent
a quality assessment based on predefined criteria to evaluate methodological rigor and potential biases
(Creswell & Guetterman, 2019).

This assessment aimed to ensure the reliability and validity of the findings included in the systematic review.
Data synthesis involved a narrative approach due to the diversity in study designs and outcomes. Themes and
patterns related to data literacy and CT within at-home learning settings were identified and synthesized to
offer a broad overview of the current state of research in this field (Creswell & Guetterman, 2019).

Findings
Foundational Principles for Pre-K—5 At-Home Data Literacy

Research demonstrates that early introduction of CT, through coding toys and platforms, establishes foundational
skills for data literacy (Cai et al., 2023; Sung & Black, 2021). For example, Prado et al. (2022) found that discussing
computational concepts through “think-alouds” and incorporating self-initiated activities with peer feedback
facilitated independent learning and problem-solving among third- to fifth-grade learners using Scratch
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curriculum. Additionally, early engagement activities, including coding toys for mathematical concepts (Jones et
al., 2020; Shumway et al., 2023) and numeracy games (Rich et al., 2019), promote foundational data literacy skills.

Effective at-home data literacy activities must be tailored to children’s developmental stages, with younger children
requiring more guidance and older students benefiting from greater independence (Shen et al., 2020; Strawhacker
& Bers, 2019). The ScratchJr iPad app provides developmentally appropriate programming for children aged 5 to 7
years through interactive stories and games using graphical programming carefully designed to match young
children’s cognitive, personal, social, and emotional development (Portelance et al., 2016).

This review also underscores the importance of addressing gender stereotypes and equity. Actively challenging
traditional gender stereotypes related to technology and engineering is critical, ensuring every child can access
technology equally and is encouraged to investigate these subjects (e.g., Krause et al., 2023). Sullivan and Bers
(2016) found that young children associate gender stereotypes with technology tools, with the majority believing
boys would enjoy Lego and programmable robots more than girls, largely due to color associations. These results
emphasize the deep-rooted gender stereotypes that even young children associate with technology and play,
highlighting the importance of addressing and challenging these biases to create equitable at-home learning
environments.

Learning Environments and Approaches

Collaborative learning enhances data literacy by allowing children to articulate and refine their understanding
through dialogue and peer feedback (Hinojosa & Bonner, 2023; Israel et al., 2018; Sullivan & Bers, 2016).
Harlow and Leak (2014) demonstrated how fifth-grade students collaborating on TurtleArt geometry projects
improved their problem-solving efficiency through peer support, progressing from repetitive clicking to using
repeat functions. See Figure 2, which illustrates how collaborative learning enables children to refine their
ideas and develop more efficient problem-solving strategies by building on each other’s knowledge and skills.

Figure 2. Students’ Co-Produced Program Output Map
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Integrating real-world contexts into at-home learning makes abstract data concepts more relatable and can be
implemented using everyday materials (Shen et al., 2020; Shumway et al., 2023; Tank et al., 2024). Herro
and et al. (2022) integrated CT in an elementary classroom and connected their work to children’s literature.
When describing one of their themes—helping students make connections—the researchers reported that
students were able to link the activity to other areas of their lives, different fields of study, or potential career
paths, with one teacher sharing:

»
>
Program

How 4th graders read a story about a dolphin communicating with a deaf girl, which led to building
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models of ears and activities about sound. When learning about electricity, insulators and conductors,
the students used the Makey-Makey to create circuits of holiday lights, eventually leading many
students to choose the Makey-Makey for their musical instruments (p. 165).

Additionally, another teacher “talked about having students ‘pitch’ products similar to the real world to make

connections between design, programming, and creating something to ‘fulfill a need’”” (Herro et al., 2022, p.
165).

Incorporating active and hands-on learning approaches, such as physical manipulation of objects or embodied
activities, strengthens the understanding of abstract concepts like geometry and coding. Moore et al. (2020)
examined how elementary students developed CT through hands-on robot mouse activities that required
translating between code cards and physical movements. Figure 3 demonstrates the “translations between the
representations used by the students in the Follow the Cards to Place the Cheese on the Course Activity
showing the contrast between the representational translation of the task and the student translations”
(Moore et al., 2020, p. 29).

Figure 3. Demonstration of the Students’ Task Requirement and Their Performance
[ —
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Note: Reprinted from Moore et al. (2020).

During this activity, students primarily used the mouse and their hands as physical tools to follow the
algorithm presented by the code cards. These tools helped them track the mouse’s progress along the path,
carefully following each step on the code cards to monitor the mouse’s direction and position. When learners
were unable to use these tangible tools directly, they devised substitutes (Moore et al., 2020). When one
student was told he could not use the mouse directly on the course, he picked up a bracelet toy he had been
playing with and commented:

Wait, I want...I think I can do it. [Places the mouse in one hand directly in front of himself on the
table and his bracelet in the other on the course. He aligns them in the same direction]. So, boom
[moves both mouse and bracelet forward one space. Looks at next code card]. And then boom [turns
both mouse and bracelet, looks at next code card]. Boom [moves them both forward one space, looks
at next code card]. Boom [turns both, looks at next code card]. (Moore et al., 2020, p. 29)

Hands-on approaches using tangible objects help children connect abstract data concepts to everyday
experiences in at-home environments (Cai et al., 2023; Tank et al., 2024).

Additionally, the literature highlights several unplugged exercises that can enhance data literacy in at-home
learning environments (Ehsan, Rehmat, & Cardella, 2019; Moore et al., 2020). Examples include data
collection and charting (surveying family members and creating bar graphs), sorting and classifying physical
objects by characteristics, paper-based coding challenges using step-by-step instructions, and interactive
storytelling where random data influences plot outcomes (Herro et al., 2022; Tank et al., 2024; Tran, 2019).
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These activities demonstrate that essential data literacy skills can be developed through accessible, hands-on
methods.

Technology and Digital Tools

The systematic review revealed several effective technology platforms, apps, and digital activities that facilitate the
development of data literacy skills in at-home settings. These tools offer interactive and accessible ways for
students to engage with data-related concepts, enhancing their understanding through hands-on digital
experiences. Block-based programming tools, such as ScratchJr and Kodable, introduce students to sequencing,
loops, and logical problem-solving through interactive activities (T. Luo et al., 2022; Portelance et al., 2016;
Strawhacker & Bers, 2019). Spreadsheet platforms, such as Google Sheets and Microsoft Excel, teach data entry,
organization, and visualization skills (Siegle, 2005; Waterman et al., 2021). Design platforms like Tinkercad help
students understand spatial relationships and digital manipulation (Herro et al., 2022). These foundational tools
are critical for students as they begin to think in structured, step-by-step processes (essential for handling and
interpreting data), and support the development of key data literacy competencies in an informal, at-home
environment, which fosters both engagement and foundational knowledge through technology-driven activities.

Significant barriers limit digital tool accessibility, however, including the digital divide, lack of parental familiarity
with data literacy concepts, developmental appropriateness concerns, language and cultural relevance issues,
financial constraints, and screen time hesitations (Tank et al., 2024). These barriers make unplugged activities
particularly valuable as low-cost, accessible alternatives for introducing data literacy concepts at home.

Balancing digital and non-digital learning supports CT development through varied experiences (Herro et al.,
2022; Tank et al., 2024). Unplugged activities are particularly effective as they provide tangible, low-cost
applications suitable for young children. Tank et al. (2024) found that K—2 students demonstrated age-appropriate
problem decomposition through unplugged sequencing tasks, using either big-picture (top-down) or step-by-step
(bottom-up) approaches, which suggests sequencing as an effective entry point for developing CT skills. At-home
sequencing tasks, such as arranging picture cards depicting plant growth stages, help children develop logical
thinking and pattern recognition. As proficiency develops, these unplugged activities can integrate with digital tools
for more complex explorations of variables, simulations, and data models, creating a blended learning environment
that supports both computational and data literacy development (Herro et al., 2022; Shen et al., 2020). By
blending unplugged activities with digital tools, caregivers can foster a rich learning environment that promotes
both CT and data literacy, empowering children to apply these skills in diverse ways.

Learning Outcomes and Skill Development

The analysis from the review yielded several key insights into addressing how learning outcomes for learners can be
structured and supported to enhance their understanding of data literacy concepts in informal, home-based
settings. Findings include data regarding understanding data types, data collection and organization, introduction
to data visualization, and problem solving with data.

Understanding Data Types

Studies highlight the significance of instructing learners on how to recognize and categorize various data types,
including categorical and numerical data (Herro et al., 2022). Studies suggest that by focusing on real-world
examples, students develop a clearer understanding of how various data types are used. This foundational
knowledge allows learners to differentiate between types of data, providing a basis for more complex data-related
tasks (e.g., Krause et al., 2023; Leonard et al., 2023; Metcalf et al., 2021; Shen et al., 2020).

Data Collection and Organization
Effective at-home data literacy highlights hands-on activities for collecting and organizing simple datasets.
Research points to strategies like household surveys or simple experiments as ways to engage students in the data
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collection process (Ehsan, Rehmat, & Osman, et al., 2019; Israel et al., 2018; Jones et al., 2020). The literature
suggests that by organizing data into charts or tables, students can more easily identify patterns, enhancing their
ability to interpret information and draw conclusions (Ehsan, Rehmat, & Osman, et al., 2019; Jones et al., 2020).

Introduction to Data Visualization

Studies consistently emphasize the role of visual representation in improving data literacy. Research indicates that
when students create basic visualizations, such as bar charts or pictographs, from data they collected (e.g., Jones et
al., 2020), or even secondary data they found (e.g., Siegle, 2005), learners develop a clearer understanding of how
data can be presented (e.g., Ehsan, Rehmat, & Osman, et al., 2019; Tank et al., 2024). The use of simple tools or
household materials is often recommended for producing these visual representations, which are effective in
helping students grasp the relationships within datasets.

Problem Solving With Data

The literature suggests that problem solving with data is a critical skill that can be fostered at home. Lessons
learned from the mostly classroom-based research indicate that students who use data to solve simple, everyday
problems, such as predicting the outcomes of a robot’s behavior (Cai et al., 2023) or making informed decisions
regarding game design (Baytak & Land, 2011), develop a stronger connection to the practical uses of data and
stronger connections to learning mathematics or CT (Jones & Jacobbe, 2014; Shen et al., 2020). These exercises
strengthen analytical skills and support a more consistent practice of critically evaluating data claims and evidence-
based arguments.

The research underscores the value of structured, hands-on learning experiences that guide students through the
identification, collection, visualization, and application of data. These data practices can enhance at-home data
literacy and support broader educational goals in data science, computer science, mathematics, or STEM.

Role of Parents and Caregivers

Caregiver/parental involvement and support play a pivotal role in reinforcing data literacy. Caregivers who stay
involved, provide encouragement, and model positive attitudes toward learning help reinforce what children learn
at school (e.g., F. Luo et al., 2022; T. Luo et al., 2022). For example, Civil and et al. (2008) examined how Latino
caregivers support their children’s math learning at home. Civil et al.’s (2008) findings indicated that caregivers
often reflect on their own educational experiences, which can lead to conflicts when faced with unfamiliar teaching
strategies. However, this situation also creates opportunities for sharing strategies and mutual learning.

One recurring theme in the authors’ findings is how caregivers’ experiences with math education in Mexico (where
memorization was emphasized) contrast with the more process-oriented approach in U.S. classrooms. One parent
shares:

When we went to school, we were asked to learn the multiplication facts from 1 to 10, and all of them, and
mixed and in any way, because they quizzed us on them. But not here, here the kids struggle too much to
make a calculation; they take out a little notebook. Here they get a notebook and on the back cover they
have a chart with the multiplication facts, and there they are. And I tell them: No, you have to memorize
them. (Civil et al., 2008, p. 50)
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Despite differences in educational backgrounds and language barriers, many caregivers seek community support
by taking their children to local centers or asking for help from family and neighbors (Civil et al., 2008). Some
caregivers, concerned about their children’s progress, actively engage in activities to encourage mathematical
reasoning. While these efforts can help strengthen learning, they may also create tension if they misalign with the
teacher’s methods. Ultimately, fostering these connections can enhance both learning experiences and family
involvement, which is crucial for reinforcing data literacy.

Discussion

This systematic literature review synthesized research on best practices for fostering data literacy among pre-
K-5 learners in at-home learning environments. Three major themes emerged from the analysis.

First, early engagement with CT and data concepts establishes foundational skills that support long-term
STEM proficiency, with evidence suggesting benefits from introducing these concepts as early as preschool
(Herro et al., 2022). Second, effective at-home data literacy learning requires balancing structured guidance
with opportunities for self-directed exploration, utilizing both digital tools and unplugged activities tailored to
developmental stages (Tank et al., 2024). Third, parental and caregiver involvement serves as a critical
mediating factor, with caregivers’ confidence, knowledge, and engagement strategies significantly influencing
children’s learning outcomes (F. Luo et al., 2022). These findings collectively underscore that at-home
environments offer unique opportunities for contextualizing data literacy within authentic, meaningful
activities that complement formal education (Herro et al., 2022; Shen et al., 2020; Tank et al., 2024).

Limitations

This systematic literature review has several limitations that should be considered when interpreting findings.
Three major limitations emerged from the analysis.

First, most studies focused on CT and computational literacy rather than explicitly on data literacy. Limited
formal meta-analyses or systematic reviews have been conducted on this specific topic, creating a gap in
understanding the best practices for fostering data literacy in pre-K—5 learners, particularly in at-home
contexts. Consequently, this review drew on adjacent literature to extrapolate principles applicable to at-home
data literacy learning, but the findings may not fully address the unique challenges and opportunities
associated with teaching data literacy outside formal classroom settings, particularly in at-home settings.

Second, the studies included in this review were drawn from a single database and focused exclusively on
research conducted in the United States. This geographic and methodological limitation may narrow the
generalizability of the findings and limit insights into international or cross-cultural approaches to early data
literacy education. Research from other countries with different educational systems, cultural values, or
technological infrastructure may reveal alternative or complementary strategies.

Third, the literature on at-home data literacy remains underdeveloped compared to research on formal
classroom interventions. Many studies examined structured programs or educator-led activities rather than
parent-facilitated learning in home environments, limiting direct applicability to at-home contexts.

Implications for Practice

The findings from this review suggest several actionable strategies for caregivers, educators, and program
designers seeking to support at-home data literacy. Five major findings emerged from the analysis.

First, prioritize early introduction and sustained engagement. Caregivers and educators should introduce CT
and data concepts beginning in early childhood, using age-appropriate activities that build progressively in
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complexity. Rather than waiting for formal schooling, caregivers can integrate data literacy into everyday
routines through activities such as sorting, categorizing, pattern recognition, and simple data collection about
family activities.

Second, blend digital and non-digital learning modalities. While educational technologies and coding
platforms offer engaging entry points, unplugged activities provide equally valuable opportunities for
conceptual development without requiring devices or internet access. Caregivers should select tools and
activities based on learning objectives and developmental readiness rather than defaulting to digital solutions.
When digital tools are used, platforms that encourage creativity, problem solving, and open-ended exploration
(rather than rote skill practice) yield stronger outcomes.

Third, embed learning in authentic, real-world contexts. Abstract data concepts become more accessible when
connected to children’s lived experiences and interests. Families can leverage everyday situations—meal
planning, navigation, sports statistics, weather patterns, or community observations—as contexts for data
collection, analysis, and interpretation. This approach makes data literacy relevant and meaningful while
strengthening family engagement.

Fourth, address equity considerations proactively. Programs and resources must account for diverse family
structures, socioeconomic contexts, cultural backgrounds, and varying levels of parental confidence with
STEM content. Providing multilingual materials, offering flexible participation formats, and designing
activities that require minimal specialized resources can improve accessibility. Additionally, intentional
attention to gender-inclusive messaging and representation helps ensure all children see themselves as
capable data learners.

Finally, support caregiver confidence and capacity. Many caregivers express uncertainty about their ability to
facilitate STEM learning. Providing clear guidance, example activities, and reassurance that everyday
interactions count as valuable learning opportunities can empower caregivers to engage more confidently with
their children around data literacy.

Future Research Directions

While this review identifies preliminary insights that may inform practice, the existing literature reveals a
critical limitation: there is insufficient empirical evidence to confidently guide caregivers and program
designers in supporting children’s at-home data literacy. Four future research directions emerged from the
analysis.

The first area of needed research is the long-term impact of parental involvement in at-home data literacy.
While research in other areas, such as general academic achievement, has shown some evidence of long-term
benefits from parental engagement, similar studies in data literacy are scarce. While short-term outcomes,
like improvements in students’ immediate skills, may be observed, little research exists on how this
involvement influences learners’ data literacy over time. Longitudinal studies are needed to better understand
the lasting effects of parental support and how the supports shape a child’s ongoing engagement with data
literacy.

A second major gap in the literature concerns the impact of cultural and socioeconomic factors on parental
support for at-home data literacy. Most existing studies fail to address how differences in cultural values,
family dynamics, and access to resources (technology or otherwise) influence the way caregivers approach
data literacy education. Future research should focus on understanding these variations and how they affect a
family’s ability to provide adequate support. Investigating strategies to mitigate disparities in access to
resources and opportunities is crucial for ensuring that all families, regardless of background, have the means
to support their children’s data literacy development.
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Third, many caregivers may lack the confidence or knowledge needed to engage with data literacy activities at
home, which can limit their ability to support their children effectively. The literature does not adequately
address how caregivers’ own understanding of data literacy affects their involvement in their children’s
education. Future research should explore ways to increase caregivers’ confidence and knowledge, offering
training programs or resources to help them build their own data literacy skills. By empowering caregivers
with the necessary knowledge, they will be better equipped to guide their children’s learning.

Finally, digital tools and apps designed to help caregivers enhance children’s data literacy are an area with
limited research. Although numerous tools exist for other subjects, the effectiveness of digital resources,
specifically for data literacy, remains underexplored. Future studies should evaluate existing tools to
determine their usability and effectiveness in fostering data literacy skills at home. There is a need for
research into developing new, more user-friendly digital resources that cater to caregivers’ needs and help
bridge the gap between home and school learning environments.

Conclusion

The literature on fostering data literacy in at-home contexts for pre-K—5 learners remains underdeveloped but
holds considerable promise. Prioritizing family and caregiver engagement, employing developmentally
appropriate practices, attending to equity considerations, and strategically integrating digital tools will be
essential for creating comprehensive approaches to children’s data literacy at home. As data-driven
technologies become increasingly embedded in daily life, ensuring young learners develop data literacy skills
early is imperative.

At-home learning environments offer unique opportunities to contextualize these skills within authentic,
meaningful activities that complement formal education. By addressing the research gaps identified in this
review and supporting families in facilitating data literacy learning, educators and researchers can help ensure
all children develop the foundational competencies needed to navigate and critically engage with data across
diverse contexts throughout their lives.
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