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Giant Maps as Pedagogical Tools for Teaching Geography
andMathematics

Peter Anthamatten, Lara M. P. Bryant, Beverly J. Ferrucci, Steve Jennings,
and Rebecca Theobald

ABSTRACT
Giant maps offer a potentially useful pedagog-
ical tool for teaching mathematics and map
skills. In this pilot study, giant maps were dis-
tributed to elementary schools in Colorado
and New Hampshire and teachers were pro-
vided with guided activities designed to inte-
grate mathematics and geography skills. In an
assessment of student skills, it was found that
there were improvements in map-use skills
and that students improved in some skills
more than others. Additionally, there were dif-
ferences in gender; girls improved more in
their scores for some skills and less than boys
in others. The teaching benefits of giant maps
merit additional investigation.

KeyWords: Geography education,
instructional activities, kinesthetic learning,
elementary map skills, spatial literacy.

INTRODUCTION

While a growing number of K–12 educators have become interested in adding
spatial thinking to the core set of skills they teach their students, there remains a
need to develop, test, and provide specific tools at specific levels of instruction
for teaching those skills. This may particularly be the case for elementary school
teachers, whose teaching responsibilities span a huge variety of topics and who
may not have been exposed to spatial-thinking concepts.
For many years the National Geographic Society (NGS) produced a limited

number of giant continental maps—oversized vinyl floor maps that children can
physically move around on to explore physical and human geographic features.
These maps were only available to rent. In 2016 NGS launched the Giant Travel-
ing Map Initiative, creating state-specific giant maps that were given to state geo-
graphic alliances across the United States to produce an innovative and exciting
tool for teachers to formally include instruction on spatial thinking in their class-
rooms. This national initiative provided a unique opportunity for collaborative
research between states. The goal of this pilot project was to explore the learning
impacts of using the giant state maps to teach mathematics and geography con-
cepts and skills in elementary schools in New Hampshire and Colorado.

Spatial Thinking in Elementary Instruction
The National Research Council’s (2006, 5) report Learning to Think Spatially

defines spatial thinking as a collection of cognitive skills that

consist of declarative and perceptual forms of knowledge and
some cognitive operations that can be used to transform, com-
bine, or otherwise operate on this knowledge. The key to spatial
thinking is a constructive amalgam of three elements: concepts
of space, tools of representation, and processes of reasoning.

This report, perhaps one of the best articulations of the pedagogical impor-
tance of spatial-thinking skills, discusses the use of scientific research in the cog-
nition sciences to demonstrate that these skills are critical for learning, scientific
inquiry, and everyday life. Since the 1930s and ’40s, cognition scientists posited
that spatial thinking is a basic facet of human cognition (Mix and Cheng 2012).
The fundamental importance of spatial thinking has been recognized in other
pedagogical theories and areas of research. For example, Gardner (1983) sug-
gested that spatial intelligence was a key facet of intelligence in his proposal of a
multiple intelligence theory. Many psychologists acknowledge that this kind of
intelligence is essential to survival for any mobile being (Newcombe and Frick
2010). Not until relatively recently, however, have there been formal calls to
study the types of instructional activities that might support spatial thinking,
reasoning, and computation. The National Academy of Sciences argued that “in
terms of its power and pervasiveness, spatial thinking is on par with, although
perhaps not yet as well recognized and certainly not as well formalized as,
mathematical or verbal thinking” (National Research Council et al. 2006, 25).
Many K–12 standards in science, mathematics, and geography are beginning to
reflect the need to teach spatial-thinking concepts (Anthamatten 2010). And yet
spatial cognition rarely receives extended attention in formal school coursework
apart from specific content areas or with tasks that require students to employ
particular spatial skills (Fabrikant and Buttenfield 2001).
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Perhaps one reason for this is that the concept of spatial
thinking remains a poorly defined construct in geographic
education. In spite of multiple attempts to build a frame-
work to define spatial thinking for teachers (see for exam-
ple: Gersmehl and Gersmehl 2007; Jo and Bednarz 2014;
Golledge, Marsh, and Battersby 2008), the term continues
to be variously used to refer to map-reading and interpre-
tation skills, geographic knowledge in general, and think-
ing about spaces and places. In this project we focused on
map-use skills in part because it offers a convenient bridge
for working with other foundational disciplines such as
mathematics and because of the relative ease with which
these skills may be assessed.

The National Research Council et al. (2006, 55) report
includes a section on the key ways through which spatial-
thinking abilities impact many facets of life, ranging from
everyday tasks, such as assembling a child safety seat, to
success in science; they write that “many classic discoveries
and everyday procedures of science draw extensively on
the processes of spatial thinking.” STEM (science, technol-
ogy, engineering, andmathematics) topics require the effec-
tive utilization of spatial skills to interpret representations,
develop visualizations, compute inferences, and ultimately
conduct research investigations, which is often overlooked
in teaching STEM topics. Recent evidence shows that spa-
tial thinking can be learned and that learning these skills
results in improved performance in STEM disciplines
(Uttal, Miller, and Newcombe 2013). Spatial thinking in
these disciplines requires developing the ability to rapidly
interpret spatial displays, fluently convert those displays
into alternative representations from different perspectives,
and efficiently generate inferences that extract principles
and causal explanations from observed phenomena (Tay-
lor, Naylor, and Chechile 1999; Shelton and McNamara
2004; Chrastil and Warren 2012). As such, spatial thinking
may be taught effectively in STEM coursework.

Researchers in geography education have debated
about how, and at what level of instruction, to introduce
students to these spatial-thinking skills. There is good evi-
dence that very young children have an innate ability to
start practicing a variety of spatial-thinking skills.
Gersmehl and Gersmehl (2007) cataloged ample research
from psychology and cognition sciences literature that
demonstrates that children are well equipped to perform
and practice a variety of age-appropriate spatial-thinking
tasks from very early childhood—as early as two or three
years of age. An implication of their work is that not only
are young children able to practice these skills, but that
educators in fact should actively guide them to do so.

Meaningful instructional engagement with spatial
thought may also encourage students to pursue STEM-
related disciplines by making spatial-thinking tasks more
accessible and introducing relevant spatial approaches to
solving scientific problems and generating research
insights (Lee and Bednarz 2009). A study that sought ante-
cedents to a life-long interest and engagement with STEM
disciplines among children identified that spatial-thinking

ability effectively predicted student participation in STEM
fields in college and later in life (Lubinski and Benbow
2006). Indeed, encouraging engagement with and excite-
ment about spatial-thinking tasks may be an important
key to future work to encourage elementary students to
engage with STEM disciplines.

Integrating Math and Geography through the Giant
Traveling Map Project

Despite interest in teaching spatial-thinking skills in K–12
educational contexts, little work has assessed the effective-
ness of educational tools for teaching these skills. The focus
of educational efforts over the last several decades has
instead been on the development of teaching tools and
assessment of math and verbal reasoning skills, with an esti-
mated four- to five-week decrease in annual time devoted to
social studies and science (Morton and Dalton 2007).

Although there has since been some nominal discussion
of teaching spatial thinking through mathematics, often
with suggested lesson plans (e.g., Decker 2005; Blatt 2013;
Oldakowski and Johnson 2017), educators have generally
overlooked the fact that spatial skills are deeply related to
fundamental mathematical concepts and that instructional
time dedicated to geography may be improved by linking
geography to “high-stakes tested subjects” (Dorn et al.
2005, p. 151).

Previous work has demonstrated the benefits of incorpo-
rating math and geography instruction. Dorn et al. (ibid.)
demonstrated that integrating mathematics concepts into
geography lessons resulted in measurable student perfor-
mance improvements on math skills on objective assess-
ments. Linking mapping activities to mathematics skills is
not difficult to conceive; the ability to perform measure-
ment, for example, is necessary to determine distance and
work with concepts of scale. Consequently, there may be a
great deal of potential to incorporate spatial thinking into
mathematics curriculum in a way that supports teaching
both mathematics and geography. The use of maps could
be particularly beneficial in this way.

An exciting and innovative tool for teaching math and
spatial thinking skills using maps is National Geographic
Society’s (2017) Giant Traveling Maps project. Over the
past decade NGS has developed giant, oversized vinyl floor
maps for use in schools and with educational organizations
across the United States. The maps come in a single piece
and range in size from twenty-six by thirty-five feet, for
larger continental maps, to the smaller state maps that are
roughly sixteen by twenty feet. All the maps require a gym-
nasium or other large room to use. In 2016 the NGS pro-
duced giant map kits for all fifty states and the District of
Columbia and gave the geographic alliances in each state
two state maps and one sample map kit for use at schools
throughout their respective states. Included with the map
kits were lessons with equipment to support instruction
through predesigned activities. The full lessons are avail-
able online (Colorado Geographic Alliance 2017). Sug-
gested materials for the map kit include items such as
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informational cards, large hoops, cones, rope, flags, and
blocks. After the initial gift of the maps, subsequent sales of
the Giant State Map to education organizations did not
include a kit, though each state alliance was encouraged to
develop state-specific lessons and materials. For this proj-
ect, specific teaching materials were acquired to support
the math-related activities used in this study.

Kinesthetic Learning
The ability of students to explore their states by physi-

cally moving around a room while literally walking on a
large representation of their state offers distinctive peda-
gogical benefits by enabling them to engage in kinesthetic
learning—learning that requires movement, manipula-
tion, or touch. Other examples of kinesthetic learning
include using origami to learn geometry, learning wood-
working by building a birdhouse, or moving around a
room to reenact a scene from history. A great deal of
research explores the benefits of kinesthetic learning at a
variety of levels of instruction across several STEM disci-
plines, including elementary-level astronomy (Plummer
2009), high school chemistry (Turner 2016), and under-
graduate biology (Voltzow 2016), even using techniques
such as teaching rhumba and tango to explore DNA rep-
lication and mRNA translation in biology classes (ibid.).
Due to the impracticalities of implementing lessons that
employ kinesthetic learning, however, much of this
research focuses around virtual environments (e.g., Jones
et al. 2006; Orona, Maldonado, and Martinez 2015; Paek,
Hoffman, and Black 2016; Bursztyn et al. 2017). Given the
body of evidence on the use of kinesthetic learning for
teaching these STEM disciplines, introducing giant maps
into the classroom may offer a potential to combine
geography and math instruction for complementary
advantages.
Since the giant maps require students to physically

move around a large room or gymnasium as they learn,
this tool might also work to excite students about the
learning process. While schools have successfully used
playground maps to teach concepts of scale and direction
(Petzold and Heppen 2005), there is a need to investigate
not only the effectiveness of using giant maps, but also
their direct applicability to state geography and mathe-
matics standards. As giant maps become available for pur-
chase from the National Geographic Society, it is
important to determine the true educational benefits of
the tool with the goal of constructing a sound pedagogical
model for teaching those skills so that schools, districts,
and educational organizations can determine if they are
worth the money and time to organize their distribution.

Exploring the Gender Gap
In spite of some gains, a substantial gender gap persists

pertaining to the number of men and women earning STEM
degrees and ultimately working in science occupations. Sig-
nificant work has sought to examine the reasons behind this
disparity, which may range from a variety of root causes

including occupational preference, relative occupational
strengths, and social expectations and conditioning (Wang
and Degol 2017). A key effort guiding curriculum develop-
ment and research in STEM education is the closure of this
gender gap at an early age, specifically addressing the grad-
ual loss of interest in STEM that girls experience starting at
around grade four (Nosek et al. 2009). In recent years edu-
cators and researchers from several STEM disciplines have
explored curriculum and other initiatives to encourage and
maintain girls’ interest in STEM subjects (e.g., Moser 2012;
Daily 2015; Levine et al. 2015).

Spatial thinking may be a particularly relevant area in
which tomake an impact on the gender disparities of interest.
In 1974, Maccoby and Jacklin published a review of literature
that suggested there were significant differences in boys’ and
girls’ abilities to perform spatial tasks. Through extensive
metanalysis of work on gender and spatial thinking tasks,
Voyer, Voyer, and Bryden (1995) demonstrated that while
the difference is significant, it has diminished since 1974 and
is highly heterogenous—that is to say that spatial-thinking
abilities vary as a function of how spatial thinking is defined
and varies depending on the group of girls examined.

The application of kinesthetic learning strategies to
teach spatial thinking may present an entry point to
explore and address gender gaps. One study, for example,
found that using origami as a tool for teaching visuospa-
tial-thinking skills was effective and particularly effective
for girls (Taylor and Hutton 2013). The Giant Traveling
Map project offers a novel and interesting means to begin
to explore the gender gap in spatial thinking.

Project Goals
The National Geographic Society’s giant map project

provided the opportunity to examine its effectiveness as
an instructional tool that draws from kinesthetic learning
in an elementary school context. Geographers working
with other state geographic alliances have also begun to
investigate the learning benefits of using giant maps in
middle-level classrooms (e.g., Fleming and Mitchell,
2017). Over the course of the 2016–2017 academic year, we
worked with teachers in two states to examine its effec-
tiveness. Specifically, we examined the questions: (1)
Were there pedagogical benefits to using giant maps in
elementary schools? (2) Did using the giant maps serve to
enhance particular map use skills better than others? (3)
Are there gender differences in these learning benefits?

METHOD

The National Center for Research in Geography Educa-
tion (NCRGE) awarded a grant to the geographic alliances
in Colorado, New Hampshire, and Maine for their project
Scaling State Maps as part of the NCRGE’s Transformative
Research grant program (NSF Award BCS – 1560862).
During the 2016–2017 school year, the NCRGE grant pro-
vided funding for a mathematics research fellow to
develop math activities and materials to support them,
transportation costs to bring the map activity to schools
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throughout the state, stipends for teacher participation,
and assessment of the educational impacts of the map
activities.

Through this project, teachers from Colorado, New
Hampshire, and Maine worked with the research team to
use the giant maps in fourth grade classrooms. Project par-
ticipants in Maine were ultimately unable to arrange an
appropriate classroom to participate in the research, but
collaborated in the development of the exercises and pro-
tocols for the project. After examining the common core
standards (Colorado Geographic Alliance 2017), the team
decided that the most relevant skills for the target grade
levels related to maps and the concept of scale: namely
measurement, area and perimeter calculations, and con-
cepts around direction and distance. In collaboration with
teachers, the team developed a basic assessment of stu-
dent skills that aligned with the core geography and math-
ematics curriculum standards for each of the states. Five
math lessons were developed beginning with the most
basic skills, leading to the development of the more
advanced spatial skills. We have reported about the pro-
cess of this project in detail in Theobald et al. (2017).
Human subjects research approval was obtained from
Keene State College (IRB #234) and the Colorado Multiple
Institution Review Board (IRB #17-096).

The geographic alliance coordinators have long-standing
relations with schools and geography teachers throughout

their states. In exchange for participating in the project,
teachers from fourth-grade classrooms in New Hampshire
and Colorado were loaned the maps and the instructional
kits for an additional week. Teachers were invited to use
the giant maps in any way they wished during the first
week and requested to teach specific exercises designed to
teach math skills the second week (Fig. 1).

There were five activities, each of which was designed
to focus specifically on one of the math skills. For example,
in the first lesson students created their own Cartesian
grid using string on the map to determine the coordinates
of various locations. Students in fourth grade normally
learn about the Cartesian grid, but have not yet learned
the concept of negative integers, which are commonly
used in the geographic grid systems (such as latitude and
longitude). The lesson was designed to take advantage of
the mathematics skills the students were currently using
and apply those skills with kinesthetic methods. The
research team believed that using the Cartesian grid in the
context of the giant map would provide students with a
tangible experience they could transfer to finding loca-
tions using other geographic grid systems.

The research team sought to develop a skills assessment
that was meaningful across the study states (Fig. 2), and
relevant to the skills targeted through the activities. In
consultation with math and geography teachers, we iden-
tified applications of spatial-thinking skills relevant to

Figure 1. Students using the giant map activity. (Photograph by Chuck Theobald.)
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their instructional standards, consisting of five types of
questions designed to test different specific skills common
in fourth-grade math and geography instruction: (1) mea-
surement of distance, (2) map scales, (3) direction and ori-
entation, (4) area measurement, and (5) grids and
coordinate systems (Table 1).
While the assessment items may not appear to address

mathematics at the elementary level at first glance, these
items align with Common Core State Standards for Mathe-
matics (Common Core Standards Initiative 2017), as well as
guidelines published by the National Council of Teachers of
Mathematics (2000), and the Association of Mathematics
Teacher Educators (2017). The Conference Board of theMath-
ematical Sciences and the National Mathematics Advisory
Panel have stressed the importance of teaching these topics.
The tests were provided in written format and consisted

of twenty questions. Each student was given the assess-
ment the week before and then once again the week after
they participated in the guided giant map activity.
The research group also asked teachers about their inter-

est in the implementation of the activities in the classroom
through surveys. Each of the participating teachers com-
pleted a questionnaire before and after using the giant map
in their classrooms. We asked them about their experience
with giant floor maps, their interest in using these maps,
and what subjects, skills, benefits, and challenges they per-
ceived regarding the use of the maps in their classrooms.

RESULTS

There were eighty-seven student participants from Col-
orado and seventy-nine from New Hampshire. Eight par-
ticipants (4.7%) were removed from the analysis because

he or she did not complete either the pretest or the post-
test, yielding a total of 163 complete pre- and postactivity
assessments. The participants ranged from eight to twelve
years in age, with an average age of 9.5. Ninety-one (55%)
of the participants were boys and seventy-three (45%)
were girls.

Are There Learning Benefits to Using Giant Maps
in Elementary Schools?

The results showed an improvement in test scores for
both the overall scores and each of the specific skill sets
we tested (Table 2). The combined test score for all stu-
dents prior to participating in the map activity was 8.73
(43.7% correct) with an average score of 10.60 (53.0% cor-
rect). This represents an improvement of 9.3% (roughly
two questions in the twenty-question assessment), follow-
ing the giant map activity.

In addition to the improvement in student scores
related to the tested skills, the teacher questionnaires
revealed additional student benefits. All the teachers
apart from one felt that using the giant map helped not
only with students’ learning spatial skills but also rein-
forced their understanding of math and supported con-
nections between math and geography. The one teacher

Figure 2. An example of the assessment tool.

Table 1. Examples of assessment questions.

Skill Concepts Examples

Direction Articulate cardinal
directions; Use a map
to orient from
directions

“You are in Denver, CO,
and want to drive to
Fairplay. Use the 8-
point compass to write
the direction you will
travel.”

Distance Calculate distance using
a map

“If the pencil represents
70 miles on the map,
about how miles are
there between
Grangeville and
Challis?”

Scale Use a scale to calculate
distance

“Use the scale of miles on
the map to determine
the approximate
distance from Augusta
to Millinocket.”

Area and
perimeter

Calculate areas and
perimeters from a map

“What is the approximate
area of Cheshire
County in New
Hampshire if one
square equals 300
square miles?”

Coordinate
systems

Use coordinate systems
to identify locations on
a map; Articulate
locations on a map
from coordinates

“If this grid was used to
determine where cities
in New York were
located, what would be
the approximate
location of Syracuse?”
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who commented that s/he had difficulty making the
connection between the math and geography skills also
had concerns about using the activity with large classes
and not having enough time with the map to thor-
oughly teach the lessons. Many teachers believed the
map activities would aid in student retention of the
concepts. One teacher commented that “linking geo-
graphy and geographic studies to mapping (local and
state) helps [students understand the] perspective that
spatial skills bring.”

Are the Gian Maps Particularly Effective for Teaching
Specific Spatial Thinking Skills?

The test results also showed some important differ-
ences in student performance on the assessment
between the specific skills we tested, both in terms of
how well they answered the questions a priori, and in
terms of the improvement after the classroom interven-
tion. We performed a paired-sample t-test to test the
differences between the scores prior to and following
the intervention. Using the traditional threshold value
for statistical significance (at p <0.05) we found that
students demonstrated statistically significant improve-
ment in all five question groups. The greatest improve-
ments in test scores were on questions relating to
direction (an average improvement of 14.2%), and grid
and coordinate system operations (also 14.2%). There
were moderate improvements in the scores for the
other three skills tested (distance, scale, and area/
perimeter calculations), of between five and six
percent.

Are There Gender Differences in the Learning Benefits?
The final question we tested was whether there were

gender differences in scores before and after participating
in the giant map activity. We used a paired-sample t-test
once again to measure statistical significance. Figure 3
shows the pretest averages and the associated 95 percent
confidence intervals (indicated with shaded bars) for each

of the five skills for the entire study group as well as boys
and girls separately.

There were some notable differences between genders.
Overall, boys started the activity with higher scores than
girls, with an average total score of 9.04 (45.2%) compared
to 8.32 (41.6%) among girls. Participating in the activity
resulted in a slightly better overall improvement among
boys (with 11.1% improvement over the preactivity
scores) than girls (8.8%) (Table 3).

Immediately apparent in Figure 3 are some differences in
the ways in which boys and girls improved. Boys exhibited

Figure 3. This figure shows the pre- and post-activity
assessment scores, averaged by skill groups. The x-axis
shows the number of items in the assessment (which con-
tained four for each skill). The bars indicate a 95% confi-
dence interval based on the distribution of scores, for all
students, boys, and girls.

Table 2. Mean scores in the pre- and post-activity assessments by skill group.

Skill Set
Preactivity Mean

(95% conf. interval)
Postactivity Mean
(95% conf. interval) Difference p-value

distance* 2.05 (1.90 – 2.20) 2.30 (2.14 – 2.47) 0.26 (6.4%) 0.010
direction** 2.05 (1.85 – 2.25) 2.62 (2.43 – 2.80) 0.57 (14.2%) <0.001
scale** 1.19 (1.05 – 1.33) 1.41 (1.26 – 1.56) 0.22 (5.5%) 0.007
area / perimeter** 1.65 (1.48 – 1.82) 1.91 (1.75 – 2.08) 0.26 (6.5%) 0.002
grids / coord. systems** 1.79 (1.61 – 1.96) 2.35 (2.19 – 2.52) 0.57 (14.2%) <0.001
Total** 8.73 (8.18 – 9.28) 10.60 (10.08 – 11.12) 1.87 (9.4%) <0.001

This table shows the pre- and postactivity assessment scores by skill groups with a 95 percent confidence interval, based on the distribution of scores. The
p-value reports the probability of a type II error in a paired-samples t test.
*p<0.05.
**p<0.01.
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a much greater improvement in calculating area and perim-
eter (with a 9.9% improvement), compared to girls (2.4%).
Prior to the activity, the greatest difference between boys’
(with an average score of 2.17) and girls’ (1.90) performance
on the assessment was on questions pertaining to calculat-
ing distance. The postassessment scores were virtually
equalized after participating in the activity (girls scored an
average of 2.30 on the post-test, compared to 2.31 for boys).
The greatest improvements for both genders were in the

questions pertaining to direction (which entailed describing
and deriving cardinal directions) and grids and coordinate
systems. There was no statistically significant difference in
test scores in scale or calculating area and perimeters
among girls or for distance calculation among boys. The
differences in improvements in specific spatial skills sug-
gests that the giant map activity may benefit particular
skills more than others. The activity may be particularly
beneficial for girls in some of the skills.

DISCUSSION

While novel ways to teach geography and mathematics
may be met with enthusiasm among educators and excite-
ment among students, we must often rely on anecdotal evi-
dence to assess how effective these approaches are at the
business of helping students learn. In the US educational
context, where the discipline of geography struggles to

compete for classroom time, it is particularly critical that
such novel methods undergo forms of objective assessment.

The results of our study found that using giant maps
may offer promise as a method for teaching students
important spatial thinking and map-reading skills. In
addition to the objective learning impacts discussed here,
the giant maps were well received by both teachers and
students because the large maps enabled them to experi-
ence a change from the traditional classroom setting and
engage in some physical activity during their normal
classroom time. Since the maps were also specifically
designed for each state, there was interest and value for
other types of instruction, such as learning about state his-
tory, economic development, ecological systems, and the
environment. These maps have the potential to help teach-
ers instruct their students about their state’s geography as
well as enhance teaching other disciplines.

The finding that girls and boys responded to the activity
in different ways builds upon some other work (e.g.,
Taylor and Hutton 2013) that seeks to reduce the gender
gap in spatial-thinking and STEM disciplines, particularly
addressing the gap that develops at a later age, through
innovative teaching methods. While the results from this
work cannot be viewed as definitive and specific evidence
that kinesthetic methods for teaching spatial-thinking
skills can serve this function, it adds to a small body of evi-
dence that suggests that it may.

Table 3. Mean scores in the pre- and post-activity assessments by skill group and gender.

Boys

Skill Set
Preactivity Mean

(95% conf. interval)
Postactivity Mean
(95% conf. interval) Difference p-value

distance 2.17 (1.97–2.36) 2.31 (2.10–2.51) 0.14 (3.6%) 0.266
direction** 2.09 (1.81–2.36) 2.77 (2.54–2.99) 0.68 (17.0%) <0.001
scale** 1.26 (1.07–1.46) 1.53 (1.33–1.73) 0.26 (6.6%) 0.008
area / perimeter** 1.66 (1.41–1.91) 2.06 (1.83–2.28) 0.40 (9.9%) 0.001
grids / coord. systems** 1.87 (1.64–2.10) 2.46 (2.24–2.68) 0.59 (14.8%) <0.001
Total** 9.04 (8.27–9.81) 11.12 (10.46–11.78) 2.08 (11.1%) <0.001

Girls

Skill Set
Preactivity Mean
(95% conf. interval)

Postactivity Mean
(95% conf. interval) Difference p-value

distance* 1.90 (1.67–2.14) 2.30 (2.04–2.56) 0.40 (9.9%) 0.011
direction* 2.00 (1.77–2.30) 2.42 (2.13–2.71) 0.42 (10.6%) 0.010
scale 1.10 (0.89–1.30) 1.26 (1.05–1.47) 0.16 (4.1%) 0.228
area / perimeter 1.64 (1.4–1.87) 1.74 (1.50–1.99) 0.10 (2.4%) 0.467
grids / coord. systems** 1.69 (1.42–1.95) 2.20 (1.96–2.48) 0.53 (13.4%) <0.001
Total** 8.33 (7.56–9.10) 9.95 (9.13–10.76) 1.62 (8.8%) <0.001

This table shows the pre- and postactivity assessment scores by skill groups with a 95 percent confidence interval based on the distribution of scores, for
both boys and girls. The p-value reports the probability of a type II error in a paired-samples t test.
*p<0.05.
**p<0.01.
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Limitations and Challenges
There are some challenges to using the giant maps in a

broader context. A restructuring of National Geographic’s
Network of Alliances for Geographic Education in 2018
means that there may be no centrally organized institution
in some states to deliver the maps to schools and school
districts. While the giant state maps will remain available,
the central impetus for the promotion and coordination of
this type of geography teaching must come from else-
where. In the future, if the giant maps are shown to offer
enough benefit for students, schools may be motivated to
acquire their own copies of giant maps. The National Geo-
graphic Society (2017) is offering the existing maps at cost
to educational organizations. Some schools, districts, or
their associated parent-teacher organization may be able
to use material budgets for this purpose.

More rigorous investigation using these initial
approaches will yield additional information. Most criti-
cally, we cannot claim that the giant map activity was any
more effective at teaching spatial-thinking applications
than traditional, classroom-based lessons that use smaller-
sized maps. While we believe that there are benefits to
using the giant map (such as the fact that students were
able to escape the classroom andmove their bodies around
while learning about maps and their state’s geography), it
is possible that we would have seen similar improvements
to their ability to perform the spatial thinking tasks in a tra-
ditional setting. To test the impacts of the giant map activ-
ity effectively, future work could investigate the effects of
the same lesson provided with the giant maps but using
smaller maps showing the same area, perhaps on a single
sheet of paper, enabling a comparison between the two
groups. Future work should also incorporate more rigor-
ous and extensive assessment with an externally validated
test for spatial thinking, such as the Spatial Thinking Abil-
ity Test (Lee and Bednarz 2012). Given that there were only
four questions for each skill set in the assessment reported
here, we could not observe large changes in the numbers of
questions students answered correctly.

It is unclear why students performed better on some spe-
cific spatial-thinking skill applications than others or the
specific role that the giant maps played in those differences.
It seems reasonable that students were able to relate better
to orientation and grids/coordinate systems—the two skill
subsets that showed the greatest improvement in this activ-
ity—because students can orient themselves in relation to
other symbolic objects on the map if they can physically
view them across space in a room. However, we are unable
to offer any clear insight to these mechanisms. Future
research could also investigate these questions.

Finally, the differences in test performance across gender
or other individual differences may be worth additional
research. The boys’ pretest performance was better than
girls’ before any of the children in the study experienced
the test curriculum. We observed that girls showed greater
improvement in their scores in some skills than boys while
boys demonstrated greater improvement in others, parallel

to observations in other projects examining the giant maps
(e.g., Fleming and Mitchell, 2017). Given the push to
address the gender gap in interest in STEM-related disci-
plines, such novel teaching activities may serve to narrow
this gap. Future work could test for additional differences
between genders and explore potential causal mechanisms
with qualitative and quantitative study. Additionally, we
wish to examine the effects of other individual differences
such as age that could impact the effectiveness of giant
map use on spatial skill development.

CONCLUSIONS

The NGS giant map activity offers an innovative and
novel means to teach spatial-thinking skills. This activity
offers two potentially useful and novel pathways for
improved learning about spatial-thinking skills, namely:
(1) The size of the maps students worked with were
extremely large, which may serve to make understanding
map representation and learning map-reading and map-
analysis skills more accessible for some students; and (2)
students were able to explore maps through kinesthetic
learning, with the ability to physically move around the
map space. In this project, we administered a written
assessment of five distinct spatial-thinking applications
prior to and following the curriculum intervention and
found that there was a statistically significant improve-
ment in test scores, with a greater test score improvement
in some skills than others. Finally, we observed some dif-
ferences in test-score improvements across gender.

This research initiates work to clarify and demonstrate
the educational benefits of the giant maps as a teaching
tool. In addition to justifying additional research, this
work can contribute to the construction of a sound peda-
gogical model and a curricular framework that integrates
geography and mathematics for teaching those skills.
Whereas having something fun and intriguing for stu-
dents is worthwhile, demonstrating that students improve
their understanding of spatial-thinking skills—while
learning fundamental mathematics skills—provides some
justification for the teachers’ effort and time required to
engage with the giant maps. Schools, districts, and educa-
tional organizations can draw from research on the giant
maps to make informed decisions about curriculum
implementation and funding. Finally, novel activities and
geography curriculum with demonstrable benefits for
teaching spatial thinking can bolster the position of the
discipline as a critical contributor to efforts to improve stu-
dent engagement with, and success in STEM disciplines.
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