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ABSTRACT

Paleogeographic maps are one of the most
used earth science communication tools, but
their efficacy with audiences remains unin-
vestigated. We present new data that begins
to close this gap, gleaned from an intercept
interview study of two communities—
practicing geoscientists (i.e., “professionals”)
and adults who visit locations where paleo-
geographic maps are commonly displayed
(“the public”). In this work, we sought to
determine: (1) how commonly used paleo-
geographic maps convey the terrain and cli-
mate of ancient Earth; and (2) how commu-
nity perception informs new practices for
creating paleogeographic maps. When pre-
sented with paleogeographic maps, the public
can identify about three large-scale land-
scape features (often including mountains
and ocean) but not smaller or more subtle
geomorphic features (e.g., rivers, volcanos, or
plains). In contrast, practicing geoscientists
identify about five features at a variety of
spatial scales. Given an example of a warm,
wet landscape, public audiences can describe
one of two components of portrayed climate
(i.e., warm or wet), but are less adept at iden-
tifying both climate components. Profes-
sionals are better able to identify climate
components but are only able to fully describe
climate 55% of the time. Paleogeographic
maps catalyze curiosity in both public and
professional audiences, commonly prompting
questions or hypotheses about how ancient
Earth reached modern-day conditions or
about the time period shown. Professional
geoscientists also want more information on
sources of data. Recommendations to enhance
the efficacy of paleographic maps include
adding data sources and employing an
aesthetic with detailed bathymetric shading,
high contrast, and explicit climate indicators.

INTRODUCTION

Paleogeographic maps—illustrations that
depict the topography and morphology of
ancient Earth—are some of the most com-
monly used figures in the geosciences. Such
maps are prized for the accessible way they
portray ancient terrain and climate, in part
because we assume no training or technical
language is required to understand their
illustrated landscapes.

Unfortunately, this assumption is not
based on audience research or empirical
data. Although paleoart generally increases
paleoenvironmental understanding among
the public (Wang et al., 2019), our commu-
nity has not yet evaluated the efficacy of
paleogeographic maps as science commu-
nication tools—for the public, for our
students, or for our own professional geo-
science community.

In contrast, geographic visualizations of
modern settings enhance communication
(Sheppard et al., 2008; Caquard, 2011;
Xiang and Liu, 2016), aid scientific reason-
ing (Blank et al., 2016), improve consulta-
tion with Indigenous communities (Lewis
and Sheppard, 2006), and foster responses
to climate change (Bohman et al., 2015).
However, the media used in these studies
are usually aerial or satellite images of
extant landscapes. Paleogeographic maps,
while attempting to be photorealistic, blur
the line between such geographic visualiza-
tions and art (aka “paleoart”). As a result,
they conflict with the viewer’s perception
of modern Earth and may challenge uncon-
scious assumptions or distort meanings and
interpretation (Sheppard and Cizek, 2009;
Witton, 2017).

We began to address this knowledge gap
in a new qualitative study that explores the
efficacy of three commonly used versions of
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this omnipresent science-communication
tool. In this pilot study of professional
geoscientists and the public, we sought to
understand: (1) to what extent popular paleo-
geographic maps succeed at communicating
the terrain and climate of ancient Earth, and
(2) whether audience perception can inform
how we create future paleogeographic maps.

STUDY APPROACH

We focused on three commonly employed
types of paleogeographic maps. Our maps
represent a continuum of paleogeographic
artistry, from stylized paintings to realistic
satellite imagery, and they capture the diver-
sity of map styles used in public and profes-
sional settings. Likewise, our map content, a
portrayal of what the western U.S. may have
looked like during the early Campanian
(Late Cretaceous), was chosen to include a
diverse range of colors, contrast, textures,
and landforms. The map ratio and region
were selected to include overlays of state
boundaries that would be recognizable to
study participants and provide a language-
independent and nonnumerical sense of
scale. Maps included a “Blakey” map (Fig.
1A; see deeptimemaps.com and Blakey and
Ranney, 2008, for additional examples), a
“Morris” map (Fig. 1B; see Morris et al.,
2016), and a Google Earth—style “satellite”
map, produced by stitching together U.S.
Department of Agriculture (USDA) satellite
data from the Java Sea and the Andes
Mountains to create a photorealistic rendi-
tion of an interior seaway bounded by moun-
tains (Fig. 1C; https://earth.google.com/web/
[created 2017; accessed August 2021]).

Our study consisted of scripted inter-
views (Supplemental Material File S1') with
a random selection of adults, including col-
lege-age students (hereafter the “public”;
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n = 110; Table S1), who visited the Denver
Museum of Nature & Science (DMNS),
Garden of the Gods Park (GG), and the
Natural History Museum of Utah (NHMU).
Interviews were also conducted with a
group of geoscientists who had graduate
geology degrees and used satellite imagery
in their vocation (hereafter the “profession-
als”; n = 38). Each interviewee was handed
an 8" x 10" color print of one of the paleo-
geographic maps (Fig. 1), provided with a
brief description of what they were looking
at, and verbally asked questions about it
(see File S1 for list of questions and inter-
view script). All three maps were shown for
the final interview question.

Interview recordings were transcribed and
analyzed in an emergent coding process.

Common themes were built into a coding
manual (File S2 [see footnote 1]) and, to
ensure reproducibility, one of us coded the
entire dataset. Inter-rater reliability was
assessed for each field by an additional
researcher who coded 16% of the dataset.
Cohen’s kappa values were >0.60 for all
codes and determined to have substantial to
near-perfect agreement. For chi-square
tests, the public audience was sorted into
two groups based on their self-rated level of
past experience viewing satellite imagery,
including those who rated themselves 1-3
on a scale of 1-5 (our “novice” group;
n="77) and those who self-rated as 4-5 (our
“experienced” group; n = 33); the geoscien-
tist community remained in their own “pro-
fessional” group for these analyses.

RESULTS

Participants were asked to list landscape
or water features they saw on the map. The
public distinguished areas of land and water
well (95% of respondents; Table S2) and
identified several specific features. Eighty-
six percent of respondents noted areas of
high elevation (e.g., mountains), 68% iden-
tified the portrayed water body as an ocean
or sea, and 41% mentioned at least one type
of shoreline feature, such as an inlet, bay, or
beach. However, this group often missed
subtle terrain features commonly identified
by professionals. For example, 66% of pro-
fessional geoscientists saw rivers, whereas
only 27% of the public did.

Professionals were also more likely to
identify features commonly listed by the

A.Blakey map

=,

C. Satellite map

Figure 1. Paleogeographic maps used in this study, including views of
the western United States ~80 m.y. ago from (A) deeptimemaps.com
(see also Blakey and Ranney, 2008), (B) Morris et al. (2016), and (C) U.S.
Department of Agriculture satellite imagery, stitched together from
Google Earth (2017). A legend is not included because such images
generally do not have one when employed in public venues, such as on
reader rails, on interpretive panels, or in animations.

public: 95% noted areas of high elevation,
97% identified ocean or sea, and 79% men-
tioned at least one shoreline feature.

This offset in performance was consis-
tent when examining the average number of

features correctly identified. The public
correctly identified an average of 2.98 fea-
tures, whereas the professionals identified
5.34 features (Fig. 2A); a one-way ANOVA
test showed this difference to be significant

'Supplemental Material. File S1. Interview script. File S2. Coding manual. Table S1. Metadata for the public and professional populations interviewed. Table S2.
Types of landscape features identified by participants. Table S3. Common questions and hypotheses expressed by participants. Please visit https://doi.org/10.1130/

GSAT.S.23639358 to access the supplemental material, and contact editing@geosociety.org with any questions.
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A. Terrain: variation with map shown

B. Climate: variation with map shown
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Figure 2. Performance of public and professional communities at identifying (A) multiple landscape features and (B) correct climate portrayed in three
paleogeographic maps (Blakey, Morris, and satellite). (C, D) Relationship between past experience with satellite images and success at (C) identifying land-

scape features and (D) describing climate.

(F(1,146) = [72.12], p <0.001). Likewise,
experience viewing satellite imagery corre-
lated with increased performance at identi-
fying landscape features. Novices (self-
rating of 1-3 experience level on a scale of
1-5) identified an average of 2.74 features,
whereas more experienced members of the

public (self-rating of 4-5) averaged 3.55
features. Chi-square testing confirmed
correlation between number of features
correctly identified and sorting into the
novice public, experienced public, or pro-
fessional group (y*> = 63.6, p <0.001; Fig.
2C). Interestingly, older respondents (60+

years) correctly identified an average of 3.21
features, whereas younger respondents (<60
years) averaged 2.93 features. Respondents
who were shown the Morris map (Fig. 1B)
identified an average of 3.29 features,
whereas respondents shown the other two
maps averaged 2.82 features (Fig. 2A).
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Communicating the Climate of
Ancient Earth

Participants were asked to describe the
climate shown on the map. Although multi-
ple subclimates were portrayed, the goal of
the maps was to show the overall tropical
conditions present during this time period.
Only 41% of the public mentioned “tropi-
cal” (or included some synonym for “wet”
and “warm”) in their description. Likewise,
only 55% of professionals described the cli-
mate as tropical (Fig. 2B).

Participants experienced at viewing sat-
ellite images (self-rating of 4-5) identified a
tropical climate 48% of the time, whereas
novices (self-rating of 1-3) identified a trop-
ical climate only 38% of the time (Fig. 2D).
However, individual variability was too
high to suggest a correlation with a chi-
square test (x> = 3.5, p = 0.18). Both public
and professional groups performed best at
identifying climate when shown the satel-
lite map (Fig. 2B).

Questions about Paleogeographic
Maps

Participants were asked if they had ques-
tions about their maps. Many respondents
either had a question or presented a hypoth-
esis about how ancient Earth changed to
modern Earth (39% public; 29% profession-
als; Table S3 [see footnote 1]). Nearly 64%
of the public mentioned plate tectonics and
one-third of respondents either asked about
or referenced the time period shown by
the map (32% public; 32% professionals).
Additionally, 26% of the professionals’
responses indicated that they wanted to
know what sources of data were used to con-
struct maps (vs. 6% of the public). Common
secondary themes for both groups were
requests to see more area than shown and
confusion about what volcanoes looked like.

Preference in Map Portrayal

For the final interview question, partici-
pants were shown all three paleogeographic

A. Variation with location

maps and asked to indicate which version
they preferred. The public favored the
Morris map (53%) versus the Blakey (25%)
or satellite map (12%; Fig. 3A). Ten percent
of respondents ranked two or more maps as
equally preferred. This preference was sta-
tistically significant (one way ANOVA;
F(2,447) = [21.63], p <0.001) and most pro-
nounced at the DMNS and GG locations
(Fig. 3A). Chi-square testing also showed
correlation between age and favorite map
(> = 77, p = 0.05), with younger public
participants choosing the Morris map and
older (45+ years) participants preferring the
Blakey map (Fig. 3B). Professionals were
split between the Blakey (39%) and Morris
map (37%; Fig. 3A) and exhibited similar
preferences by age (Fig. 3C).

The public primarily chose the Morris
map for its detail/realism (45% of respon-
dents) and representation of water (59%;
Fig. 4). In contrast, the Blakey map was
chosen for its detail/realism (33%) and high

DMNS

B. Public: variation with age
T T

GG NHMU

Interview location

C. Professionals: variation with age
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Figure 3. Variations in preferred paleogeographic map based on (A) interview location (Denver Museum of Nature & Science [DMNS], Garden of the Gods
Park [GG], and Natural History Museum of Utah [NHMU]) and age of the (B) public and (C) professional (Prof) audiences.
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Figure 4. Reasons for preferred paleogeographic map representation among (A) public and (B) professional audiences, including the most commonly cited

reasons among both communities (C).

contrast (33%). The satellite map was mostly
chosen for its detail/realism (29%). These
cited reasons were similar for professionals.
Professionals also cited the color palette used
to define landscape features as important in
determining their map preference.

INTERPRETATIONS

The tested maps were successful at com-
municating basic terrain distinctions (e.g.,
areas of land vs. water) and highlighting a
few large-scale features (e.g., ocean/sea,
shoreline, a high-elevation feature). This
interpretation is consistent with observed
public audience success in interpreting sat-
ellite data (Svatonova, 2016a). Consequently,
the success of popular paleogeographic
maps depends largely on the application
goal. If maps are used to help viewers dis-
tinguish between land and water boundar-
ies and highlight visually large terrain
features, they are successful.

However, our results suggest that if maps
are used to communicate smaller-scale ter-
rain features (e.g., rivers, volcanoes), visu-
alize subtle features (e.g., flatland or plains),
or distinguish between similar features

(e.g., delta vs. beach vs. inlet), they will not
succeed for the average adult, including col-
lege-age adults. These results parallel obser-
vations of public ability to interpret modern
aerial images (Lloyd et al., 2002).

More nuanced terrains are visible to the
trained eye. Professionals identified more
than five different terrain features (Fig.
2A), a finding supported by research on
modern landscapes that shows that practice
and training leads to greater proficiency at
interpreting geospatial imagery (Svatoiiova,
2016b; Sikl et al., 2019; Arthurs et al., 2021).
Likewise, we found a correlation between
self-rated experience and number of fea-
tures correctly identified (Fig. 2C), suggest-
ing that increased experience elevates
performance of older public respondents
versus younger respondents. This result
resonates with findings that show that
increased discipline-specific knowledge
improves scientific observation (e.g., Barth-
Cohen and Braden, 2021).

Intriguingly, the artistic style of the paleo-
geographic map may also influence perfor-
mance. Public respondents identified ~0.5
more features using the Morris map (the

map they liked best) versus the satellite
map. This influence has been observed in
studies on the interplay between aesthetics
and viewer perception (Daniel and Meitner,
2001) and on effective and inclusive visual-
ization (Sheppard, 2001; Sheppard and
Cizek, 2009; Oliveira and Partidario, 2020).
In contrast, professionals performed best on
the satellite map—the map they liked least,
but also the presentation they were most
familiar with, given their vocation.

Surprisingly, less than half of the public
population identified the tropical climate
portrayed by the maps (Fig. 2B). Professionals
did better, but not significantly so (55% of
respondents). Although there is research on
how audiences perceive aerial and satellite
landscape features (Lloyd et al., 2002; van
Coillie et al., 2014; Svatoniova, 2016a), no
similar research has explored how audiences
perceive climate. This gap may relate to the
challenge of deriving climate from true-
color satellite imagery. In practice, other
spectral bands and remote sensing tools are
used to provide data on precipitation and
temperature (see reviews by Tomlinson et
al., 2011; Levizzani and Cattani, 2019).
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In both study groups, most participants
got at least one component of climate (i.e.,
warm or wet) correct. However, both of
these terms are subjective—a subtropical or
temperate climate could also be described
as warm and wet. Further, because we
accepted any description of climate includ-
ing synonyms for warm and wet as correct,
it is possible the percentage of respondents
who actually perceived a tropical climate
was even lower than reported. These results
suggest that paleogeographic maps may
have unforeseen challenges in communicat-
ing climate. At best, such maps may exclude
possible climate extremes (e.g., most partic-
ipants did not perceive an overall cold or
dry climate), but viewers are expected to
struggle with distinguishing where in a
broad spectrum of temperature and precipi-
tation a portrayed region falls. These results
are paralleled by research that demonstrates
the difficulty of communicating climate
change through non-satellite visualizations
(Lewandowsky and Whitmarsh, 2018).

In considering our study’s impact on
future paleogeographic map design, prac-
tices that place emphasis on subtle land-
scape features of interest (e.g., a key or label
pointing out volcanoes—in popular use,
paleogeographic maps generally lack leg-
ends) may improve performance at identify-
ing terrain (Lloyd and Bunch, 2010). Adding
more visual context about temperature and
precipitation may likewise improve perfor-
mance at distinguishing climate. One
important climate cue is color choice. Similar
to analysis of satellite imagery, map color
creates a greenness index that defines veg-
etation cover (Burgan and Hartford, 1993)
and was frequently cited as an indicator of
climate (42% of public and 66% of profes-
sionals). Accordingly, the greenest map
(satellite map) was the map most likely to
have its climate correctly identified as
warm and wet (Fig. 2B). Landscape features
may also act as climate cues (e.g., snowy
mountains, glaciers, dune fields). To narrow
these indicators further, we recommend
adding explicit information on climate,
such as a thermometer showing average
annual temperature and a gauge showing
annual precipitation.

The most common public feedback
includes a desire to understand how the
portrayed Earth changed into modern-day
Earth (39% of respondents) and curiosity
about the time period portrayed by the visu-
alization (32%). These responses suggest
that paleogeographic maps should be paired

with an explanation or visualization of how
areas change across time periods and a clear
statement of the portrayed age. Furthermore,
the public’s common presentation of a
hypothesis involving plate tectonics sug-
gests the public was utilizing outside, but
interconnected, knowledge in their inter-
pretations. Research exploring the applica-
tion of interconnected knowledge supports
this linkage (e.g., Posner et al., 1982;
Schlichting and Preston, 2015; van Kesteren
et al., 2018).

While professional geoscientists share
some interests with the public, professionals
are four times more likely to question
sources of data used to construct the map.
This finding is supported by research that
shows that scientific experience enhances
critical thinking about data legitimacy
(Byrnes and Dunbar, 2014; Vincent-Lancrin
et al., 2019). If paleogeographic maps are
being designed for a professional audience,
including data sources that underpin such
maps should increase viewer satisfaction.

The public preferred the Morris map,
primarily because of its representation of
water and detail (Figs. 3 and 4). This map
had the most visible bathymetry, which was
likely especially important for a map por-
traying so much water. In contrast, partici-
pants interviewed at NHMU and older
respondents were less likely to choose the
Morris map (Fig. 4). These participants
instead preferred the Blakey map, com-
monly citing its high contrast. We hypothe-
size that this high contrast was more likely
to be a deciding factor in settings with poor
lighting (the case at NHMU) and with older
participants who are likely to have declined
contrast sensitivity (see experiments by
Ashraf et al., 2021). These considerations
may explain the relation between location,
age, and map preference.

Audience preferences inform insights
for increasing the impact of paleogeo-
graphic maps among public and profes-
sional audiences. For example, our find-
ings suggest that most viewers prefer an
illustrated rather than a photo-accurate
paleogeographic map and that the most
effective map will have detailed bathyme-
try, as in the Morris map, and high con-
trast, as in the Blakey map. The weight
given to each of these components, and the
aesthetic style used to achieve them,
should vary based on display location and
the age of the target audience (Oliveira and
Partidario, 2020) and may be explored in
future, specified work.

CONCLUSIONS

This study is the first to directly explore
the efficacy of paleogeographic maps as
communication tools. We identified both
successes and limitations in the efficacy of
the three paleogeographic maps we tested.
For example, an average public viewer
grasped the general terrain portrayed by a
map, an indication that the impact of large-
scale tectonics was being absorbed, but
was less likely to notice subtle features vis-
ible to an experienced viewer or geoscience
professional, like rivers, deltas, and plains.
Surprisingly, both public and professional
audiences struggled to identify all compo-
nents of portrayed climate. These findings
suggest that the effectiveness of popular
paleogeographic maps varies largely
depending on the audience (e.g., novice
public vs. experienced public vs. geosci-
ence professional) and on what the map is
trying to communicate (e.g., general land-
scape vs. specific landscape vs. climate).
Adding nontraditional content to paleogeo-
graphic maps, such as landscape feature
keys or more explicit indicators of climate,
is predicted to improve their efficacy as
communication tools.

We also explored the impacts of paleo-
geographic maps. Many viewers, regardless
of experience level, wanted more informa-
tion about the time period portrayed in the
maps and were curious about how the
ancient Earth displayed in the maps reached
modern-day conditions. Professionals also
had questions about sources of data. We
hypothesize that tailoring paleogeographic
maps to include this information will
increase viewer engagement and satisfac-
tion. Likewise, participants had clear pref-
erences for map aesthetics. All audiences
tended to favor one map over another due to
representation of water and how “realistic”
they felt it was. The result of the high impact
of oceanic depiction is striking, especially
given that much of the earth-science com-
munity’s efforts focus on continent recon-
struction, and geoscientists tend to focus
more on depictions of ancient land, rather
than ancient bathymetry.

In sum, these insights on paleogeographic
map efficacy and recommended future prac-
tices begin to lay a foundation for conveying
ancient Earth in ways that meet the evolving
needs of our audiences. We hope this pilot
work is the first of many studies to explore
how we as a scientific community use paleo-
geographic maps to communicate to the pub-
lic, to students, and to each other.
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