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Abstract

Over the last two decades, there has been an increasing focus on spatial technologies in teaching and learning, revealing the
potential to support new forms of youth sensemaking across varied settings and modalities. Recent scholarship has shown the
possibilities of participatory digital mapping technologies, enabling young people to collect data within community settings and
create interactive data-rich maps about complex phenomena and processes that build from their local expertise and inquiries.
Yet to date, these technologies and related pedagogies remain less researched within K-5 educational contexts. In this article,
we examine the most recent iteration from a multi-year design research project that centered Sth grade students’ learning about
socio-ecological systems by engaging in participatory digital mapping to study their schoolyard soil ecosystems underfoot. We
examine the possibilities of centering digital participatory map making as a basis for modeling and argumentation in elementary
science. Analyzing whole class discussion video within the 10-week curriculum, we show how children authored their collective
maps in numerous ways, making visible their social and ecological knowledge of the schoolyard, as well as their experiences
defining, producing and visualizing qualitative and quantitative data. As part of this broader design-based research project, we
find that children were able to reason about complex socio-ecological systems across spatial, temporal, and relational dimensions
in inventive ways, often considered out of reach for elementary aged students, while also expanding what could count as data and
what ways of knowing were valued within the science classroom. Implications for science education, place-based education, and
emerging geospatial technologies are discussed.

Keywords Participatory digital mapping - Elementary science education - Modeling - Argumentation - Ecology - Data - GIS
mapping

Introduction

Over the last two decades, there has been an increasing preva-
lence of spatial technologies within K-12 education, reflect-
ing a broader spatial turn in social sciences (Leander et al.,
2010). Sparked in part by the unprecedented accessibility of
geospatial data, sensors and software, spatial technologies

< Kathryn Lanouette
lanouette @ wm.edu

Sarah Van Wart
svanwart@unca.edu
Department of Curriculum & Instruction, William & Mary,

School of Education, Williamsburg, VA, USA

Department of Computer Science, University of North
Carolina, Asheville, NC, USA

Department of Information Science, Cornell Tech,
New York, NY, USA

Published online: 31 October 2024

have enabled young people to access and interact with a wide
variety of publicly available digital maps and opened new pos-
sibilities for authoring novel geospatial datasets and data visu-
alizations (Haklay et al., 2008). Moreover, these technologies
have created new opportunities for educators to challenge and
expand where, what and how learning and teaching can unfold
within educational spaces.

Participatory digital mapping is a collaborative approach
to digital map making that empowers people to create, rep-
resent, and share their place-based observations, knowledge,
and experiences (Elwood, 2008; Elwood et al., 2011; Tull-
och, 2008). In contrast to traditional GIS maps, participa-
tory digital mapping is focused on opening up new channels
for authorship and advocacy by centering local expertise
and perspectives in question formation, data collection, and
collaborative sensemaking (Lanouette & Taylor, 2022).
Within educational research, participatory digital mapping
has primarily been studied in the context of teenagers and
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young adults, where it has been shown to support critical
sensemaking about complex social, political, and histori-
cal phenomena central to young people’s daily lives (Hall
et al., 2020; Headrick Taylor, 2017; Radinsky et al., 2014;
Rubel et al., 2017; Mitchell & Elwood, 2012). Such work
builds from a long tradition of participatory mapping and
community ethnography (see Sieber, 2006 for a review of
the literature), centering on the generation of data and maps
to enable new forms of authorship, understanding and social
action building from youth’s local insights, histories, and
hopes (Van Wart et al., 2020).

Scholarship in science education has shown how maps and
mapmaking can be integral to science disciplinary pursuits and
practices. Several studies have focused on the invention and rein-
vention of paper maps by elementary students (Enyedy, 2010;
Lehrer & Pritchard, 2002) and STEM professionals (Hall et al.,
2002). With the advent of GIS-based technologies, a wave of
work has studied young people’s interpretation and meaning
making of GIS maps using existing regional and national data-
sets in middle school, high school and higher education con-
texts (Loh et al., 1997; Radinsky, 2008, 2020; Radinsky et al.,
2010; Roberts & Lyons, 2020; Singer et al., 2008; Switzer et al.,
2012). Combined, this work highlights the intuitions young peo-
ple bring to map building and interpretation, and the integral
role maps and mapping can play in science knowledge building.

We aim to contribute to this multidisciplinary scholarship,
focusing specifically on elementary school aged children’s con-
struction, transformation, and interpretation of participatory
digital maps in their modeling and argumentation pursuits as
they seek to understand local ecosystems dynamics and pro-
cesses. This approach contrasts with traditional K-5 science
teaching practices in several ways. First, ecology studies often
focus on systems in faraway contexts (e.g., Amazon, Arctic),
or alternatively, maintain superficial level inquiries into local
ecosystems that don’t engage the underlying relationships and
mechanisms (Metz, 2011; Metz et al., 2019). Second, these
common approaches rarely elevate and interweave children’s
social and ecological expertise of local landscapes into their
ecology studies (Davis & Barsoum, 2022; Davis & Schaeffer,
2019; Lim & Barton, 2006; Marin, 2020; Pugh et al., 2019),
instead centering textbooks and teachers as the sources of
expertise. Lastly, elementary science often provides children
with few opportunities for formulating questions, producing
and visualizing data, and discussing findings through collabo-
rative modeling practices (Lehrer et al., 2008; Manz, 2012,
2016; Pierson et al., 2017; Schwarz et al., 2022). Given the
co-emergent nature of modeling and argumentation practices
(Manz, 2015a), these common approaches limit children’s abil-
ity to engage in meaningful discussion towards individual and
collective pursuits. Combined, these common teaching prac-
tices make it hard for children to elevate and leverage expertise
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about local places and data, in turn limiting conceptual under-
standing of how socio-ecological systems thrive and engage-
ment in knowledge building practices.

In this study, we explore how children ages 10-11 years old
engaged in participatory digital mapping as way of exploring a
local socio-ecological system (i.e., their schoolyard), document-
ing and sharing their local knowledge and experiences as they
conjectured and contested arguments about what organisms
needed to thrive in their schoolyard. Data for this analysis are
drawn from a larger multi-year design-based research project
(Cobb et al., 2003) that supported late elementary students in
4th and 5th grades learning about local socio-ecological systems
in their own schoolyard by authoring collaborative digital maps
together (Lanouette, 2022; Lanouette & Van Wart, 2019; Lanou-
ette et al., 2016). Local Ground, a web-based participatory digital
mapping platform (Van Wart et al., 2020; Van Wart & Parikh,
2013; Van Wart et al., 2010), was central to children’s modeling
pursuits and practices, supporting data collection, visualization,
and discussion. In this analysis, we focus on children’s emer-
gent uses of the collaborative participatory digital maps during
classroom-based science discussions. Our research questions are:
How did children transform their digital maps, weaving together
their local expertise of place and data, as they conjectured and
contested claims and evidence? What sensemaking about com-
plex socio-ecological systems becomes possible through these
emergent transformations?

In the sections that follow, we review related research on
teaching and learning about socio-ecological systems, digital
mapping technologies, and K-8 science modeling and argu-
mentation. We then detail the research conjectures and study
design, where Local Ground was integrated into a multi-
week elementary science curricular unit. Finally, we describe
research methods and findings, and discuss implications for
designing and teaching science in local settings and with spa-
tial technologies.

Literature Review

We begin by describing related research on teaching and learn-
ing about socio-ecological systems, detailing key approaches,
followed by reviewing scholarship on maps and mapping mak-
ing across multiple disciplines. We argue that participatory
digital mapping is a generative method for children’s modeling
and related argumentation pursuits and practices, particularly
in learning about complex systems’ inter-relationships in ways
that center young people’s local and embodied expertise.
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Teaching and Learning About Complex
Socio-Ecological Systems: Locality, Practices,
and Technologies

Children’s learning about ecological systems often centers
around how systems function, thrive, and decline, focusing on
the scarcity, abundance, and distribution of organisms and their
relationships within the broader environment across shifting
spatial and temporal scales (Eberbach et al., 2021; Forsythe,
2018; Hmelo-Silver & Azevedo, 2006; Lehrer & Schauble,
2017; Manz, 2012). Such sensemaking can present challenges
for children, such as considering and coordinating multiple
variables across varied temporal and spatial dimensions (Dan-
ish, 2014; Enyedy et al., 2015), considering hard to quantify or
visualize variables in a complex system, such as sunlight, water
flows, and human activities throughout the day and seasons
(Manz, 2016) and attuning to the ways specific organisms’
needs are met (or not) within smaller scaled niches (Lehrer &
Schauble, 2012, 2017).

Learning about complex socio-ecological systems entails
further considering how social and ecological systems are
entangled with one another across temporal, spatial and organi-
zational scales (Hecht & Nelson, 2021; Lanouette et al, 2024,
Learning in Places Collaborative, 2020), elevating interrelation-
ships among species, kinds and behaviors in relation to place,
lands and waters (Davis & Schaeffer, 2019; Marin, 2020; Pugh
et al., 2019). Teaching about complex socio-ecological systems
thus entails attuning to the relationships among human and
more than human species, kinds and behaviors, in ways that
center the political and ethical dimensions (Kissling & Barton,
2015; McGowan & Bell, 2022).

Several approaches have been pursued to support children’s
study and learning about complex socio-ecological systems.
One approach is to situate studies within places familiar and
close to young people. In doing so, children can more easily
integrate their understandings of the built, historical and eco-
logical dimensions of their daily lives into their science sense-
making as part of collective inquiries into complex systems
functioning and futures (Huffling et al., 2017; Lim & Barton,
2006). Additionally, centering ecology studies around local or
immediate ecological systems provides a requisite complex-
ity for science inquiry pursuits, simultaneously elevating both
the socio-cultural and political dimensions shaping ecologi-
cal systems (Carlone, 2016; Davis & Schaeffer, 2019; Frausto
Aceves & Morales-Doyle, 2022; Morales-Doyle & Frausto,
2021; Stroupe & Carlone, 2021) and the material complex-
ity sparking the need for emergent science practices such as
modeling and argumentation (Manz, 2015b).

Another related approach has centered on supporting chil-
dren’s modeling practices to understand complex systems
at local scales (Louca & Zacharia, 2015; Wilkerson-Jerde
et al., 2015). Across a range of studies, scholars have found
young people can develop strong conceptual understanding

by directly creating and juxtaposing multiple data types (e.g.,
quantitative, qualitative) and data sources (e.g., embodied,
first-hand, second-hand data) (Danish et al., 2020; Keifert
et al., 2020; Lee et al., 2021). Integral to modeling is creating
robust opportunities for collaborative theory-building through
discussion, where ideas, evidence and claims can be argued.
Manz (2015a, 2015b) notes that epistemic-rich argumenta-
tion requires “embedding argumentation in uncertain scien-
tific activity, supporting students to contest both what they
know and their means of knowing, building more carefully
from students’ resources, and attending to the development of
epistemic cultures in classrooms” (Manz, 2015a, 2015b, pp
55). In elementary science argumentation research, scholars
(Gonzalez-Howard & McNeill, 2020; Sandoval & Cam, 2011;
Sandoval et al., 2019) have noted that argumentation practices
evolve and emerge in relation to shared collective goals, with
children’s work with data first hand as generative for formulat-
ing and evaluating the strength of evidence and claims.

Various technologies have been developed to support
modeling ecological systems, often centering immediate and
local ecological systems. Some approaches involve com-
puter simulations, for instance embedding interactive pro-
jections of ecological systems directly into classroom walls
(Cober et al., 2012), creating 3-D virtual worlds of nearby
local habitats where young people gather data (Dickes et al.,
2019; Kamarainen et al., 2015) or generating mixed reality
environments where children’s playful physical movements
become the larger projected model of complex systems (Dan-
ish, 2014; Keifert et al., 2020). Other approaches augment how
local ecological data are gathered and analyzed. For example,
Zimmerman and colleagues have used interactive observation
platforms that support collaborative species identification and
question asking (Zimmerman & Land, 2014; Zimmerman
et al., 2015). Aristeidou et al. (2021) studied how youth used
mobile crowdsourcing platforms, such as I Naturalist, to con-
tribute and learn about biodiversity research. Ryokai and Ago-
gino (2013) studied mobile augmented reality to support youth
learning about sustainability. Such approaches seek to counter
prevalent science teaching practices and technologies, which
are designed to be “everywhere and nowhere”, far removed
from children’s local landscapes and the questions, tools, and
methods that produce data and related data displays.

Mapmaking as Generative Modality for Collaborative
Modeling and Argumentation

Across multiple fields outside of science education, there is a
long and established line of scholarship focused on children’s
creation and interpretation of maps, and their mapping endeav-
ors more broadly (Lanouette & Taylor, 2022). Almost a cen-
tury ago, Lucy Sprague Mitchell championed an approach to
early childhood education that centered on map making, as
a means to connect disciplinary studies with the interrelated
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social, political, and historical dimensions of city life (Mitch-
ell, 1991). Working with large canvas maps, paper and pencil,
and clay/ paper maché map models, she envisioned the mak-
ing of maps as a core pedagogy essential to understanding the
complex interrelationships that constituted children’s daily,
immediate worlds. Maps and mapmaking have also been key
materials and methodologies for adults to understand children’s
social and physical worlds, such as Hart’s (1979) seminal study
of young people’s map drawing as means to understand their
place attachments and histories. Drawing on youth-centered
action research methodologies, researchers have also centered
maps and mapmaking as a way to elevate children’s perspec-
tives and agentic roles in local land use decisions (e.g., Wilson
etal., 2019). Combined this work insists on the agency of chil-
dren as key authors of knowledge production and expression
and as intuitive knowers and world makers at multiple scales
in their own right (Katz, 2019).

Studies of children’s map interpretation and map making
are also prevalent in K-8 geography and STEM education con-
texts as well (Sobel, 1998). Kastens, Liben, and colleagues
have studied how elementary aged children use maps to orient
themselves and objects in an unfamiliar space, finding that
children engage multiple resources to support map orienting
and interpretation, while also benefiting from key supports
(Kastens & Liben, 2010). Enyedy (2010) studied how 2nd and
3rd grade children reinvented cartographic lines in their study
of desert environments, describing how collaborative activ-
ity and gesture were integral to emergent cultural conventions
that aligned with topographic mapping techniques. Lehrer
and Pritchard (2002) detailed 8 and 9 year old children’s map-
ping of their school playground, with the iterative process of
mathematicizing the space supporting insights into both math-
ematical and geographic principles. Lehrer and Pritchard also
conjectured the familiarity of the mapping locations (in the
schoolyard, at home later with family) contributed to children’s
ease in creating and refining maps of increasing complexity, as
well as establishing a need for further refinement and inven-
tiveness in their map making. Combined this work points to the
intuitions and resources children bring to map interpretation
and map making, elevating the integral role of gesture, talk,
and tasks in children’s collaborative sensemaking.

Within science education specifically, there has been schol-
arship using spatial data and maps to support learning, primar-
ily with middle, high school, and undergraduate students. With
the increasing commercialization of GIS technologies in the
1990s, earlier work studied students’ use of GIS data maps
within inquiry-based software programs. For example, Loh
et al. (1997) studied middle and high school students’ use of
GIS-data maps, within a software platform that aimed to sup-
port reflective inquiry through students juxtaposing graphs,
maps, and text notes. Radinsky (2008) studied 6th grade stu-
dents’ use of GIS maps within an earth science unit, reveal-
ing the integral role of gesture and collaborative discussion in

@ Springer

middle school students’ causal reasoning and argumentation
(Radinsky, 2008; Singer et al., 2008). Kelly and Takao (2002)
studied how undergraduate students used GIS spatial data to
build written arguments in an oceanography course, focusing
on the epistemic complexity of written arguments as students
coordinated data and evidence.

Focusing on socio-ecological systems, several research-
ers have been exploring new waves of GIS map technologies.
Reigh et al. (2022) studied middle school students' learning
about environmental racism using existing spatial datasets.
Students authored and integrated geospatial data visualiza-
tions into their writing about how pollution, race, and space
intersect at local and global scales. Within a science museum
context, Roberts and Lyons (2020) studied how multi-age
groups used interactive data-rich maps involving census data
to understand social science processes, finding that shifting
self-to-data orientations towards the data (e.g., role playing,
projection, orientation) supported varied insights (e.g., noting
absences, identifying patterns). Such work has parallels within
math, social studies, and civics education, where interactive
GIS-based maps about youths’ city spaces have been integral
to interweaving self and society in learning about STEM, his-
tory, and statistics (e.g., Enyedy & Mukhopadhyay, 2007; Hall
et al., 2020; Kahn & Jiang, 2020; Radinsky, 2020). Working
with existing public datasets, this combined research shows the
generative role that interactive spatial data maps can play in
disciplinary pursuits, as a locus for model building, argumenta-
tion, and data sensemaking more broadly.

Participatory Digital Mapping: Local Data, Insights,
and Action

Participatory digital mapping builds on GIS-based map
technologies described above, but notably supports users in
participating more actively in the process of mapping. ‘“Par-
ticipation” in digital mapping can refer to many types of
engagements: data gathering (e.g., contributing crowd-sourced
data to systems like eBird,' iNaturalist,” or OpenStreetMapS),
augmenting existing maps with media and annotations (e.g.,
Mitchell & Elwood, 2012; Dennis, 2006), engaging in inter-
pretation or storytelling (e.g., creating geospatial visualiza-
tions (Rubel et al., 2017), or some combination of these.
Moreover, beyond these more instrumental activities involv-
ing data construction and interpretation, “participation” also
refers to the extent to which participants can incorporate their
own knowledge and experiences into the mapping process and
exert agency and control over how map-based findings are

! https://ebird.org/home
2 https://www.inaturalist.org/

3 https://www.openstreetmap.org/#map=4/38.01/-95.84
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framed, presented, and shared (Elwood, 2011; Martin, 2003;
Van Wart et al., 2020).

In education research, participatory digital mapping
has been shown to support situated and civically engaged
understandings of math (Rubel et al., 2017), social stud-
ies (Elwood & Mitchell 2012; Mitchell & Elwood, 2012;
Radinsky et al., 2014), and city planning and environmental
activism (Taylor & Hall, 2013; Taylor, 2017; Van Wart et al.,
2020). In some studies, young people have produced their
own local geospatial datasets (e.g., air quality, food avail-
ability, biking and bus transit route data) and used these as
the basis for their map making. In other studies, learners
have relied on more traditional datasets (e.g., census data,
land use datasets, watershed data) in order to understand
broader spatial patterns and relationships. Newer techno-
logical innovations have also made it easier to integrate
qualitative data into digital maps, including photographs,
drawings, text notes, and body movements. By augmenting
the process of map-making (e.g., first-hand data collection,
studying local phenomena and processes) with emerging
geospatial technologies, participatory digital mapping offers
unique affordances that can center young people’s experi-
ence and voice in disciplinary and civic pursuits, broaden
what ways of knowing can be part of youth learning (e.g.,
situated, embodied, social) and support understandings com-
plex social, material, and historical phenomena, processes,
and problems.

Our study aims to contribute to this multi-disciplinary
literature in two ways. First, this study centers the experi-
ences of children in elementary grades. Whereas the major-
ity of participatory digital mapping studies have primarily
focused on teenagers and young adults’ learning, we wanted
to better understand how these tools and processes might
support science reasoning in argumentation among younger
children. Second, our study examines a particular configu-
ration of “participation” — where learners (1) study a local,
familiar context, (2) engage in the end-to-end data modeling
(constructing measures and indicators, and then gathering,
digitizing visualizing, and analyzing their data), and (3)
present and debate their findings collectively (i.e., science
argumentation), vis-a-vis their local knowledge and experi-
ences. Given the complexity of socio-ecological systems, we
hoped that these forms of participation could create a rich
context for helping children consider the embodied, spatial
and temporal interrelationships inherent to such systems.

Research Project Design: Conjectures,
Curriculum, and Technology

To study the possibilities of participatory digital mapping
as a basis for children’s science modeling and argumenta-
tion, we draw on design-based research methodologies

(Cobb et al., 2003), outlining core conjectures (Sandoval,
2014) that determined the tasks, tools, and talk embodied in
this multi-year research collaboration with late elementary
students and teachers (Lanouette et al., 2016; Lanouette &
Wart, 2019; Lanouette, 2022). We conjectured that support-
ing children as experts—of the data they produced and the
places they studied—would foster a varied and deep base for
argumentation about socio-ecological systems, with Local
Ground’s flexible interface and layered data integral to chil-
dren marshaling evidence and making claims (see Fig. 1).
Yet what remained unknown was how children would trans-
form their maps in collaborative discussions to reason about
what earthworms and other organisms needed to thrive, and
how children would leverage these dual forms of expertise in
their emerging science argumentation practices. Below, we
describe the design of the 10-week curriculum and participa-
tory mapping platform, Local Ground, that were integral to
the study and refinement of this conjecture.

Locally Situated Modeling Curriculum

To support children learning about complex socio-ecolog-
ical systems in ways that center young people’s expertise
and interests, we designed for children’s science inquiry
to be rooted in their schoolyard. In doing so, we sought to
elevate children’s local understandings of a familiar place,
building from their daily rhythms and routines within the
immediate ecological, social and built environment of their
schoolyard and neighborhoods (Davis & Barsoum, 2022;
Davis & Schaeffer, 2019; Lim & Barton, 2010; Jan Nespor,
2008; Takeuchi, 2021). Central to the curriculum design
was engaging children in the question of “Who can thrive
here?”, to spark curiosity into how living organisms met
their needs underground in relation to the above ground
social and ecological world of their schoolyard. Across 18
class sessions in the early spring months, a 5th grade class
engaged in two cycles of data collection, visualization, and
discussion, with Local Ground serving as a central hub for
data modeling activities and discussion.

Early class sessions focused on brainstorming who and
what was underfoot in the schoolyard, identifying poten-
tial parts of the underground socio-ecological system
to focus on and selecting sampling sites throughout the
schoolyard to study potential inter-relationships. Working
in pairs, children then brainstormed the kinds of data they
wanted to collect and gather at their chosen schoolyard
sites to better understand how these varying parts of the
socio-ecological system might influence organisms’ abil-
ity to thrive. Children’s data collection activities included
counting and sketching any invertebrates they unearthed at
their sites, setting pitfall traps to sample invertebrates over
several days, describing and measuring the soil composition
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Fig. 1 Conjecture map for research design

(e.g., color, texture, moisture, compactness) and sketching
and photographing other parts of the system they thought
notable (e.g., foot traffic, noise levels, built structures, chil-
dren’s movements, gardening routines). Back in the class-
room, children transcribed, annotated, and explored their
aggregated data, using Local Ground together in pairs, in
small groups and in whole class discussions. Drawing on a
research group meeting format (Lehrer et al., 2008; Manz,
2012), children met at the end of each data cycle to consider
and critique relationships emergent in the data, authoring
and annotating the maps as they shared puzzling or inter-
esting patterns with their peers (see Fig. 2) (see Lanouette,
2022 for more details on the curriculum enactments).

Participatory Digital Mapping Platform, Local Ground

Local Ground was developed as a digital data mapping
platform to support youth advocacy and activism, allowing
young people and civic groups to author and annotate maps
documenting their concerns, questions, and hopes (Van
Wart et al., 2010; Van Wart & Parikh, 2013; Van Wart et al.,
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discussion multiple variables in

the schoolyard
socioecological
system

2020). The software allows users to generate and visualize
both quantitative data (e.g., geospatial measurements and
observations) and qualitative data (notes, comments, draw-
ings, photographs, audio, and video). In this research col-
laboration, the second and third author designed and imple-
mented Local Ground so that students could participate in
the entire process of modeling their schoolyard ecosystem
—including defining a data protocol, collecting data, upload-
ing and digitizing both quantitative and qualitative data, and
creating custom maps. Using the data entry interface, chil-
dren transcribed and uploaded their schoolyard field notes
from the pairs’ 24 distinct sampling sites. Children then cre-
ated custom maps based on emergent questions, by toggling
the assigned symbols for the four focal data variables (i.e.,
earthworms, other invertebrates, soil moisture, soil compac-
tion) (Fig. 3). If children clicked on one of the site loca-
tions, more detailed site information (e.g., photographs and
sketches of the area, hand-written notes, and other measure-
ments) could be displayed (Fig. 4). These features enabled
children to easily juxtapose and move between the symbolic
data layers, site level data and the base map (Fig. 5).
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Note. This photograph shows the typical arrangement for research meetings, with one pair controlling Local Ground and discussing
conjectures using the aggregated class data, the lead author recording the main claims and evidence discussed by each pair on large chart
paper, and classmates sitting on the rug recording notes, connections and questions on their note sheets.

Fig.2 Typical Research Meeting Set Up

Methods

The multi-year design-based research study was conducted
in a racially, linguistically, and economically diverse pub-
lic elementary school (K-5) in the Western United States.
In this most recent iteration, the first author served as the
lead designer, teacher, and researcher, working closely
with two teachers—Ms. K, who had over ten years of sci-
ence teaching experience and Ms. Z, a 5th grade home-
room teacher who had 15 years of late elementary teaching
experience. The second and third authors led the iterative
design and redesign of Local Ground as well as advis-
ing on user interface and data structure decisions. The
5th grade class consisted of 27 students, reflecting similar
demographics of the larger school community. All stu-
dents participated in general activities, with 24 children

consenting to be part of the research study. (All names and
places are pseudonyms).

Data Sources

Data sources specific to this analysis include (a) two video
recordings of whole-class discussion, including back of the
classroom angle capturing presenting pairs’ use of the digital
map and a front facing, wide angle capturing six focal pairs’
and classmates’ activity, (b) screen capture videos (Snagit)
from the six focal pairs’ laptop computer as they adapted the
digital map, and (c) audio recordings from the front and back
of the classroom. We also analyzed paper artifacts, in the form
of the teacher’s annotated charts and students’ question and
comment sheets, along with researcher field notes drafted by
the first author and a research assistant.
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Theoretical and Methodological Frameworks
To study the interplay of children’s emergent Local Ground

use and their collective sensemaking about complex socio-eco-
logical systems, we draw on Saxe’s form-function theorization
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conceptualizing cognition as movement and process (Saxe,
2012; Saxe & Esmonde, 2005). This framework focuses on
the dynamic ways in which interlocutors engage in collective
practices, where cultural forms come to serve specific functions
as they conceptualize and accomplish emergent goals together
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Note. Local Ground allows users to interact with the different data layers, data types, and data formats all at once, including the aerial base

maps, site level data and symbolic data layers.

Fig.5 Base map, symbolic data, and site-level data layers all together

(see Radke et al., 2022 for recent extensions of this methodol-
ogy). Saxe (2012) defines collective practices as “recurring
structures of social activity that are constituted as people con-
struct, communicate about, and accomplish recurrent problems
over time” (Saxe, 2012, pg. 22). We draw on this theoreti-
cal and methodological approach to illuminate and study the
emergent ways Local Ground was authored and annotated by
children as they encountered problems related to constructing,
considering, and critiquing varied claims and evidence about
socio-ecological systems.

Analysis

To address our research questions, we focused on emergent
Jform-function relationships as children transformed the inter-
active maps in whole class presentations and discussions.
The first author, working with two undergraduate research
assistants, engaged in iterative waves of video analysis using
interaction analysis methodologies (Jordan & Henderson,
1995), focusing on multi-modal blends of technology uses and
sensemaking (Sakr et al., 2016). We first time-indexed and
content-logged the relevant whole group and screen capture
video (Derry et al., 2010; Saldafia, 2021), demarking activity
according to each pair’s presentation. Within each of these
presentations, we wrote memos and timestamped representa-
tive episodes where children raised conceptual ideas about

socio-ecological systems, such as reasoning about organisms’
needs being met in certain niches (Lehrer & Schauble, 2012)
and considering multiple scales of the system concurrently,
such as temporal, spatial, and relational (Learning in Places,
2020; Pugh et al., 2019).

Next, within these ten pair-led presentations, we focused
on children’s emergent goals in their science discussion,
focusing on how varied forms were assembled and trans-
formed by children to serve particular functions. Similar to
Radke et al. (2022), we define forms as “assemblages of
linguistic, physical, and material constructions that consti-
tuted conceptual themes that took on meaning to accomplish
some goal” (Radke et al., 2022, pg. 207). Given our focus on
how children leveraged Local Ground in their modeling and
science argumentation pursuits, we focused on multi-modal
forms of sensemaking such as gesture, talk, and digital mate-
rial reconfigurations of their map layers and other material
objects (additional charts, equipment). For functions, we
focused on what was accomplished in terms of science argu-
mentation (e.g., conjecture, contest, and corroborate claims
and evidence) and socio-ecological sensemaking (e.g., con-
sidering new variables, looking at inter-relationships across
multiple scales). We selected one student-led discussion
for more detailed analysis, as it was reflective of broader
form-function relationships that emerged across multiple
children’s presentations.
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Findings

In this section, we present one pair’s presentation, an
illustrative case of children’s emergent goals in discus-
sion shaping shifting form-function relationships as
they conjectured and contested what earthworms and
other invertebrates need to thrive in their schoolyard. In
the vignette below, children’s transformations of Local
Ground support not only conceptual insights into com-
plex interrelationships within the socio-ecological sys-
tem but also help the children draw upon their school-
yard and data expertise within the modeled systems. The
children then marshal this widened base of evidence to
explore divergent explanations of how their school-
yard socio-ecological system functioned and flourished
(see Appendix A, Table 2 for a summary of emergent
goals and form/ function relationships across all ten
presentations).

Lena and Max's Earthworm and Shade Conjecture

At the beginning of their presentation, Lena and Max put
forth a complex conjecture: high earthworm counts occur in
locations with moist soil, roots, and shade. This last variable,
shade, had yet to be considered by the class and is challeng-
ing for children and scientists alike to quantify and visualize
into their reasoning about ecological systems. As the dis-
cussion progressed, children conjectured and contested this
multivariate relationship across spatial and temporal scales,
transforming their maps to make visible their local expertise
about seasonal changes in sunlight and plant regrowth and
children’s schoolyard movements across space and time, as
well as their understanding of where and how the data was
produced.

The case presentation of this class discussion is divided into three
phases: (1) an opening conjecture by Lena and Max where they
explore the spatial distribution of the earthworm counts across the

Table 1 Emergent form-function relationships supporting argumentation and socio-ecological sensemaking

Claims Evidence

| Forms | Functions

1. Lena & Max’s opening conjecture: Earthworms need moist soil, roots, and shade®

Earthworms thrive when | - Schoolyard knowledge: |- Base Map Gesture Invent temporally and
there is moist soil, roots sunlight across multiple sites |- Symbolic Data spatially transient
! | ‘ | .
and shadel | - Spatial display of aggregated | Layerﬁs/ A~ variable
earthworm — | Conjecture
data P A | multivariate |
| | {@ | conditions earthworms |
g ‘
‘ . need to thrive |

2. Marcel’s counterclaim: There isn’t really shade there now’

Lena and Max’s | - Schoolyard knowledge:
sampling site is not
actually shady this time

of year particular spot

- Aerial base map

3. Ellis’ counterclaim: My site tells a different story6

sunlight, shade, and plant
growth across seasons and in a

Contest presence of
specific variable and
its impact on
earthworms at select
sampling sites

|- Base Map Gesture |

Those four variables ' - Schoolyard knowledge: i- Base Map Contest causal
don’t always result in walking pathways and building |- Site-Level Data relationship among
high earthworm counts — |  footprints {- Symbolic Data earthworms, soil
look at my site! conditions, and

and sketches

. - Shifting spatial display of
earthworm, other invertebrate,
and soil moisture variables

| - Photo of the field site, notes,

Layers

sunlight, by
contrasting two
sampling sites
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schoolyard, using gesture and Local Ground’s symbolic data layers
to show the presence of shade in relation to the spatial distributions
of earthworms, (2) a contestation by Marcel refuting shade being the
likely variable in Lena and Max’s sampling area given the time of
year, with both children drawing on their schoolyard knowledge of
children’s activities, specific plants growing in the area and seasonal
shifts in foliage to verify and contest the prevalence and relevance
of this new variable, and (3) a second contestation by Ellis, using
the symbolic layer and site-level data to compare similarities and
differences across multiple variables at two locations, one of which
was his (see Table 1 for an overview).

“So I am going to disagree with Mia,
sorry. I think it [high earthworm counts at
sites] actually has a LOT to do with shade
and stuff because worms need lots of
moist soil and shade too! See at the
garden (pointing to the garden area,
Figure a). There is lots of shade because
there are lots of trees.”

"Now go to the pond (talking to Max,
who adjusts the map to show what is
presented in Figure b).

And so at the pond, as you can see there
is a lot more sunlight (pointing to the
sunny pond areas in a sweeping motion,
Figure b) and there is not a single eleven
or more worms (pointing to the map
legend on right side of map, indicated by
the pink arrow in Figure b) because there
is soooo much sunlight and the soil isn't
really moist. Most of it is dry so I think
shade AND soil moisture have a lot, a
looooot to do with worms."

Lena and Max then change the map
location again, to show earthworm counts
at their second sampling site near the
track (Figure c).

“All the worms here has to do with shade,
'cause we have shade from our
decomposing lavender bush and the
cherry tree (pointing to her site on Figure
¢). So we have shade, roots, moisture,
and as you see, lots of worms!”

Lena and Max’s Opening Conjecture: Earthworms Need Moist
Soil, Roots, and Shade

In their opening conjecture, Lena and Max shared the
earthworm data across the entire schoolyard. With their
initial data map view set to the garden and earthworm
data selected for the class’s 24 schoolyard sites, Lena
and Max’s emergent goal was to show how these three
variables supported higher earthworm counts (see
Fig. 6).

udpaes) [ooyods jo dey (v)

puog jo depy (q)

SpIRLg syodg jo depy ()

Note. Screen captures and annotations from Lena and Max’s laptop showing assemblages of map layers, talk and gesture
they two construct to conjecture that shade is a new and important variable to consider.

Fig.6 Lena and Max’s opening conjecture: assemblages of talk, map layers, and gesture
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Analysis To accomplish their emergent goal—conjecturing a new
multivariate relationship shaping schoolyard life, Lena and Max
assemble the base map layer, the symbolic data layer, gesture,
and talk together to accomplish the functions of making a spatial
data argument and making visible their local ecological expertise.
Transformations of their digital maps (RQ1) included the pair
juxtaposing the base map and symbolic data layers together, lay-
ering gestures on top of shifting scales of the map to argue that
earthworms prefer not only moist soil and roots but also shade at
three different locations in the schoolyard. To do this, they change
the map’s scale and location frequently, shifting from the school
garden to the pond to the sports fields by zooming and moving the
base map layer (Figure a, b, and ¢). In terms of sensemaking about
socio-ecological systems (RQ2), Lena and Max layer together
their expertise of the schoolyard (e.g., sunlight and shade patterns
across the day shown through gesture across the map, locations of
trees and sizes of their canopies, sunlight drying out soil) and their
expertise of the data derived from a particular site (e.g., site selec-
tion and sampling practices, specific attributes of the sampling site)
using the symbolic data map layer (e.g., earthworm counts at all 24
sampling sites). In the process, the two conceptualize, conjecture
and make visible to their peers a multivariate spatial and temporal
relationship. By drawing from a wide base of evidentiary support
and from their own local knowledge, Lena and Max are able to
consider and explain how sub-niches within the broader schoolyard
support life differently—a key idea in ecology.

Marcel’s Counterclaim: There Isn’t Really Shade There Now

Lena and Max then open up the discussion for questions and com-
ments, with Ms. K, the K-5 science teacher, interjecting that another
student, Marcel has noticed an important break in their pattern.
Marcel begins, saying “So right now the cherry tree is really bare
(pointing towards the map) so there is still a lot of sun there (point-
ing to the area where Lena referenced earlier) and you said that
places where there is shade [is important] and so it is not providing
barely any shade.” Lena responds quickly, saying “Yeah but well,
our lavender bush is creating lots of shade.” Lena then details her
sampling site in more detail, using extended gestures to clarify her
site’s location, showing children’s daily foot traffic patterns in the
area by marching her fingers (Fig. 7a) and depicting shade cast by
the decaying lavender bush at her site using outstretched arms and
draped fingers (Fig. 7b).

Lena then turns abruptly to the map and says, “‘See this one
[plant], right here... see, it is super full”” as she moves the pointer
stick and then her own hand to land on the specific location on
the large map (see Fig. 8a). Max simultaneously moves back to
the laptop, zooming in the map to show their site’s location and
plants in closer view (see Fig. 8b).

Analysis Here, two emergent goals are pursued—by Marcel to contest

that shade is actually present at the pairs’ sampling site and by Lena
and Max to counter argue shade as both prevalent and relevant. Related
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to map transformations (RQ1), Marcel first transforms the base map
layer through gesture and talk to ground his local ecological expertise
of how the trees are growing and changing in the schoolyard across
multiple time scales, when he points towards the map and says, “So
right now, the cherry tree is really bare (gesturing towards the spe-
cific location).” Lena and Max then work in tandem to counter this
counterclaim. Lena first uses extended gestures in front of the map,
to make visible children’s daily walking pathways and the shade cast
by a particular plant, weaving together social and ecological expertise
of the schoolyard. Lena and Max then work in tandem, changing the
using the base map layer’s scale to verify the presence of shade, draw-
ing on the photographic aspects of the map to garner more evidence
for this claim.

Considered all together, the base map functions as an anchor for
all three children marshaling specific local knowledge from their
daily rhythms and routines in the schoolyards, including social (e.g.,
children’s daily walking pathways) and ecological routines (e.g.,
annual foliage emergence of two different plant species). This sup-
ported socio-ecological sensemaking in several ways (RQ2). By
shifting both the scale and the location of the base map, Marcel,
Lena, and Max could debate the timing and location of shade in
particular areas and children’s walking routes, in relation to how
the changing light might influence the soil ecosystem underground.
These shifting assemblages of Local Ground’s layers, gesture, and
talk support conceptual understandings about how earthworms’
needs are being met within a particular niche environment and
argumentative functions of building claims from varied ways of
knowing the schoolyard (aggregated data, social and ecological
rhythms and routines).

Ellis’s Counterclaim: My Site and My Data Tell a Different Story

Lena and Max then call on another child, Ellis, who uses his
sampling site data in the garden to also refute Lena and Max’s
initial conjecture. Ellis begins, “Well so, I actually kinda disa-
gree with this because like, first of all, our group, we basically
have the same circumstances as you... we have a lot of shade,
we have moist soil, and we have roots down there too and
we’ve only found one worm so far and we are in that tucked
away corner in the garden.” Invited by the teacher “to come
show us”, Ellis then moves up to the laptop, shifting the map
view to his garden site, and selecting the relevant symbolic
data to include soil moisture and earthworm counts (Fig. 9).
Responding to Ellis’s counterclaim, Lena walks back and
forth for several paces, then blurts out: “But did you have
a decaying bush at your site?” Ellis clicks on his particular
site to reveal the site-level data, showing his sketches and
text notes about roots as well as their site photograph. Max
quickly adds in, “What she means is did you have humus at
your site?” referring to the rich soil often created by decom-
posing plants. As the recess bell rings, Ellis replies he doesn’t
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(b)
Note. Screenshots of Lena’s gestures, as she shows her sampling site from an
on-the-ground perspective. She first depicts (7a) children’s movement through
the space using marching finger motions. She then depicts (7b) the shade cast
by the nearby bush by extending her arm, all part of her contesting that there is
actually shade in her sampling location.

Fig.7 Lena showing her local knowledge of children’s walking path-
ways and shadows cast by plants and buildings

have a decaying lavender bush at his location and the discus-
sion abruptly stops.

Analysis Ellis takes up Marcel’s earlier goal—to contest the
importance of shade in creating generative conditions for earth-
worms to thrive. Initially, Ellis draws on his first-person experi-
ences collecting data, the symbolic data layer, and the base map
layer to contest Lena and Max’s conjecture. He transforms the
map (RQ1) by changing the scale, location, and selected sym-
bolic data maps, using qualitative and quantitative data from his
and his partners’ own site and Lena and Max’s site. He holds four
variables constant across the two sites, comparing soil moisture,

shade, earthworm counts, and roots to note an important differ-
ence between his site and Lena and Max’s site in terms of earth-
worm counts. This supports reasoning about socio-ecological
systems (RQ2) in ways that consider multiple interrelationships
across spatial scales. This type of work with data, comparing
across multiple variables and locations, has been shown to be
challenging for children working with canonical graphs (Kuhn &
Dean, 2005) yet important for understanding ecosystem dynam-
ics and processes (Lehrer & Schauble, 2012). Additionally, mul-
tiple data types, from numerical (earthworm counts), categorical
(soil moisture), text (written descriptions of roots), to gestured
spatial areas of shade, could all be marshaled and made visible
in countering Lena and Max initial claim.

Summary of Case

Across this series of exchanges, children conjectured and con-
tested complex inter-relationships within their schoolyards’
ecologies and within their collective dataset. By configuring
Local Ground’s many layers to explore spatial distributions of
data, juxtaposing multiple variables simultaneously, drilling
down to their site-level data, and sharing their local expertise,
children were able to engage in a rich analysis of the social
and environmental rhythms and routines shaping schoolyard
life underfoot. This involved considering and coordinat-
ing multiple types of evidence across spatial and temporal
scales, including children’s measurements and observations
collected from their field work (e.g., water levels in the soil,
earthworm tallies, roots), children’s local social expertise
(e.g., where children walk, run and play) and ecological
expertise (e.g., how sunlight moves across the schoolyard,
where different species of plants grow, tree’s timing of annual
leave regrowth). In turn, this made possible not only a more
robust pairing of claims and evidence but also widening the

(a)

(b)

Note. Lena and Max’s shift Lena points to her sampling site (8a), referencing her everyday knowledge that shade is provided by nearby plants
while (8b) Max moves to the laptop computer that controls the map, using it to zoom into their exact site.

Fig.8 Lena and Max’s shifting form/ function relationships
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team name: [N

infiltration rate: 27
soil color: light brown

kinds of 0
invertebrates:
soil moisture: moist

soil composition: rocks, dirt

roots: yes
earthworm
1
count:

team number: 8

other
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Note. Ellis, crouching on the ground in the near left corner of the photo wearing the blue hat. He uses the laptop to pan and zoom the map to his garden site,
changes the symbolic data layers, and opens up the site level data showing text notes and photographs. Lena and Max stand near Ellis, asking further questions

about plants and soil quality at his site.

Fig.9 Shifting map forms, blending schoolyard knowledge, and comparing variables

evidentiary grounds that children could marshal when argu-
ing their points.

Discussion and Implications

In this analysis, we set out to understand not only how chil-
dren used Local Ground’s varying data types and layers as
they engaged in science argumentation but also what sense-
making about socio-ecological systems became possible. We
explored these questions within a design-based research col-
laboration that sought to help children more easily interweave
their knowledge, experiences, and intuitions into their data
modeling and socio-ecological reasoning. From our analysis
of pair-led discussions, we highlight four contributions of this
study to understandings of data modeling, science argumen-
tation, and scientific sensemaking among elementary school
children.

Building on Children’s Local Expertise to Understand
Socio-Ecological Systems

First, our findings highlight the richness of children’s

local expertise, as a powerful resource not only in rea-
soning about complex socio-ecological systems but also
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in shifting what forms of knowledge can be brought to
bear in collective science sensemaking. Across the class
discussions that we analyzed, children engaged in a
seamless blending of their situated, local expertise (e.g.,
knowledge of changing foliage patterns with the sea-
sons, daily shifts in sunlight and shade, children’s daily
movements at recess) with multivariate data as they
conjectured about ecological relationships. Moreover,
children’s recollections of their data collection process
and their knowledge of the schoolyard were not only
positioned as valid and important ways of contributing
to the discussion, but also enabled the class to iden-
tify new variables that were not originally considered
(e.g., shade, foot traffic, seasonal flooding). Local and
experiential knowledge is often sidelined in traditional
K-8 science and data science — particularly children’s
embodied knowledge of their “lived landscapes” (Seyer-
Ochi, 2006) within their schoolyards, home, and neigh-
borhood communities (Davis & Barsoum, 2022; Lim &
Barton, 2010; Takeuchi, 2021). By elevating children’s
local expertise, this design research project opened up
wider entry points into science argumentation, and ena-
bled children to make more nuanced and complex socio-
ecological arguments drawing on their local understand-
ings of social and ecological systems.
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Data Technologies that Elevate Multiplicity
and Authorship in Data Visualizations

Our analysis also highlights the importance of providing young
people with tools and resources that support a wide range of
data—both qualitative and quantitative—and the ability to
readily configure these data forms to advance particular argu-
ments. We focused on three capabilities of Local Ground: (1)
symbolic data layers—for displaying spatial distributions and
examining multivariate relationships, (2) site-level data—for
revisiting scientific sketches, text notes, and photographs (i.e.,
qualitative data) to verify measurements and explore contex-
tual features (e.g., humus from a decaying lavender bush),
and (3) the aerial base map—for grounding discussions of
schoolyard characteristics (e.g., sunny and shady areas over
time, areas of high foot traffic). Taken together, these fea-
tures enabled children to incorporate many forms of evidence
into their arguments, which in turn allowed them to consider
multivariate relationships across time and space, notice niche
environments within a broader area that uniquely support par-
ticular species, and attend to variation and distribution in their
aggregated data (Lehrer & Schauble, 2012). Also important
was the ease with which children were able to move between
these different knowledge representations: during a single dis-
cussion, children easily reconfigured the map, on the fly, in
order to craft evidence-based conjectures around what might
constitute the ideal earthworm habitat. Other discussion dove
deep into the site level data to understand what several hard-
shelled invertebrates might need. We argue that having a famil-
iar, central data representation (the aerial map of the school),
a broad base of data forms (both qualitative and quantitative),
and the ability to visualize and move between different views
of the data (both at the site-level and in aggregate) can foster
rich, inclusive scientific discussions that incorporate many dif-
ferent forms of knowledge and insight. Such work contributes
to seminal research in modeling (Danish, 2014; DeLiema et al.,
2019; Keifert et al., 2020; Schwarz et al., 2022) that has shown
the conceptual and epistemic possibilities when physical and
representational movement across scales and systems is sup-
ported. We extend this direction by focusing on what is feasible
when children’s local social and ecological expertise is integral
to these collaboratively modeled worlds.

Synergies Between Mapping and Data Modeling

Thirdly, this work brings together synergistic but often separate
lines of research—data modeling and participatory mapping—
in order to demonstrate how each can support the other in K-5
science education. In data modeling research within science
education, a growing body of work has studied hybrid, compu-
tational, and embodied forms of K-12 science modeling (e.g.,
Enyedy et al., 2015; Keifert et al., 2020; Wilkerson-Jerde et al.,
2015), showing the power and possibilities of data modeling

using embodied, representational and playful modalities. We
add to this work by showing what is possible for data mod-
eling when children’s immediate social and ecological worlds
become part of the systems and dynamics they are modeling.
Here, playground routines, tree growth, and sunlight patterns
were integral and inseparable to children’s understanding of
what earthworms need to thrive, in ways that can be harder (or
impossible) in simulated systems.

This study also contributes to the participatory mapping
literature by providing a detailed account of how geospatial
data modeling can become a rich pathway for participation in
local scientific sensemaking. Participatory mapping is often
conceptualized as a way to bridge local knowledge with more
quantitative, aggregate understandings of place—where “the
community” contributes local knowledge in the form of quali-
tative data, and institutional actors (e.g., scientists, city planners)
contribute geospatial indicators and metrics (see Seiber, 2006).
This configuration can be a powerful way to share knowledge
and build richer understandings of place, and our study shows
what is possible when children participate in a broad range of
data practices. Specifically, by engaging children in data mod-
eling and quantitative reasoning as well as positioning children
as local experts of their schoolyard, they were able to challenge
quantitative assertions that did not resonate with their local
knowledge experiences (e.g., the role of shade, children’s foot
traffic), propose their own ecological theories involving multi-
variate relationships (e.g., “worms like moist soil, shade, and
roots”), engage in evidence-based debates with their classmates
where knowledge was distributed, and collectively generate a
rich model of their schoolyard ecosystem. While children did not
engage in the politics of knowledge representation—a central
tenet in many participatory mapping efforts (e.g., using a map
to effect change or make more inclusive decisions, as described
in Elwood, 2011)—children’s participation in mapping and
modeling allowed them to not only develop their quantitative
literacies (powerful epistemic forms) but also leverage their local
knowledge and experiences of the schoolyard.

Methodological Approaches and Insights

In this article, we also seek to develop a methodological approach
to studying the interplay among children’s emerging disciplinary
practices, participatory technologies, and children’s science
sensemaking. With our focus on children’s emergent goals as
they conjectured and contested claims and evidence, Saxe’s form/
function framework (Saxe, 2012) helps make visible how science
discourse practices, digital and material tools and children’s sci-
ence understandings co-develop within K-5 classroom commu-
nities. This framework also illuminates children’s inventiveness
and ingenuity in science argumentation, revealing capabilities
often obscured within curricular, pedagogical and technological
approaches common to elementary science. Similar to Radke
et al. (2022), the framework also helps us elevate young peoples’
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in situ, emergent, and collaborative engagements in disciplinary
practices, in ways that can expand what disciplinary ways of
being can sound and look like.

Implication for Practice and Next Directions

In terms of pedagogy and design, we see several implications
for science education as well as the design of data-rich technolo-
gies. First, given the emphasis on data and modeling practices
with NGSS, consensus documents (NRC, 2012), and Science and
Technology Studies literature, this study reveals the importance
of thinking carefully about the types of data children are sup-
ported in producing as well as the forms of participation they can
partake in with these data. Existing studies of science classrooms
point to the limited data types and data tools science educators
currently use (Rosenberg et al., 2022), with small sets of quantita-
tive data and traditional spreadsheets and graphs commonplace.
Yet existing scholarship shows the possibility and power of chil-
dren’s science reasoning when data types such as sketches, body
movements, photographs, and other qualitative data are supported
in computationally-rich platforms (Keifert et al., 2020; Taylor
& Hall, 2013; Wilkerson-Jerde et al., 2015). In our findings, we
show how varied data sources and flexible data formats were
critical in helping students theorize about their socio-ecological
environments by providing a context for fuller expression of
observations, insights, and perspectives from the daily rhythms
and social routines (Nespor, 2010). Especially as we think about
younger learners in the elementary grades, we think designing
data-rich activities that make visible, useful and usable a wide
range of data and ways of knowing local places across adaptable
and shareable formats is especially important for affirming chil-
dren’s dignity and insights within disciplinary pursuits.

Second, as educators and researchers seek to provide more
holistic, equitable and meaningful modeling opportunities for
youth (Schwarz et al., 2022), we see possibility in continuing to
explore mapping and modeling in local places, particularly for
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elevating children’s embodied resources. With mapping as the basis
for all modeling activity, children’s understanding of the social and
ecological world was not lost but instead was made central to build-
ing and interpreting their data modeled schoolyard. For example,
through gestures across and in front of their maps, children could
readily express their local, experiential knowledge of peers, plants,
sunlight and rainfall, as part of their larger discussions of visible
and invisible inter-relationships within mapped systems (Enyedy,
2010; Radinsky et al., 2014). Within the interactive data maps
themselves, children could also make visible localized experiences
and observations, such as returning to their sketches of inverte-
brates when discussing aggregated soil moisture measurements
across all 24 sampling sites. Whether supported by a digital map-
ping platform such at Local Ground, or using other (non-digital)
means, we argue that drawing from participatory mapping peda-
gogies, such as centering local inquiries and expertise and making
maps collectively and being open to multiple “data” types, can be
important ways of centering children’s fuller selves in their mod-
eling pursuits.

Conclusions

Given ongoing attention to designing and studying mean-
ingful and equitable engagement in science disciplinary
practices in elementary settings (NRC, 2012; National
Academies, 2024; Schwarz et al., 2022), this work points
to potential of designing science modeling opportunities
in ways that expand what counts as data, what counts as
evidence, and what forms of sensemaking can be leveraged
in understanding complex socio-ecological systems central
to children’s daily lives. As pushes for data literacy and
data modeling (“data science”) permeate K-8 science edu-
cation and broader educational contexts, it is important to
continue designing in ways that value children’s expertise
and expand what science modeling can be.
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Appendix

Appendix A: Summary of emergent form/function relationships across ten presentations

Table 2 Emergent form-function relationships supporting sense making about socio-ecological systems

Forms (assemblages of the Serving Emergent Functions
digital map, gesture and talk)  (in socio-ecological sensemaking)
Aerial Base Map Show multi-modal schoolyard knowledge spanning across days, months
0N g 5 .- and years

- human activity (e.g., footsteps, children’s play routines)

- more-than-human activity (e.g., bees’ preferred gathering

- spot)

- other environmental dimensions (e.g., sunlight, shade, water)
Verify sub-niche areas within the schoolyard

- define micro-climates by zooming into particular smaller areas

- use photographic base to gain additional details of the system

Clarify categorization of multiple species
- refer to sketches to clarify or refute invertebrate or plant
species morphology (size, shape, color)

Verify multi-species tallies, measurements and anecdotal notes
- refer to text notes to verify original numeric recordings, in
contrast to range of counts (1-5) shown in the symbolic data
layer

Explore sub-niche areas with the schoolyard in greater detail
- using their photographs to look more closely or share additional
details about the sampling sites’ attributes (social, ecological)

Display spatial distributions of select variables
- across varying scales and data types (e.g., earthworm counts in
playground and garden, soil compaction across the entire
schoolyard)

Coordinate multivariate (two, three or four variables) simultaneously
- examining causal and correlational interrelationships (e.g.,
considering interrelationships among earthworms, other
invertebrate counts and soil compaction)
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