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That’s a Relief: Assessing Beauty, Realism, and Landform Clarity in Multilayer Terrain Maps
Nathaniel A. K. Douglass, Carolyn S. Fish

Visual Storytelling with Maps: An Empirical Study on Story Map Themes and Narrative 
Elements, Visual Storytelling Genres and Tropes, and Individual Audience Differences

Zihan Song, Robert E. Roth, Lily Houtman, Timothy Prestby, Alicia Iverson, Song Gao

A Stylistic Study of the Hand-Painted Winter Panorama Maps of Pierre Novat
Nolan Mestres

Paint it as You Ski it: an Interview with Ski Resort Map Artist James Niehues
Charles Preppernau

Atlas of the Invisible
reviewed by Rosemary P. Wardley

Frederick Law Olmsted: Plans and Views of Communities and Private Estates
reviewed by Nat Case

Women And GIS: Mapping Their Stories
reviewed by R. C. Ramsey

LETTER FROM THE EDITOR

PEER- REVIEWED ARTICLES

REVIEWS

CARTOGRAPHIC COLLECTIONS

103Instructions to Authors



Cartographic Perspectives
The Journal of

Number 100, 2022

Cartographic Perspectives, Number 100, FORTHCOMING ﻿﻿ | 2 

A B O U T  T H E  COV E R

For our hundredth issue, we feature an homage 
to the cover of the very first issue of Cartographic 
Perspectives, released in March of 1989. This design 
(with differing background colors) was followed 
through the first 13 issues, up until the fall of 1992. 
Head on over to cartographicperspectives.org to 
view our entire archive, and see how our journal has 
evolved over the decades. Here's to 100 more!

http://cartographicperspectives.org
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This issue marks an anniversary for CP, the hundredth issue of the journal. CP 1 was pub-
lished in 1989, and the inaugural co-editors were David DiBiase and Karl Proehl. Although 
I was not among its initial readers, with my first association with NACIS still a decade 
into the future, I can glean from those early issues that CP was established because the 
Society had outgrown its previous communications fora: two newsletters, called Map Gap 
and Cartographic Information. In the new journal, one aim was to publish original material 
rather than to (primarily) synthesize and collect reports of recent developments in the field. 
The new journal was also envisaged as a means for linking the multiple constituencies that 
had engaged with the organization as it grew and matured, a task that was harder before the 
internet connected us all.

Reading David’s message to NACIS members from that first issue, my eye was caught by 
the following quote:

My goal for CP is that it be a forum every member feels comfortable contributing to, 
and that each issue contain a variety of contributions from several members. All are 
encouraged to submit reviews, reports, abstracts of “fugitive cartographic literature,” 
notices, open letters, comments or complaints. There is a place in this Bulletin for a 
range of prose forms, from the formal solicited article to the informal notice posted 
on the “Cart Lab Bulletin Board.” Graphical submissions are also welcome.

Although CP no longer has a section called the cart lab bulletin board, in part because 
so few universities have been wise enough to retain their cartography labs (in my view 
missing a great opportunity for education and community engagement), CP does still have 
a range of sections where members working in different contexts and with different map-
ping-related interests can contribute. For those of us whose everyday work does not involve 
writing in public fora, contributing to CP may seem daunting. I can say that my section 
editor colleagues, our Assistant Editor, Daniel Huffman, and I have worked hard to support 
anyone who wants to contribute to the journal to develop that contribution, no matter their 
level of comfort or prior experience with writing for a journal.

Over its existence, CP has had nine Editors (Figure 1) each of whom has helped to build 
the journal in their own way, responding to the needs of the Society at the time, and to 
broader changes in cartography and in academic publishing. Under their leadership, CP 
has stood apart from other cartographic journals through its distinctive outlook and its 

L E T T E R  FR O M  T H E  E D I TO R
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willingness to innovate in ways that 
have often been ahead of their time. 
For example, from 1999 onwards 
we offered authors the ability to 
publish figures in color, which was 
not commonplace at the time, much 
less made available—as we did—at 
no cost to the author. We were the 
first cartographic journal to become 
fully open access, a decision that was 
implemented in 2011 after consult-
ing with the NACIS membership. 
CP is still the only cartographic 
journal that supports open-access 
publication with no fees for authors. 
Like the Society’s decision to record 
and publish presentations from the 
Annual Meeting on YouTube, being 
an open-access journal is true to the 
spirit of the Society in that it seeks 
to enable the widest possible range of 
people to participate in our commu-
nity. Cost, at least, is no barrier to 
reading the journal. Visually, too, CP 
has remained at the leading edge. 
Tanya Buckingham Andersen, who 

helped lead the transition to an open-access model, took the opportunity to update the look 
of CP. Our layout, which has since been further developed by Daniel Huffman, draws upon 
the design traditions of our profession to present a more accessible alternative to the bland, 
authoritative style (to use a category coined by Ian Muehlenhaus, one of our editorial board 
members) used by most scholarly journals.

Our journal’s distinctive approach aims to represent the full diversity of cartographic prac-
tice. Most scholarly journals publish only materials that are directed towards an audience 
of academics and researchers. From the very beginning, CP has had sections that speak to 
practicing cartographers, those working with cartographic collections, and those working on 
the artistic side of cartography. Because our book reviews are written not only by academics, 
they highlight where books have value for cartographers working in roles other than re-
search, making our reviews section stronger and more useful to the wider membership than 
that of a typical journal.

There is more we can do to support participation by a diverse range of cartographers, and 
the journal’s editorial board will listen to and consider any suggestions made by Society 
members that might widen participation in the journal’s conversations. As I thought about 
how I might try to understand the trajectory of the journal over time, I sat down to look at 
all of the “featured articles” from CP 1 onwards.1 Inspired by the society’s discussions about 

1.  “Featured articles” are those that have undergone a peer-review process with several experts in the specific topic that the 
article addresses. Early in CP ’s history, these articles were directly commissioned by the editors, but as the journal grew, it 
began to review and accept unsolicited contributions from authors.

Figure 1. Cartographic Perspectives editors, 1989–2022 
(CP1–100).

https://www.youtube.com/channel/UCxleHCzc6YynGbzJMWx6C7w/videos?app=desktop
https://www.youtube.com/channel/UCxleHCzc6YynGbzJMWx6C7w/videos?app=desktop
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diversity and inclusion over the past several years, I decided to focus on trying to understand 
how CP has or has not been representative of different voices in the field. Limiting myself 
to only this subset of articles necessarily offers a constrained view of the journal, but as the 
section for which I have been most responsible, it is the section I know the best. Moreover, 
as the section with the greatest number of “gatekeepers”—the peer reviewers as well as the 
editor—there may be a greater number of barriers to participation by a diverse set of authors 
in the “featured articles” section than in the other sections. Although there are many dimen-
sions we could examine as far as whose voices are being heard (e.g., gender, race/ethnicity, 
age, employment sector), few of them can be understood without the systematic collection 
of demographic data, which CP has not done for its authors. However, unlike some personal 
characteristics like race/ethnicity or age, we can attempt to infer gender identities from 
author names with a reasonable level of accuracy. This admittedly forces a binary classi-
fication of a non-binary aspect of a person’s identity. Although this is not optimal, in the 
absence of historical self-identification information, this is the only available information to 
understand gender differences in participation. Where possible, inferred gender identity was 
cross-referenced with pronouns the author used on a webpage or other publication.

Figure 2 shows the participation rate by females in the “featured articles” category of 
submissions published in CP, across the journal’s history. The authorship data are aggregated 
into ten-issue units to smooth the spikiness of the trends that result from small numbers of 
articles when considering single issues. The chart also shows the percentage of papers that 
had female first authors, who are assumed to have made the most substantial contribution 
to the work described in the article. Female participation has ranged from 27% to 54%, 
with three groups of issues exceeding the 50% threshold, and an overall participation rate 
of 40%. Females are less likely to have been first authors on the papers I examined than to 
have participated in some other way. Female first authorship rates have ranged from 19% to 
43%, with an overall rate of 29%. There does not appear to be a strong upward or downward 

Figure 2. Female authorship in Cartographic Perspectives, issues 1–100.
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trend in either overall participation or first authorship rates, and the analysis would benefit 
from contextual data on female participation in the broader field of cartography over the 
time period. Nevertheless, having basic knowledge of participation levels is a prerequisite to 
identifying and understanding participation barriers, and this analysis presents a very modest 
first step in that direction.

Throughout its existence, CP has published on a wide range of topics of cartographic 
interest, ranging from humanities-influenced research on the role of maps in literature 
and art, the contributions to the history of cartography, or philosophies of mapping; all 
the way to science- and engineering-influenced research that develops new algorithms or 
mapping production technologies. Somewhere in the middle of these two poles, of course, 
is design-focused research wherein a new design is developed and sometimes evaluated with 
map users.

While some topics have been of persistent interest, others have changed through the jour-
nal’s history as practices of mapmaking and the membership of the Society have themselves 
changed. An examination of the fifty words most frequently found in the abstracts of 
published papers (again aggregated into ten-issue units) reveals, unsurprisingly, that map(s), 
mapping, cartographic, cartography, data (or its counterpart information), and design 
always make an appearance. Atlas(es) have also often been a perennial point of discussion, 
moving up and down the frequency rankings, with a major pulse appearing due to issue 
20, which was a special issue focused on atlas design. Other words appear only over shorter 
time periods. For example, abstracts of early issues often mentioned production, paper, 
computer, software, animation, retrieval, and electronic, perhaps because production 
technologies were still undergoing major changes at that point. Internet and web make their 
first appearances in the data for issues 21–30 and 31–40, respectively, and then return again 
as online in more recent issues (81–90 and 91–100). Later issues show more concern with 
how we are designing maps to be used and how people are using them, with words such as 
interaction, use, experience, and evaluation frequently mentioned in recent journal issues. 
Finally, we can see the influence of special issues that focus on particular themes, through 
the appearance of words that appear in only one or two of the aggregate units, such as art, 
aesthetics, terrain, ski, and emotional. Somewhat surprising is the fact that words related to 
coding, now used to produce many maps, do not make an appearance in the most frequent 
word lists of any period. This may, however, have looked quite different if all sections of the 
journal had been examined instead of just the featured articles.

I encourage you all to explore the CP archives. There are some fascinating pieces that 
appear in the journal’s history, and the author list reads like something of a who’s who in 
cartography, with many prominent scholars having published at least once in the journal 
(e.g., Waldo Tobler, Alan MacEachren, Mark Monmonier, Michael Goodchild, Ferjan 
Ormeling, Cynthia Brewer, Barbara Buttenfield, Rob Roth, and Anthony Robinson). Our 
most frequent contributors, with twelve and eleven articles, respectively, have been the 
NACIS stalwarts Adele Haft, who brought to our attention the role of maps in poetry 
and who for many years was a fixture at the Annual Meeting, and Tom Patterson, who has 
generously shared his knowledge of mapping terrain with the NACIS community for several 
decades. In this issue of CP, you can find some new work on terrain mapping that has clearly 
benefitted from these past publications.
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On that note, in CP 100, you will find three peer-reviewed articles. In the first, Zihan 
Song and colleagues examine the relative success of two different genres of storytelling with 
maps (the longform infographic and the dynamic slideshow) and two different ways of fo-
cusing the reader’s attention on important aspects of the story (color highlighting and leader 
lines). Their study found that leader lines and the longform infographic format presented 
some advantages in making the story memorable and understandable. In the second article, 
Nathaniel Douglass and Carolyn Fish explore combinations of thematic terrain layers 
(hypsometric tints, land cover, and orthoimagery) with shaded relief produced by different 
methods (hand-drawn relief, multidirectional hillshade, and ray-traced relief shading). Their 
study examined how different combinations of these two layer types affected how map 
readers assessed the map’s beauty, level of realism, and the clarity of its different landforms. 
In the final article, Nolan Mestres breaks down the stylistic elements of Pierre Novat’s 
hand-painted winter panorama maps. Mestres highlights key elements that make Novat’s 
maps distinctive in comparison with those produced by other painters such as Heinrich 
Berann or James Niehues (whose maps also feature in this issue of CP). Novat’s maps, which 
can be found all over France in its many ski resorts, helped to shape how people in France 
saw mountain regions at a time when there was significant expansion of ski resorts.

In cartographic collections, Charles Preppernau interviews James Niehues, a contem-
porary painter who is well known for his panorama maps of ski resort areas in the United 
States, among other places. This beautifully illustrated interview discusses some of the 
challenges of creating clear yet recognizable views of terrain, and various ways that Niehues 
experimented with different solutions to develop his mapping style. It also introduces 
Niehues’s most recent project, the Great American Landscape Project.

CP100 includes three reviews. Rosemary Wardley reviews the latest atlas produced by the 
2017–2018 Corlis Benefideo Award-winning team of James Cheshire and Oliver Umberti, 
The Atlas of the Invisible. In it, the authors aimed to reveal invisible influences on how we 
live in today’s world, by drawing on both new data sources and existing data sources that 
they visualized in new ways. In addition to enlightening us about these invisible influences, 
Wardley recommends the book as a design inspiration source book. R. C. Ramsey next 
reviews Women and GIS: Mapping their Stories, in which the Esri Press authorial team quite 
directly aims to make women working in the GIS and mapping disciplines more visible by 
profiling women with successful careers in the industry and sharing their stories of how they 
built a successful career. Of particular value, Ramsey notes, is the book’s discussion of how 
these women not only embarked on, but sustained their careers. Finally, Nat Case reviews 
Frederick Law Olmsted: Plans and Views of Communities and Private Estates. This reference 
volume, part of a larger, multi-volume collection, focuses on Olmsted’s private commissions. 
A key point of its value, according to Case, is the way that site photos and plans are juxta-
posed to better allow the reader to see how Olmsted’s vision might be brought to life within 
the landscape.

After this issue is published, I will be handing over the reins to the 10th editor, Jim Thatcher, 
who will bring fresh ideas about where to take the journal in its next phase of development. 
I will leave it to Jim to communicate what his ideas for the journal are, but from what I do 
know of his plans, I am sure his editorial philosophy will honor journal’s founding aims, 
and I look forward to seeing future issues that will undoubtedly include thought-provoking 
pieces.

https://nacis.org/awards/corlis-benefideo-award/
https://nacis.org/awards/2017-winner-oliver-uberti-and-james-cheshire/
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Before signing off, I’d like to offer my thanks to the very large number of people who have 
worked with me to help produce the journal over my tenure as editor. This support, just like 
most of what makes NACIS tick, is almost all volunteered; for that, I am very grateful. It has 
been especially appreciated the last few years as I navigated some particularly challenging 
professional and personal circumstances in addition to the of ever-shifting COVID-land 
weirdness we have all travelled through. Some of these individuals have served in multiple 
roles and are named only once here for brevity. They include Daniel Huffman (Assistant 
Editor), Margot Carpenter (Cartographic Collections section editor), Nick Bauch (Visual 
Fields section editor), Fritz Kessler (Views on Cartographic Education section editor), 
Mark Denil (Reviews editor), Susan Peschel (NACIS Business Manager), previous section 
editors (Sarah Bell, Jake Coolidge, Matt Dooley, Terri Robar, Angie Cope, Alex Tait, Laura 
McCormick, Lisa Sutton), current and past editorial board members (Sarah Battersby, 
Raechel Bianchetti, Cynthia Brewer, Matthew Edney, Sara Fabrikant, Bernhard Jenny, Pat 
Kennelly, Mark Monmonier, Ian Muehlenhaus, Michael Peterson, Anthony Robinson, Amy 
Rock, and Robert Roth), the dozens of experts who have provided reviews of manuscripts, 
contributors who sent their good work to the journal, and finally, you, the readers, without 
whom there would be no point in producing a journal.

I encourage you to dip into this landmark issue of CP and consider how you can contribute 
to its cartographic conversations.

Amy Griffin (she/her) 
Editor, Cartographic Perspectives



Cartographic Perspectives, Number 100, FORTHCOMING

© by the author(s). This work is licensed under the Creative Commons Attribution-NonCommercial-NoDerivatives 
4.0 International License. To view a copy of this license, visit http://creativecommons.org/licenses/by-nc-nd/4.0.

Visual Storytelling with Maps  –  Song et al. | 10 

Zihan Song
Esri

zsong@esri.com

Robert E. Roth
University of Wisconsin–Madison

reroth@wisc.edu

Lily Houtman
The Pennsylvania State University

lhoutman@psu.edu

Timothy Prestby
The Pennsylvania State University

tprestby@psu.edu

Alicia Iverson
University of Wisconsin–Madison

aiverson3@wisc.edu

Song Gao
University of Wisconsin–Madison

gao@wisc.edu

Visual Storytelling with Maps: An Empirical Study on Story 
Map Themes and Narrative Elements, Visual Storytelling 
Genres and Tropes, and Individual Audience Differences

DOI: 10.14714/CP100.1759 PEER - REVIEWED ART ICLE

Visual storytelling describes the communication of stories through illustrations, graphics, imagery, and video instead of, 
or in addition to, oral, written, and audio formats. Compared to their popularity and wide reach, empirical research 
on map-based visual stories remains limited. We work towards infilling this gap through an empirical study on data 
journalism, providing the first assessment of four emerging design considerations for visual storytelling with maps: story 
map themes and their constituent narrative elements, visual storytelling genres, visual storytelling tropes, and individ-
ual audience differences. Specifically, we recruited 125 participants to an online map study, requiring them to separately 
review two visual stories and respond to a series of free-response and Likert scale questions regarding their retention, 
comprehension, and reaction. We followed a 2×2×2 factorial design for the visual stories, varying their themes (US pres-
idential campaign donations, US coastal sea-level rise), genres (longform infographic, dynamic slideshow), and 
tropes (color highlighting, leader lines), while holding other design dimensions constant. The story theme did not influ-
ence the participants’ total retention or comprehension, indicating that a three-act narrative and its constituent elements 
can be applied consistently and effectively across variable kinds of topics. Instead, genres and, to a weaker degree, tropes 
influenced total participant retention, pointing to the importance of intentional design in map-based visual storytelling. 
Overall, participants performed better when the visual storytelling designs used longform infographics or “scrollytell-
ing” (genres) to structure content and leader lines (tropes) to visually accent information. In contrast, the story theme 
influenced audience reaction, with participants feeling significantly more concerned about and upset with the US presi-
dential campaign donations story compared to the US sea-level rise story. Individual audience differences by expertise, 
motivation, and prior beliefs also influenced participant reaction. Our study signals a need for establishing a research and 
education agenda on map-based visual storytelling in both cartography and data journalism.

K E Y W O R D S :  visual storytelling; data journalism; spatial narratives; story maps; scrollytelling; narrative visualization

I N T R O D U C T I O N
Here, we report on empirical research aimed at under-
standing how to design maps that support visual storytell-
ing. Mapping and storytelling have long been intertwined 
(Denil 2017). The fourth-century Classic of Mountains and 
Seas made visual the mythical story of ancient China; the 

medieval Beatine Map was embedded within and rein-
forced the story of Christianity; Ogilby’s Britannia atlas of 
1675 presented sequenced recollections of life on the road 
in an increasingly interconnected Britain. While any sto-
ryteller can use maps, graphics, sketches, etc., to advance 

http://creativecommons.org/licenses/by-nc-nd/4.0/
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their narrative and enhance their story, spatialized stories 
designed by cartographers traditionally were contained 
within the margins of a single printed map or unfolded 
through an atlas-like sequence of bound maps (Ormeling 
1995). In the following, we use story to describe an account 
of specific events, places, and people, and narrative to de-
scribe the structure and presentation of this content that 
shapes the meaning of the story (Pearce 2008).

Arguably, both maps and stories are more accessible and 
influential today than ever due to pervasive computing, 
innovations in new media, and advancing geoweb tech-
nologies (Haklay, Singleton, and Parker 2008; Sui and 
Goodchild 2011; Sieber et al. 2016; Young, Hermida, 
and Fulda 2018). Unsurprisingly, narrative and storytell-
ing have garnered substantial research attention at the 
intersection of cartography, geography, and GIScience 
(e.g., Elwood 2006; Pearce 2009; Phillips 2012; Caquard 
2013) and increasingly are topics of inquiry in related, vi-
sual-centric fields such as information visualization and 
visual analytics (e.g., Gershon and Page 2001; Eccles et 
al. 2008; Ma et al. 2012; Kosara and Mackinlay 2013). 
Professionally, the use of maps and graphics for storytell-
ing has become a defining trait of data journalism, or news 
stories supplemented and even generated by analysis and 
presentation of digital information (Gray, Chambers, and 
Bounegru 2012). While journalists have a long history of 
using data-driven maps as evidence in their news reports 
(Monmonier 1989), many news organizations are explor-
ing novel narrative structures and design strategies as they 
transition from a primarily print to a primarily digital me-
dium (Wallace 2016; Cairo 2017). In the following, we 
adopt a broad definition of visual storytelling as the com-
munication of stories through illustrations, graphics, im-
agery, and video instead of or in addition to oral, written, 
and audio formats (for a review of storytelling visualiza-
tions, see Segel and Heer 2010).

Despite both scholarly and practical advancement in the 
history, application, and critique of narrative and story 
in cartography and related fields, there remains relatively 
limited empirical research on the intentional design of vi-
sual stories, particularly on map-based strategies and tech-
niques, and the subsequent interpretation of these designs 
by their audiences. We addressed this gap through an em-
pirical study providing the first assessment of four emerg-
ing design considerations for visual storytelling with maps: 
story map themes and their constituent narrative elements, 

visual storytelling genres, visual storytelling tropes, and 
individual audience differences. Specifically, we asked:

1.	 What is the influence of story map themes and their 
constituent narrative elements on the audience’s 
retention, comprehension, and reaction? Visual 
stories covering different kinds of topics, or story 
themes, still can share design similarities based 
on the underlying narrative structure. A three-act 
narrative—dating to Aristotle’s Poetics (ca. 335 
BCE) and commonly adopted in play- and screen-
writing—comprises a set-up (Act 1), a conflict/
confrontation (Act 2), and a resolution (Act 3) to 
give the story a beginning, middle, and ending. 
Each act includes recurring narrative elements 
paced to build suspense through rising action and 
then tie up loose threads through falling action. 
The elements of a three-act narrative can inform 
the selected sequence of maps and graphics for 
a visual story, enforcing continuity to produce 
a linear reading of inherently non-linear, often 
two-dimensional, geographic information. For 
our research, we designed two map-based visual 
stories on timely topics seen in US media outlets, 
using a consistent three-act narrative structure and 
similar constituent narrative elements: the first 
about the influence of US presidential campaign 
donations on election results and a second about 
the influence of US coastal sea-level rise on climate 
change vulnerability.

2.	 What is the influence of visual storytelling genres 
on the audience’s retention, comprehension, and re-
action? Broadly, a genre is a category of literature, 
music, or other form of artistic expression that ex-
hibits similarity in structural and stylistic elements 
(see Cartwright [1999] for the first reference to 
genres related to storytelling in cartography). Our 
prior work has extended Segel and Heer (2010) 
to identify seven visual storytelling genres made 
possible by developments in pervasive comput-
ing, new media, and geoweb technologies (Roth 
2021). These genres differ by the visual or inter-
active techniques they use to enforce continuity of 
elements in the narrative sequence. In the research 
we present here, we examined differences in the 
audience’s retention, comprehension, and reaction 
between two visual storytelling genres: longform 
infographics and dynamic slideshows.
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3.	 What is the influence of visual storytelling tropes on 
the audience’s retention, comprehension, and reac-
tion? A trope is a literary or rhetorical device used 
to advance a story, much like a figure of speech 
(Smith 1996). We previously established seven 
visual storytelling tropes that capture a range of 
design techniques used not to represent infor-
mation, but to advance the narrative and develop 
narrative elements (Roth 2021). Employing visual 
storytelling genres that enforce a linear, three-act 
narrative utilizes a first trope—continuity—by 
unifying otherwise disparate visual elements into 
a logical structure (Gershon and Page 2001). In 
addition, we examined design techniques used to 
focus attention—a second trope first discussed 
by Gershon and Page—on important or unusu-
al information that should not be missed by the 
audience. Specifically, we investigated differences 
in the audience’s retention, comprehension, and 
reaction between two visual attention strategies 
commonly used in cartography and information 
visualization (e.g., Robinson 2011; Griffin and 
Robinson 2015): leader lines and color highlighting.

4.	 What is the influence of individual audience 
differences on their retention, comprehension, and 
reaction? Visual stories are presented from a situ-
ated perspective and invite the audience to draw 
from their personal backgrounds and experiences 

to derive meaning from the story (Pearce 2014). 
Maps and stories are persuasive and political 
(Harley 1989; Cronon 1992), and commonly are 
employed together for controversial, divisive topics 
(Vujaković 2014; Kent 2017). Multiple personal 
characteristics can influence retention, compre-
hension, and reaction, and therefore the success of 
a visual story design. We term these variable audi-
ence characteristics individual differences, and col-
lected information on expertise, motivation, and 
prior beliefs on a number of topics related to visual 
storytelling to examine the influence of individual 
audience differences on retention, comprehension, 
and reaction.

We addressed these research questions through an online 
map study with 125 participants recruited from Amazon 
Mechanical Turk. The study required participants to sep-
arately review two visual stories and then respond to a 
series of multiple choice, free response, and Likert scale 
questions to assess their retention, comprehension, and 
reaction. We followed a 2×2×2 factorial design for our vi-
sual story materials, varying one of our test dimensions 
(themes, genres, or tropes) while holding the others con-
stant, resulting in eight unique visual story designs in total. 
The remainder of this paper describes related background 
work, specifics about our method design, overall results, 
and concluding take-homes for the intentional design of 
map-based visual stories.

R E L AT E D  WO R K
“Spatial narratives,” “story maps,” and “visual 
storytelling” are now commonplace terms in the car-
tographic lexicon, often evoked to simultaneously describe 
a mode of individual expression, a visual design meth-
od, and a technological platform. Research on “narrative 
cartography” is as diverse as that on maps themselves, 
with storytelling opening new intellectual spaces for cin-
ematic (e.g., Caquard and Taylor 2009; Muehlenhaus 
2014), imaginative (e.g., Joliveau 2009; Caquard 2011), 
Indigenous (e.g., Chapin, Lamb, and Threlkeld 2005; 
Pearce and Louis 2008), literary (e.g., Moretti 2005; 
Bushell 2012), multimedia (e.g., Monmonier 1992; 
Cartwright 1999), and participatory (e.g., Elwood 2006; 
Miller 2006) mappings. Maps can give spatial structure 
to oral, written, and audio-visual forms of storytelling 
(Caquard and Cartwright 2014), and often are combined 

with graphics, images, videos, and text to provide a deep 
account of people, places, and events (Macfarlane 2007).

We explored map-based visual storytelling through the 
lens of data journalism, an area that has seen increased re-
search and professional interest in cartography, informa-
tion visualization, and related fields (for recent edited vol-
umes, see Gray, Chambers, and Bounegru 2012; Riche et 
al. 2018; Engebretsen and Kennedy 2020). Data journal-
ism is an iterative process that includes collecting disparate 
data, analyzing and filtering the collected data, visualiz-
ing the data, and ultimately forming a story that hinges 
upon key insights within the data (Weber and Rall 2012; 
Rogers 2014). Thus, the data journalism process is much 
like the highly iterative process we follow in cartography: 
both journalist and cartographer are active in shaping an 
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explanation of the compiled text, graphics, and images. In 
other words, both maps and news stories—and the various 
combinations therein—exhibit purposeful design (Roth 
2021). In our research, we approached four emerging 
design considerations for visual storytelling using a case 
study in data journalism.

STORY MAP THEMES AND THREE-ACT 
NARRATIVE ELEMENTS

First, we drew from elements of a linear, three-act narra-
tive to inform the content and sequence of maps, graph-
ics, and text for two different visual storytelling themes 
common in data journalism. Conceptually, nearly all data 
journalism lends itself to mapping, as events occur in spe-
cific geographic, historical, and social contexts. Vujaković 
(2014, 15) characterizes seven “news maps” themes and 
18 sub-themes receptive to mapping in data journalism, 
ranging from environmental concerns to politics. Each 
story theme covers a unique knowledge domain and there-
fore may represent a different reporting responsibility in 
a news room, with the themes broad enough to apply to 
many geographic locations.

If the theme informs the content of the story, a linear nar-
rative provides design guidance for structuring and pre-
senting this story content. In this way, map-based visual 
stories covering very different themes can share similar-
ities in their design if using the same narrative structure 
(see Phillips 2012 for an analysis of common narrative 
structures in geography), and consideration of the con-
stituent narrative elements of this structure during story 
planning offers new opportunities for visual story design. 
Specifically, we organized narrative elements into a three-
act structure defining the beginning, middle, and end of 
each of our story themes:

1.	 The set-up (Act 1) introduces the setting, key 
characters, and problem context. The set-up often 
includes a hook, or an exciting early scene that cap-
tures the attention of the audience and encourages 
them to continue reading. For visual storytelling, 
a map primarily frames the setting and problem 
context in the set-up act, but places depicted with-
in the map also can be treated as exemplar protag-
onist or antagonist characters.

2.	 The conflict or confrontation (Act 2) first intervenes 
with the problem, or key issue driving the story, 
and then slowly builds suspense through rising 

plot points. The problem produces tension among 
characters, particularly between the protagonist 
and antagonist for critical juxtaposition. The char-
acters respond and evolve at each plot point. In a 
cartographic context, individual plot points can be 
represented as either unique symbols and annota-
tions within a single map or unique maps within 
a broader sequence of graphics, images, and text. 
Accordingly, representation of a single narrative 
element often is described as a frame within the 
overall visual story (after Pearce 2008).

3.	 The resolution (Act 3) culminates the narrative arc 
with the dramatic climax, or final confrontation 
between characters. The resolution concludes the 
story with falling action in the denouement, in 
which remaining matters are explained or re-
solved. Several narrative elements can be left unre-
solved for the audience in a cliffhanger, stimulating 
their imagination and curiosity while allowing 
them to “fill in the gaps” using their own experi-
ences and predictions.

There are a number of modifications and extensions of 
a three-act narrative (see Hullman et al. 2013; Thöny et 
al. 2018), and visual storytelling often deviates from a 
linear narrative to temporarily withhold information or 
build suspense (Muehlenhaus 2014). However, we test-
ed two different visual story themes instead of two dif-
ferent narrative structures, both to simplify the factorial 
study design described below and to mitigate the effect of 
participant biases towards any single theme, which oth-
erwise might skew our results when testing other visual 
story design considerations (i.e., genres and tropes). We 
selected the case studies of US presidential campaign dona-
tions and US coastal sea-level rise to exemplify Vujaković’s 
(2014) “Politics, Internal” versus “Environment and 
Science” themes, two timely topics in US media outlets. 
Table 1 defines the aforementioned constituent elements 
of a linear, three-act narrative based on Roth (2021) and 
describes their application to the two case studies used in 
the online study.

VISUAL STORYTELLING GENRES

Second, we examined the inf luence of the visual story-
telling genre on participants’ retention, comprehension, 
and reaction. Segel and Heer (2010, 1139) proposed seven 
basic “genres of narrative visualization,” differentiating 
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Narrative 
Element

Description Story 1: US Presidential Campaign Donations Story 2: US Sea-level Rise Vulnerability

Theme
The general thematic 
category of the visual story 
(Vujakovic 2014)

A. Politics: internal; 1. Government D. Environment and Science; 8. Environmental problems/
impacts

Topic
The specific geographic 
phenomenon or process 
covered in the visual story

US presidential campaign donations US sea-level rise

Title
(Panel 1)

A condensed, engaging 
headline for the visual story

The Presidency’s Price Tag: Campaign Donations and the 
2012 Presidential Election

Soaking in Water: Sea-Level Rise and Vulnerable Coastal 
Properties Since 2012

Summary
A brief introduction to the 
visual story following a three-
act narrative structure

Purpose: This story follows two swing states—Colorado 
and Ohio—to explain the impact of campaign donations 
on the US presidential election results. Problem: 
Differences in party campaign donations influenced 
voting results in many swing states during the 2012 
Presidential Election. Resolution: Colorado and Ohio 
represent different alternatives for addressing campaign 
donations.

Purpose: This story follows two coastal states—New 
York and North Carolina—to explain the impact of 
sea-level rise on the vulnerability of coastal properties 
in the US. Problem: Rising sea levels have increased the 
vulnerability of properties on the East Coast of US since 
2012. Resolution: New York and North Carolina represent 
different alternatives for addressing sea-level rise.

Act 1: Set-up

Setting
The specific place, time, and 
social context, giving the 
story a geography

  Space Where the story takes place US Swing States US Eastern Coastal States

  Time When the story occurred The 2012 US Presidential Election The 2012 Hurricane Season

Characters
The people or places who 
embody the narrative and 
act-out the plot

  Protagonist
  (accented)

The main character in the 
story

Colorado: A swing state whose voting support increased 
for the Democratic candidate as Democrats gained an 
advantage in campaign donations

New York: A coastal state whose vulnerability increased 
as sea level rose

  Antagonist
  (accented)

The character in opposition 
to the protagonist

Ohio: A swing state whose voting support was largely not 
influenced by an advantage in campaign donations by 
either party

North Carolina: A coastal state whose vulnerability was 
largely not influenced by rising sea levels

The Hook
(Panel 1)

An exciting early scene that 
captures the audience’s 
interest and encourages them 
to continue reading

Private donations, not public discourse, shape the 
outcome of the presidential election

Even small rises in sea-level dramatically increase coastal 
vulnerability to storms

Problem 
Context 
(Panel 2)

Additional background 
information needed to 
interpret the story later in the 
narrative sequence

Title: What Is Happening with Our Elections? It Starts 
with Rising Campaign Costs. Fact: US presidential 
campaign costs have increased nearly 800% in the past 
40 years. Accent: Campaign costs peaked at $1.74 
billion in the 2008 presidential election. Graph: Y value: 
Presidential Election Costs ($ Billion); X value: Year.

Title: What is Happening with Our Coasts? It Starts with 
Rising Temperatures. Fact: US average temperatures 
have increased almost 3 °F in the past 40 years. Accent: 
US average temperatures peaked at 54.3 °F in 2015. 
Graph: Y value: Average Temperature (°F); X value: 
Year.

Problem 
Context 
(Panel 3)

Additional background 
information needed to 
interpret the story later in the 
narrative sequence

Title: Why Do Costs Matter? More than 50% of 
Campaign Funds were from Donations in 2012. 
Colorado: The average person in Colorado donated 
$3.30 during the 2012 presidential election. Ohio: The 
average person in Ohio donated only $1.50 during the 
2012 presidential election. Legend: title: Presidential 
Campaign Donations; description: Average donations per 
person ($), 2012 presidential election.

Title: Why Do Coasts Matter? More than 50% of US 
Citizens Lived in Coastal Areas by 2012. New York: 
3,081 people live in an average square mile of New 
York coasts. North Carolina: Only 73 people live in an 
average square mile of North Carolina coasts. Legend: 
title: Coastal Population Density; description: Average 
people per square mile of coastal area, 2012.

Table 1. Elements of a Three-act Narrative. A linear, three-act narrative comprises a set-up (Act 1), conflict/confrontation (Act 2), and 
resolution (Act 3). This table describes how we applied the constituent elements of a linear, three-act narrative to the pair of visual stories 
used in this study. Continued on the next page.
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each genre by the number and order of frames within the 
story: magazine style, annotated chart, partitioned post-
er, flow chart, comic strip, slide show, and film/video/an-
imation. While foundational, the original Segel and Heer 
taxonomy drew primarily upon printed news maps and 
passive television news reporting, thus preceding many 
emerging design practices made possible by pervasive 

computing, new media, and geoweb technologies (Kosara 
and Mackinlay 2013). Further, the number of frames 
is less relevant with these emerging technologies, where 
page space is unlimited. In response, we previously pro-
posed a revised taxonomy of visual storytelling genres 
based only on the visual or interactive technique used to 
enforce continuity of elements in the narrative sequence: 

Act 2: Conflict/Confrontation

Problem/
Catalyst 
(Panel 4)

The central confrontation, 
obstacle, or setback driving 
the story

Title: So What? Increasing Donations Pose A Problem… 
Fact: The Democrat advantage in campaign donations 
reached $253 million for the 2012 presidential election. 
Accent: Democrats received $51 million more donations 
than Republicans in September, the largest donations 
advantage during the 2012 president election. Graph: 
Y value: Cumulative Donation Gap ($ Million); X value: 
Month

Title: So What? Rising Sea Levels Pose a Problem… 
Fact: The US average sea levels in 2012 reached 47.8 
millimeters above the 2002 average. Accent: Global 
sea levels rose 8.4 millimeters in 2012, the largest sea-
level rise from 2002-2012. Graph: Y value: Cumulative 
Sea Level Change (Millimeters); X value: Year.

Tension
(Panel 5)

The impact of the problem 
on the protagonist versus the 
antagonist

Title: …Particularly for Swing States. Colorado: 
Democrats increased their support by 6.5% in the swing 
state of Colorado. Ohio: Democrats only increased their 
support by 0.7% in the swing state of Ohio. Legend: 
title: Increase in Voting Lead; description: Change in 
Democratic lead (% total), July 2012 poll to Nov 2012 
election.

Title: …Particularly for States on the East Coast. New 
York: The average value of vulnerable properties 
in coastal areas is $24,800 in New York. North 
Carolina: The average value of vulnerable properties in 
coastal areas is only $7,730 in North Carolina. Legend: 
title: Property Vulnerability; description: Average value of 
vulnerable coastal properties ($), 2012

Plot Points
(Panel 6)

One in a sequence of events 
motivated by the problem 
that impacts the characters 
(Cause)

Title: A Deeper Look: Democrats Gained their Largest 
Donation Advantage in Major Cities. Fact: Democrats 
drew 140% more urban-based donations per person in 
Colorado than Ohio, largely attributed to the progressive 
Denver metro area. Accent: The Democrats gained an 
advantage of $4,400,000 in Denver, the highest urban 
lead in swing states; Legend: title: Donation Gap 
description: Democrat advantage in campaign donations 
($), 2012

Title: A Deeper Look: Sea Levels Rose the Most in Major 
Stations. Fact: Sea-level rose 50% more in urban-centers 
in New York compared to North Carolina, particularly 
due to the dense infrastructure in New York City and 
Long Island. Accent: Sea-level annual rate in Bergen 
Point is 4.4 millimeters, the highest rate among stations 
in coastal states. Legend: title: Average Sea-Level Rise 
description: Average annual sea-level rise (millimeters/
year), 1992–2012.

Act 3: Resolution

Climax
(Panel 7)

The final plot point bringing 
characters together to face 
their tension and consider 
competing solutions (Effect)

Title: As a Result, Campaign Donations Have a Different 
Influence on Election Results in Swing States like Colorado 
versus Ohio. Colorado: Every $100 advantage for the 
Democrats bought 7.5 votes in Colorado. Ohio: Every 
$100 advantage for the Democrats bought only 2.8 votes 
in Ohio.

Title: As a Result, Sea-level Rise Has a Different Impact 
on Vulnerability in Coastal States like New York versus 
North Carolina. New York: Every inch in sea-level 
rise exposes $3,900 of property in New York. North 
Carolina: Every inch in sea-level rise only exposes 
$1,400 of property in North Carolina.

Resolution 
& Denoue-
ment
(Panel 8)

Falling action in which all 
remaining matters with 
the setting, characters, 
and problem context are 
explained or resolved

Title: What’s Next? Colorado and Ohio Represent 
Different Alternatives for Addressing Campaign 
Donations. Colorado: Colorado has imposed new 
regulations to limit campaign funding since the 2012 
presidential election. Ohio: At the same time, Ohio has 
failed to act on campaign funding.

Title: What’s Next? New York and North Carolina 
Represent Different Alternatives for Addressing Sea-level 
Rise. New York: New York has invested considerable 
public funds to prevent sea-level rise related crises. 
North Carolina: At the same time, North Carolina has 
failed to act on sea-level rise.

Cliffhanger
(Panel 9)

The dramatic ending, 
leaving open strands for the 
audience to ponder

Title: What Do You Think We Should Do As a Nation? 
Colorado: The Democrats are predicted to make 
only a 2.3% gain in Colorado in the 2020 presidential 
election if campaign funding remains consistent from 
2016. Ohio: The Republicans are predicted to make a 
whopping 12.5% gain in Ohio in the 2020 presidential 
election if campaign funding remains consistent from the 
2016. Legend: title: Voting Results Predictions, 2020 
Presidential Election; description: Predicted Republican 
voting lead; Predicted Democratic voting lead

Title: What Do You Think We Should Do as a Nation? 
New York: The value of vulnerable properties per 
person in New York is predicted to increase to $290 by 
2020 if sea levels continue to increase at a consistent 
rate. North Carolina: The value of vulnerable 
properties per person in North Carolina is predicted to 
increase a surprising $325 by 2020 if sea levels continue 
to increase at a consistent rate. Legend: title: Predicted 
Property Vulnerability; description: Increased value 
of vulnerable coastal properties per person ($), 2020 
Prediction

Table 1 (continued). Elements of a Three-act Narrative. A linear, three-act narrative comprises a set-up (Act 1), conflict/confrontation (Act 
2), and resolution (Act 3). This table describes how we applied the constituent elements of a linear, three-act narrative to the pair of visual 
stories used in this study.
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static visual stories (encapsulating most of the Segel and 
Heer taxonomy), longform infographics, dynamic slide-
shows (from Segel and Heer), narrated animations (from 
Segel and Heer), multimedia visual experiences, person-
alized story maps, and compilations (Roth 2021; Table 2). 
We also imagine the ability to mash up these genres, com-
bining different visual or interactive techniques for enforc-
ing continuity within a single visual story.

Of these possible genres, we narrowed our focus for this 
research to longform infographics and dynamic slide-
shows. Longform infographics enforce continuity through 
vertical reading and browser scrolling, with the genre often 
described as “scrollytelling” by data journalists (Stolper 
et al. 2016, 8; citing Bostock 2014). In contrast, dynam-
ic slideshows enforce continuity by advancement through 
a series of visual panels or frames of consistent size and 
format, producing a discrete, typically horizontal scroll 
versus the continuous vertical scroll of longform info-
graphics; this discrete sequencing of content sometimes is 
described as “pagination” when used as a web design strat-
egy (Wieczorek et al. 2014, 310). We selected these two 
genres for our initial investigation in order to contrast the 
slideshow presentations common across academia, gov-
ernment, and industry (Kosara and Mackinlay 2013) with 
the longform infographic or “scrollytelling” approaches 
now common in news media, as this structural difference 
in the method for enforcing continuity between the two 
genres (and across all genres) potentially inf luences the 

audiences’ retention, comprehension, and reaction. For 
instance, eye-tracking studies have shown that scrollable 
web content promotes visual skimming (Nielsen 2006), 
a potential disadvantage of longform infographics com-
pared to dynamic slideshows. In contrast, dynamic slide-
shows explicitly dose information into less complex slides 
to reduce skimming, an advantage previously found to aid 
retention in text presentations (Wieczorek et al. 2014). 
However, the scrolling in longform infographics en-
ables continuous, audience-driven pacing (Harrower and 
Sheesley 2005), and thus makes the user more active in 
the experience. In contrast, dynamic slideshows require 
discrete advancement of slides at a potentially monotonous 
pace that is designer-driven, which may be exacerbated by 
lags from reloading wrapper page content for each slide. 
We provide additional discussion on the relative advantag-
es and limitations of different visual storytelling genres in 
Roth (2021).

VISUAL STORYTELLING TROPES

Third, we considered new visual design techniques—de-
scribed as tropes—used not to represent information, but 
rather to enhance the narrative. Our use of tropes syn-
thesized disparate literature on narrative cartography and 
visualization. For instance, Gershon and Page (2001, 34) 
described “story-like visual presentation,” listing story-
telling concepts like conf lict and ambiguity resolution, 
continuity, effective redundancy, filling gaps, increasing 

Genre Linearity Definition

Static Visual Story Linearity is enforced through partitioning of the layout into frames and clarifying annotation.

Longform Infographic Linearity is enforced through vertical reading and browser scrolling.

Dynamic Slideshow Linearity is enforced by advancement through a series of slides.

Narrated Animation Linearity is enforced by the progression of digital display time.

Multimedia Visual Experience Linearity is enforced by anchor tags and hyperlinking.

Personalized Story Map Linearity is enforced by the order that an individual contributes content to the map.

Visual Story Compilation Linearity is enforced by unfolding events in near real-time or major updates to the design.

Table 2. Visual Storytelling Genres. Visual storytelling genres are defined by the visual or interactive technique used to enforce linearity of 
elements in the narrative sequence. This table describes the taxonomy of visual storytelling genres introduced by Roth (2021), expanded 
from Segel and Heer (2010). We examined the longform infographic and dynamic slideshow genres in this study.
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attention, and setting the mood. 
Similarly, Pearce (2009, 4) com-
bined “narrative techniques” like 
ambiguity, closure, focalization, 
scale, and voice to express “qual-
ities of place: intimacy, identity, 
and connection with the read-
er.” Elsewhere, such tropes are 
described collectively as story-
telling affordances (Kosara and 
Mackinlay 2013), devices (Segel 
and Heer 2010), or f igures 
(Cattoor and Perkins 2014). As 
described in our prior work, we 
organized these existing con-
cepts and recommendations into 
seven design tropes for visual 
storytelling: continuity (central 
to the delineation of the dif-
ferent genres described above), 
mood, dosing, attention, re-
dundancy, metaphor, and voice 
(Roth 2021; Table 3). Each 
trope then has an associated set 
of design techniques that can be 
employed for visual storytelling.

In addition to differences in continuity by genre, we ex-
amined different methods for focusing attention on im-
portant or unusual information in the story that should 
not be missed (Gershon and Page 2001). Attention as a 
trope describes a range of design solutions that produce 
an “Isolation Effect,” making one item stand out over oth-
ers in a visual scene (Lidwell, Holden, and Butler 2010, 
254). Commonly used techniques for focusing attention 
in cartography and visualization include highlighting fea-
tures through the visual variables (e.g., Robinson 2011); 
applying annotations such as leader lines, f low arrows, 
appended geometric frames, opacity masks, numbering, 
call-outs, and labels (e.g., Pearce 2008); and creating dy-
namic changes through blinking/f lickering, panning/
zooming, and focus+context visualizations (e.g., Weber 
Reuschel, Piatti, and Hurni 2014). We provided addi-
tional discussion of these focusing attention techniques in 
Roth (2021) using the catch-all term visual accenting. In 
the presented study, we specifically examined the differ-
ences in attention between leader lines and color highlight-
ing within a single representation, similar to Griffin and 
Robinson’s (2015) investigation into the use of these two 
visual accenting techniques for focusing attention between 

two coordinated representations. Notably, Griff in and 
Robinson found leader lines to perform equally well as the 
more common color highlighting for focusing attention 
between coordinated views. We held all other visual story-
telling tropes constant across tested materials.

INDIVIDUAL DIFFERENCES

Finally, we addressed the role of individual differences 
among the audience on the effectiveness of visual story-
telling. Just like maps, stories and their meanings are not 
fixed or objective truths, but rather are shaped by the situ-
ated backgrounds and experiences of both storyteller and 
audience (after Haraway 1991; Rose 1997). While our 
contribution in this paper is to the design of map-based 
visual stories, and new ways that a cartographer or data 
journalist can shape the narrative, we recognize that the 
same design will conjure different understandings and 
evoke different responses from different people in differ-
ent places (Pearce 2014). An advantage to taking a nar-
rative approach to cartography is that it enables the em-
brace of pluralism—a data feminism principle—allowing 
designers to be more transparent in their positionality 

Table 3. Visual Storytelling Tropes. Visual storytelling tropes are design techniques used 
not to represent information, but rather to enhance the narrative. This table summarizes 
emerging tropes identified by Roth (2021). Two visual accenting solutions for focusing 
attention were examined in this study: color highlighting and leader lines, following Griffin 
and Robinson (2015).

Trope Definition

Continuity Unify otherwise disparate visual elements into a logical structure.

Mood Set a visual tone congruent with the narrative and its elements.

Dosing
Reduce overall complexity of story content into incremental chunks of 
information.

Attention
Emphasize important or unusual information that cannot be missed in 
the story.

Redundancy Repeat important or unusual information to develop story themes.

Metaphor
Bring together seemingly unrelated concepts in a single frame to 
facilitate understanding of complex narrative elements.

Voice
Embed situated experiences, opinions, and values into the visual story 
to clarify meaning.
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toward the story theme, while also inviting the audience 
to form multiple, equally-valid story meanings (adapted 
from D’Ignazio and Klein 2020). Considering the individ-
ual audience differences that influence visual storytelling 
can help cartographers and data journalists make more in-
formed choices about their designs (Fish 2020b).

To this end, we drew upon work on mapping context and 
individual differences in cartography and visualization (see 
Griffin et al. 2017 for a comprehensive review and syn-
thesis). Expanding upon our prior work (Roth 2009), we 
first collected several measures of our participants’ exper-
tise—including their education, training, familiarity, and 
interest—regarding topics related to map-based visual 
storytelling. These included their experience with differ-
ent news media (print and online), maps and information 
graphics, computing technology and the internet, and rel-
evant news story themes.

We then collected measures of motivation regarding the 
same topics, an individual difference we have found to 
be as important as expertise for the success of web maps 
(Roth and Harrower 2008).

Finally, we assessed prior beliefs developed from past ex-
perience with topics related to the visual stories that may 
bias a reader in favor for or against a contentious posi-
tion. Regarding map-based visual stories, prior beliefs 
may persist even in the face of evidence that invalidates 
them (Cohen 2012). Both tested themes followed Phillip’s 
(2012) cause and effect three-act narrative structure, and 
we embedded a subtle conservative lean in the US presi-
dential campaign donations visual story and a subtle liberal 
lean in the US coastal sea-level rise visual story to balance 
prior beliefs for the other visual story design consider-
ations. We did not assess the influence of other sociode-
mographic differences, given the sensitivity of the visual 
story themes and the focused goals of the research.

M E T H O D S

PARTICIPANTS

One hundred twenty-five participants completed 
an online map study assessing their retention, compre-
hension, and reaction across different map-based visual 
story designs. We recruited participants from Amazon 
Mechanical Turk in March 2017—after first conducting a 
pilot survey with four participants in a controlled environ-
ment in the University of Wisconsin Cartography Lab to 
capture potential issues with the survey design. The pilot 
study resulted in small text and styling changes, but no 
major changes to the study design.

Recruitment using Mechanical Turk has both advantag-
es and limitations for our study (see Hauser, Paolacci, 
and Chandler 2019 for expanded discussion). We chose 
Mechanical Turk over alternatives, such as university stu-
dent recruitment pools, to capture greater demographic, 
geographic, and political diversity among participants, 
which was important for our ability to assess the influence 
of individual differences and, specifically, prior beliefs, 
on participants’ retention, comprehension, and reaction. 
However, recruitment with Mechanical Turk restricted 
us from purposefully sampling by individual differences 
without the risk of dramatically oversampling one group; 
accordingly the sample variability in individual differenc-
es may have an influence on the study results. Additional 

limitations include variable participant attention and expe-
rience with research studies, which we mitigated partially 
through questions on individual differences and balanced 
experimental procedure. Finally, Mechanical Turk has 
prompted new ethical considerations for human subjects 
research regarding the exploitation of labor and associated 
expected quality of experimental results (D’Ignazio and 
Klein 2020). We designed the survey to take 30 minutes 
to complete, and participants received $4 USD for com-
pensation, a rate that exceeded the Wisconsin minimum 
wage at the time of the study ($7.25/hr USD). Participants 
completed the survey with a median time of 30.71 and av-
erage of 34.64 minutes.

Of the 125 participants in our sample, 71 identified as 
male and 54 as female, with zero responses to non-binary 
categories, and an average age of 35 years old. Nineteen 
participants did not attend college, 43 attended some col-
lege or were attending college, 55 completed an under-
graduate degree, six completed a graduate degree, and two 
reported “Other.”

Online participants completed the survey on their own 
computing devices and were instructed to use non-mobile 
devices. Sixty-three participants completed the survey on 
a laptop computer and 62 on a desktop computer. Because 
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Figure 1. Participant characteristics.
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all evaluated map-based visu-
al stories dealt with US-based 
issues (see below), we limited 
participation to the US gener-
al public. Figure 1 provides an 
overview of participant char-
acteristics; the Supplemental 
Materials include an additional 
breakdown of the sample by in-
dividual differences by experi-
mental condition.

MATERIALS

The online map study followed a 
2×2×2 factorial design (Montello 
and Sutton 2012):

•	 Factor 1: Themes. 
Conditions consisted of 
stories on US presidential 
campaign donations and US 
sea-level rise, exemplifying 
Vujaković’s (2014) “Politics, 
Internal” and “Environment and Science” themes. 
Both conditions followed Phillip’s (2012) cause and 
effect three-act narrative structure and used real 
data for their contents, with US presidential campaign 
donations receiving a subtle conservative lean in the 
cause and effect structure and US sea-level rise a subtle 
liberal lean to balance effects from prior beliefs.

•	 Factor 2: Genres. Conditions consisted of longform 
infographics and dynamic slideshows. We first dosed 
story content for both conditions into nine-frame 
storyboards (three frames per act)—with each frame 
representing a different narrative element—and then 
assembled the frames using the continuity technique 
defining the given genre (continuous scrolling versus 
discrete slide advancement, respectively) to promote 
information equivalency between conditions. We 
loaded all nine frames onto the survey webpage for 
the longform infographics condition, although frames 
were spaced so that only one was visible at a time 
while scrolling up to a 1080p resolution screen in 
order to mimic “lazy loading” of content that was 
conventional in web design at the time of the study. 
In contrast, only one frame was loaded into the 
webpage at a time for the dynamic slideshow condition, 

again following convention at the time of the study of 
AJAX (Asynchronous JavaScript and XML) or sepa-
rate webpages to load content on demand. The result 
was an intentional delineation in the experience be-
tween continuous and discrete scrolling. Participants 
could return to prior frames in both genres (i.e., 
scroll-up, previous slide), but were prevented from 
returning to the visual stories after advancing past the 
last frame.

•	 Factor 3: Tropes. Conditions consisted of two common 
design solutions for focusing attention, leader lines and 
color highlighting. We used black for color highlighting, 
as black was not used for symbolization and therefore 
could be applied consistently across the graphics. The 
use of black also avoided any potential issues with 
color vision deficiency in the participant sample. 
For design consistency, leader lines also used black 
strokes. The attention solutions were applied to the 
protagonist and antagonist in each design, leading to 
the introduction of two complementary place-based 
characters for each story.

The 2×2×2 factorial design resulted in construction of 
eight unique stories (Table 4). The overall aesthetic style 

Story Theme (Factor 1) Genre (Factor 2) Trope (Factor 3)

Story 1 US sea-level rise Longform Infographic Color highlighting

Story 2
US presidential 
campaign donations

Longform Infographic Leader lines

Story 3
US presidential 
campaign donations

Longform Infographic Color highlighting

Story 4 US sea-level rise Longform Infographic Leader lines

Story 5
US presidential 
campaign donations

Dynamic Slideshow Leader lines

Story 6 US sea-level rise Dynamic Slideshow Color highlighting

Story 7 US sea-level rise Dynamic Slideshow Leader lines

Story 8
US presidential 
campaign donations

Dynamic Slideshow Color highlighting

Table 4. Factorial Design. The study followed a 2×2×2 factorial design, resulting in eight 
unique visual stories.
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and layout (i.e., mood), the 
amount and complexity of 
story content (i.e., dosing), 
and the visualization de-
signs remained consistent 
for comparability. Figure 
2 provides an overview of 
the two, nine-frame visual 
stories and Figure 3 pro-
vides a preview of the sur-
vey interface for advancing 
both genres. All tested ma-
terials are included in the 
Supplemental Materials.

PROCEDURE

The online map study began 
with an overview of project 
purpose and goals. After 
obtaining consent, partici-
pants completed a training 
block to combat learning 
effects. The training block 
contained the opening three 
frames of a third example 
visual story on US book-
store sales that followed the 
same design rules of other 
materials and included sim-
ilar questions as the other 
experimental blocks (also 
included in Supplemental 
Materials). Participants 
were allotted as much time 
as needed to review the 
training block before pro-
gressing to the experimental 
blocks.

Participants then complet-
ed two experimental blocks 
covering the US presidential 
campaign donations and US 
sea-level rise themes (Table 
5). We assigned Factors 
1 (themes) and 3 (tropes) 
within-subjects, with as-
signment balanced so that 

Figure 2. Visual Story Design. Both visual story themes were designed as a nine-panel sequence—
with each panel representing a different narrative element (Table 1)—that could be presented as 
either a longform infographic or dynamic slideshow. Top: The US presidential campaign donations 
theme using leader lines. Bottom: The US sea level rise theme using color highlighting. High 
resolution versions of all tested materials are available as supplemental materials.
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each possible combination of themes and tropes was 
viewed by approximately one quarter of the study partici-
pants. We assigned Factor 2 (genres) between-subjects so 
that participants viewed just one linear structure during 
the survey, limiting confusion over layout and interface 
changes to the survey instrument between the two blocks.

Participants responded to questions on separate survey 
pages after reviewing the visual story in full. Common 
measures of map design effectiveness include accuracy/
correctness, response time, and completeness (Sweeney, 
Maguire, and Shackel 1993). However, Kosara and 
Mackinlay (2013) and Figueiras (2014) argue that the 
effectiveness of visual stories should instead be based on 
engagement and interest when reading the story, the abil-
ity to remember key points in the story, and the ability to 
make better informed decisions after reading the story. 
Finally, we have advocated in prior work to evaluate visu-
al stories as much on their “effectiveness” as on how they 
make the audience feel about the depicted geographies 
(Roth 2021). Accordingly, participants responded to three 
kinds of questions about the story within each block, with 
each set of questions its own survey page:

1.	 Retention: The retention page included 12 multiple 
choice questions built from benchmark mapping 
tasks (Roth 2013). We included these questions to 
supply baseline “accuracy” or “correctness” metrics 
common in empirical research on map design out-
side of visual storytelling (after Sweeney, Maguire, 
and Shackel 1993). The questions varied on the 
level of predicted difficulty: three ordinal com-
pare tasks (easiest), three ordinal rank tasks, and 
six numerical identify tasks (hardest). All tasks 
were phrased at an elementary map reading level 
to focus attention onto specific narrative elements 
in the visual story (Andrienko, Andrienko, and 
Gatalsky 2003). The twelve questions were ran-
domized to avoid learning effects between blocks. 
We placed the retention questions at the end of 
the experimental block to reduce short-term recall, 
with retention questions following the compre-
hension and reaction questions.

2.	 Comprehension: Participants summarized the 
content of the story through a single, open-ended 
question, which we added to capture qualitative 

Figure 3. Survey Design. The survey design used two different 
interactive techniques to advance frames based on the examined 
genre. Top: The longform infographic condition loaded all frames 
into the webpage and used browser scrolling by mouse wheel 
or side scroll bar to advance frames, spaced to show only one 
frame at a time. Bottom: The dynamic slideshow condition loaded 
one frame at a time and used bottom “Back” and “Next” buttons 
to advance frames. 

Table 5. Group Assignment. Each participant reviewed both 
visual story themes, with the visual stories presented in the same 
genre but using different trope solutions.

Group
Sample Size
(n=125 total)

First
Viewed

Second
Viewed

Group I 33 Story 1 Story 2

Group II 30 Story 3 Story 4

Group III 31 Story 5 Story 6

Group IV 31 Story 7 Story 8
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and potentially meaningful engagement and 
interest with the visual story (after Kosara and 
Mackinlay 2013; Figueiras 2014). We instructed 
participants to be as comprehensive as possible and 
to use their own words when phrasing their sum-
mary. We then coded the open-ended respons-
es following tenets of qualitative data analysis 
(Caudle 2004), with codes based on the narrative 
elements shaping the visual stories: setting (space, 
time), characters (protagonist, antagonist), prob-
lem, cause, effect/resolution, and cliffhanger, as 
well as a final code to capture any mistakes in 
comprehension (e.g., see Table 1 for example state-
ments that would be coded as “comprehended”). 
Thus, the coding scheme measured whether pur-
poseful treatment of these narrative elements in 
the visual story design resulted in reader compre-
hension. The codes were binary based on presence 
or absence within the participant open-ended 
response (i.e., did the participant comprehend the 
narrative element correctly in their response). The 
first 10% of the comprehension responses were 
coded by two, independent coders to hone code 
definitions and clarify ambiguity in the coding 
scheme.

3.	 Reaction: Participants responded to a series of 
seven-point Likert scales to capture how they felt 
about the visual stories and their depicted plac-
es and people (after Roth 2021). Reaction scales 
included participant interests in and beliefs about 
the visual story. Participants also self-reported 
their core affect in reaction to the visual story, 
including audience arousal (activated vs. deactivat-
ed) and hedonic valence (pleasant vs. unpleasant; 
Griffin and McQuoid 2012).

Participants completed this set of questions for both ex-
perimental blocks, resulting in responses to 250 unique 
blocks through the sample of 125 participants.

Participants concluded the study with an exit survey to 
characterize individual differences that might influence 
retention, comprehension, and reaction. The exit survey 
included questions on expertise, motivation, and prior be-
liefs using ordinal Likert scales. The complete online map 
study protocol is available in the Supplemental Materials.

ANALYSIS

Each factor (themes, genres, tropes) in the study design 
served as an independent variable, with responses to reten-
tion, comprehension, and reaction serving as dependent 
variables, respectively, and individual differences as inter-
action effects. We applied factorial ANOVA to assess the 
influence of the three factors on retention, comprehension, 
and reaction, as well as the pairwise interaction effects be-
tween factors to establish independence. We used factori-
al ANOVA instead of individual t-tests to mitigate alpha 
accumulation (Type I error) across a large number of hy-
pothesis tests. We prepared a separate factorial ANOVA 
model for each unique retention (Table 6), comprehen-
sion (Table 7), and reaction (Table 8) measure, resulting 
in 23 total factorial ANOVA models. Figures 4, 5, and 6 
visually illustrate differences by conditions for the reten-
tion, comprehension, and reaction measures, respectively, 
marking differences by themes, genres, or tropes identified 
as significant through factorial ANOVA.

We then used multiple linear regression (MLR) models to 
assess the influence of individual differences on retention 
and comprehension (Table 9). We used MLR over a series 
of Spearman rank correlations again to mitigate alpha ac-
cumulation. MLR quantifies the relationship of predictors 
to a single response variable in the form of B weight coeffi-
cients (Nathans, Oswald, and Nimon 2012). We chose the 
B weight, which is unstandardized, to assess variable im-
portance because each predictor variable was measured in 
the same units (Allen 2017). A coefficient of zero indicates 
the predictor has no inf luence on the response variable 
while a positive/negative coefficient indicates that, with all 
other variables held constant, for every increase of one unit 
in the predictor, the response variable increases/decreas-
es on average the value by of the coefficient respectively. 
Since some questions capturing individual differences 
were specific to one story over the other, we ran three dif-
ferent MLR models for comprehension and retention: re-
sponses to the US presidential campaign donations condition 
alone, the US sea-level rise condition alone, and pooled re-
sponses together for individual differences relevant to both 
conditions.

We used a version of ordinal linear regression (OLR) 
known as the proportional odds model (POM) to analyze 
the reaction Likert scales (Brant 1990; Table 10). POM is 
a non-parametric method that quantifies the proportional 
odds ratio (θ) between predictor variables and the response 
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variable (McCullagh 1980). The range of the odds ratio is 
from 0 to positive infinity, with every one-point increase 
in the Likert scale predictor having x times (odds ratio) 
the odds of the response variable being a unit higher. For 
instance, a one unit increase in a predictor with an odds 
ratio of 1.4 increases the odds of the response variable 
being one unit higher by 40%. We ran eight models test-
ing the influence of individual differences on each of the 
eight reaction Likert scales.

We also tested for multicollinearity among measures of 
individual differences to reduce the variance/standard 
error in the regression coefficient estimates. We calculat-
ed the variance influence factors (VIFs) for all individual 

differences and removed variables with VIFs over 4 to re-
duce multicollinearity, as VIF=4 means that the standard 
error for the coefficient of that predictor variable is 2 times 
(i.e., the square root of 4) larger than if that predictor vari-
able had 0 correlation with the other predictor variables 
(Lavery et al. 2019). We removed seven of the collected 
individual difference measures as a result, which are high-
lighted in yellow in the results tables.

In the following discussion, we present retention results 
first, as comprehension and reaction enrich the quantita-
tive analysis on retention. We present interaction effects 
from individual differences last.

Table 6. Participant Retention Results. The table shows descriptive statistics (top) and factorial ANOVA (bottom) for retention. The table 
includes main effects by factor (theme, genre, and trope) as well as interaction effects between factors. The table includes four separate 
factorial ANOVA models on retention for compare (ordinal), rank (ordinal), identify (numerical), and total retention. Color indicates 
significance:  p < 0.10 ,  p < 0.05 ,  p < 0.01 ,  p < 0.001.

Factor / 
Interactions

  Compare (Ordinal) Rank (Ordinal) Identify (Numerical) Total Retention

Descriptive Statistics n   Mean SD   Mean SD   Mean SD   Mean sd

Total 3000 81.9% 24.5% 71.7% 27.4% 66.2% 26.8% 71.4% 20.7%

US presidential 
campaign donations

1500 84.3% 27.0% 63.5% 27.6% 65.3% 27.2% 69.6% 21.6%

US sea-level rise 1500 79.5% 21.5% 80.0% 24.7% 67.1% 26.5% 73.3% 19.6%

Longform 
infographics

1512 84.9% 21.3% 70.9% 27.6% 71.0% 24.4% 74.5% 18.2%

Dynamic slideshows 1488 78.8% 27.0% 72.6% 27.2% 61.3% 28.3% 68.3% 22.6%

Leader lines 1500 84.0% 24.5% 73.3% 27.4% 69.2% 26.8% 73.8% 20.7%

Color highlighting 1500 79.7% 25.4% 70.1% 27.4% 63.2% 27.1% 69.1% 20.9%

Factorial ANOVA df
Mean 

Sq
F p

Mean 
Sq

F p
Mean 

Sq
F p

Mean 
Sq

F p

Theme 1 1.30 2.44 0.12 15.38 25.12 0.00 0.68 0.27 0.60 12.10 2.03 0.16

Genre 1 2.13 4.01 0.05 0.16 0.26 0.61 21.35 8.52 0.00 33.75 5.67 0.02

Trope 1 0.97 1.83 0.18 0.73 1.19 0.28 8.22 3.28 0.07 20.93 3.51 0.06

Theme : Genre 1 0.05 0.09 0.76 0.77 1.25 0.26 1.30 0.52 0.47 0.13 0.02 0.88

Theme : Trope 1 0.21 0.40 0.53 2.46 4.01 0.05 3.74 1.49 0.22 14.72 2.47 0.12

Genre : Trope 1 0.18 0.33 0.57 0.02 0.03 0.85 0.63 0.25 0.62 0.13 0.02 0.88

Residuals 243 0.53     0.61     2.51     5.96    
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Table 7. Participant Comprehension Results (in two parts). The table shows descriptive statistics (top half of each part) and factorial 
ANOVA (bottom half) for comprehension. The table includes main effects by factor (theme, genre, and trope) as well as interaction effects 
between factors. The table includes nine separate factorial ANOVA models on comprehension for each of the nine evaluated narrative 
elements and two additional models for total comprehension across all elements and mistakes in comprehension. Color indicates 
significance:  p < 0.10 ,  p < 0.05 ,  p < 0.01,  p < 0.001.

Factor / 
Interactions

  Space Time Protagonist Antagonist Problem

Descriptive n   mean sd   mean sd   mean sd   mean sd   mean sd

Total 250 26.5% 44.2% 18.0% 38.5% 59.6% 49.2% 52.4% 50.0% 96.0%  19.6%

US presidential 
campaign donations

125 35.2% 48.0% 24.0% 42.9% 52.0% 50.2% 48.8% 50.2% 96.0% 19.7% 

US sea-level rise 125 17.7% 38.4% 12.0% 32.6% 67.2% 47.1% 56.0% 49.8% 96.0% 19.7% 

Longform 
infographics

126 32.5% 47.0% 18.3% 38.8% 60.3% 49.1% 50.8% 50.2% 99.2% 8.9% 

Dynamic slideshows 124 20.3% 40.4% 17.7% 38.4% 58.9% 49.4% 54.0% 50.0% 92.7% 26.0% 

Leader lines 125 24.0% 42.9% 19.2% 39.5% 60.8% 49.0% 52.0% 50.2% 95.2% 21.5% 

Color highlighting 125 29.0% 45.6% 16.8% 37.5% 58.4% 49.5% 52.8% 50.1% 96.8% 17.7% 

Factorial ANOVA df
Mean 

Sq
F p

Mean 
Sq

F p
Mean 

Sq
F p

Mean 
Sq

F p
Mean 

Sq
F p

Theme 1 1.94 10.49 0.00 0.90 6.23 0.01 1.44 6.02 0.01 0.32 1.27 0.26 0.00 0.00 1.00

Genre 1 0.96 5.19 0.02 0.00 0.01 0.92 0.01 0.06 0.82 0.07 0.26 0.61 0.26 6.82 0.01

Trope 1 0.17 0.92 0.34 0.03 0.19 0.66 0.05 0.20 0.66 0.00 0.01 0.92 0.02 0.42 0.52

Theme : Genre 1 0.58 3.13 0.08 0.47 3.24 0.07 0.20 0.83 0.36 0.00 0.02 0.89 0.02 0.40 0.53

Theme : Trope 1 0.06 0.34 0.56 0.26 1.82 0.18 0.05 0.19 0.66 0.00 0.00 1.00 0.00 0.00 0.99

Genre : Trope 1 0.00 0.00 0.98 0.13 0.88 0.35 0.18 0.76 0.38 0.01 0.02 0.88 0.00 0.00 0.98

Residuals 243 0.18     0.14     0.24     0.26     0.04    

Factor / 
Interactions

  Tension Cause Effect Cliffhanger Total Mistakes

Descriptive n   mean sd   mean sd   mean sd   mean sd   mean sd   mean sd

Total 250 69.2% 46.3% 32.4% 46.9% 50.8% 50.1% 26.8% 44.4% 48.0% 22.9% 12.4% 33.0%

US Presidential 
campaign donations 125 71.2% 45.5% 20.8% 40.8% 44.0% 49.8% 25.6% 43.8% 46.4% 22.7% 16.0% 36.8%

US sea-level rise 125 67.2% 47.1% 44.0% 49.8% 57.6% 49.6% 28.0% 45.1% 49.6% 23.0% 8.8% 28.4%

Longform 
infographics 126 69.8% 46.1% 35.7% 48.1% 50.8% 50.2% 27.0% 44.6% 49.4% 21.7% 11.1% 31.6%

Dynamic slideshows 124 68.5% 46.6% 29.0% 45.6% 50.8% 50.2% 26.6% 44.4% 46.6% 24.0% 13.7% 34.5%

Leader lines 125 73.6% 44.3% 35.2% 48.0% 50.4% 50.2% 25.6% 43.8% 48.4% 23.2% 13.6% 34.4%

Color highlighting 125 64.8% 48.0% 29.6% 45.8% 51.2% 50.2% 28.0% 45.1% 47.6% 22.6% 11.2% 31.6%

Factorial ANOVA df Mean 
Sq F p

Mean 
Sq

F p
Mean 

Sq
F p

Mean 
Sq

F p
Mean 

Sq
F p

Mean 
Sq

F p

Theme 1 0.10 0.46 0.50 3.36 16.36 0.00 1.16 4.63 0.03 0.04 0.18 0.67 5.18 1.21 0.27 0.32 2.98 0.09

Genre 1 0.01 0.05 0.83 0.28 1.36 0.25 0.00 0.00 1.00 0.00 0.00 0.95 3.93 0.92 0.34 0.04 0.39 0.53

Trope 1 0.47 2.19 0.14 0.24 1.15 0.28 0.00 0.01 0.94 0.03 0.17 0.68 0.47 0.11 0.74 0.03 0.29 0.59

Theme:Genre 1 0.11 0.52 0.47 0.32 1.56 0.21 0.11 0.43 0.51 0.10 0.48 0.49 0.25 0.06 0.81 0.03 0.30 0.58

Theme:Trope 1 0.11 0.50 0.48 0.34 1.63 0.20 0.57 2.29 0.13 0.12 0.58 0.45 0.09 0.02 0.89 0.08 0.69 0.41

Genre:Trope 1 0.00 0.02 0.90 0.25 1.20 0.27 0.03 0.12 0.73 0.31 1.55 0.21 0.68 0.16 0.69 0.21 1.96 0.16

Residuals 243 0.22     0.21     0.25     0.20     4.30     0.11    
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Table 8. Participant Reaction Results (in two parts). The table shows descriptive statistics (top half of each part) and factorial ANOVA 
(bottom half) for reaction. Likert ratings are out of 7 points. The table includes main effects by factor (theme, genre, and trope) as well as 
interaction effects between factors. The table includes eight separate factorial ANOVA models on reaction, one for each of the evaluated 
reaction measures. Color indicates significance:  p < 0.10 ,  p < 0.05 ,  p < 0.01,  p < 0.001.

Factor / Interactions   Interest+ (Interest) Interest- (Concern) Belief+ (Agree) Belief- (No Influence)

Descriptive n   mean sd   mean sd   mean sd   mean sd

Total 2000 5.0 1.7 4.5 1.9 5.0 1.6 3.8 1.9

US presidential 
campaign donations

1000 5.1 1.6 4.9 1.8 5.2 1.5 3.6 1.9

US sea-level rise 1000 4.8 1.8 4.0 1.9 4.8 1.6 4.0 1.8

Longform infographics 1008 5.1 1.6 4.4 1.9 5.2 1.5 3.6 1.8

Dynamic slideshows 992 4.9 1.8 4.5 1.9 4.8 1.6 4.0 2.0

Leader lines 1000 5.2 1.7 4.6 1.8 5.1 1.6 3.6 1.9

Color highlighting 1000 4.8 1.7 4.3 1.9 4.9 1.5 3.9 1.9

Factorial ANOVA df
Mean 

Sq
F p

Mean 
Sq

F p
Mean 

Sq
F p

Mean 
Sq

F p

Theme 1 4.62 1.62 0.21 46.66 14.01 0.00 10.82 4.57 0.03 7.40 2.10 0.15

Genre 1 1.61 0.56 0.45 0.48 0.14 0.71 7.74 3.27 0.07 11.05 3.14 0.08

Trope 1 12.19 4.26 0.04 5.60 1.68 0.20 3.79 1.60 0.21 5.77 1.64 0.20

Theme : Genre 1 0.08 0.03 0.87 2.35 0.71 0.40 0.00 0.00 0.97 7.66 2.17 0.14

Theme : Trope 1 1.87 0.65 0.42 8.28 2.49 0.12 4.34 1.83 0.18 0.62 0.18 0.68

Genre : Trope 1 13.79 4.81 0.03 3.74 1.12 0.29 0.08 0.03 0.85 2.06 0.58 0.45

Residuals 243 2.86     3.33     2.37     3.52    

Factor / Interactions   Arousal+ (Excite) Arousal- (Bore) Hedonic+ (Enjoy) Hedonic- (Upset)

Descriptive n   mean sd   mean sd mean sd   mean sd

Total 2000 3.5 1.7 3.1 1.9 4.4 1.8 3.2 1.8

U.S. presidential 
campaign donations

1000 3.5 1.7 3.0 1.9 4.4 1.7 3.5 2.0

U.S. sea-level rise 1000 3.5 1.7 3.1 1.9 4.3 1.8 2.9 1.7

Longform infographics 1008 3.3 1.6 2.9 1.8 4.4 1.7 2.9 1.8

Dynamic slideshows 992 3.7 1.7 3.3 2.0 4.3 1.8 3.5 1.9

Leader lines 1000 3.6 1.7 2.9 1.8 4.5 1.7 3.2 1.9

Color highlighting 1000 3.4 1.6 3.2 1.9 4.2 1.8 3.1 1.8

Factorial ANOVA df
Mean 

Sq
F p

Mean 
Sq

F p
Mean 

Sq
F p

Mean 
Sq

F p

Theme 1 0.04 0.01 0.91 0.48 0.14 0.71 0.58 0.19 0.67 23.72 7.24 0.01

Genre 1 7.73 2.76 0.10 9.67 2.78 0.10 0.34 0.11 0.74 21.52 6.57 0.01

Trope 1 3.83 1.37 0.24 6.01 1.72 0.19 4.55 1.47 0.23 0.92 0.28 0.60

Theme : Genre 1 0.16 0.06 0.81 2.30 0.66 0.42 0.19 0.06 0.80 1.60 0.49 0.49

Theme : Trope 1 0.50 0.18 0.67 4.72 1.35 0.25 2.21 0.72 0.40 0.99 0.30 0.58

Genre : Trope 1 4.78 1.71 0.19 5.16 1.48 0.23 9.08 2.94 0.09 0.63 0.19 0.66

Residuals 243 2.80     3.49     3.09     3.28    
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Table 9. Influence of Individual Differences on Retention and Comprehension. The table shows the results of multiple linear regression 
between individual differences and retention and comprehension. Color indicates significance: p < 0.10 ,  p < 0.05 ,  p < 0.01,  p < 0.001. 
Yellow indicates an individual difference measure that we removed because it was collinear with another measure.

Individual Difference A: Influence on Retention B: Influence on Comprehension

Sea-level rise
Presidential 
campaign 
donations

Both Sea-level rise
Presidential 
campaign 
donations

Both

Relation to Visual Story Theme β p β p β p β p β p β p

Expertise:
Familiarity

Environment and Science -0.28 0.24 0.08 0.68

Domestic Politics 0.38 0.13 -0.09 0.69

Expertise: 
Training

Environment and Science -0.15 0.39 -0.42 0.01

Domestic Politics -0.06 0.77 -0.12 0.52

Motivation:
Prior Interest

Environment and Science 0.04 0.84 -0.18 0.29

Domestic Politics -0.28 0.24 0.20 0.33

Prior Beliefs

Socially liberal-v-conservative 0.26 0.08 -0.18 0.15

Fiscally liberal-v-conservative 0.20 0.19 0.00 0.98

Environmentally conscious-v-agnostic -0.37 0.03 -0.34 0.02

Politically active-v-agnostic -0.22 0.24 -0.05 0.76

Concern about sea-level rise -0.47 0.01 -0.44 0.01

Concern about coastal vulnerable properties

Concern about presidential campaign donations 0.07 0.69

Concern about the presidential election results -0.12 0.40

I believe sea-level rise is a topic worth discussing 0.39 0.08

I believe presidential campaign donation is a topic worth 
discussing

0.10 0.62 0.41 0.03

I believe sea-level rise is a problem 0.29 0.10

I believe presidential election campaign donation is a 
problem

Relation to Design and Technology β p β p β p β p β p β p

Expertise:
Familiarity

Print News Sources 0.23 0.11 0.31 0.11 0.57 0.01 -0.16 0.29 -0.13 0.45 -0.32 0.10

Online News Sources -0.65 0.01 -0.77 0.01 -1.20 0.00 -0.58 0.01 -0.56 0.02 -0.89 0.00

Maps -0.35 0.27 -0.26 0.27 -0.51 0.04 0.02 0.92 -0.12 0.55 0.12 0.59

Computing Technology -0.00 0.59 -0.13 0.59 -0.37 0.17 -0.22 0.25 -0.21 0.31 -0.57 0.02

The Internet 0.56 0.00 0.96 0.00 1.51 0.00 0.18 0.47 0.38 0.17 0.71 0.03

Information Graphics 0.34 0.72 0.08 0.72 0.45 0.09 0.24 0.18 0.28 0.17 0.44 0.07

Expertise: 
Training

Print News Sources -0.13 0.43 0.23 0.26 -0.05 0.82 -0.02 0.89 0.22 0.20 0.04

Online News Sources 0.826

Maps -0.13 0.47 -0.47 0.02 -0.63 0.00 0.12 0.44 -0.09 0.63 -0.25

Computing Technology 0.20

The Internet 0.26 0.07 -0.13 0.42 0.06 0.71 0.25 0.04 0.11 0.41 0.16

Information Graphics 0.304

Motivation:
Prior Interest

Print News Sources -0.32 0.09 -0.53 0.01 -0.80 0.00 -0.27 0.09 -0.31 0.09 -0.37 0.07

Online News Sources 0.55 0.01 0.58 0.01 1.07 0.00 0.63 0.00 0.39 0.05 1.05 0.00

Maps 0.08 0.67 0.22 0.26 0.28 0.20 0.04 0.81 0.03 0.85 -0.04 0.86

Computing Technology -0.07 0.74 -0.01 0.97 0.16 0.55 -0.11 0.54 -0.04 0.85 0.06 0.81

The Internet 0.14 0.59 0.26 0.37 0.37 0.26 0.12 0.57 0.13 0.60 0.31 0.29

Information Graphics 0.22 0.29 0.23 0.31 0.32 0.20 -0.27 0.12 -0.21 0.27 -0.48 0.03
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Table 10. Influence of Individual Differences on Reaction. The table shows the results of multiple linear regression between individual 
differences and reaction. Color indicates significance: p < 0.10 ,  p < 0.05 ,  p < 0.01,  p < 0.001. Yellow indicates an individual 
difference measure that we removed because it was collinear with another measure.
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Relation to Visual Story Theme θ p θ p θ p θ p θ p θ p θ p θ p

Expertise:
Familiarity

Environment and Science OR Domestic 
Politics 0.93 0.60 1.33 0.03 0.80 0.09 0.76 0.03 0.71 0.01 0.73 0.02 0.81 0.11 1.39 0.01

Expertise: 
Training

Environment and Science OR Domestic 
Politics 1.15 0.19 1.25 0.03 1.07 0.49 1.08 0.50 0.98 0.85 1.10 0.33 1.09 0.40 1.12 0.28

Motivation:
Prior Interest

Environment and Science OR Domestic 
Politics 1.11 0.38 0.89 0.29 1.02 0.85 1.37 0.01 1.15 0.24 1.09 0.46 0.92 0.46 0.94 0.59

Prior Beliefs

Socially liberal-v-conservative OR Fiscally 
liberal-v-conservative 0.99 0.92 1.06 0.47 1.15 0.08 1.18 0.03 1.04 0.59 1.10 0.26 0.93 0.35 0.97 0.67

Environmentally conscious-v-agnostic OR 
Politically active-v-agnostic 1.10 0.33 1.14 0.18 1.25 0.02 0.98 0.80 1.09 0.37 1.07 0.53 1.14 0.11 1.06 0.56

Concern about sea-level rise OR Concern 
about presidential campaign donations 1.07 0.48 1.13 0.20 1.10 0.32 1.18 0.09 1.05 0.60 1.33 0.00 1.24 0.03 0.91 0.33

Concern about coastal vulnerable 
properties              

Concern about the presidential election 
results              

I believe sea-level rise is a topic worth 
discussing OR I believe presidential 
campaign donation is a topic worth 
discussing

1.16 0.20 0.77 0.02 1.26 0.04 1.14 0.22 1.41 0.00 1.23 0.07 1.20 0.11 0.78 0.03

I believe sea-level rise is a problem              

I believe Presidential election campaign 
donation is a problem              

Relation to Design and Technology θ p θ p θ p θ p θ p θ p θ p θ p

Expertise:
Familiarity

Print News Sources 0.98 0.88 0.95 0.58 0.99 0.90 1.02 0.90 1.10 0.34 0.94 0.55 0.93 0.50 1.06 0.61

Online News Sources 1.02 0.91 0.92 0.57 1.50 0.01 1.00 0.98 1.15 0.36 0.81 0.15 1.16 0.30 1.19 0.24

Maps 0.56 0.00 1.17 0.23 0.73 0.02 1.24 0.09 0.81 0.11 1.11 0.41 0.92 0.53 1.12 0.40

Computing Technology 0.83 0.16 1.22 0.11 0.94 0.64 1.25 0.07 1.00 0.99 1.03 0.85 0.79 0.07 1.21 0.12

The Internet 0.91 0.57 0.95 0.77 0.77 0.13 0.88 0.42 0.80 0.19 1.05 0.76 0.96 0.82 0.84 0.29

Information Graphics 1.20 0.15 0.94 0.56 0.90 0.44 0.89 0.34 1.01 0.95 1.15 0.25 1.33 0.02 0.69 0.00

Expertise: 
Training

Print News Sources 0.86 0.15 1.01 0.90 0.87 0.16 1.13 0.24 0.94 0.53 1.03 0.77 0.93 0.48 1.01 0.89

Online News Sources              

Maps 1.26 0.04 0.80 0.05 1.04 0.70 0.92 0.45 1.06 0.59 1.01 0.90 1.06 0.58 0.89 0.26

Computing Technology              

The Internet 0.98 0.81 1.18 0.06 1.00 1.00 1.01 0.87 1.00 0.97 0.96 0.61 1.00 0.98 1.11 0.21

Information Graphics              

Motivation:
Prior Interest

Print News Sources 1.38 0.00 0.99 0.94 1.15 0.21 1.12 0.34 1.13 0.26 1.18 0.15 1.18 0.14 0.87 0.20

Online News Sources 1.06 0.64 0.95 0.70 1.11 0.41 0.90 0.40 1.03 0.81 1.03 0.79 0.93 0.55 0.93 0.54

Maps 1.20 0.09 0.75 0.01 1.41 0.00 0.91 0.39 1.42 0.00 1.10 0.36 1.27 0.02 0.93 0.47

Computing Technology 1.02 0.88 0.78 0.04 1.00 1.00 0.84 0.16 1.14 0.30 1.16 0.23 1.18 0.20 0.81 0.09

The Internet 0.89 0.48 0.96 0.74 1.04 0.80 0.87 0.36 1.15 0.39 0.95 0.77 1.56 0.01 0.85 0.32

Information Graphics 1.35 0.01 0.96 0.70 1.40 0.01 1.06 0.65 0.96 0.76 0.96 0.76 0.80 0.06 1.04 0.77
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Figure 4. Retention Scores by Factorial Conditions. Color indicates significance:  p < 0.10,  p < 0.05 ,  p < 0.01,  p < 0.001. Size is used 
redundantly with color shading to indicate significance.

Figure 5. Comprehension Scores by Factorial Conditions. Color indicates significance: p < 0.10,  p < 0.05 ,  p < 0.01,  p < 0.001. Size is 
used redundantly with color shading to indicate significance. Figure continues on the next page.
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Figure 5 (continued). Comprehension Scores by Factorial Conditions. Color indicates significance: p < 0.10,  p < 0.05 ,  p < 0.01,  p < 0.001. 
Size is used redundantly with color shading to indicate significance.
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Figure 6. Reaction Scores by Factorial Conditions. Color indicates significance: p < 0.10,  p < 0.05 ,  p < 0.01,  p < 0.001. Size is used 
redundantly with color shading to indicate significance.
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R ES U LT S  A N D  D I S C U S S I O N

OVERALL RESULTS

Participants completed retention questions 
with an overall accuracy of 71.4%, suggesting that the 
retention questions were neither obvious nor impossible 
(Table 6). As expected, participants performed the best on 
the simpler compare (ordinal) tasks (81.9%) and worst on 
the more difficult to remember identify (numerical) tasks 
(66.2%), with the accuracy for rank (ordinal) tasks in the 
middle (71.7%).

Regarding comprehension, participants on average de-
scribed 48.0% of the narrative elements included in the 
comprehension coding scheme (Table 7), a relatively rich 
discussion about the tested stories given the general au-
dience recruited from Mechanical Turk and open-ended 
format of the comprehension question. In contrast, only 
12.4% of the responses included a mistake in comprehen-
sion. Thus, comprehension results generally showed that 
three-act narrative structure was effective for map-based 
visual storytelling. There were several notable patterns in 
overall comprehension that provide insight into the visual 
design of elements in a three-act narrative. Nearly all par-
ticipants (96.0%) clearly stated the problem of the story in 
their comprehension response, suggesting that the prob-
lem was the most salient narrative element in both visual 
story themes. Although an expected finding, confirmation 
that readers focused on the problem is useful for cartogra-
phers and data journalists, as this element should be em-
phasized in the story title and redundantly accented as a 
central motif throughout the story. The three next most 
commonly mentioned codes related to the characters in 
the story: 69.2% of participants described the tension—or 
the how the problem impacts the key characters—59.6% 
described the protagonist, and 52.4% described the antag-
onist. This suggests that the focus attention strategies ap-
plied to the characters were relatively successful (although 
differentially so by condition, as described in the results by 
tropes below). This description also provided evidence that 
readers can conceptualize places or regions as characters in 
an explicitly geographic story, presenting an opportunity 
to add dramatic narrative structuring to map designs in vi-
sual stories. While both stories used Phillip’s (2012) cause 
and effect narrative structure, the cause (32.4%) was dis-
cussed much less frequently than the effect (50.8%), show-
ing a bias towards outcomes compared to drivers in visual 
story comprehension. Finally, spatial setting (26.5%), the 

cliffhanger (26.8%), and temporal setting (18.0%) were 
described infrequently. Given that the story was map-
based, it was surprising that the geographic location and, 
to a lesser degree, the timeframe were not discussed more 
in the comprehension responses, although it is possible 
that the visual accenting of specific place-based characters 
diverted attention away from the overall spatiotemporal 
context.

The two strongest reaction registers to the visual stories 
were on interest and agreement, receiving an average re-
sponse of 5.0/7 for both measures (Table 8). Thus, overall 
the visual stories captured participant interest—demon-
strating the value of employing maps and graphics for 
visual storytelling—and participants generally agreed 
with the cause/effect narrative used to structure the story. 
Participants also provided slightly positive ratings for their 
concern about the story topic (4.5/7), but nearly neutral 
ratings about the story’s influence on them (3.8/7). There 
was marginal overall affective impact by arousal, with 
positive arousal (excitement; 3.5/7) and negative arous-
al (boredom; 3.1/7) both receiving less than the “neither 
agree nor disagree” midpoint of 4.0 out of 7. There was 
a slight positive affective response on the hedonic scale, 
with participants finding the experience more pleasant 
(enjoyment; 4.4/7) than unpleasant (upsetting; 3.2/7).

STORY MAP THEMES (FACTOR 1)

Factor 1 included two conditions by visual storytelling 
theme: US presidential campaign donations and US sea-level 
rise. Starting with retention (Table 6), there was no statis-
tical difference between themes regarding total retention 
(F = 2.03, p = 0.16). Thus, the theme did not impact the 
“accuracy” or “correctness” of reading the maps and graph-
ics in the visual story, common metrics used in empirical 
map design research. This is a potentially exciting find-
ing for cartographers and data journalists, suggesting that 
the visualized theme may not influence story retention for 
a general audience if the design follows a three-act nar-
rative structure. Looking at specific retention questions, 
there were no significant differences between themes with 
regard to the easy compare (ordinal) tasks (F = 2.44, p = 
0.12) and the difficult identify (numerical) tasks (F = 0.27, 
p = 0.60). However, there was a significance difference 
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between themes in retention for the rank (ordinal) tasks 
(F = 25.12, p = 0.00) as well as a significant interaction ef-
fect between theme and tropes for rank (ordinal) tasks (F = 
4.01, p = 0.05). The interaction possibly could be attributed 
to the phrasing of sea-level “rise” for the US sea-level rise 
condition, which may have suggested an increasing trend, 
thus requiring fewer visual cues to focus attention on to 
the highest ranked year (see Supplemental Materials).

Similarly, there was no statistical difference in total com-
prehension between themes in the average number of 
narrative elements discussed (F = 1.21, p = 0.27; Table 7), 
adding evidence that the visualized theme may not in-
fluence performance for a general audience if the design 
follows a three-act narrative structure. However, partic-
ipants made more mistakes in comprehension for the US 
presidential campaign donations condition (16.0%) than the 
US sea-level rise condition (8.8%), a significant difference 
at alpha = 0.10 (F = 2.98, p = 0.09), potentially pointing to 
prior misconceptions about the 2016 US presidential elec-
tion. There also were several notable differences in com-
prehension between themes for specific narrative elements. 
Participants discussed the spatial (F = 10.49, p = 0.00) and 
temporal (F = 6.23, p = 0.01) settings significantly more 
frequently in their open-ended responses for the US pres-
idential campaign donations story than the US sea-level rise 
story. In contrast, participants discussed the cause (F = 
16.36, p = 0.00) and effect (F = 4.63, p = 0.03) more fre-
quently for the US sea-level rise story than the US presiden-
tial campaign donations story. While there may be a variety 
of explanations for these differences by specific narrative 
elements, we suspect that the setting (“swing states”) was 
implicitly more central to understanding the US presi-
dential campaign donations story and the cause-effect re-
lationship (“climate change”) was implicitly more central 
to understanding the US sea-level rise story, despite con-
trolling the information and design complexity for these 
narrative elements in both visual stories. Thus, while the 
theme did not influence total comprehension, individual 
themes and unique visual story designs of these themes are 
likely to lend themselves better to some narrative elements 
over others. We also found a significant difference in com-
prehension for the protagonist (F = 6.02, p = 0.01), which 
might be a slight bias in recall for New York generally (the 
protagonist in the US sea-level rise story), a populous US 
state often dominating media coverage. Significant differ-
ences in comprehension were not observed for other nar-
rative elements.

Interestingly, participants appeared to have a somewhat 
stronger reaction to the US presidential campaign dona-
tions story than the US sea-level rise story, although signif-
icant differences were not observed for all reaction met-
rics (Table 8). The largest difference in reaction between 
themes regarded participant concern: participants overall 
were concerned by the US presidential campaign donation 
story (4.9/7), but were neither concerned nor unconcerned 
with the US sea-level rise story (4.0/7), a significant dif-
ference at alpha = 0.01 (F = 14.01, p = 0.00). Participants 
also were more upset by the US presidential campaign dona-
tion story (3.5/7) than the US sea-level rise story (2.9/7), a 
significant difference at alpha = 0.01 (F = 7.24, p = 0.01), 
although on average both sets of participants disagreed 
with the statement (below 4.0/7) and therefore these rat-
ings should be interpreted as a greater apathy towards the 
US sea-level rise story. Participants ultimately agreed more 
with the US presidential campaign donation story than the 
US sea-level rise story (F = 4.57, p = 0.03), perhaps because 
of the increased hedonic reaction to the former story. The 
inf luence of the story theme on participant reaction is 
possibly explained by the timing of the study, which was 
conducted four months after the polarizing presidential 
election of 2016. In contrast, sea-level rise and climate 
change broadly work on a longer time scale and within less 
well-defined geographic boundaries, a noted challenge for 
science communication in getting the public to care about 
climate change and its effects (Fish 2020a). Reaction dif-
ferences by theme also may be explained by the fiscally and 
socially liberal lean in the participant sample (Figure 1), 
as the US presidential campaign donation story had a subtle 
conservative lean (the relationship between political lean-
ing and reaction concern is discussed in more detail under 
individual differences). There was no statistical difference 
in other reaction metrics.

VISUAL STORYTELLING GENRE (FACTOR 2)

Factor 2 included two conditions by visual storytell-
ing genre: long form infographics and dynamic slideshows. 
Unlike themes, overall differences in retention by genres 
were statistically significant (F = 5.47, p = 0.02) (Table 6). 
Participants correctly answered 74.5% of retention ques-
tions for visual stories presented as long form infograph-
ics, but only 68.3% for visual stories containing the same 
content but presented as dynamic slideshows. Thus, it was 
the technique used to enforce continuity across narrative 
elements (i.e., genres), and not the element content itself 
(i.e., themes), that influenced retention, with participants 
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having greater difficulty remembering information from 
dynamic slideshows. This is an important finding for car-
tography and visual storytelling, as well as science commu-
nication and pedagogy generally, as visual material more 
commonly is presented as a discrete slide deck instead of 
a continuous graphic or webpage in educational settings 
and public presentations. Further, this finding points to 
the relevance of emerging design strategies made possible 
by new media for map-based visual storytelling, as long-
form infographics enable scrolling at an audience-controlled 
pace, whereas dynamic slideshows dose information at a de-
signer-controlled pace. We found significant differences 
for the easier compare (ordinal) tasks (F = 4.01, p = 0.05) 
and more difficult identify (numerical) tasks (F = 8.52, p 
= 0.00) tasks, but not for the intermediate-difficulty rank 
(ordinal) tasks (F = 0.26, p = 0.61), perhaps because of the 
aforementioned interaction effect for rank (ordinal) tasks 
between theme and tropes.

Regarding comprehension, participants described 49.4% 
of the total narrative elements when the story was pre-
sented as long form infographics but only 46.6% when pre-
sented as dynamic slideshows, again indicating better per-
formance with long form infographics. However, this was 
not a significant difference (F = 0.92, p = 0.34; Table 7), 
and overall we observed fewer comprehension differenc-
es by genres than theme for individual narrative elements. 
Interestingly, there was a significant difference by genres 
in discussion of the problem (F = 6.82, p = 0.01): while 
nearly all (99.2%) participants discussed the problem when 
viewing long form infographics, only 92.7% of participants 
discussed the problem when viewing dynamic slideshows. 
Therefore, the dynamic slideshows format and naviga-
tion caused a small set of participants to miss the main 
problem altogether in their discussion, a fatal erasure in 
comprehension. Thus, while the retention measures indi-
cated that the dynamic slideshows inhibited recall of spe-
cific numbers for many participants, the comprehension 
measures indicated that the dynamic slideshows inhibited 
development of a general problem understanding for small 
set of participants, together representing the “worst of 
both worlds.” One potential explanation for the observed 
poorer retention and comprehension for dynamic slideshows 
is the manner in which they enforce continuity: clicking 
through the frames in dynamic slideshows interrupted the 
flow of the story, requiring reloading of new content that 
may be exacerbated due to bandwidth lags, altogether 
breaking audience concentration. Relatedly, participants 
discussed the spatial setting significantly more frequently 

when viewing longform infographics (32.5%) versus dynamic 
slideshows (20.3%), possibly because they could more read-
ily access maps—included on only four of nine panels—
through quick scrolling upwards versus reloading a prior 
slide. There was not a significant difference in the number 
of comprehension mistakes or for other comprehension 
codes between genres.

Genres did have a marginal impact on participant reac-
tion (Table 8), although most differences were signifi-
cant only at alpha = 0.10. Participants were more likely to 
believe (F = 3.27, p = 0.07) and more likely to have their 
views influenced by (F = 3.14, p = 0.08) stories when pre-
sented as long form infographics versus dynamic slideshows, 
an indication of increased influence and trust evoked by 
the emerging “scrollytelling” genre. Notably, participants 
reported feeling more upset when viewing dynamic slide-
shows than the longform infographics (F = 6.57, p = 0.01), a 
significant difference at alpha = 0.05. The negative hedonic 
reaction scale did not distinguish between the visual story 
content versus design (“I was upset by the visual story”), 
and it is possible the unpleasant reaction to dynamic slide-
shows is because of the broken experience of the discrete 
slide advance. However, this broken nature also may gen-
erate more suspense and anxiety, a characteristic of dy-
namic slideshows that may be useful when the story topic 
and framing require a congruently negative affective re-
sponse (Anderson and Robinson 2022). Finally, dynamic 
slideshows were rated as both more exciting (F = 2.76, p = 
0.10) and more boring (F = 2.78, p = 0.10) than long form 
infographics, a somewhat contradictory finding possibly in-
dicating that dynamic slideshows garner a wider variety of 
reactions from the audience.

Notably, Factor 2 was assigned between subjects, unlike 
Factors 1 and 3, and therefore the results by genre may 
be inf luenced by potential imbalances in sampling (see 
Supplemental Materials). Participants who viewed long-
form infographics reported a greater interest in the inter-
net (6.3/7 versus 5.2/7 for dynamic slideshows), computing 
technology (5.7/7 versus 4.5/7), and online news (5.1/7 
versus 4.3/7), and a greater familiarity with computing 
technology (5.6/7 versus 4.8/7). Thus, the generally ob-
served benefit of long form infographics instead may be ex-
plained by increased participant motivation derived from 
greater interest and familiarity with internet and comput-
ing technologies. In contrast, participants who viewed dy-
namic slideshows reported greater training in the internet 
(5.2/7 versus 4.4/7 for longform infographics), environment 
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and science (4.1/7 versus 2.8/7), online news (4.2/7 ver-
sus 3.0), domestic politics (3.9/7 versus 2.4/7), information 
graphics (3.7/7 versus 2.8/7), maps (3.8/7 versus 2.9/7) 
and print news (3.4/7 versus 2.6/7). Thus, maps and vi-
sual storytelling generally were less novel for participants 
assigned to dynamic slideshows and therefore this could 
have influenced motivation, prior expectations, and, ac-
cordingly, performance with dynamic slideshows. Sampling 
by domain-specific characteristics not captured through 
participant demographics is difficult to manage through 
Mechanical Turk, and thus future research with purpose-
ful participant recruitment is needed to investigate how 
well the observed differences by genre apply across differ-
ent levels of interest, familiarity, and training.

VISUAL STORY TROPE (FACTOR 3)

Factor 3 included two conditions by visual storytelling 
trope, with both conditions employing a visual accenting 
technique for focusing attention: leader lines and color high-
lighting. Differences in retention by tropes were statistical-
ly significant at alpha = 0.10 (F = 3.51, p = 0.06; Table 6). 
Participants correctly answered 73.8% of retention ques-
tions for visual stories using leader lines as the focus atten-
tion strategy, but only 69.1% using color highlighting. While 
a weaker influence on retention than the genres condition 
in our study, the difference by tropes extends the Griffin 
and Robinson (2015) study in the context of visual accent-
ing between coordinated representations, suggesting that 
leader lines are not only a viable alternative to color high-
lighting when color needs to be used elsewhere in design, 
but actually are a more salient focusing attention tech-
nique generally. There were no significant differences by 
tropes for the easier compare (ordinal) (F = 1.83, p = 0.18) 
or rank (ordinal) (F = 1.19, p = 0.28) retention questions, 
but differences by tropes for the more difficult identify 
(numerical) task were significant at alpha = 0.10 (F = 3.28, 
p = 0.07). Thus, the benefit of leader lines over color high-
lighting—and thus more salient focusing attention tech-
niques—may increase as the difficulty in the task grows.

Tropes did not result in a significant difference in total 
comprehension (F = 0.11, p = 0.74), the number of com-
prehension mistakes (F = 0.29, p = 0.59), or any specific 
narrative element (Table 7). We were surprised that none 
of the tested factors resulted in significant differences in 
total comprehension. Although we found the compre-
hension discussion surprisingly rich, with participants on 

average describing 48.0% of the narrative elements, the 
simplicity of the comprehension question prompt and the 
online format of the survey perhaps limited the response 
length. Greater depth in comprehension instead may be 
elicited through alternative social science methods such as 
cognitive walkthroughs, think aloud studies, and post-hoc 
interviews and focus groups. However, our method did 
present an opportunity to investigate how the visual story 
design inf luenced discussion of the more important or 
obvious narrative elements in their shorter qualitative re-
sponses, resulting in the significant differences by themes 
and tropes for individual narrative elements described 
above.

The trope conditions did result in a significant difference 
in participants’ reported interest in the visual story (F = 
4.25, p = 0.04; Table 8). Participants reported being more 
interested in visual stories using leader lines (5.2/7) to focus 
attention than color highlighting (4.8/7). “Interest’” suggests 
an activated affective state, and while we did not observe 
a significant difference in positive arousal (which uses 
the more suggestive word “excited” to describe reaction), 
increased interest in a visual story is a marked benefit of 
using focusing attention techniques in visual story design: 
in this case, leader lines better focused audience attention 
on important or unusual information in the story, avoiding 
distraction from other design elements or split attention 
with other tasks. There also was a significant interaction 
in reported interest between the genre and tropes factors 
(F = 4.81, p = 0.03), indicating that participants were most 
interested in visual stories using a combination of longform 
infographics and leader lines regardless of the theme. Again, 
this is a useful finding for cartographers and data journal-
ists, as the specific theme may not influence the interest 
garnered from a general audience as long as the visual 
story follows empirically-derived design recommendations 
for a three-act narrative, genres, and tropes. There were 
no addition significant differences by tropes in the other 
participant reaction scales.

INDIVIDUAL DIFFERENCES

Finally, the exit survey collected a number of measures 
of individual differences, including expertise, motivation, 
and prior beliefs. Examination of individual differences 
identified many interaction effects on retention, compre-
hension, and reaction. Our discussion below focuses on 
the most prominent patterns.
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Regarding retention, the relationship of individuals to 
technology and design was a stronger driver than their re-
lationship to the theme or their prior beliefs (Table 9). In 
particular, participants with greater familiarity with the 
internet (β = 1.51, p = 0.00) retained significantly more in-
formation from the visual stories than their counterparts. 
This signals an important consideration for data journal-
ism and visual storytelling, as differential familiarity (i.e., 
expertise) with the online delivery format of the map study 
may have impacted results, with participants unfamiliar 
with internet technology retaining less information from 
the online stories.

There was an interesting tradeoff in retention between fa-
miliarity and interest in print versus online news sourc-
es. Participants with interest in online news sources (β = 
1.07, p = 0.00) retained significantly more information 
than their counterparts, while participants with interest 
in print news sources retained significantly less than their 
counterparts (β = -0.80, p = 0.00). Familiarity with online 
news sources (β = -1.20, p = 0.00) and print news sourc-
es (β = 0.57, p = 0.00) reflected an inverse pattern. While 
future research is needed to track and confirm this effect 
by individual differences, the results possibly suggest that 
performance with online visual stories is influenced by in-
terest in online versus print news sources broadly, but also 
suggest a possible tendency to skim visually as familiarity 
with online news sources increases.

In contrast, the relationship of individuals to the theme 
and their prior beliefs was a stronger relative driver of 
comprehension than their relationship to technology and 
design (Table 9). As with retention, participants with in-
creased familiarity with the internet (β = 0.71, p = 0.03) 
and interest in online news sources (β = 1.05, p = 0.00) 
comprehended the visual stories significantly better than 
their counterparts, although this effect was smaller than 
with retention. While increased familiarity with on-
line news stories decreased comprehension (β = -0.89, p 
= 0.00), similar to retention, there were no observed ef-
fects from familiarity or interest in print news sources on 
comprehension.

Instead, increased prior beliefs that sea-level rise is a 
topic worth of discussion (β = 0.41, p = 0.03) led to in-
creased comprehension with the US sea-level rise theme. 
Interestingly, increased participant training in environ-
ment and science (β = -0.42, p = 0.01) led to reduced com-
prehension about the US sea-level rise theme, suggesting 
that participants with some expertise about the theme 

actually gleaned fewer specific details from the visual sto-
ries, instead relying on their prior understanding rather 
than drawing from specific evidence in the story. This is an 
interesting finding, as untrained, non-experts actually may 
approach visual stories more objectively, and thus consider 
new information and the overall narrative more thorough-
ly, as long as they believe the topic is worthy of discussion. 
It is arguable, however, that the subjectivity exhibited by 
experts may be an appropriate, hard-earned subjectivity, 
allowing them to discredit flawed or incomplete informa-
tion and narratives more quickly. Unexpectedly, increased 
environmental consciousness and increased concern about 
sea-level rise both led to reduced retention and compre-
hension for the US sea-level rise theme, an apparent con-
tradiction to prior beliefs that sea-level rise is a topic worth 
discussion.

We did not find any significant relationships between prior 
beliefs and retention or comprehension of the US presiden-
tial campaign donations condition. This perhaps is due to 
the polarizing nature of the 2016 US presidential election, 
but broadly indicates that the specific theme matters when 
considering individual differences.

While there are some notable interactions with reten-
tion and comprehension, individual differences appeared 
to have a greater influence on participant reaction to the 
visual stories (Table 10). There were several broad pat-
terns between individual differences and reaction worth 
discussing.

First, familiarity and interest with maps and information 
graphics arguably had the largest influence on the reaction 
measures regarding participant relationships to technolo-
gy and design. The more familiar participants were with 
maps, the less likely participants were excited by (θ = 0.56, 
p = 0.00) or enjoyed (θ = 0.73, p = 0.02) the visual stories, 
possibility suggesting that novelty in design plays a role in 
the reaction to map-based visual stories. However, greater 
interest in maps led to a decrease in boredom (θ = 0.75, p = 
0.01) with the visual stories and an increase in enjoyment 
(θ = 1.41, p = 0.00), interest (θ = 1.42, p = 0.00), and agree-
ment with the visual stories (θ = 1.27, p = 0.02). Similarly, 
greater interest in information graphics led to increased 
excitement (θ = 1.35, p = 0.01) and enjoyment (θ = 1.40, p 
= 0.01). Thus, individual differences in motivation around 
data-driven visuals like maps and graphics matter in the 
resulting reaction to visual stories containing these maps 
and graphics.
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Second, with a few exceptions, familiarity with the story 
theme had a greater overall effect on reaction than train-
ing or interest in the topic. As with retention and compre-
hension, greater familiarity with the theme often resulted 
in a more negative reaction, as participants reported high-
er boredom (θ =1.33, p = 0.03) and maintenance of their 
beliefs about the topic (θ = 1.39, p = 0.01), as well as being 
less upset by (θ = 0.76, p = 0.03), interested in (θ = 0.71, p 
= 0.01), and concerned about (θ = 0.73, p = 0.02) the visu-
al story when they had greater familiarity with the topic. 
While future research is needed to understand this rela-
tionship between expertise with and reaction to visual sto-
ries, these findings suggest that visual stories may evoke 
stronger positive reactions from general audiences less fa-
miliar with the story theme.

Third, as with comprehension, prior beliefs that the story 
theme was worth discussing did influence participant re-
action. Participants more likely to find the topic worth 
discussing also were more likely to enjoy (θ = 1.26, p = 
0.04) and be interested in (θ = 1.41, p = 0.00) the visual 
story as well as less likely to be bored by (θ = 0.77, p = 0.02) 
or maintain their beliefs about the visual story (θ = 0.78, 
p = 0.03). Thus, getting audiences to care about the topic 
is an important challenge—perhaps the challenge—in vi-
sual storytelling, as the way the audience values the topic 
before viewing the map appears to greatly influence how 
they subsequently react to the design and comprehend the 
depicted content. Unlike comprehension, this pattern does 
hold when reactions are pooled across the US presidential 
campaign donations and US sea-level rise themes.

CONCLUSION: IMPROVING THE DESIGN OF MAP-BASED VISUAL STORIES
In this paper, we reported on an empirical study to un-
derstand and improve the intentional design of map-based 
visual storytelling using a case study in data journalism. 
Compared to their popularity and wide reach, empirical 
research on map-based visual stories remains limited. The 
research reported here tackled four emerging design con-
siderations for visual storytelling with maps: story map 
themes and their constituent three-act narrative elements, 
visual storytelling genres, visual storytelling tropes, and 
individual differences among the audience. Specifically, 
we asked four research questions to address emerging de-
sign considerations for visual storytelling:

1.	 What is the influence of story map themes and their 
constituent narrative elements on the audience’s 
retention, comprehension, and reaction? Our study 
provided initial evidence that a three-act narra-
tive and its constituent narrative elements can be 
applied consistently and effectively across visual 
story themes, and therefore offers new design 
opportunities for cartography and data journalism. 
Story map themes did not significantly influence 
total retention, the “accuracy” or “correctness” 
measure used in this study, or total compre-
hension, our alternative performance measure 
capturing additional dimensions of engagement 
and interest. This finding points to the need for 
establishing a research and education agenda on 
map-based visual storytelling in both cartography 
and data journalism, as the efficacy of some design 

decisions are based on not on the story content, 
but on the intentional design of the narrative 
structure and presentation. Interestingly, partic-
ipants discussed the spatial and temporal setting 
significantly more frequently for the US presiden-
tial campaign donations story and the cause and ef-
fect more frequently for the US sea-level rise story, 
potentially indicating that, while themes may not 
influence total comprehension, some individual 
narrative elements may be more or less germane 
to understanding a given visual story. In contrast, 
story themes did influence audience reaction, with 
participants feeling significantly more concerned 
about and upset with the US presidential campaign 
donations story, and they ultimately agreed more 
with this story, perhaps because of the increased 
negative hedonic reaction. While not a direct goal 
of our study, this finding reinforces noted chal-
lenges for communication and action on climate 
change in the United States.

There are many opportunities for future research 
on narrative structures for map-based storytell-
ing, three-act or otherwise. First, we tested two 
visual story themes using the same three-act nar-
rative structure as a control to establish a baseline 
for three-act narrative design in cartography and 
also mitigate bias from current events or prior be-
liefs given the broader visual story design consid-
erations in the factorial design. More research is 
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needed to test the baseline three-act narrative we 
described against alternative linear and non-linear 
narrative structures, as well as to isolate the in-
fluence of specific narrative elements within these 
structures to understand how they may be rear-
ranged as narrative anchor points within a visu-
al story. Further, we encourage comparison and 
evaluation of a wider range of Vujaković’s (2014) 
visual story themes and Phillips’s (2012) visual 
story structures, as well as correlation of how well 
these designs perform with individual differenc-
es. Finally, the three-act narrative structure relied 
mostly on static visuals, with user interactivity re-
stricted to the genre mechanism for enforcing con-
tinuity in the factorial design (continuous scroll-
ing versus discrete slide advancement). Extensions 
with interactivity range from martini-glass and 
reverse martini-glass narrative structures plac-
ing interactive maps at the bookends of the visual 
story (Segel and Heer 2010) to fully open-ended 
and user-controlled interactive digital narratives 
(Koenitz et al. 2015).

2.	 What is the influence of visual storytelling genres 
on the audience’s retention, comprehension, and 
reaction? Visual storytelling genres did significant-
ly influence total retention. Longform infographics 
outperformed dynamic slideshows for both retention 
and comprehension, although this difference was 
not significant for total comprehension. However, 
we did observe a significant difference in com-
prehension of the problem—the central confron-
tation, obstacle, or setback driving the story that 
formed perhaps the most important narrative 
element of the story—with nearly all partici-
pants discussing the problem in their open-ended 
responses when viewing longform infographics. 
Taken together, dynamic slideshows exhibited the 
worst of both worlds, causing participants to for-
get specific information (total retention) and, for 
some, to miss the overall point of the visual story 
(problem comprehension). The poorer performance 
with dynamic slideshows likely is attributed to the 
manner by which the genre enforces continuity 
and doses information, as longform infographics 
enabled continuous scrolling at an audience-con-
trolled pace, whereas dynamic slideshows discretely 
dosed information in a designer-controlled pace. 
This finding also calls into question the optimal 

structure for dosing information in both research 
and teaching, given that material is commonly 
presented as a slideshow for in-person presenta-
tions. While the genre had a weaker influence on 
reaction than the story theme, participants were 
more upset with stories presented as dynamic slide-
shows, potentially an affective response attributed 
more to the broken nature of the genre structure 
than the story content.

Our study suggests that choosing a storytelling 
genre as described by Segel and Heer (2010) and 
Roth (2021) is a nontrivial design decision, and 
thus warrants additional research in cartography, 
data journalism, and related fields. We examined 
just two visual storytelling genres and future re-
search is needed to fully understand the relative 
advantages and limitations of each genre to in-
form their selection, content, and design. Notably, 
our findings contradict those of Wieczorek et al. 
(2014) on non-visual text presentation, where pag-
ination (slideshows) outperformed scrolling (long-
form structure). We hypothesize that this could 
be attributed either to the inherently two-dimen-
sional nature of maps versus one-dimensional text 
or the difference in control of dosing in our study 
versus the increased dosing of the pagination con-
ditions in the Wieczorek et al. study. Regardless, 
future research is needed to evaluate different 
combinations of text and visuals like maps across 
genres, as well as to compare text, visuals, and 
other multimedia directly against one another as 
alternative story content within any given genre. 
As noted above, further research also is needed to 
investigate how well the observed differences by 
genre apply across different levels of audience in-
terest, familiarity, and training.

3.	 What is the influence of visual storytelling tropes 
on the audience’s retention, comprehension, and 
reaction? As with genres, the focus attention 
strategies (one visual storytelling trope) signifi-
cantly influenced total retention, although only 
at alpha = 0.10. Retention significantly improved 
when narrative elements were accented by leader 
lines instead of color highlighting. While a weak-
er influence than genres, this finding extends 
Griffin and Robinson’s (2015) recommendations 
for using leader lines for visual accenting across 
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multiple representations, as leader lines are not just 
an alternative to color highlighting when using color 
elsewhere in design, but actually are a more salient 
focusing attention technique generally. The benefit 
of leader lines over color highlighting increased as the 
question difficulty grew, suggesting more salient 
visual accenting techniques are needed as task 
complexity increases. As with other factors, there 
was not a significant difference in total compre-
hension between focus attention strategies, and we 
encourage adapting, extending, and triangulating 
alternative social science methods in the future to 
explore additional dimensions of audience com-
prehension. As with genres, tropes had a weaker 
influence on reaction than the story theme, but 
we did observe a significant difference in reported 
interest by tropes, with leader lines better focus-
ing audience attention on important or unusual 
information in the story and avoiding distraction 
from other design elements or split attention with 
other tasks.

For future research, we encourage evaluation of 
the additional visual accenting techniques for fo-
cusing attention in visual storytelling compiled in 
Roth (2021), including comparing static solutions 
like f low arrows, appended geometric frames, 
opacity masks, numbering, call-outs, and labels, 
against dynamic solutions like blinking/f licker-
ing, panning/zooming, and focus+context visual-
izations. Further, our attention solution primar-
ily supported elementary tasks similar to Griffin 
and Robinson (2015), but the leader lines and color 
highlighting solutions also should be evaluated 
for general map reading tasks, such as provid-
ing overview and summary context for narrative 
and exploratory visualization alike (Shneiderman 
1996). Finally, we examined continuity (tested 
through genres) and attention in our study, hold-
ing all other tropes constant for experimental con-
trol. Future research opportunities exist to explore 
and empirically test the roles of mood, dosing, re-
dundancy, metaphor, and voice to support visual 
storytelling with maps.

4.	 What is the influence of individual audience 
differences on their retention, comprehension, 
and reaction? Examining individual differences 
afforded insight into how dimensions of expertise, 

motivation, and prior beliefs influence retention, 
comprehension, and reaction. Familiarity with the 
internet and familiarity and interest with print 
versus online news sources most impacted reten-
tion. While familiarity and interest with online 
news sources remained influential on compre-
hension, prior beliefs that the topic is worthy 
of discussion also influenced comprehension. 
Notably, interaction effects regarding prior beliefs 
and comprehension were observed for the US 
sea-level rise theme only, suggesting that the visual 
storytelling theme does matter when considering 
individual differences. Whereas differences in 
genres and trope designs directly influenced reten-
tion and comprehension—with some variability by 
individual differences—individual differences, not 
the visual story design, appeared to have a greater 
overall influence on participant reaction to the 
visual stories. Familiarity with maps and infor-
mation graphics, familiarity with the story theme, 
and prior beliefs that the story theme was worth 
discussing were among the influential individual 
differences on participant reaction.

Opportunities for future research on individu-
al differences in visual storytelling (and cartog-
raphy generally) are numerous. First, our use of 
Mechanical Turk, while successful in garnering 
wider demographic, geographic, and political di-
versity, limited our ability to assess the influence 
of individual differences on the tested visual story 
design considerations themselves (i.e., by theme, 
genres, or tropes). Future research is needed to 
replicate our results in a controlled setting with 
participants purposefully sampled by individual 
differences into comparable groups. Second, we 
evaluated just a small range of individual differ-
ences by expertise, motivation, and prior beliefs. 
Future research is needed to understand how in-
dividual differences and intersectional identities 
shape understandings from maps and visual sto-
ries (D’Ignazio and Klein 2020), with particu-
lar attention on how our reactions might change 
through time around critical events or across 
other lived experiences given the increased role 
maps play in new stories and data journalism. 
Relatedly, and following calls from Kosara and 
Mackinlay (2013) and Figueiras (2014), future 
research is needed to extend our initial treatment 
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of retention, comprehension, and reaction to fully 
embrace new measures of engagement, empa-
thy, and emotion resulting from different visu-
al story designs, as the real test of visual story-
telling is its ability to help us make better, more 
informed decisions in how we treat ourselves, 
each other, and our world. Finally, self-report-
ed, Likert-based measures are a relatively simple 
method of capturing information about individual 

differences—necessarily so for the purpose of this 
study—and alternative methods that more reliably 
screen for interest, familiarity, training, and prior 
beliefs are needed to fully explore the role of in-
dividual differences on the design of map-based 
visual stories. This limitation also relates to the 
potential issues related to the sampling imbalance 
between genre conditions noted above.
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That’s a Relief: Assessing Beauty, Realism, and Landform 
Clarity in Multilayer Terrain Maps

Terrain maps are often composed of shaded relief along with other raster layers which we call thematic terrain layers to 
create aesthetically pleasing and clear maps of physical geography. Despite the fact that the interplay of layers is of primary 
concern to a cartographer, much of the research on terrain mapping has focused on studying terrain layers individually. 
This research aimed to fill this gap by evaluating the effect of combining shaded relief with thematic terrain layers and 
assessing ratings of beauty, realism, and landform clarity in an exploratory online user study. Specifically, we tested the 
combination of: manual, multidirectional, and ray-traced shaded relief with three thematic terrain layers: hypsometric 
tinting, land cover, and orthoimagery. There are five main findings from this exploratory study: (1) there was a direct 
correlation between beauty and realism scores, (2) the manual relief we tested was consistently rated lowest for beauty, 
realism, and landform clarity, and orthoimagery was rated the highest for beauty and realism, (3) shaded relief was more 
influential than thematic terrain layers on landform clarity ratings, (4) participant’s geographic familiarity had a signif-
icant impact in four specific instances of the user study, and (5) neither shaded relief nor thematic terrain layers were the 
sole contributors to map reader perceptions of beauty, realism, or landform clarity. We conclude by identifying limitations 
in our stimuli design and presenting ideas for future research studies on terrain design.

K E Y W O R D S :  aesthetics; terrain mapping; shaded relief; landform clarity; perception, beauty; realism; cartography; map 
design; hillshade

I N T R O D U C T I O N
Shaded relief, relief shading, and hillshading are 
terms often used interchangeably to refer to the carto-
graphic technique of creating intuitive and realistic repre-
sentations of topographic features on maps by mimicking 
the shadows cast by a light source. Shaded relief was ini-
tially created manually with an airbrush, pencil, or similar 
methods. However, modern digital processes have simpli-
fied the creation of beautiful, realistic, and clear relief for 
maps. We commonly access these tools in geographic in-
formation systems (GIS), but novel methods are increasing 
in popularity, some of which use 3D rendering software 
(Huffman 2017). Such tools allow cartographers to create 
shaded relief that more closely mimics the expressiveness 
and beauty of early manual shaded relief, but is more easily 
reproducible and time efficient to create.

The cartographer’s chosen shaded relief method is not 
necessarily the sole contributor to a successful terrain 

map. Shaded relief is frequently combined with other ras-
ter layers, such as imagery or land cover, to create maps 
that offer the reader a clearer idea of the complexity of the 
landscape. The fact that these combinations are so popu-
lar suggests that an interaction between shaded relief and 
thematic terrain layers is often necessary to enhance the 
perceived beauty, realism, and clarity of the representation. 
Empirical research on relief shading has increased over the 
past decade, providing insight into new digital techniques 
to represent the topographic relief on maps (Jenny 2021; 
Jenny et al. 2020; Kennelly and Stewart 2014; Marston 
and Jenny 2015), user perception of illumination angles 
(Biland and Çöltekin 2017), and the perceived effective-
ness of relief shading techniques (Farmakis-Serebryakova 
and Hurni 2020). However, few studies have investigated 
shaded relief combined with other thematic terrain layers 
(e.g. Çöltekin and Biland 2019; Huffman and Patterson 
2013; Raposo and Brewer 2014). In these examples, 
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authors focused on one type of shaded relief and one type 
of thematic terrain layer, but to our knowledge, none of 
these studies specif ically measured perceptions across 
combinations of different shaded relief designs and the-
matic terrain layers.

In this study, our goal was to better understand how the 
combination of shaded relief and thematic terrain lay-
ers affects map readers’ perceptions of beauty, realism, 
and landform clarity. After examining two volumes of 
the North American Cartographic Information Society 
(NACIS) Atlas of Design (Steingisser, Rose, and Tierney 
2018; Marston et al. 2020), along with award-winning 
maps from the NACIS Conference, we identified three 
shaded relief techniques that were commonly used: (1) 
manual shaded relief, (2) multidirectional shaded relief, 
and (3) ray-traced relief. In addition, cartographers often 
paired these types of shaded relief with other layers to 
portray the landscape more realistically. Across the selec-
tion of maps we viewed, many included (1) hypsometric 
tinting, (2) land cover, or (3) orthoimagery. After review-
ing these maps, our study was guided by the following re-
search question:

How do manual and analytical shaded relief techniques 
influence reader perceptions of  beauty, realism, and land-
form clarity in terrain maps that incorporate hypsometric 
tinting, land cover, and orthoimagery?

Cartography is as much an art as it is a science (Cosgrove 
2005). Thus, it makes sense to understand not only the ef-
fects of combining different layers to create terrain maps, 
but also how those combinations affect the perceived 
beauty, realism, and the clarity of landforms in a two-di-
mensional map.

The rest of the paper is organized as follows: in the next 
section we describe shaded relief and thematic terrain lay-
ers, then we describe the importance of aesthetics in car-
tography. We follow with a description of our methods for 
an exploratory online user study. In the fourth section we 
illustrate the results of our exploratory study and follow 
with a discussion of those results. In the final section of 
the paper, we conclude with an overview of our findings, 
some limitations, and future research ideas.

B AC KG R O U N D

SHADED RELIEF

Shaded relief began as a hand-drawn art form that 
gave depth to a two-dimensional view from above by ac-
curately representing landforms using localized light 
sources (Marston and Jenny 2015; Imhof 1982; Brassel 
1974; Collier, Forrest, and Pearson 2003). Manual relief 
has its own individual styles, determined by the cartogra-
pher who designed the map. This means that these maps 
are difficult to reproduce since any two cartographers are 
likely to draw very different representations of the same 
location due to their personal style, skill level, and inter-
pretation of the landscape. Manual techniques also allow 
a cartographer to adjust their representation to meet the 
needs of the particular landscape being shown. However, 
creating these maps manually is extremely time intensive, 
though generalization is a common way to reduce the 
time burden (Patterson 2018). Recently, there has been 
a reinvigorated interest in exploring manual techniques 
amongst contemporary practicing cartographers (e.g., Bell 
2018), while cartographic researchers have also attempted 

to replicate the aesthetic quality of manual relief through 
algorithmic processes, allowing the style to be more avail-
able to digital mapmakers (Jenny et al. 2020).

With the onset of computers, digital, analytic methods 
overtook manually-created shaded relief due to the speed 
and consistency with which the cartographer could now 
create these types of terrain layers. Basic analytical relief 
shading can be created quickly in a GIS from a digital 
elevation model (DEM). Since this standard shaded re-
lief algorithm uses a single light source, all landforms are 
treated equally, which sometimes results in (1) less explic-
it landscape depictions with a lack of structure in larger 
landforms (Marston and Jenny 2015), and (2) a lack of 
clarity for minor landforms, especially those within the 
shadowed slopes of larger landforms (Zakšek, Oštir, and 
Kokalj 2011). Adjusting the light angle to better capture 
most landforms in a relief map is one solution to this 
limitation (Biland and Çöltekin 2017). Multidirectional 
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shaded relief also provides a solution by casting multiple 
light sources from different sun angle directions (Loissios, 
Tzelepis, and Nakos 2007; Mark 1992; Tzelepis et al. 
2020; Veronesi and Hurni 2014) and is now more easily 
accomplished in GIS.

Of growing interest to practicing cartographers, howev-
er, is the use of 3D rendering software to create shaded 
relief maps, specifically ray-tracing methods. Ray-tracing 
is a well-known computer graphics technique for 3D mod-
eling and can simulate natural light to create photo-real-
istic digital images (Glassner 1989; Rademacher 1997). 
Similar to GIS methods for rendering relief, ray-tracing 
produces a 2D greyscale image given a light source direc-
tion. The major difference from typical GIS methods is 
that ray-tracing can render more complex optical effects 
and surface textures, which makes it a unique tool for de-
picting topographic relief. While an analytical hillshade 
algorithm determines a pixel’s shading based solely on its 
orientation toward a light source, without accounting for 
any of the rest of the landscape, ray-tracing can model the 
light as it reflects, refracts, scatters, and diffuses off the 
adjacent surfaces (Huffman 2014; Morgan-Wall 2018; 
Stevens 2014). A handful of cartographers have openly 
shared tools, tutorials, and processes for generating relief 
using a 3D modeling program called Blender (blender.
org), which utilizes ray-tracing algorithms (Huffman 
2017; Powell 2016; Underwood 2019; Larson 2019; 
Atwood 2020). These materials have made this method for 
generating shaded relief more accessible and reproducible.

THEMATIC TERRAIN LAYERS

While shaded relief is often the key element in repre-
senting the physical landscape in terrain maps, it is just 
one layer. To create a more complete image of the terrain, 
shaded relief is typically paired with additional layers to 
provide context to the underlying landscape (Imhof 1982; 
Imus and Loftin 2012). Some of these layers can be de-
rived from the elevation surface and augment the visual-
ization of elevation change; Imhof (1982) refers to these 
layers as “abstractions,” and they include hypsometric tint-
ing, hachuring, and contour lines. In addition, layers such 
as land cover and orthoimagery can represent variation in 
vegetation and surface cover to add context and texture to 
the map.

In this exploratory research, we focus specifically on three 
layers which are commonly used in terrain mapping: hyp-
sometric tinting, land cover, and orthoimagery (Figure 1). 
Hypsometric tinting is a method of representing elevation 
values using a continuous or classed single hue, multi-hue, 
or spectral color scheme (Figure 1, A). This, combined 
with shaded relief, reinforces elevation heights through 
color cues. However, using an evenly stretched scheme on 
world maps can cause a loss of lowland and highland de-
tail, which can be remedied by creating locally enhanced 
hypsometric tinting (Huffman and Patterson 2013). In 
addition, the colors used may mislead a map reader if they 
do not mimic those of the underlying geography. Many 
authors suggest that the colors in elevation tinting should 
reflect hues one might see in the natural landscape (Imhof 

Figure 1. (A) Hypsometric tint colorizing high elevations with a pale yellow color and lower elevations in darker pale green; (B) data from 
the National Land Cover Database with naturalistic colors applied to the land cover classes; (C) orthographic imagery (from Google) 
giving readers a realistic sense of the terrain.

https://blender.org/
https://blender.org/
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1982; Patton and Crawford, 1977; Patterson and Jenny 
2011). Land cover (Figure 1, B), in comparison, is a sep-
arate dataset which is often paired with shaded relief to 
create a naturalistic aesthetic (Patterson 2002). Land cover 
is typically stored as a raster dataset, in which each cell is 
assigned a singular land cover type (e.g., forest). Finally, 
orthographic imagery (Figure 1, C), such as geometrically 
corrected aerial photos or satellite images, can allow for 
instant recognition of place through the landforms, and 
the texture of the underlying topography (Peterson 2012; 
2020). Supporting this claim, Hoarau and Christophe 
(2017) found that orthoimagery in maps adds realism 
and context, while other research has contradicted this 
by showing negative effects on map readers. For example, 
Çöltekin and Biland (2019) found that, when paired with 
shaded relief, orthoimagery can negatively affect landform 
perception.

AESTHETICS

The very nature of relief representation is rooted in ar-
tistic qualities and requires that careful thought be given 
to the aesthetic characteristics of a map (Imhof 1982). 
Cartographers frequently debate aesthetics, because of 
cartography’s close ties to art and visual representation. As 
Kent et al. (2012, 14) state “opinions are strong and var-
ied [regarding aesthetics] and there are no universal rules, 
even though when we say a map is ‘beautiful’ we believe 
others ought to agree with us.” Regardless of the data con-
veyed and message being shared, the map must appeal in 
its representation (Field and Demaj 2012). While learning 
a set of rules and conventions for representing map fea-
tures is conceivable, a cartographer’s goal with a map is to 
not only be informationally effective but also aesthetically 
pleasing (Dent, Torguson, and Hodler 2008).

In the last decade, a handful of researchers have attempt-
ed to quantify the aesthetic response of map readers on 
several fronts. Limpisathian (2017) tested the visual con-
trast of maps at multiple scales and asked map readers to 
rank a series of color and contrast schemes based on their 
clarity and aesthetic qualities. Similarly, Fabrikant et al. 
(2012) tested a small group of map readers’ arousal levels 
while reading several design iterations of the same map to 
investigate aesthetic preferences. Cartographers have also 
examined the micro-aesthetics in map typefaces (Guidero 
2016). Contemporary cartographic researchers are answer-
ing a call to bring aesthetics to the center of cartographic 
theory and critique the factors that influence aesthetic de-
cision making in cartography (Kent 2005).

The success of a terrain map is not dependent purely on 
how efficiently it conveys the information, but also on 
how it looks aesthetically. The function of the map and 
its graphical appearance are intertwined, and the visu-
al effect of a map is constructed from the interplay of its 
elements (Kent et al. 2012). Creating an effective terrain 
map takes time, artistry, and aesthetic sensitivity (Imhof 
1982). While mapmakers today have many digital tools to 
create shaded relief quickly and easily, many terrain car-
tographers refine, adjust, and perfect the relief in post-pro-
cessing software (Patterson 1997; 2002; Tait 2002; Jenny 
and Patterson 2007; Imus and Loftin 2012). For example, 
by incorporating orthoimagery in terrain maps, the car-
tographer can achieve an appealing design aesthetic that 
adds complexity, texture, and realism to the representation 
(Raposo and Brewer 2014). Some researchers have con-
ducted studies that test terrain maps to understand the de-
sign and aesthetic preferences (Raposo and Brewer 2014; 
Jenny et al. 2020). However, there is still minimal empir-
ical research attempting to compare the aesthetic qualities 
between digital and manual shaded relief techniques.

M E T H O D S
To answer the research question, we designed a with-
in-subject user study to examine: (1) beauty, (2) realism, 
and (3) landform clarity across a set of maps with varia-
tions in shaded relief and thematic terrain layers.

PARTICIPANTS

We solicited 105 participants for the study from the re-
cruitment site Prolific. Participants were able to participate 
if they were using a desktop computer and their Prolific 

profile indicated they were 18 years of age or older, a US 
resident, and fluent in English. Each participant was paid 
$4.97 USD through Prolific for approximately 15 minutes 
of their time after they completed the user study, and we 
approved their answers.

STIMULI

The stimuli for the user study consisted of nine different 
terrain maps of Crater Lake, Oregon, in the United States. 
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The maps were made up of a combination of three shaded 
relief layer designs and three thematic terrain layer designs 
(Figure 2).

The three relief layers we used were: (1) a manual shad-
ed relief created by Bill von Allmen of the US National 
Park Service in 1988 and later edited by Tom Patterson, 
(2) a multidirectional shaded relief, and (3) a ray-traced 
shaded relief. We downloaded the manual relief map from 
the Shaded Relief Archive (shadedreliefarchive.com/
Crater-Lake.html). The analytical relief layers (multidi-
rectional and ray-traced) were derived from a 3.33-meter 
resolution DEM from a set of sample elevation models 
provided by Kennelly et al. (2021), and the bathymetry 
was derived from a 1-meter ASCII XYZ grid re-sampled 
to 3.33 meters (pubs.usgs.gov/dds/dds-72/site/gridfaq.
htm#getacopy). The multidirectional shaded relief was 
created in QGIS (version 3.16.3) using the GDAL hill-
shade tool. The following parameters were set for the hill-
shade tool: vertical exaggeration (Z factor) was set to 3.0, 
the azimuth was set to 337.5 as suggested by Biland and 
Çöltekin (2017), the altitude was set to 45.0 degrees, with 
the multidirectional shading option. Our ray-traced relief 
map was created in Blender (version 2.82a). Using Blender 
for relief modeling requires the DEM to be converted to 
a 16-bit unsigned integer, which we did using a GDAL 
Warp command (Larson 2019). The parameters we used 
to create the ray-traced relief in Blender mimicked what is 
detailed in Huffman’s tutorial (2017). The only deviating 
parameter we used was the surface displacement method, 
which we set to “Displacement and Bump.” This option 
combines both the displacement option, allowing for larger 
amounts of displacement in the 3D model, and the bump 
mapping option, which preserves finer details and textures 
in the rendering. Combining the two methods can pro-
vide a good balance and reduce memory usage (Blender 
Documentation Team 2021).

The three thematic terrain layers we used were: (1) hyp-
sometric tint, (2) land cover, and (3) orthographic imag-
ery. The hypsometric tint layer was created from the same 
DEMs as the analytical shaded relief layers and used two 
separate color schemes, one for land surface elevations, 
using colors designed to mimic the vegetation and land 
cover of the region as suggested by Patterson and Jenny 
(2011), and a second color scheme for bathymetric depths. 
The land cover layer used raster data collected from the 
National Land Cover Database (NLCD), reclassified into 
three land cover types: (1) tree cover, (2) shrub/grass, and 

(3) water. Finally, the orthographic image layer was de-
rived from Google Maps. To avoid oversaturation and 
opposing shadows, we used the content-aware fill tool in 
Photoshop on areas of the orthoimage that appeared to 
be shaded so they did not conflict with the shaded relief ’s 
shadows.

There are two limitations of our stimuli design that we 
acknowledge could have had a confounding effect on the 
eventual results. First, von Allmen’s manual relief depict-
ed more generalized land and bathymetric relief and thus 
had less detail in the landforms depicted, compared to the 
multidirectional and ray-traced relief models. Second, we 
did not control for contrast, lightness, or saturation across 
the nine maps. We discuss the implications of these lim-
itations more in the conclusion.

USER STUDY PROCEDURE

Participants found the study through the Prolific recruit-
ment site. Once they clicked on the study, they were re-
directed to a Qualtrics site to take part in the user study. 
Participants were first asked to enter their Prolif ic ID 
and read through the consent form. Participants then 
continued to the four sections of the study: (1) a pre-test 

Figure 2. Nine variations of Crater Lake were created by overlaying 
three shaded relief maps (manual relief, multidirectional relief, and 
ray-traced relief) with three thematic terrain layers (hypsometric 
tint, land cover, orthoimagery).

https://shadedreliefarchive.com/Crater-Lake.html
https://shadedreliefarchive.com/Crater-Lake.html
https://pubs.usgs.gov/dds/dds-72/site/gridfaq.htm#getacopy
https://pubs.usgs.gov/dds/dds-72/site/gridfaq.htm#getacopy
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questionnaire, (2) a tutorial, (3) 
the main user study, and (4) a 
f inal feedback question. The 
pre-test questionnaire consist-
ed of six questions: two demo-
graphics questions on gender 
and education level, a question 
about their knowledge of car-
tography and map design, and 
three questions about their fa-
miliarity with the geographic 
focus of the study, Crater Lake, 
asking whether they had (1) 
heard of, (2) seen pictures or 
maps of, (3) or visited the area. 
Following the pre-test, par-
ticipants navigated through a 
tutorial where they were intro-
duced to the f ive rating tasks 
they would complete during the 
main user study. The tutorial 
used only three map designs and 
depicted a different geographic 
area, Churfürsten, Switzerland 
(Figure 3). This section intro-
duced the term “terrain map,” 
the purpose of relief shading in 
maps, and asked participants to 
rate the sample maps for their 
“beauty,” “realism,” and “land-
form clarity” (Figure 4).

Figure 3. Three variations of Churfürsten, Switzerland were used to introduce participants to the rating tasks they would be completing 
later in the study. The manual shaded relief was created by Eduard Imhof in 1947 (shadedreliefarchive.com/NortheastSwitzerland.html).

Figure 4. The tutorial section introduced the beauty, realism (left), and landform clarity (right) 
tasks to prime participants for the main portion of the user study.

https://shadedreliefarchive.com/NortheastSwitzerland.html
https://shadedreliefarchive.com/
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Following the tutorial, participants started the main user 
study. In the main user study, the participants answered 
the same five questions they were introduced to in the tu-
torial, but for nine map designs, for a total of 45 questions. 
The five rating tasks per map design were divided across 
two web pages in Qualtrics. The first page included one 

of the nine stimuli maps and asked participants to rate 
its beauty and realism (Figure 5, left). The second page 
showed the same map with numbered annotations on 
the three landforms (Wizard Island, Mount Scott, and 
Grouse Hill) and asked participants to rate the clarity of 
those landforms (Figure 5, right). We selected these three 

Figure 5. Example from the study asking a user to rate the beauty, realism (left), and landform clarity (right) of the Crater Lake map design 
that blended a hypsometric tint and ray-traced relief.
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landforms because they were similar in size and were lo-
cated proximally to the main landform feature in the map 
(Crater Lake). Since the study was within-subjects, all 
participants saw all nine of the map designs. These were 
presented in random order for each participant to limit 
the possibility of a learning effect. Once participants fin-
ished the 45 rating tasks in the main user study, they were 
shown a final feedback question. The final feedback ques-
tion of the user study asked participants to “Please pro-
vide any comments or feedback on your experience while 
taking part in this study,” to gain qualitative insights on 
the stimuli design, user experience, and study design. Two 
attention-check questions were presented to participants 
during the study to ensure they were actively engaging in 
the survey. Once they finished all the questions, they were 
redirected back to Prolific and compensated for their time 
once we approved their answers.

ANALYSIS

First, we tested the data for normality using a Shapiro-
Wilk test, and then we tested for equality of variance using 
a Levene’s test. The results indicated that most of our data 
were not normally distributed and failed to demonstrate 
homogeneity of variance. Given this, non-parametric 
tests would be best suited for our data. However, there 
is some debate over to what degree the violation of these 
two assumptions affects statistical results (Scariano and 
Davenport 1987; Lix, Keselman, and Keselman 1996), 
and so we felt comfortable performing a parametric test: a 
two-way ANOVA with a Tukey HSD post-hoc test.

This ANOVA test was used to assess whether the choice 
of shaded relief and thematic terrain layers had a signif-
icant effect on beauty, realism, and landform clarity rat-
ings. We chose a two-way ANOVA because in addition to 
independently testing the effect that shaded relief and the-
matic terrain layers had on rating scores, it also determines 
if there is a significant interaction effect between the two 
layers. This ability makes the two-way ANOVA a robust 
and valuable analysis for studies with two categorical in-
dependent variables (Norušis 2012). Essentially, an inter-
action occurs when “the effect of one independent vari-
able is not the same for all levels of the other independent 
variable” (Rahman 2019, 125). However, since most of the 
samples failed the assumptions for a parametric analysis, 
we also ran a Welsh and Brown-Forsythe test to validate 
the ANOVA results. We then ran a Spearman’s rank-or-
der correlation to test the relationship between beauty and 
realism rating scores.

To assess if a participant’s degree of familiarity with 
Crater Lake would have a confounding impact on the user 
study results, we ran two separate Independent Samples 
Mann-Whitney U tests for each of the three self-report-
ed geographic familiarity questions. The first was for the 
combined mean rating scores of the participant’s beauty, 
realism, and landform clarity task responses. The second 
was on the participant’s independent rating scores for 
beauty, realism, and landform clarity tasks across the nine 
maps. For the samples that did pass the Shapiro-Wilk test 
or the Levene’s test, we used an independent t-test to val-
idate the results.

R ES U LT S
Of the initial 105 respondents, we removed ten 
responses because of incomplete answers, failed attention 
checks, or an indication that they had expert knowledge 
of cartographic design, leaving 95 total responses for anal-
ysis. Forty-eight of the participants indicated they identi-
fied as female, 46 identified as male, and one identified as 
non-binary. Most of our participants either had some col-
lege education (20%) or a 4-year degree (38%). When indi-
cating their familiarity with Crater Lake, 64% had heard 
of it, 42% had seen photos or maps, and 11% had visited 
Crater Lake. Since our project was an exploratory exam-
ination of our research question, we did not formulate a 
hypothesis for the results. However, we did run a series of 
statistical analyses that would help us better understand 

the relationships between perceived beauty, realism, and 
landform clarity among our user study population.

BEAUTY AND REALISM RESULTS

Both beauty and realism had similar results from the two-
way ANOVA. The beauty rating task showed a signifi-
cant main effect for both shaded relief (F(2,4) = 13.495, p 
< 0.001), and thematic layer (F(2,4) = 94.520, p < 0.001), 
but we found no significant interaction between the two 
(F(2,4) = 1.799, p = 0.115) for the beauty rating scores. The 
thematic terrain layers had a larger effect size (η2 = 0.18) 
on beauty rating scores than did shaded relief (η2 = 0.03). 
Similarly, the realism rating task showed a significant main 
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effect for both shaded relief (F(2,4) = 16.46, p < 0.001) and 
thematic layer (F(2,4) = 132.996, p < 0.001) on realism 
rating scores, but no significant interaction between the 
two (F(2,4) = 2.202, p = 0.067). Thematic terrain layers 

also had a larger effect size (η2 = 0.24) on realism rating 
scores than did shaded relief (η2 = 0.04).

The Spearman’s rank-order correlation showed a statisti-
cally significant relationship (rs(8) = 0.653, p < 0.001) and 
indicated there was a positive correlation between beauty 
and realism rating scores. Figure 6 shows the estimated 
marginal means plotted for beauty and realism. The esti-
mated marginal means are the mean beauty and realism 
scores for each thematic terrain layer averaged across the 
three shaded relief techniques

The shaded relief Tukey HSD post-hoc test results were 
similar between the beauty and realism tasks. Results of 
the post-hoc tests revealed that beauty and realism scores 
for von Allmen’s manual shaded relief were statistical-
ly significantly lower than both the ray-traced relief (p = 
0.001 for beauty; p < 0.001 for realism) and multidirec-
tional shaded relief (p < 0.001), and there was no signifi-
cant difference between multidirectional shaded relief and 
ray-traced relief (Figure 7, A).

The Tukey HSD post-hoc test results for the thematic ter-
rain layers differed slightly between the beauty and real-
ism tasks. The tests revealed that beauty scores for ortho-
imagery were statistically significantly higher than both 

Figure 6. Estimated marginal means of beauty and realism scores 
from the two-way ANOVA. This graph shows the weighted 
means of beauty and realism scores for each thematic terrain 
layer averaged across the three shaded relief techniques. 
Greater distance between lines on the y-axis indicates a greater 
difference in rating scores for the combination of relief and 
thematic terrain layer.

Figure 7. Pairwise comparison of beauty and realism results from 
the Tukey HSD post-hoc test.
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hypsometric tinting (p < 0.001) and land cover (p < 0.001); 
but there was no significant difference between hypsomet-
ric tinting and land cover. The post-hoc test for realism rat-
ing scores showed that all thematic terrain layers differed 
significantly from one another (p < 0.001), confirming that 
orthoimagery was perceived as the most realistic and hyp-
sometric tinting as the least realistic (Figure 7, B).

LANDFORM CLARITY RESULTS

Across the three landforms (Wizard Island, Mount 
Scott, and Grouse Hill), results of the two-way ANOVA 
were not as consistent as the beauty and realism scores. 
For Wizard Island, the results of the two-way ANOVA 
showed a significant main effect for both shaded relief 
(F(2,4) = 25.28, p < 0.001), and thematic layer (F(2,4) = 
17.187, p < 0.001), and a significant interaction between 
the two (F(2,4) = 3.196, p = 0.013) on clarity rating scores. 
Mount Scott also showed a significant main effect for 
both shaded relief (F(2,4) = 21.76, p < 0.001), and themat-
ic layer (F(2,4) = 10.86, p < 0.001), and a significant inter-
action effect (F(2,4) = 2.798, p = 0.025). However, Grouse 
Hill only showed a significant main effect for shaded relief 
(F(2,4) = 44.16, p < 0.001) and a significant interaction 

effect (F(2,4) = 2.798, p = 0.014), but thematic terrain lay-
ers were not significant (F(2,4) = 0.641, p = 0.527). One 
similarity across the three landforms was that shaded relief 
had a larger effect size (Wizard Island: η2 = 0.056; Mount 
Scott: η2 = 0.049; Grouse Hill: η2 = 0.095) on landform 
clarity scores than thematic terrain layers (Wizard Island: 
η2 = 0.039; Mount Scott: η2 = 0.025; Grouse Hill: η2 = 
0.002). Figure 8 shows the estimated marginal means of 
landform clarity scores plotted for each landform, which 
are the mean landform clarity scores for the shaded relief 
technique averaged across each thematic terrain layer.

The Tukey HSD post-hoc tests for shaded relief were sim-
ilar for Wizard Island and Grouse Hill, but Mount Scott 

Figure 8. Estimated marginal means of landform clarity scores 
from the two-way ANOVA. This graph shows the weighted 
means of landform clarity scores for each thematic terrain layer 
averaged across the three shaded relief techniques. When 
the lines cross along the y-axis, it indicates that there was an 
interaction effect. In other words, the results depended on the 
combination of shaded relief and thematic terrain layers.



Cartographic Perspectives, Number 100, FORTHCOMING That’s a Relief  –  Douglass & Fish  | 55 

had differences (Figure 9, A). The results showed all shad-
ed relief methods were significantly different from one 
another (p < 0.05) for Wizard Island and Grouse Hill. 
However, for Mount Scott, von Allman’s manual relief 
differed significantly from the other two shaded relief de-
signs (p < 0.001); but multidirectional shaded relief and 
ray-traced relief were not significantly different from one 
another (p = 0.213).

For thematic terrain layers, the HSD post-hoc tests showed 
similar results between Wizard Island and Mount Scott, 

but not for Grouse Hill (Figure 9, B). Wizard Island and 
Mount Scott showed there was a significant difference be-
tween hypsometric tint and land cover (Wizard Island: p 
= 0.001; Mount Scott: p < 0.001); hypsometric tint and 
orthoimagery were significantly different (p < 0.001); but 
orthoimagery and land cover were not significantly differ-
ent (Wizard Island: p = 0.051; Mount Scott: p = 0.931). 
Results for Grouse Hill indicated that thematic terrain 
layers were not a significant main effect, thus there was 
no significant difference between hypsometric tint, land 
cover, and orthoimagery.

Figure 9. Pairwise comparison of landform clarity for Wizard Island, Mount Scott, and Grouse Hill from the Tukey HSD post-hoc test.
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GEOGRAPHIC FAMILIARITY RESULTS

Geographic familiarity had no significant effect on partic-
ipants’ combined mean rating scores for beauty, realism, 
and clarity (Table 1). However, geographic familiarity had 
a statistically significant impact on four specific map de-
signs between groups for each familiarity question (Table 
2). Even though more participants had heard of Crater 

Lake (N = 61, M = 42.98), those who had not heard of 
Crater Lake (N = 32, M = 57) gave higher clarity ratings 
for Wizard Island when looking at the map design with 
multidirectional shaded relief and hypsometric tinting 
(U = 1343, p = 0.009). Participants who had seen photos 
or maps of Crater Lake (N = 40, M = 56.44) gave higher 

Geographic Familiarity’s Effect on Combined Rating Task Scores

1.) “Have you ever heard 
of. . .?”

2.) “Have you ever seen 
photos or maps of. . .?”

3.) “Have you ever 
visited. . .?”

Total N 95 95 95

Mann-Whitney U 1104.0 1141.5 356.5

Wilcoxon W 1699.0 2681.5 4011.5

Test Statistic 1104.0 1141.5 356.5

Standard Error 128.764 132.618 82.433

Standardized Test Statistic 0.520 0.313 -0.831

Asymptotic Sig. (2-sided test) 0.603 0.754 0.406

Table 1. No significant differences were found for the combined mean rating scores for beauty, realism, and landform clarity across the 
three geographic familiarity questions.

Table 2. Significance differences were found amongst four specific instances in the user study across the three geographic familiarity 
questions.

Significant Instances Where Geographic Familiarity Affected Individual Rating Tasks

1.) “Have you ever heard 
of. . .?”

2.) “Have you ever seen photos or maps of. . .?”
3.) “Have you ever 
visited. . .?”

Clarity:
Wizard Is.

Realism
Clarity:
Wizard Is.

Clarity:
Mt. Scott

Multidirectional Multidirectional Multidirectional Manual

Hypsometric Tint Hypsometric Tint Land cover Orthoimagery

Yes No Yes No Yes No Yes No

Total N 61 34 40 55 40 55 10 85

Mean Rank 42.98 57.00 56.44 41.86 64.90 46.01 64.90 46.01

Mann-Whitney U 1343.0 762.5 1386.0 256.0

Wilcoxon W 1938.0 2302.5 2926.0 3911.0

Test Statistic 1343.0 762.5 1386.0 256.0

Standard Error 116.649 127.792 120.140 78.577

Standardized Test Stat. 2.623 -2.641 2.381 -2.151

Asymptotic Sig. 
(2-sided test)

0.009* 0.008* 0.017* 0.031*
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realism ratings for the map using multidirectional shaded 
relief and hypsometric tinting (U = 762.5, p = 0.008) than 
those who had not seen maps or photos of Crater Lake (N 
= 55, M = 41.86). Those same participants who had seen 
photos or maps of Crater Lake (N = 40, M = 64.90) also 
gave higher clarity ratings for Wizard Island when looking 
at the map design using multidirectional shaded relief and 

land cover (U = 1386, p = 0.017) compared to those who 
had not seen maps or photos of Crater Lake (N = 55, M 
= 46.01). Of those who had visited Crater Lake (N = 10, 
M = 64.90) gave higher clarity ratings for Mount Scott 
when looking at the map design with von Allmen’s man-
ual shaded relief and orthoimagery (U = 256, p = 0.031) 
than those who had not visited.

D I S C U S S I O N

BEAUTY AND REALISM RATING TASKS

Overall, there was a wide variety of responses to the 
beauty and realism rating tasks, and the ratings depended 
on the shaded relief and thematic terrain layers used. The 
ratings were influenced more by the thematic terrain layers 
than shaded relief designs in our stimuli, although they 
were both significant effects. And while both shaded re-
lief and thematic terrain layers were significant, the scores 
were not dependent on the combination of thematic ter-
rain and shaded relief, rather the two variables had unique 
outcomes on users’ perceptions. Finally, the outcomes 
from both tasks showed there to be a correlation between 
perceived beauty and realism.

The effect of shaded relief on the beauty and realism 
ratings showed that participants consistently rated von 
Allmen’s manual relief as the least beautiful and realistic 
of the three shaded relief methods. To some, this may be 
a surprising finding, because the cartographic community 
time and again has pointed to manual relief as the most 
artistic and realistic technique for representing terrain 
(Imhof 1982; Brassel 1974; Collier, Forrest, and Pearson 
2003; Marston and Jenny 2015). However, this result con-
firmed our expectations, since manual relief inherently is 
tied to the cartographer’s individual interpretation of the 
landscape through generalization (Patterson 2018). Our 
ray-traced relief and multidirectional shaded relief were 
both rated highly for perceived beauty and realism; howev-
er, even though multidirectional relief had a higher mean 
score compared to the ray-traced relief, the ratings were 
not significantly different between the two, so we cannot 
conclude if one was truly perceived as more beautiful or 
realistic.

For the thematic terrain layers, map readers found or-
thographic imagery to be the most beautiful and realistic. 
Orthographic imagery often adds more visual complexity 

than other thematic terrain layers, and tends to feature 
darker colors, making it a challenging layer to pair with 
overlaying vector data (Hoarau, Christophe, and Mustière 
2013). It was surprising to see that orthoimagery was rated 
as the most beautiful, but this finding might suggest that 
visually complex images can be deemed aesthetically pref-
erable. It was, however, not surprising that orthoimagery 
was the highest rated for the realism task, given the lit-
erature (Hoarau and Christophe 2017; Peterson 2012). 
This confirms Peterson’s (2012) notion that incorporating 
satellite imagery into maps, such as with Google Maps, 
Google Earth, and other online navigation maps, provides 
context and an aesthetic that is more relatable to average 
map users. Further, common web map applications rarely 
use hypsometric tinting and land cover, which could have 
contributed to orthoimagery being rated higher in the 
beauty and realism rating tasks, since average map readers 
are more (and increasingly) familiar with imagery. Land 
cover and hypsometric tinting were both rated lower for 
perceived beauty and realism; however, for beauty rat-
ings, the two thematic terrain layers were not significant-
ly different, but for realism ratings, the results indicated 
that hypsometric tinting was perceived as the least realis-
tic. This finding may have some merit, since hypsometric 
tinting is an abstraction of reality and, depending on the 
design, it is not always a realistic visualization of how the 
landscape looks. Depending on the location and the colors 
used in the representation, it has the potential to convey 
inaccurate information about vegetation, rainfall, or tem-
perature (Patton and Crawford 1977). It was clear from 
these results that the combination of von Allmen’s manual 
shaded relief and hypsometric tinting do not elicit a strong 
sense of realism, especially when compared to other depic-
tions that use orthoimagery.

Our research found, regarding aesthetics, that more real-
istic images (maps with orthoimagery) were ranked higher 
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than abstract images (maps with land cover or hypsometric 
tinting). This is interesting because researchers who have 
studied the effects of naïve realism posit that photorealis-
tic representations are strongly desired by participants, de-
spite exhibiting lower performance scores in map interpre-
tation as compared to abstract 
representations (Hegarty et al. 
2009; Smallman and St. John 
2005). Since our research did 
not have a series of map reading 
tasks, we cannot gauge if map 
interpretation is also negatively 
affected by more realistic rep-
resentations. However, partic-
ipants were clearly more drawn 
to orthoimagery for its aesthetic 
appeal. More research should 
be done to investigate the dif-
ference in map preference and 
performance as it is related to 
thematic terrain layers.

One of the most surprising find-
ings was the direct correlation 
between beauty and realism 
scores. Cartographers have al-
luded to a connection between 

beauty and realism, claiming that a realistic cartograph-
ic representation of the landscape can aid in creating an 
appealing aesthetic quality for readers (Harvey 1980; 
Robinson 1989). In other words, the literature has suggest-
ed that a beautiful map is a realistic map. A Spearman’s 
correlation statistic confirmed this relationship and showed 
that our map readers found the most/least beautiful maps 
were also the most/least realistic ones (Figure 10). Our re-
search illustrates that beauty and realism are linked when 
shaded relief is combined with thematic terrain layers in 
terrain maps. Based on this research, it was clear that ab-
stract representations like hypsometric tinting and von 
Allmen’s manual relief were less preferable for beauty rat-
ings, perhaps not because they are inherently unattractive, 
but because they were not as realistic and did not resem-
ble the landscape as explicitly as did the orthoimagery and 
ray-traced relief used in our stimuli (Figure 11).

LANDFORM CLARITY RATING TASKS

The results of the user study showed that landform clarity 
ratings differed from beauty and realism ratings in certain 
ways but had some similarities as well. Much like the out-
comes from the beauty and realism ratings, von Allmen’s 
manual relief was rated lowest. Unlike the beauty and real-
ism ratings, the landform clarity ratings showed that shad-
ed relief was more influential on participant perceptions of 
landform clarity than thematic terrain layers. There was 

Figure 10. Heatmap showing the frequency of correlated beauty 
and realism responses for the entire user study. Participants 
frequently rated maps with the same Likert value for both beauty 
and realism. The graph shows a positive correlation between the 
two rating variables.

Figure 11. Comparison of estimated marginal means for beauty and realism rating scores by 
map. Scores were statistically similar between beauty and realism.
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also a significant interaction effect between the shaded 
relief layers and the thematic layers for landform clarity 
ratings for all three landforms: Wizard Island, Mount 
Scott, and Grouse Hill, which we did not find for beauty 
and realism. This meant that there were unique outcomes 
for user perceptions of landform clarity depending on the 
pairing of shaded relief and thematic layers. This is an in-
teresting finding because it suggests that specific pairings 
of shaded relief and thematic terrain layer types were more 
important for landform clarity than they were for beauty 
and realism in our study.

In terms of shaded relief on its own, depending on the 
landform in question, there was a different order of most 
to least clear shaded relief layer. Grouse Hill and Wizard 
Island both had the same, statistically significant order of 
perceived clarity: multidirectional shaded relief was the 
highest rated, ray-traced relief was second, and manual 
relief was the least clear. However, for Mount Scott, von 
Allmen’s manual relief was the least clear, but there was 
no statistically significant difference between the two ana-
lytical shaded relief methods.

The effect of the thematic terrain layers on landform clari-
ty ratings was also inconsistent across the three landforms, 
and not always a significant influencing factor. For exam-
ple, the thematic terrain layers had an influence on clarity 
ratings for Wizard Island and Mount Scott, but not for 
Grouse Hill. This finding confirms that shaded relief had 
a stronger impact on each landform, since we statistically 
did not find that the thematic terrain layers played a sig-
nificant role in influencing landform clarity on their own.

Testing the interaction of combining shaded relief and 
thematic terrain layers was statistically significant and 
provided insights into designing terrain maps with the 
goal of more clearly depicting landforms to map readers. 
In short, the differing combination of shaded relief and 
thematic layers led to different ratings of landform clari-
ty, and this was dependent on the specific landform. For 
instance, with Mount Scott, landform clarity was highest 
when multidirectional relief was paired with land cover, 
but when multidirectional relief was paired with ortho-
imagery, the clarity was negatively affected. This was not 
the case for Grouse Hill and Wizard Island. For those two 
landforms, while the interaction effect was still signifi-
cant, the pairing of the thematic terrain layers with mul-
tidirectional relief did not lead to such a dramatic effect 
on landform clarity. The interaction effect was interesting 

because shaded relief is rarely used in isolation, and it was 
clear that the thematic terrain layers had an effect depend-
ing on how they were paired with the shaded relief lay-
ers. This confirms that neither shaded relief nor thematic 
terrain layers are the sole contributor to a beautiful, real-
istic, or clear terrain map, but that the layers provide dis-
tinct qualities, and the interaction between shaded relief 
and thematic terrain is of importance for landform clarity, 
specifically.

Finally, the results of the landform clarity section of the 
user study experiment imply that figure-ground may be 
a confounding factor in landform clarity. For example, 
Wizard Island had the highest grand mean value for per-
ceived clarity (M = 3.90), with Mount Scott following (M 
= 3.74), and Grouse Hill with the lowest (M = 3.62), sug-
gesting that map readers on average found Wizard Island 
to be clearer than the other landforms. It is easy to see 
when looking at a map of Crater Lake, Oregon that, in-
deed, Wizard Island is a very prominent feature in the 
water-filled crater, followed by Mount Scott, the largest 
mountain landform in the vicinity, followed by Grouse 
Hill, which is far less visually prominent. It’s understood 
that there is a special relationship between land and water 
regarding map interpretation (Head 1972) and that fore-
ground features move up higher in the visual order (Haber 
and Hershenson 1973). This is especially true when fore-
ground features have greater visual contrast (like the con-
trast between Wizard Island and the water of Crater Lake) 
which can help them stand out, become more distinguish-
able, and create a perceptually distinct sense of hierarchy 
(MacEachren and Mistrick 1992). The lower clarity scores 
for Grouse Hill, on the other hand, can be explained by 
these same theories. Indeed, one participant said that 
Grouse Hill “was [the] hardest to make clear” which was 
perhaps because of its lower elevation, minimal vertical 
height difference, and less contrast between the landform 
and the base of the hill. While the aim of this research was 
not to understand the connection between landform clari-
ty and contrast, this result indicates that certain landforms 
might receive higher landform clarity ratings, regardless of 
their shaded relief and thematic terrain pairing, because of 
their figure-ground relationship.

GEOGRAPHIC FAMILIARITY

It is known that a person’s landscape preference (Dearden 
1984; Herzog et al. 2000) and map reading ability can de-
pend on their prior level of geographic knowledge (Kaplan 
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1987). In this study, familiarity with Crater Lake, Oregon 
had a statistically significant impact in four specific in-
stances in the user study. Participants who had never 
heard of Crater Lake were more likely to find Wizard 
Island to be most clear when multidirectional shaded re-
lief and hypsometric tinting were combined. Interestingly, 
those who had seen photos and maps of Crater Lake rated 
Wizard Island as most clear when multidirectional shaded 

relief was combined with land cover instead. Those same 
participants were also more likely to rate the combination 
of multidirectional shaded relief and hypsometric tint-
ing as most realistic. And finally, those who had visited 
Crater Lake were more likely to rate Mount Scott as most 
clear when von Allmen’s manual relief was combined with 
orthoimagery.

CO N C L U S I O N
Cartographers often combine shaded relief with 
thematic terrain layers when creating terrain maps, thus 
the primary aim of this research was to understand the 
relationship between these two layers on map reader per-
ceptions of beauty, realism, and landform clarity. In an 
exploratory online user study, we tested the combination 
of three shaded relief layers (manual, multidirectional, and 
ray-traced) with three common thematic terrain layers 
(hypsometric tinting, land cover, and orthoimagery) in a 
series of maps of Crater Lake, Oregon and measured par-
ticipants’ ratings of beauty, realism, and landform clarity.

OVERVIEW OF THE FINDINGS

There were five main findings in this research, which we 
summarize here.

First, the results of this research showed there to be a di-
rect correlation between beauty and realism scores, which 
were more influenced by thematic terrain layers than by 
shaded relief. Cartographers have long suggested a con-
nection between beauty and realism, claiming that a real-
istic cartographic representation of the landscape can lead 
to a more appealing aesthetic (Harvey 1980; Robinson 
1989), and our empirical research corroborated those 
claims. Given this, cartographers should keep in mind the 
link between these two aspects when designing terrain 
maps.

Second, we found von Allmen’s manual relief to be con-
sistently rated lowest for beauty, realism, and landform 
clarity, while orthoimagery was rated as most beautiful 
and realistic, and—when combined with certain shad-
ed relief layers—sometimes improved landform clarity 
scores. These findings are surprising because, in general, 
professional cartographers hold manual relief in high re-
gard. They promote it as a beautiful hand-drawn artform 

(Imhof 1982; Brassel 1974; Collier, Forrest, and Pearson 
2003; Marston and Jenny 2015), while orthoimagery is 
often dismissed as being pedestrian and adding unneces-
sary visual complexity to maps (Hoarau, Christophe, and 
Mustière 2013; Touya, Hoarau, and Christophe 2016). 
This finding may suggest that cartographic experience af-
fects a person’s preferences, however, we cannot make any 
generalizing claims, given that we only tested novice map 
users and only used one example of hand-drawn shaded 
relief.

Third, in contrast to beauty and realism, the landform 
clarity ratings showed that shaded relief was more influ-
ential than the thematic terrain layers; however, there was 
a significant interaction effect, which meant that differ-
ent landform clarity ratings arose from different combi-
nations of layers. This is important because past research 
has focused largely on analyzing map reader perceptions 
of shaded relief on its own (Biland and Çöltekin 2017; 
Farmakis-Serebryakova and Hurni 2020; Jenny et al. 
2020); however, this research makes it clear that every 
map has its own unique effect, based upon the combina-
tion of shaded relief and thematic terrain layers.

Fourth, a participant’s familiarity with Crater Lake did 
not inf luence the overall combined rating scores for all 
nine maps, but only had a statistically significant impact 
in four specific instances in the user study. The findings 
suggest that different levels of familiarity influence read-
er perceptions depending on the question being asked and 
the specific combinations of shaded relief and thematic 
terrain layers.

Finally, in our study, neither shaded relief nor themat-
ic terrain layers were the sole contributors to map read-
ers’ perceptions of beauty, realism, or landform clari-
ty. Instead, these layers had distinct effects in different 
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situations depending on their pairing. This confirms that 
the interaction between shaded relief and thematic terrain 
layers is an important consideration when creating terrain 
maps.

LIMITATIONS AND FURTHER RESEARCH

Future research would be well served by building on the 
following limitations of this study:

1.	 While participants consistently rated von Allmen’s 
manual relief as the least beautiful, realistic, and 
clear in depicting landforms, the particular draw-
ing used in this study was just one example of this 
relief method. The look of a manual relief varies 
depending on the cartographer’s style, skill level, 
and interpretation of the landscape. Additionally, 
both the land and bathymetric landforms in von 
Allmen’s relief of Crater Lake were less detailed 
when compared to the digital relief models, which 
may have led to confounding effects on aesthetic 
perceptions between the different relief methods. 
Further research should verify these findings by 
testing multiple manual shaded relief drawings 
(Jenny et al. 2020), multiple geographies and 
landform types (Farmakis-Serebryakova and 
Hurni 2020), varying spatial scales, and different 
levels of detail.

2.	 This study did not consider contrast, lightness, 
or saturation, which may have had confound-
ing effects on the results. The analysis showed 
that participants felt orthoimagery was the most 
realistic and beautiful; it was also the darkest, 
had the highest contrast, and the most saturated 
colors. One participant commented: “I noticed I 
liked the darker contrasted maps better than the 
lighter colored ones.” Likewise, the maps that 
had the lowest ratings used hypsometric tinting, 
which was significantly lighter and less saturated. 
Other cartographic research has shown that map 
readers’ preferences are strongly affected by con-
trast (Fabrikant et al. 2012; Limpisathian 2017; 
Brewer 1992). Future research should emphasize 
consistency in contrast, lightness, and saturation 
in terrain representation to avoid this potentially 
confounding variable.

3.	 In this research we only tested maps of one loca-
tion. However, Raposo and Brewer (2014) found 

that map location and the types of landforms pres-
ent in the stimuli played a significant role in read-
ers’ aesthetic preferences. Future research could 
involve showing participants maps of a variety of 
locations, such as in Jenny and Patterson (2021), 
manual relief from shadedreliefarchive.com, or 
using different landforms such as in Farmakis-
Serebryakova and Hurni’s (2020) experiment to 
either corroborate or challenge the findings of our 
exploratory research.

4.	 The results of this study also implied that the 
visual contrast of a landform may have been 
important in explaining why certain features were 
consistently rated higher for landform clarity than 
others. In this study, Wizard Island, arguably 
the most prominent feature in the Crater Lake 
area, was consistently rated as the most clearly 
distinguishable landform, while Grouse Hill was 
rated as the least clear. Since it is understood that 
land-water representation has a strong effect on 
map reader interpretation (Head 1972), there 
could be a correlation between Wizard Island’s 
higher visual contrast and higher landform clarity 
ratings. Future research should control for or test 
the implications of contrast and figure-ground on 
ratings of beauty, realism, and landform clarity.

5.	 Participants noted, in the open-ended question, 
that seeing one map at a time lead to difficulty 
in judging the beauty and realism across all nine 
stimuli maps. Future experiments could involve 
allowing participants to see all or some of the 
map designs side-by-side when rating beauty and 
realism.

6.	 This research was conducted online and was lim-
ited to participants in the United States who did 
not have expert knowledge in cartographic design. 
Several potentially confounding variables should 
be controlled for or explored in future research. 
Perceptions of clarity and beauty might differ be-
tween participants using different screen sizes or 
digital devices; between participants given digital 
or paper maps; between participants in different 
parts of the world; and between novice partici-
pants and experts or practicing cartographers.

7.	 Participants were only asked to rate the beauty and 
realism of each map and comment on the clarity 

http://www.shadedreliefarchive.com/


Cartographic Perspectives, Number 100, FORTHCOMING That’s a Relief  –  Douglass & Fish  | 62 

of landforms. Future research could build upon 
our exploratory findings to also incorporate tasks 
that would require participants to interpret large 
and small landforms, engage in way-finding and 
navigation, or read overlaying vector information, 
all in order to investigate map reader performance 
(Castner and Wheate 1979; Hegarty et al. 2009; 
Raposo and Brewer 2014; Smallman and St. John 
2005).

8.	 Finally, our research focused on just three shad-
ed relief layers and three thematic terrain layers. 
Future researchers could expand on this by testing 
a wider range of layers or a range of parameters 
used to create these layers. Some examples of 
terrain map representation techniques to include 
in a future analysis are: texture shading (Brown 
2014), neural network relief shading (Jenny et 
al. 2020), sky models (Kennelly and Stewart 
2014), sky-view factor hillshading (Zakšek, Oštir, 
and Kokalj 2011), aerial perspective (Jenny and 
Patterson 2021), 2D versus 3D relief representa-
tions (Taveras 2018), plan oblique relief (Jenny 

and Patterson 2007), and Swiss-style color relief 
shading (Imhof 1982; Jenny and Hurni 2006).

CONCLUDING THOUGHTS

Maps are not just tools for navigating when we get lost, 
but also works of art worth getting lost in (Ribeiro and 
Caquard 2018; Harmon 2009). Perceived beauty and real-
ism, in combination with assurance that map readers can 
accurately see specific landforms, is essential for produc-
ing a successful terrain map. With this in mind, our ex-
ploratory research provides cartographic researchers with 
a methodology for investigating aesthetics and landform 
clarity in terrain maps, with mindful consideration to both 
traditional and contemporary shaded relief methods when 
combined with thematic terrain layers. While the results 
of our research might imply some best practices, we cannot 
make any definitive claims that can be generalized outside 
of this study, due to the limitations discussed above. Given 
this, we encourage future researchers to build upon our 
work, and provide some helpful insight by further testing 
the combination of relief and thematic terrain layers.
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I present a study of the hand-painted winter panoramas of Atelier Novat, a workshop founded by Pierre Novat (1928–
2007) in the 1960s, whose style was perpetuated by his children Arthur and Frédérique. I offer a portrait of Pierre Novat 
and a brief historical overview of the workshop. The contribution of the paper is to describe the style of Novat through the 
analysis of its constituent elements: creation process, color palette, terrain deformation, light effects, and surface texture 
(trees, rocks, roads, and buildings). Creating an ideal yet personal representation of a mountain has a dual purpose: a 
practical one, to help the viewer understand the topography of the region, and an aesthetic one, to depict an imaginary 
mountain, now iconic of the French Alps, that encourages dreams. The paper concludes with a review of existing methods, 
in cartography and computer graphics, for the creation of digital panoramas.

K E Y W O R D S :  panorama maps; landscape visualization; hand-painting; ski maps; French Alps; Pierre Novat

Figure 1. Grand Massif, Pierre Novat, 1986. The most accomplished painting of his career according to his son, Arthur Novat.
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1.  I N T R O D U C T I O N
In this paper, I am interested in characterizing the style 
of the French panoramist Pierre Novat (1928–2007). I will 
review the main aspects of his style, from the shades used 
in his paintings, to the depiction of lighting effects and 
surface texture, including the deformation of the terrain.

CONTEXT

Atelier Novat is a workshop founded in the 1960s by the 
French panoramist Pierre Novat. Through the subsequent 
years, the atelier (workshop) achieved national fame, de-
livering over 300 panoramas in total. Novat’s panoramic 
maps accompanied the boom of alpine skiing in France 
in the latter half of the twentieth century, becoming em-
blematic of this period and helping to promote ski resorts. 
Figure 1 displays a 1986 panorama of Grand Massif (108 
cm × 74 cm), representative of Novat’s work. He has had a 
lasting impact on how the mountain landscapes are repre-
sented and perceived in the French collective imagination.

A fundamental problem among panorama makers is the 
transmission of their expertise from one generation to 
the next, as very few masters are capable of creating these 
pieces of work. A great loss of expertise occurred with the 
death of Pierre Novat in 2007, eight years after the death 
of the most famous panoramist, Heinrich C. Berann 
(1915–1999).

Novat’s children, Arthur and Frédérique carried on 
the work of their father, but never trained apprentices. 
Frédérique Novat is now retired and Arthur Novat is about 
to cease his activity. That would mark the end of Atelier 
Novat. After them, who will know how to create pan-
oramic maps in the style of Pierre Novat? In an attempt to 
save this knowledge, several multidisciplinary initiatives 
were launched, e.g., the MECOMO project (Balzarini, 
Dalmasso, and Murat 2015; Balzarini and Murat 2016), 
in which Arthur Novat was involved, but considerable 
work remains to be done.

METHODOLOGY

I am a researcher from the expressive (i.e., non-photore-
alistic) rendering branch of the computer graphics com-
munity. My long term goal is to provide artists with the 
means to convey information clearly through images, 

while maintaining a rich variety of available styles. The 
creation of panoramas is a prime case study in that regard.

It is in this context that I established a close collaboration 
with Arthur Novat. Through my careful observation of his 
painting, I have acquired a solid knowledge of the Novat 
style. To support this work, I also conducted several inter-
views with Arthur Novat in 2020 and 2021, and another 
with him and his sister, Frédérique Novat, in 2021. I also 
attended painting workshops taught by Arthur Novat. All 
my claims in this paper have been validated with Arthur 
Novat. Conversely, no claims made by the Novats that I 
could not verify myself in the panoramas were included.

PREVIOUS WORKS

Though they achieve different styles in the end, panora-
ma artists who have become prominent masters in the 
field all share a similar creative process. Several authors 
have previously examined the processes of panoramists, or 
have conducted interviews with them to document their 
methods.

Patterson (2000) provided an in-depth study of the work 
of Heinrich C. Berann, the most famous panoramist. 
Patterson (2000) and Kast and Fischer (2019) have in-
terviewed Berann’s former apprentice, Heinz Vielkind, 
about their methods. Tait studied James Niehues’s maps, 
which are “in use at over a quarter of all ski areas” in 
North America (2010, 5). Weyland (2004), Kelly (2021), 
and Preppernau (2022; see elsewhere in this issue) have 
interviewed Niehues, while Bennett, Farrow, and Blevins 
(2019) described his technique in their book The Man 
Behind the Maps. A compilation of Pierre Novat’s paint-
ings and details about his creative process can be found in 
Plans des Pistes (Novat, Novat, and Belluard 2013). Finally, 
Dauer (2020) brings together the work of leading panora-
mists depicting the Alps.

In the next section, I will briefly introduce the concept of 
panoramas. In Section 3, I present the origins of Atelier 
Novat and its history, underlining elements that may have 
impacted the style of Pierre Novat. Then, I will describe 
his process for creating a panorama (Section 4). In Section 
5, I examine what I think makes Novat’s work so recog-
nizable: the shades of blue he uses. Section 6 identifies 
and describes the main constituent elements of his style 
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regarding terrain deformation and lighting phenomena. I 
address the role of surface texture elements (trees, rocks, 
roads, and buildings) in Section 7. Finally, I review the 
relevant research works that enable the creation of digital 
panoramas in the style of traditional artists in Section 8.

2 .  O N  PA N O R A M A S
The word panorama (from Ancient Greek pan “all” 
and horama “view”) was coined by Robert Barker (1739–
1806) to describe a way to display 360° paintings. He ap-
plied for a British patent in 1787 and has since been cred-
ited with the invention of panoramas (Oettermann 1997; 
Patterson 2000). Barker’s painting of Edinburgh (1788) 
was displayed in a rotunda, a circular building in which 
viewers were surrounded by the painting, fully immers-
ing them in the scene (Figure 2). The word panorama was 
used to designate both the paintings and the buildings 
used to display them.

Nowadays, the definition of panorama has evolved, and 
is neither limited to 360° paintings nor to the technical 
way of displaying such paintings. A panorama refers to a 
wide-angle view of a scene (e.g., a landscape or historical 
battle), regardless of the medium. Digital photographs as 
well as paintings can be called panoramas.

According to Tom Patterson, “panoramas are a unique va-
riety of map that transcends the boundary between car-
tography and art . . . and are excellent pictorial devices for 
visualizing landscapes—especially ski areas, for which 
the panorama has become the de facto cartographic stan-
dard” (Patterson 2000, 39). As maps, they help the viewer 
understand the topography of the region, placing the ski 
areas in a wider geographic context. As paintings, they 
represent the personal interpretation of the artist, mixing 
reality with an imaginary representation of the landscape. 
The overall goal of these panoramas is to entice skiers to 
explore all the areas of a resort, luring them with ideal 
weather conditions, a deep snowpack, and downhill pis-
tes (ski runs). They serve a practical purpose. These two 

modes imply that panoramists are themselves at the cross-
roads between the fine arts and the applied arts. Pierre 
Novat was no exception, and considered himself more of 
an artisan than an artist.

In France, similar to North America (Tait 2010), panora-
mas are the standard for mountain resorts. They are widely 
used by mountain operators to promote their resorts, and 
have played an important role in the development of win-
ter sport tourism.

3 .  A B O U T  P I E R R E  N OVAT
Pierre Novat (see Figure 3 for a photograph) attended 
the École Nationale Supérieure des Beaux-Arts (National 
School of Fine Arts) in Lyon. There, he enrolled in the 

decorative arts track, not the painting one. After finish-
ing his studies, he yielded to his love for the mountains 
and moved to Val d’Isère (in the French Alps) in 1956, at 

Figure 2. Illustration of the concept of “Panorama” in a French 
patent by Robert Fulton (1799).
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the age of 28. There he created an open workshop, sim-
ply named “L’Atelier” (“The Workshop”), in which he sold 
drawings, painted decorative items, some of which were 
made from enameled glass, and was open to the commis-
sions of walk-in clients for bigger decorative works such 
as shop signs and murals. He built a whole network in 
Val d’Isère and quickly achieved local fame as Novat “the 
painter.”

In the early 1960s, he moved back to Lyon for family rea-
sons. Still, he received his first painting commission, to 
update the panorama of the Val d’Isère ski resort, which 
had originally been painted by Berann. As the resort was 
evolving quickly with the creation of ski tracks in Tignes 
(a neighboring village of Val d’Isère), the panorama by 
Berann had become outdated. Berann, being already quite 
famous at the time and busy with his commissions for the 
National Geographic Society, declined to make the neces-
sary changes. Novat was therefore asked to paint the miss-
ing part. To obtain a pleasing result, he had to emulate the 
style of Berann and stitch his part to the existing panora-
ma seamlessly (see Figure 4). But he did not yet envision 
that painting panoramas would become his main activity.

Figure 4. Left of the dashed line is the original panorama map for the Val d’Isère ski resort by Heinrich Berann. Right of the dashed line is 
the part added by Pierre Novat in 1962 to display Tignes and its surroundings. Novat also made some alterations to the left part directly 
on the original to support the creation of new tracks leading to Le Fornet. Novat’s children still have the left panel but knowing exactly 
what is from Novat’s hand proves difficult, if not impossible. This resort is now well-known as Espace Killy. See Figure 5 for the 1984 
version of the panorama.

Figure 3. Portrait of Pierre Novat, circa 1995.
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The head of the Courchevel resort (called Saint-Bon at 
the time) contacted him in 1964 to paint his first complete 
panorama. For the next decade, he painted about one pan-
orama every three years. By 1975, it became a full-time 
occupation, with a panorama painted every six months. 
He finally abandoned his professional identity of decora-
tor—until then all panoramas were signed “Pierre Novat 
décorateur”—but he never fancied himself as an artist.

Novat painted more than 300 panoramas over the course 
of his career. His artworks were widely used as promotion-
al materials such as piste maps, site plans, and brochures. 
Their aesthetic quality made them the preferred marketing 
tool for resorts, while also being better at depicting relief 
than 2D maps for skiers. The art of Pierre Novat accom-
panied the rise of modern alpine skiing in the 1970s and 
the 1980s and durably impacted the representation of the 
French Alps and Pyrénées in the collective imagination.

4 .  D ES I G N I N G  A N D  PA I N T I N G  A  PA N O R A M A
Since the 1960s, Atelier Novat has produced most of 
the French mountain panoramas. This painstaking work 
was done by hand, first by Pierre Novat alone, then with, 
and finally by, his children Arthur and Frédérique.

COMMISSIONED ARTWORKS

Panoramas are most of the time commissioned by corpo-
rate ski resorts, which introduces an economic dimension 

that influenced the work of Pierre Novat. That is why the 
topographical reality sometimes gives way to a so-called 
economic reality. Clients would sometimes ask Novat to 
hide the valley of a competing resort, to exaggerate the 
size of the ski areas, to represent on the same map two 
diametrically opposed valleys (e.g., Val d’Isère and Tignes, 
Figure 5), etc. They have highly specific requests not only 
because of their own mental representations of the moun-
tain and their vision of what the panorama should depict, 

Figure 5. Top: Background portion of Pierre Novat’s 1983 panorama of Espace Killy. Bottom: 1984 version of the panorama, one of the 
most emblematic by Novat. Note how the focus has moved with respect to the 1962 version (Figure 4). Chevril Lake (1) is now at the 
center and Val d’Isère (3) on the left. The labeled landmarks (A–H, 1–6) are referred to later in the article and in Figure 10.
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but also because of their artistic tastes and even for prac-
tical reasons (the safety of skiers, accessibility of the trails 
to snow groomers, location of the lifts, etc.). An example is 
the deletion of the background on the panorama of Espace 
Killy between the 1983 and 1984 versions (Figure 5). The 
goal was to focus attention on the resort itself, rather than 
depicting it as part of the broader alpine landscape. The 
whole panorama was also re-colored after the client asked 
for warmer tones.

Remaining faithful to the topography while meeting the 
client’s requirements leaves little room for the artist to 
express their creativity. Their degrees of freedom mainly 
reside in the colors chosen, and in areas of the panorama 
that are of lesser importance to the client. When moving 
away from the main focus of the panorama, the resort, 
we can feel these constraints loosening. For instance, see 
background and sides of Figures 1 and 5 (top) that are less 
precise, but vivid nonetheless.

Even though these economic and geographic constraints 
partly governed Novat’s work, he did develop a unique 
style that is now iconic of the French Alps in people’s 
minds, and is still praised for the beauty of his landscapes 
as well as the precision and readability of the maps.

CRAFTING THE PANORAMA

Novat, Novat, and Belluard (2013) describe Pierre Novat’s 
creation process. It starts with a careful observation of a 

topographic map on which a main viewpoint is chosen. 
Then, aerial photographs are taken by the painter or sent 
by the ski resort. Nowadays, in addition to maps, Arthur 
also uses satellite imagery. These photographs are stitched 
together to create a panoramic view of the scene. Then, a 
grayscale sketch is drawn (see Figure 6) on tracing paper 
sheets, with all the lighting effects already present. Some 
parts of the sketch are then cut out so that they can be re-
positioned freely, but they are rarely redrawn. All parts are 
adjusted into a final view that already includes all terrain 
details and surface texture elements (trees, rocks, roads, 
and buildings, see Section 7).

At this stage, Novat would often say that the panorama 
was already finished and that adding colors to it was a mere 
formality. Before working on the final painting, the pencil 
drawing is shown to the client. After approval, masks are 
created to protect some areas from the airbrush spraying 
(Novat’s favorite tool) and to preserve sharp contours for 
shadows. Finally, after having traced the main elements of 
the penciled panorama on the canvas with colored pencils, 
paint is applied directly onto the canvas. The entire process 
takes anywhere from a few weeks to four months to com-
plete, depending on the depicted region, the constraints of 
the commission, and the available workforce.

Despite the similarities in their creative processes, and de-
spite the many constraints imposed by the clients, panora-
mists still achieve different styles. In the next sections I 
will focus on the characteristic style of Novat.

Figure 6. Left: Close-up of a pencil sketch made for Espace Killy 1983 (Figure 9, c). Right: The same area of the resulting panorama 
converted to grayscale. The sketch already depicts the finest details of the terrain, shading, shadowing, and surface texture.
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5 .  O N  T H E  S H A D ES  O F  B L U E
What usually strikes 
viewers at first sight in the 
winter panoramas of Atelier 
Novat is the dominance of 
blue. Regardless of the color 
palette, a blue ash gouache 
(Linel number 52, not pro-
duced anymore) is a lways 
used as a base and mixed 
across the panorama in nu-
merous shades. Grand Massif 
and Espace Killy (Figures 1 
and 5, respectively) demon-
strate this clearly.

In Figure 7, I extracted color 
palettes from several panora-
mas using a median-cut algo-
rithm (Heckbert 1982). Each 
displays 25 colors, where 
each color is the average of 
an equal number of pixels in 
the panorama, therefore it 
contains the 25 most repre-
sentative colors of a panora-
ma. It clearly illustrates the 
dominance of blue in Novat’s 
work, a key characteristic 
that makes his panoramas 
instantly recognizable from 
others. Other panoramists, 
though having their own 
styles, do not rely as much 
on one color in their works. I 
argue that the blue color has 
thus become an inherent part 
of Novat’s visual identity: his 
signature.

Aside from being an artis-
tic choice, the use of blue in 
winter panoramas is logical. Shadows cast onto snow are 
indeed blue under a clear sky, because of the scattering of 
ambient light. In Novat’s paintings, shades of blue pro-
vide cues about the relief of the terrain, mimicking com-
plex lighting phenomena such as shading, shadows, and 
inter-reflections (indirect light on a surface), drawing the 
viewer’s attention to specific areas of the terrain.

Novat changed both the lightness and the hue of this blue 
to achieve his goal. These changes are implicitly guided by 
the laws of physics. He added more blue and lowered the 
contrast by lightening colors to depict atmospheric per-
spective in the background, conversely adding more red in 
the foreground. He modified his blues by adding a hint 
of yellow to depict color bleeding induced by trees, and to 
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Figure 7. Color palettes extracted from the panorama maps displayed in Figure 9. Note how an 
important part of Novat’s palettes (a–i) is dedicated to snow and its blue shades, whereas Köller 
(j) and Berann (k–o) make use of more heterogeneous palettes. Note that Grandes Rousses 2011 
(i) is a posthumous rework by Novat’s son. Blues used in the rework are warmer (with a higher 
red component), hence the unusual purple tones.
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give a turquoise hue to glaciers. These color adjustments 
required a solid knowledge of the mountain and a careful 
observation of the landscape.

Another explanation for the variations in the shades of 
blue is the use by Novat of different media in a single 
painting. He mainly used watercolor pencils and gouache 
sprayed with an airbrush or directly applied with paint-
brushes. According to Novat, Novat, and Belluard (2013), 
Pierre Novat painted entire regions, including details, 
rather than working on the whole panorama one layer at 
a time. For this reason, and because using an airbrush in-
volves a drying time of about five minutes per coat, Novat 
kept switching between media and colors. As a result, the 

shade of blue used for a given feature is never exactly the 
same across the panorama.

Pencils were used to support the shapes of shadows and 
the slopes hinted by the trees and the edges of rocks, giv-
ing strength and contrast to the painting. To smooth the 
result, Novat used his airbrush to spray paint or water onto 
these harsh lines, blending them and the underlying blue 
together (Figure 8), again impacting its hue.

Client wishes are also a factor. For instance, clients asked 
for warmer colors in the 1984 panorama of Espace Killy 
(Figure 9, d) than those used for the 1983 version (Figure 
9, c). In 1989 this change was reverted to the 1983 tones.

6 .  S T Y L I Z E D  R E A L I S M  O R  R E A L I S T I C  S T Y L I Z AT I O N
In the media, the style of Pierre Novat is often de-
scribed as “hyperrealistic” (France 3 Alpes Sud 1992). This 
statement is ironic considering how much Novat bends re-
ality in his panoramas. He locally deforms the topography 
and also exaggerates lighting phenomena. The goals are 
numerous: to hide or reveal details of the surface; to draw 
attention to a given area; and to discourage skiing in dan-
gerous areas.

Regardless of these deformations and infringements, the 
result appears plausible even to locals and expert users. 
This feeling of “realness” comes from Novat’s great at-
tention to detail, his retention of important landscape 
features, and his thorough depiction of complex lighting 
phenomena.

PLAUSIBLE DEFORMATION OF THE 
TOPOGRAPHY

Novat’s panoramas make it easier for an uninitiated audi-
ence to understand the mountain terrain. It is represented 
from the skiers’ point of view as they approach the slopes. 
More space is dedicated to areas that are of particular in-
terest to them. Entire mountains are rotated or moved 
apart, to reveal all ski areas in one painting. Novat de-
forms the shape of the mountain while considering skier 
traffic, accessibility, number of pistes in the area, and their 
difficulty ratings.

Because features of the terrain are often represented from 
their most well-known viewpoints or from the viewpoint 
one has when skiing, both the visitors as well as locals 
still recognize the landscape. According to Arthur Novat, 

Figure 8. Color pencils are used to support shadows (left), bases of trees (middle), and rocks (right). Close-ups of Grandes Rousses, Arthur 
& Pierre Novat 2011.
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a) Novat - Courchevel 1975

g) Novat - Grand Massif 1986 

d) Novat - Espace Killy 1984 

j) Köller - Chamonix 1961 

m) Berann - Yosemite 1989

b) Novat - Plagne 1979

h) Novat - Grandes Rousses 1989 

e) Novat - Chamonix 1984 

k) Berann - Val d’Isère 1962 

n) Berann - Yellowstone 1991

c) Novat - Espace Killy 1983

i) Novat - Grandes Rousses 2011

f) Novat - Valmorel 1984

l) Berann - North Cascades 1987

o) Berann - Denali 1994

Figure 9. Panoramas used to extract the color palettes in Figure 7. Panoramas displayed here are scaled and cropped to fill the available 
space without distorting the image.
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people sometimes do not notice these deformations. Pierre 
Novat interpolated seamlessly between several viewpoints, 
as if different cameras captured the landscape. He some-
times filled the gaps using his imagination, leading to 
what his son calls “panoramic cubism.” The representation 
of the mountain conveyed by one panorama remains plau-
sible, leading to Novat’s style being mistakenly described 
as realistic.

Deformations are also necessary because the depicted re-
gion rarely fits within the field of view of an undistort-
ed panorama. The angle of view can be huge and irreg-
ular. Figure 10 is a 2D map of the Espace Killy area (see 
Figure 5 for the panorama by Novat). In the panorama, 
the main viewpoint is above Chevril Lake (1). Note that 
the angle of view (blue arrows) is about 180° (from A to H, 
through 1). This allows Novat to place the valley between 
Val d’Isère (3) and “Pointe de la Galise” (A) on the same 
map as Tignes (4). Although the two valleys are almost 
aligned on the map, they are opposed on the panorama. 
The angle of view is also wider on the left part: a wider 
area is compressed into an equal portion of the panorama. 
This would have been impossible using a regular perspec-
tive view (green dashed arrow) instead.

Figure 11 displays the view one can enjoy from Col de 
Fresse (5) when looking at Grande Motte (F) and Grande 
Casse (G). Both Val d’Isère (3) and Tignes (4) have been 
equipped to reach this col (pass), turning it into a central 
junction for the resort. This view is then familiar to users 
of Espace Killy. It also strongly resembles what skiers ex-
perience when going up to the Grande Motte’s summit 
using the Grande Motte chairlift (6). These reasons mo-
tivated Novat to locally change the viewpoint. To achieve 
this, he performed several different rotations. First, the 
whole ridge was rotated about F through around 60°, thus 
facing the main viewpoint of the panorama (1). Then, each 
peak was individually rotated about its vertical axis to 
present its most recognizable profile.

Nevertheless, deforming the topography and rotating 
mountains are not characteristics of Novat’s style alone: 
other panoramists have similar approaches, e.g., the Teton 
Range in Berann’s Yellowstone panorama (Patterson 
2000, 14), although Novat may make more extensive use 
of these techniques. Deforming the terrain allows the art-
ist to depict terrain features that would otherwise be invis-
ible, in such a way that viewers can more easily recognize 
the relief.

For instance, Berann exaggerated heights, projected the 
terrain onto a cylinder and used a quasi-orthograph-
ic view, leading to frontal majestic backgrounds typical 
of his style (Patterson 2000). On the other hand, Novat 
used a multi-perspective (graphical) projection, and varied 

Figure 10. 2D map of the area depicted in the Espace Killy 
panorama (Figure 5) with important landmarks captioned. The 
red arrow (N) indicates north. Note the wide angle of view used, 
allowing Novat to place the valley between Val d’Isère (3) and 
“Pointe de la Galise” (A) on the same map as Tignes (4). The 
angle of view chosen is wider on the left than on the right of the 
panorama, yet the deformation appears natural. The ridge F–G 
is rotated through around 60° about F, so that it faces the viewer. 
Still, Novat depicted the left sides of each peak, as if viewed 
from the Grande Motte lift (6).

Figure 11. Top: 3D view of Grande Motte (blue) and Grande 
Casse (red) as if viewed from Col de Fresse (5), a crucial part of 
the resort. Bottom: Close-up of Espace Killy, Pierre Novat, 1984 
(Figure 5). These two peaks are rotated about their vertical axis 
to present a more familiar profile to skiers.
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the positions and heights of the viewpoints. Although the 
final look is different, the goal remains the same.

The complex nature of the mountain topography, espe-
cially in the Alps, makes these mandatory deformations 
difficult. I would argue that deforming the terrain is the 
main difficulty when creating a panorama. Novat excelled 
in this field for a variety of reasons, the influences of which 
are difficult to assess. His extensive knowledge of the re-
gions represented, especially the French Alps, his ability 
to interpret topographic maps as 3D landscapes, and his 
skiing and skydiving experience, most certainly played a 
major role.

LIGHTING EFFECTS

When discussing lighting effects, and specifically shad-
ows, I will use the terminology by Mamassian, Knill, 
and Kersten (1998; Figure 12). Shading is a variation of 
the reflected light on a surface. For diffuse surfaces, the 
shading is governed by the Lambert’s cosine law (i.e., the 
orientation of the surface with respect to the direction of 
light). An attached shadow is the part of the surface where 
the light is occluded by the object itself, whereas objects 
occluding the light source cause cast shadows to appear on 
remote surfaces. Inter-reflection is a phenomenon caused 
by light bouncing off surrounding surfaces. The penumbra 
is the region of the cast shadow where the light source is 
partly visible.

Lighting Design

Panoramists often deviate from common cartograph-
ic conventions (Imhof 1982). For instance, they carefully 
choose orientations used in panoramas, and rarely align 
them with the north. Regarding lighting, they depict cast 
shadows in their paintings, rather than the simplified hill-
shading often used in 2D mapping. The carefully consid-
ered play of light depicted in Novat’s panoramas is another 
key element of his style. It plays a crucial role in the plausi-
bility and understanding of the panoramic map.

A panorama displays ideal weather conditions, at either 
sunset or sunrise. However, a completely realistic depic-
tion of the effects of the light direction and low sun angle 
at these times can impair the readability of the map. 
Therefore, panoramists must invent new ways of shading 
the terrain surface, casting shadows, and depicting com-
plex lighting effects such as indirect illumination. To that 
end, Novat performs with his brushes the work of lighting 
designers with their lamps, or lighting artists using their 
3D software.

Careful lighting design prevents shadows cast by the sun 
from masking important areas, and provides enough con-
trast for features parallel to the light direction. These are 
also good reasons not to use aerial photographs in place of 
panorama maps, as they would suffer from these problems. 
Novat had numerous techniques to solve these issues.

Lighting Inconsistencies

Novat changed the local direction of light in his pan-
oramas. Figure 13 shows an example of how the light is 

Figure 12. Lighting terminology as defined by Mamassian, Knill, 
and Kersten (1998). Top: A rendering of a diffuse sphere. Bottom: 
The terminology applied to a close-up of Grandes Rousses, Arthur 
& Pierre Novat 2011. Note that a penumbra does not occur 
with strong directional lights, e.g., the sun, hence its absence in 
Novat’s panoramas.
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aligned differently depending on the surface orientation of 
features. I estimated these local light directions in sever-
al areas, depicted by arrows pointing towards the imag-
inary sun used to create lighting effects in that area. For 
instance, if the direction of light γ1 were used to shade the 
valley in the rectangle, understanding the terrain would be 
difficult. Given their slopes, both sides of the valley would 
have about the same shading, diminishing contrast. Novat 
thus locally aligned the light with the illuminated face 
using light direction γ3.

These variations in the light direction allow for a precise 
control over the shading. Illuminated slopes are brightened 
and shadowed ones darkened, thus increasing contrast. 
Although not based in physical reality, this particular way 
of lighting the scene does not impair our perception of 
shape, as the human visual system is rather insensitive to 
lighting inconsistencies (Ostrovsky, Cavanagh, and Sinha 
2005). In fact, maximizing local contrast on the surface 
ensures a better shape depiction, and locally varying the 
direction of light has proven to be an eff icient way to 
achieve this goal (Jenny 2001; Marston and Jenny 2015; 
Mestres et al. 2021). Manual relief shading for maps is 
also based on locally varying the light direction. It has in-
spired cartographic research that has produced numerous 
digital techniques since the foundational work of Brassel 
(1974). This research work on relief shading for digital ter-
rain visualization is discussed in more detail in Section 8.

Changing the direction of light not only helps with the 
shading. It also allows for the control of shadows, whose 
positions are important to recover spatial arrangement and 
to underline important features of the terrain.

Cast Shadows

Figure 14 presents examples in which Novat used cast 
shadows to depict terrain details on shadowed slopes that 
would not be directly exposed to sunlight. In reality, cast 
shadows cannot be inside other shadows (attached or cast). 

Figure 13. The direction of light varies locally across the 
panorama. Arrows point towards the light source (i.e., the 
sun). Arrows with the same color (and label) point in the same 
direction. Note that small variations occurr in individual features, 
such as the foreground hill at the right where different lighting 
directions are used. Close-up of Grandes Rousses, Arthur & Pierre 
Novat 2011.

Figure 14. Novat used fine-scale cast shadows inside attached 
shadows of larger features. They improve the contrast of already 
shadowed areas, thus revealing masked terrain features. Close-
ups of (top) Espace Killy, Pierre Novat, 1983 and (bottom) 
Courchevel, Pierre Novat, 1984.
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Still, Novat allowed small features within the shadowed 
slopes of larger landforms to cast their own shadows. 
These multi-scale shadows were painted from the coarser 
to the finer scale. The increase in contrast caused by an 
additional layer of fine-scale shadows helps with the read-
ability of even the smallest details and enhances the depic-
tion of the relief.

Casting shadows on important parts of the terrain that 
should stay clearly legible would cause something that the 
visual perception community calls masking. Masking is a 
phenomenon in which another stimulus (the mask) makes 
it difficult for the human visual system to recover infor-
mation (in our case, shape and spatial arrangement; Legge 
and Foley 1980).

Novat instinctively altered the 
shape of shadows to prevent 
masking. Strong shadows were 
stopped shortly after the bottom 
of slopes or before important 
elements of the panorama (see 
Figure 15 for an example). It al-
lowed him to highlight abrupt 
changes in the slope that the 
user of the map should be aware 
of. Also, Novat’s shadows are 
generally brighter than those in 
real life or than would be found 
in realistic renderings. It is again 
a way to prevent masking while 
still painting shadowed areas in 
a convincing way.

Inter-reflections

Novat’s use of inter-ref lections 
(i.e., indirect illumination) is 
a practical means of relighting 
dark areas in a way that feels 
natural for the viewer. For in-
stance, in a valley, we expect in-
ter-reflections to be painted on the slope opposing the one 
exposed to the sunlight. See in Figure 16 how the shad-
ows are brightened by the faces that reflect direct lighting. 
Novat brightened mostly the center of shadows. He main-
tained high contrast by keeping the bottom part dark. 
Novat developed his treatment of inter-reflections starting 
with his first panorama. We can see on his alteration of 
Val d’Isère by Berann (Figures 4 and 17) that although 

Novat integrated Tignes in the style of Berann, he also 
already had his own style.

Most of the complex lighting effects worth depicting in 
a panorama were captured in the photographs taken by 
Novat during his preliminary study of an area. Using these 
as a base for painting, Novat retained a certain physi-
cal accuracy, making the scene even more plausible. But 

Figure 15. Novat ended the cast shadow just above the road to 
avoid masking it. The shape of the shadow therefore follows the 
road layout, highlighting it. Close-up of Mégève, Pierre Novat, 
1986.

Figure 16. Examples of indirect illumination from inter-reflections in Novat’s work. Arrows 
represent light rays. Inter-reflections are caused by the light bouncing off slopes facing the 
light, thus brightening opposing slopes. Close-ups of (top) Puy Saint-Vincent, Pierre Novat, 
1992, and (bottom) Val d’Allos, Pierre Novat, 1987.
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Figure 17. Novat’s treatment of inter-reflections (left) is more subtle than Berann’s (right). The blue of the shadowed snow is lightened, 
creating a soft gradient whereas Berann used complementary shades, creating a stark contrast. Close-ups of Val d’Isère, Berann (with 
alterations by Novat) 1962.

Figure 18. Top: Close-up of Grand Massif, Pierre Novat, 1986. Bottom: Satellite view of the same area. Note how Novat diminished the 
tree coverage density in his painting; as a result, the terrain remains visible.
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inter-reflections were also sometimes added solely because 
they were convenient for terrain depiction; again, anoth-
er reason not to describe Novat’s panoramas as “realistic.” 
Intuition played an important role in his painting, and 
inter-reflections were often placed “where they feel right,” 
says Arthur Novat.

Atmospheric Perspective

Sunlight is scattered by particles in the atmosphere. Light 
that has a wavelength that is shorter than or similar to 
these particles is scattered more. This phenomenon is 
called Rayleigh scattering in optics, and atmospheric or 
aerial perspective in cartography and painting (Jenny and 
Patterson 2020). It is responsible for a decrease in contrast 
for distant objects and for giving them a bluish aspect, as 

blue light corresponds to the short wavelengths of the hu-
man-visible spectrum.

To help us gauge the expanse of the Alps, Novat painted 
not only the resort, but also the scenery that surrounds it. 
However, he drew the attention of the viewer to the resort 
with a clever use of atmospheric perspective in the back-
ground. For instance, Mont Blanc towers over the scene 
in the background of Figure 1. Aerial perspective makes 
it appear far away, reducing its importance without having 
to omit the emblematic summit. For areas inside the re-
sort, the contrast is preserved, leaving it to stand out with-
in reach of the skier, distinct from the background that 
is veiled by a layer of haze. Thanks to this technique, the 
viewer focuses on important parts of the panorama.

7.  S U R FAC E  T E X T U R E
I have presented the terrain deformation and use of 
lighting effects elements that are at the heart of Pierre 
Novat’s style. However, these elements alone would lead 
to a very bland representation of the scene. Novat popu-
lated his panoramas with elements painted on top of the 
terrain surface: trees, rocks, roads, and buildings. They 
texture the mountain and serve an aesthetic as well as an 
informative purpose.

TREES

Some mountainous areas are covered with trees, so Novat 
decreased the tree coverage density to avoid losing terrain 
information in his paintings (Figure 18). His treatment of 
trees differed substantially from that of other artists. For 
example, James Niehues is known for painting each tree 
individually (Figure 19). Conversely, Novat used color 
pencils to depict trees. They were pencilled directly onto 
the snow, hatched to form bands of trees. A few trees are 
enough to represent a grove, add more of them and you 
have a forest. Their colors depend on their species: deep 
greens, almost black, for the spruces and firs; light browns 
and yellows for larches dusted with the first snow of the 
season. Larches are conifers, as are firs, but they lose their 
needles during fall, enabling light rays to pass through 
their branches. As a result, they are only lightly sketched 
over the snow in sunny areas (Figure 20, a).

Trees were depicted by more than just f lat color pen-
cil strokes onto the canvas. Their colors blend with the 

Figure 19. James Niehues painting trees one by one. Figure 
adapted from the interview by Kelly (2021). See how Niehues’s 
trees differ from Novat’s in Figure 8, middle, and Figure 20.

Figure 20. Novat’s treatment of trees differed from one species to 
another. Larches (a) were lightly sketched over the snow. Novat 
smoothed trees in shadows with his airbrush by spraying them 
with paint or water, blending their color with the blue of the snow 
(b). Trees catch the light (c) and can be covered in snow (d). They 
cast shadows when alone or at the edge of a forest (e). Close-ups 
of Réallon, Pierre Novat, 1990.

a) b) c)

e)d)
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surroundings (Figure 20, b) and they catch light and shad-
ows (Figure 20, c). Some are covered with snow (Figure 
20, d). Those that stand alone or are at the edge of a forest 
cast shadows on the ground (Figure 20, e).

Trees are exempted from perspective projection—they are 
depicted as if viewed from an orthographic camera. As a 
result, their height becomes strongly exaggerated in the 
background. They are always drawn vertically and dis-
tributed along the slope. The alignment of the trees thus 
becomes a visual cue giving precious implicit information 
about the relief of the terrain beneath them.

ROCKS

Rocks are mainly visible when the slope is steep or when 
they protrude from the ground. In Novat’s panoramas, 
they are depicted on important landmarks that must be 
recognized as faithful to reality. For example, note how 
the characteristic horizontal and vertical cracks in the 
rocks are reproduced in Novat’s depiction of Aiguille du 
Goûter seen in Figure 21.

They are also a practical way to implicitly inform skiers 
about the danger of the terrain. In difficult areas, rocks 
that are invisible because of snow are shown in the paint-
ing, to act as warnings. For easy ski trails, the terrain is 
often smoothed and rocks omitted so that beginners do 
not hesitate to ski there.

Regarding color, rocks were painted in very different 
shades from one panorama to the next. Although influ-
enced by the complex geology of the Alps and the differ-
ent types of rocks, the color depends also on the hour of 
the day chosen to represent the scene. As mentioned in 
Section 4, prior to the creation of a panorama, photographs 

were taken by flying over the area. These shots were taken 
in the morning or evening when the sun was very low. As 
a result, rocks exhibit vivid colors such as warm browns, 
yellows, and reds. See Figure 22 for an example on the 
Espace Killy panorama. The colors used for rocks in the 
painting are very similar to those seen in the modern pho-
tograph. Note how the snow is kept white, increasing con-
trast even more, as opposed to the photograph, in which it 
is yellow.

ROADS

Roads on Novat’s panoramas are not applied as a layer on 
top of the panorama after the painting is finished, as is the 

Figure 21. Aiguille du Goûter. Left: Photograph (© Antonio Giani). Right: Closeup of Chamonix, Pierre Novat, 1992. Note how the 
depiction is accurate on the painting, with cracks in the rocks clearly visible.

Figure 22. Top: Photograph of rocks above Val d’Isère village 
at sunset from a webcam in the resort (© Val d’Isère Tourisme). 
Bottom: Close-up of Espace Killy, Pierre Novat, 1984. The shades 
of brown and yellow are reproduced directly from the preliminary 
photographs taken by Novat.
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case with the labels. While this might work well for a 2D 
map, for a panorama, roads need to be part of the painting 
itself.

In Novat’s style, they are slightly lowered with respect to 
the surface of the terrain, as if snowbanks were framing 
them. To achieve this 3D look they were outlined with 
white paint on one side, particularly noticeable in shad-
owed areas, and with a dark blue stroke on the other (see 
Figure 23). Roads inform the viewer that different plac-
es in the panoramas are connected. They are enlarged to 
be clearly understood, but their shapes are also sometimes 
abstracted. Depicting only some of the roads has an im-
pact on routes chosen by visitors. It helps to guide them 
towards spots considered of interest for the resort, while 
keeping them away from residential areas and competing 
villages.

BUILDINGS

Like roads, chalets and buildings are 3D elements that 
have been integrated into the painting, not just layered 
above it. They cast shadows and are always represented 
with snow on their roofs.

Where roads are always exaggerated in size and sometimes 
abstracted, buildings are surprisingly accurate. Figure 24 
compares Aussois on the 1993 panorama with a photo-
graph taken in 2011. The village has undergone change, 
but some buildings can still be clearly identified. Indeed, 
characteristic buildings (e.g., city halls, churches) needed 
to be recognizable, as well as the ones visible from the road 
when driving, as they can be useful landmarks for visitors.

Often, Novat’s commissions were updates to include newly 
constructed buildings and facilities in existing panoramas. 

Clients regularly requested that their homes appear on 
new and updated panoramas, which required painting 
with enough precision to depict a small chalet.

8 .  TOWA R D S  D I G I TA L  A N D  S T Y L I Z E D  PA N O R A M A S
Producing a hand-painted panorama is a chal-
lenging task, involving a broad range of skills. Even for 
masters such as Berann or Novat, the production time for 
large paintings can take up to several months (Patterson 
2000; Novat, Novat, and Belluard 2013). Panoramists, 
though experts at crafting beautiful aerial maps of the 
mountain, are now a dwindling profession due to these 
constraints.

Indeed, ski resorts rely more and more on Computer-
Generated Imagery (CGI) to produce panoramas. 
Figures 25 and 26 display comparisons between Novat’s 
hand-painted panoramas of Valmorel and Réallon and 
versions created by the company Kaliblue. Although fast, 
3D rendering systems lack the editing tools to enable the 
creation of panoramas of similar artistic quality—they 
offer a limited range of styles. Artists are often required to 

Figure 23. A road. Note how its path is highlighted using 
shadows and touches of white. Close-up of Mégève, Pierre 
Novat, 1986.

Figure 24. Top: The village of Aussois in 2011 (© Florian Pépellin 
CC-BY-SA 3.0). Bottom: Its 1993 painted version by Novat. The 
church and some houses are still recognizable today.
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manually or digitally repaint parts of the rendered images 
to achieve the desired result (as seems to be the case in the 
panoramas by Kaliblue).

The cartographic and computer graphics research com-
munities share common goals regarding terrain represen-
tation (Kennelly and Kimerling 2006). Both are tackling 
the challenge of enabling the creation of clear and styl-
ized digital mountain panoramas. The main focus so far 
has been the style of Berann. Based on his artworks, rules 
that define his style are inferred, then translated into algo-
rithms for image synthesis. Both the painterly rendering 
and the terrain deformations are currently being explored. 
Full rendering systems (Bratkova, Shirley, and Thompson 
2009; Brown and Samavati 2017) mimic Berann’s style 
regarding shading and surface texture. They also global-
ly curve the terrain so that foreground landmarks do not 
mask background features. Jenny and Jenny (2013) used 
an early style transfer method, example-based texture 
synthesis, to apply Berann’s style to 3D rendered terrains. 
This area of computer graphics has made significant prog-
ress since that time and continues to be a promising ave-
nue of research—see the stylized panorama in Figures 11 
and 12 of Futschik et al. (2021). Still, as these methods are 
automatic, they lack artistic control, a crucial feature for 
creating expressive renderings.

Automatic (Degener and Klein 2009) and computer-as-
sisted (Jenny et al. 2011) methods have been proposed to 
deform the topography of the terrain locally, in the spirit 
of Berann. These deformations could be combined with 
the above-mentioned rendering techniques for convincing 
results, but to this date and to my knowledge, little work 
has been conducted in this regard.

More generally, digital artists can enhance the depiction 
of terrain shape using shading models that locally mod-
ify the intensity of the shading at the surface of objects 
(or terrain). Cartographic research often takes inspiration 
from hand-shaded relief while computer graphics research 
focuses on natural phenomena and human visual system 
properties. Nevertheless, the work of both communities 
sometimes overlaps.

Accessibility Shading methods (Miller 1994; Pharr 
and Green 2004) adapt shading with respect to the sur-
rounding geometry, darkening areas that are difficult to 
reach. Kennelly and Stewart (2006) use the sky model 

Figure 25. Valmorel. Top: Novat’s version (1984). Bottom: 
Kaliblue’s panorama for season 2021–2022. © Kaliblue.

Figure 26. Réallon. Top: Novat’s version (1990). Bottom: 
Kaliblue’s panorama for the 2011–2012 season. © Kaliblue.
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formulation to enhance terrain depiction. These were ap-
proximations assuming a uniform environment, though 
the same authors later (2014) address this issue by en-
abling the use of arbitrary sky models. Other methods 
control shading by combining images rendered using dif-
ferent light directions (Jenny 2001; Marston and Jenny 
2015), or by varying the light direction before rendering 
(Brassel 1974; Rusinkiewicz, Burns, and DeCarlo 2006; 
Vergne et al. 2009; Veronesi and Hurni 2015; Mestres et 
al. 2021), similarly to what manual panoramists would do. 

The work of Jenny et al. (2021) is a notable exception that 
uses deep learning to produce shaded relief images from 
manual examples.

These approaches have much in common in terms of tech-
nique and purpose. In this regard, it seems beneficial to 
foster collaboration between the two communities of car-
tography and computer graphics, which hopefully will 
yield fruitful results for 3D terrain rendering and land-
scape visualization.

9.  CO N C L U S I O N
In this paper, I have described the characteristic style of 
the painter and panoramist Pierre Novat. We have seen 
how Novat’s panoramas feature a deformed representa-
tion of the landscape that is viewer-centric. I presented 
his unique treatment of lighting phenomena, which was 
aimed at a clear depiction of the relief. I also showed how 
he used surface texture elements to convey crucial infor-
mation. An examination of these three elements—terrain 
deformation, lighting effects, and surface texture—is a 
necessary first step for an in-depth understanding of the 
panoramas by Atelier Novat. Hopefully, this study will 
help to safeguard parts of Novat’s knowledge and give 
contemporary artists insights about panoramic maps de-
signed in the style of Novat.

As a marketing tool for resorts, Novat’s panoramas played 
an important role in the expansion of alpine skiing in 
France. Still in use today, they respond to the clients’ re-
quests by reconciling commercial considerations with the 

topography of the area. When creating a panorama, com-
promises must be made, and Novat clearly excelled at the 
task.

Because many ski areas are rapidly evolving into “four sea-
son” mountain resorts, they have new demands, which the 
traditional techniques used by panoramists cannot meet. 
Computer-assisted solutions for the creation of panoram-
ic maps are therefore gaining more attention. Rendering 
systems are now used to generate mountain panoramas 
that are then digitally retouched by artists to fulfill the 
clients’ desiderata. Automatic results of a quality equiva-
lent to a hand-painted map are not within reach yet, and 
much work remains to be done to provide digital artists 
with tools to express their styles. This should prove to be 
an exciting avenue of future work in both the computer 
graphics and cartographic communities. The perpetuation 
of panoramists’ know-how is at stake.
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I N T R O D U C T I O N
James Niehues has painted more than 200 panoramic re-
sort maps. His 30-year body of work has changed how 
mountains are represented, and is familiar to many skiers. 
Charles Preppernau spoke with the artist to discuss map-
ping techniques, his new book The Man Behind the Maps, 
and his new Great American Landscapes Project. Mr. 
Niehues’ work can be found at jamesniehues.com.

The interview has been edited for length and clarity.

I N T E RV I E W
Charles Preppernau: Your maps are well-liked by both 
resorts and guests. When a resort comes to you because 
they’re not satisfied with their existing map, what sort of 
things do they say they find lacking in it?

James Niehues: The ones that don’t have a nice map—that 
have used computer-generated maps—come to me be-
cause it really doesn’t show off the resort; it’s an accurate 
diagram of how to get down the mountain, but it really 
doesn’t show the skier where they are. If the skier looks at 
that map and then looks around at their environment, they 
can’t tell where they are on the map. 

Whenever I do a map, if it’s a difficult mountain, and 
not just one face but multiple faces, I have to do a lot of 
stretching and twisting of the mountain to show all the 
sides in one view. The most important thing about that, 
is that whenever I finally come up with the final composi-
tion, it has to, in my mind and the skier’s mind, have rel-
ative distances and elevations from point to point. I don’t 
just take a run and stretch it across the page so I can show 

the other side, I do some manipulation that will credibly 
show that. It’s something that can’t be done with a com-
puter; I’m changing all sorts of perspectives and distances, 
and they aren’t related in any way except how the brain 
interprets them. I think that’s the important thing.

That forced perspective or “unwrapping” the slopes of 
the mountain is something I’m particularly interested 
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in. How do you introduce that distortion while keeping 
the mountain recognizable?

If you look at a satellite map, the ski runs don’t look very 
inviting. They are very narrow because they’re very long. 
You need to show it as it skis, as it exists. I don’t have a for-
mula; I reference hundreds of aerial photographs. I’ll start 
at 2,000 feet above and get some full-frame perspectives 
from different altitudes. I’ll go around the mountain and 
get perspectives from different points of view. Then I’ll 
drop it lower and start picking up the detail. By the time I 
get all of these together I can reference the small, detailed 
photographs and relate them to the larger panoramic pho-
tos, and with that start manipulating the mountain until it 
comes out.

On a blank sheet of paper I’d place all the lifts with the 
links proportional like they should be or very near so. 
Once I have them in place and can see the connections, 
I refer to my photographs and put in all the runs in be-
tween. That’s pretty much the way that I work.

What sort of techniques have you found, when working 
with light, that help the reader get a sense of the terrain, 
especially where it’s not receiving direct sunlight?

If it’s not receiving direct sunlight I still put in shadows 
where it’s steeper and maybe highlights, even if the sun 
doesn’t touch it. Just give that lighter area to the heaves as 
they come up. I also work with reflected light; in the shad-
ows, I work in some reflected light on the snow.

Tree shadows are important too; by the angle of the tree 
shadow, you can tell if it’s steep or shallow. But there are a 
lot of rises where the shadow would move so much that it 
confuses people, so I don’t stay true to the shadowed ter-
rain of trees but change it enough that they can see there’s 
a change in the terrain surface.

Do you incorporate atmospheric effects into this as well?

You know what? Whenever I get tired of painting trees, 
sometimes I put in a cloud.

Breckenridge
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Certainly to show the mountain range beyond, I diminish 
the contrast and detail. To distinguish the height of the 
mountain, I’ll start with the top trees being snow-covered, 
and as you go down they get greener. Of course, aerial 
photographs are blue; it’s just monochromatic from the air. 
Hal Shelton had always indicated to me that you paint it 
as you ski it, not as you work from your aerial photographs, 
so that helped in my early development. 

The atmosphere is a great thing; sometimes I’ll bring a 
whiff of ground fog around the mountain to accentuate 
something, or if there’s an area the client doesn’t want peo-
ple to get out to. A lot of times I like to put in clouds just 
to show that you rise from below the clouds and get off the 
lift above them, just to show the feeling of the mountain 
and its vertical rise.

You’ve said, “paint it as it skis.” Can you unpack that 
phrase?

I haven’t skied every mountain, but I’ve skied a lot of them. 
When I relate my experience to the aerials that I’ve taken, 
I relate that to other mountains and to how I’d be skiing 
there even if I hadn’t. If a run looks wide and you have lots 
of room to make turns, you want to widen it and narrow 
it where it gets tighter. But on a satellite view, it might be 
very hard to pick up where those changes are. So I think 
it’s just an interpretation of the aerial photography.

In your book, you say you refer to topographic maps 
quite a bit in this planning phase. When you’re looking 
at a topo map, what are you looking for? To what extent 
are you looking to translate certain things on that topo 
map into your panoramic map?

I’ll be looking for rock formations; on a topo map you can 
see where the terrain is a cliff or not, and what I’m look-
ing for is whether there are any runs around it, or maybe 
a chute through it, so that I can identify it in the photo-
graph. Then I know I’ll have their run in the proper spot. 
So what I’m looking for is deviations in the terrain, and 
match them up with the aerial photography so that when I 
interpret it, I interpret it correctly.

Have you ever experimented with a map that was look-
ing purely downhill?

Yeah, and I always thought that would be the way to do it 
because that’s the way the skier’s going. The only problem 

with it is that the runs are going up-page. It’s just hard 
to relate to it. Plus, what they’re really interested in is the 
base area. All the important ingredients of the resort are 
in the distance instead of up close. The only one I did was 
Sunday River, for Snow Country Magazine. I thought if 

Keystone
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there’s any one that will work, it would be that one. I really 
was not happy with the result although it came out to be 
an interesting illustration.

Are there unique challenges in drawing summer scenes 
as opposed to winter scenes?

Yeah, there are. I work with the airbrush on snowy ter-
rain, so it’s a pretty simple process. With my early summer 
maps, I tried with the airbrush but it was so unrealistic, so 
I turned to the brush entirely. I didn’t feel my brush ren-
dering was as effective as the airbrush, but I did develop it 
into a pretty nice style. The latest ones are the Blackcomb 
and Whistler hiking maps. I was really happy with those. 
It’s maybe a sketchier style, but basically, you need to show 
where there’s grass, brush, rock, or dirt, so it does become 
quite more involved in summer and fall views. In my fall 

views, I’ve always had a problem showing the trees as they 
are. The Okemo autumn portion is probably my best tech-
nique on that.

You talked in your book about how you modified your 
brushes to try to speed up the drawing of trees. 

My predecessors used sponges. I tried that and it just didn’t 
work for me. So then I experimented with cutting the 
bristles of my brush to make two or three trunks instead 
of just one. I didn’t really like that; it was too repetitive 
and didn’t look natural. From that point, I said, “alright, 
I’m going to have to draw in every trunk.” But I’ve been in 
constant experimentation with deciduous trees. Looking 
back on it, I’m happy with all of it but I do feel like later in 
my career I got a little too involved in individual deciduous 
trees, instead of groups of trees.

Okemo
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Another element in all of this is that, ever since the 10th 
painting, I didn’t want every mountain to look the same. I 
wanted to give a mountain an individual look, so that’s the 
reason for the experimentation. I was very lucky in that 
I had a contract with Snow Country Magazine right off 
the bat after I got into this. I could experiment on those 
and not have to worry about the client saying, “Wow that 
doesn’t look like your work”.

Did some of your later experiments have better success?

Yes, to some degree. For deciduous trees, they have round-
ed tops, so I’d use brushes that were rounded on the top. 
And for meadows and stuff, I’d use a very large brush to 
put in wider strokes of color. I really got into re-wetting 
the forest. I’d put in a pattern of trees with a very wet 
brush, a very dark color, and make my forest. I wouldn’t 

Sun Peaks

Crystal
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even take my brush off the board. I’d just be up and down, 
making these triangular shapes. I would change my pig-
ment according to whether it was the light side of the 
mountain or the dark side of the mountain. And then I 
would come in and re-wet that. The watercolor would flow 
in between and you’d get a lot of variations in your color. 
Then I would put in the highlights and the shadowed side, 
which would usually be snow; blue and white. 

I’d like to hear your thoughts on how much freedom you 
think a mapmaker has in distorting a map, and what 
kind of responsibility they have to the reader.

I feel that if it’s overexaggerated it loses its value immedi-
ately because it can be seen and not believed. You have to 
keep it in the credibility range.

Let me change directions on you a little bit here. I’m 
working on the Great American Landscape Project. I’m 
picking out state and national parks and other very pop-
ular dynamic areas, and sketching them to the best of my 

ability to express the best view there can be of that partic-
ular subject.

Let’s take Yosemite Valley. The most photographed view 
in the park is the tunnel view, with Bridal Veil Falls on the 
right and El Capitan on the left. I’ve flown that area, and I 
looked at my aerials and thought “You know, I could show 
the whole valley and include Yosemite Falls, show more of 
Half Dome, show Royal Arch, and the spires that are on 
the backside of Bridal Veil Falls, if I did a little manipulat-
ing.” In my aerials you can’t even see what I have sketched; 
Yosemite Falls is quite hidden by the Three Brothers. So, 
what I had to do was diminish the Three Brothers a little 
bit, and pull around Yosemite Falls so that it shows, and 
then I thought, “Oh the village is right down there so I’ll 
put in the village”. So, I peel away some of those tall trees 
enough to show the village and roads.

Another was Crater Lake, Oregon. This spring we stopped 
there and it was fabulous, just really dynamic. So I took all 
these photographs and came back to this point that had 

Yosemite Valley



Cartographic Perspectives, Number 100, FORTHCOMING Paint it as You Ski it  –  Preppernau | 94 

some features along the shoreline that I was really im-
pressed with. Although, from that point, I could not see 
Mount Thiessen, because it was hidden by a rim on the 
other side of the lake. So what I did was bring Mount 
Thiessen out from hiding. This isn’t accurate, but it’s ac-
curate to the experience. It isn’t more than 500 yards down 
the road that you can see [Thiessen], but I had to do some 
manipulation to show them together. There are also hik-
ing trails that you can’t see in the trees, but I put them in, 
so someone can say “I was on that trail, that’s where I was, 
and that’s the scene I saw.” And that’s very important, that 
connection to the viewer.

I’m very excited about this series. You’ll find them on my 
website, scattered around in different states.

I’d like to finish by asking: if someone came up to you 
and said they would like to get into painting panoramas 
like this, what advice would you give them?

I guess what I would do is kinda what I’m doing with the 
Great American Landscape project; I would take on a 
project and use it to promote my availability. What ma-
terial I haven’t flown, I would go on the Internet and see 
what comes up. From that material, I’d go ahead and put 
together what you felt would be the best view, if not as a 
map, then as a portrait.

Thank you so much, this was a great conversation to 
have.

Oh yeah, you bet. I’ve enjoyed it.

Crater Lake
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Atlas of the Invisible is the latest publication from James 
Cheshire and Oliver Uberti, who have previously collab-
orated on atlases focused on the city of London and on 
animal migration. Despite its mysterious title, Atlas of the 
Invisible is typical, in both its layout and content, to other 
contemporary collections of maps and graphics. There 
are more than sixty maps and graphics on various topics 
spread throughout the atlas, each with a distinctive style, 
scale, and approach to subject matter. The individual topics 
are collected into four, loosely thematic sections: “Where 
We’ve Been,” “Who We Are,” “How We’re Doing,” and 
“What We Face.” These are combined with an introduc-
tion, an epilogue, and an additional technical section.

In their “Preface,” the authors recount the impact of the 
COVID-19 pandemic on both their professional and 
personal lives and, in doing so, set the tone for the en-
tire book. Over two years of pandemic monitoring have 
shown the increasing importance of maps and graphics, 
and led to an onslaught of statistical data. Like many of 
us, the authors initially viewed this as a teaching oppor-
tunity. Cheshire—a Professor of Geographic Information 
and Cartography at University College London—writes 
of assigning his cartography students an exercise to map 
the growing case counts early in the pandemic, while the 
threat still seemed abstract and distant. However, as the 
months rolled on, and these maps, graphics, and visualiza-
tions of the COVID-19 situation brought home the scale 
and seriousness of the looming danger, they also helped 
clarify the purpose for Atlas of the Invisible: “today, we 

need graphics to reveal the invisible patterns that shape 
our lives” (13).

What are these “invisible patterns”? It is stated in the 
“Introduction” that: “sometimes we miss what we can’t 
step back to see. Sometimes the invisible only appears 
with the creep of time. And sometimes, in the case of his-
torical events, the visible becomes invisible with the loss 
of a generation” (17), so it seems that Cheshire and Uberti 
see visibility as a function of context, and particularly as 
understandable context. They illustrate this with a brief 
history of cartography and data visualization, and of the 
scientists who, they maintain, first made invisible data 
visible. Most CP readers won’t be surprised to see well 
known examples from Alexander von Humboldt, Florence 
Nightingale, and John Snow referenced, but there are also 
lesser known histories shared, such as the SYMAP sys-
tem, a precursor to our current GIS software. To learn 
about a rudimentary tool that was developed fewer than 
50 years ago really helps to put into perspective how far 
this field has grown in such a short time! The authors fin-
ish up the “Introduction” with more modern examples of 
the trials and tribulations that come with visualizing big 
data, and with a short “How to Use this Book” section.

Each of the book’s four sections consists of an introduc-
tory essay, followed by full-page maps or graphics, with 
every entry accompanied by a brief commentary from the 
authors. The first of these sections, “Where We’ve Been,” 
aims to “challenge the stories we’ve been told about our 

http://creativecommons.org/licenses/by-nc-nd/4.0/
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past” (32) by utilizing the wealth of digitized historical 
data that we now have at our disposal. Even just one sin-
gle primary source, shipping logs, enables the authors to 
generate maps about the slave trade, the whaling industry, 
and changes in global shipping patterns over time. While 
these maps are built on concrete data, other visualizations 
in this section are more speculative in nature—for exam-
ple, the attempt to map the areas once occupied by vari-
ous Aboriginal peoples of Australia (42). The very idea of 
mapping a space of ownership is quite foreign to the way 
the indigenous peoples themselves understood their rela-
tionship to the landscape—so much so that it renders the 
application of ownership boundaries to a map extremely 
problematic. Another map in this chapter visualizes some 
of the most personal data any reader has, the origin and 
ubiquity of their last names by country (54).

Section two, “Who We Are,” focuses on telling stories 
about people and societies through new lenses, and the 
authors assemble an impressive array of graphics to illus-
trate their points. Societal patterns that could once only 
be gleaned from extensive censuses or research studies can 
now be pulled from data from mobile phones and satel-
lites. Among the most arresting of the maps shown are 
those that generate new, imagined state borders based on 
drivers’ commute hubs and routes. Another illustrates un-
derwater fiber-optic cables—physical lines that carry the 
internet and which, in turn, literally connect us all (or at 
least the two-thirds of the population with internet ac-
cess!). I found this example most interesting as I reviewed 
it soon after the eruption of the Hunga Tonga–Hunga 
Ha’apai volcano snapped Tonga’s lone undersea cable! The 
thin lines stretching across the map really put the fragility 
of those connections into perspective!

Section three, “How We’re Doing,” provides examples of 
how maps and graphics can be used as tools to shed light 
on truth and democratize the power that a map can hold. 
The introductory essay references the wrongs many past 
cartographers dealt out at the stroke of a pen: dividing 
Africa into colonial territories and redlining neighbor-
hoods along racial lines, each decision leading to decades 
of inequality. But today some of those wrongs can be un-
done by taking a closer look at who is doing the mapmak-
ing and for what purpose. Analysis of declassified bombing 
target maps from the Vietnam War has helped humanitar-
ian groups locate unexploded ordinance (and perhaps help 
us to rethink the weapons of war we use today). Similarly, 

a graphic comparing hours of both paid and unpaid work 
by gender succinctly displays just how unequal the work-
load truly is!

Section four, “What We Face,” contains visualizations 
focused on data about our changing planet. This section’s 
introduction proclaims that “data has always had doubt-
ers and deniers” (156), and discusses how early meteoro-
logical forecasting faced much the same incredulity that 
climate change forecasting faces today. In this section you 
will find maps on topics that have become familiar in this 
age of climate change—such as the global extent of ac-
tive wildfires and the increasing speed of glacial melt—but 
you’ll also see innovative new designs, such as a calendar 
forecasting heat stress risk for every hajj over the next cen-
tury shaped in the form of an intricate Islamic flower. The 
most impactful graph, though, comes from utilizing the 
classic population pyramid. A comparison of population 
pyramids for the years 2020 and 2100 demonstrates just 
how dramatically the global population is projected to 
shift in this century. The stark contrast between the fa-
miliar 2020 pyramid and the oblong shape of the 2100 
projection—when longer lifespans stretch the top of the 
figure—reinforces the image of a looming future.

This Atlas is designed, according to the book’s subtitle, to 
contain “maps and graphics that will change how you see 
the world.” While that is quite a lofty goal, it is one I be-
lieve they live up to. With Uberti’s background as an artist 
and Chesire’s as an academic, the pair provide a good com-
bination of unique visualizations explained in straightfor-
ward, fact-based terms. I was personally delighted to see 
many open-source datasets I had thought about mapping 
myself—such as Native Land Digital (native-land.ca) —
displayed in new and interesting formats. I was also, when 
first skimming the pages, surprised to see so much text in 
an atlas, but the introductory essays were so entertaining 
and easily digestible that the free-flowing text ended up 
being one of my favorite parts of the book. The essays not 
only helped to give structure to the rather abstruse titling 
of the sections, but I found some interesting and useful 
historical facts woven in. The atlas is well paced, with ap-
proximately ten maps or graphics in each section, along 
with one or two in-depth topics given a gatefold or two-
page spread treatment. While those of us immersed in the 
field of cartography and visual graphics might see a couple 
of familiar visualizations that are often found on “best of ” 
lists, there are just as many that were unfamiliar to me.

http://native-land.ca
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As a cartographer who has been creating atlases for over 
fifteen years, I was delighted and thrilled with this new 
offering from Cheshire and Uberti. Atlas of the Invisible 
gives a refreshing look at some common datasets—for ex-
ample, global temperature anomalies over the past centu-
ry—while also presenting new or lesser-known data in in-
sightful ways, such as street vulnerability to ice being used 
as a proxy for where to salt roads. One thing I found most 
useful were the thumbnails of each visualization that fea-
ture in the table of contents. Listing the maps by title and 

topic is useful, but I find that many times my strongest 
recollection is of how the map looked, and the little pic-
tures give just the right prompt for recognition.

The Atlas of the Invisible offers ample inspiration in design, 
layout, color, style, and theme, and I believe that people 
from many fields will find it a useful and inspiring addi-
tion to their collection. Altogether, the Atlas of the Invisible 
is a handy book to have on your shelf.
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Each chapter of Women and GIS focuses on a differ-
ent woman—outlining her personal journey from early 
childhood, through her education and entry into the pro-
fessional world, and how she found herself working in the 
field of GIS. Throughout the twenty-three chapters, the 
reader is wafted along on a whirlwind, world spanning 
tour of education programs (some completed, some not), 
jobs (some fulfilling, some not), career paths, and proj-
ects (ranging from the early 2000s through 2018) that the 
spotlighted woman found pertinent on her path to and 
within GIS. The careers run the gamut—touching on GIS 
in academia, education, government, humanitarian agen-
cies, nonprofits, exploration, conservation, and industry. 
The term diverse perspectives does not even come close to 
describing this book.

Pull quotes and words of wisdom from each woman are—
despite being emphasized in large, often bold, and (usu-
ally) colored type—seamlessly interwoven into and be-
tween their varied and various stories. Color photographs 
and examples of a few of the maps and images produced 
by each woman give the reader a taste of their passions 
and of the worlds they have built around themselves. The 
individual chapters are brief: averaging eight pages each. 
Their abbreviated length makes for an effortless read that 
can be taken in large chunks or broken up across multiple 
evenings.

Journalists frequently report on gender disparity amongst 
students in science, technology, engineering, and math-
ematics (STEM) courses, and the corresponding 

domination of these professional fields by men. Esri is 
no stranger to these concerns, as was made apparent in 
2022, when they agreed to pay $2.3 million to resolve 
a Department of Labor allegation of pay discrimination 
for 176 female engineers in 2017. When tech compa-
nies are confronted about their plans for closing this gap, 
many respond with public relations statements boasting 
statistics about the number of women on their payrolls. 
Unfortunately, head counts alone do little to bring more 
candidates to the fields, or staff to the firms. What does 
raise participation in a field is showing members of the tar-
geted demographic performing in it successfully.

Showing success is the challenge Esri Press took on in 
2019 with Women and GIS: Mapping Their Stories. It is the 
first in a series that has now grown to three volumes, in-
cluding: Women and GIS, Volume 2: Stars of Spatial Science 
(2020) and Women and GIS, Volume 3: Champions of a 
Sustainable World (2021). Kudos to them for not simply 
splashing images of women in GIS on posters and past-
ing them up in schools, but instead taking a page out of 
the feminist geography handbook by reaching out to the 
persons involved to obtain qualitative, on-the-ground con-
versations that put names and accomplishments to faces. 
Showing real examples of women as active and leading 
participants in GIS makes it easier for other women to en-
vision themselves in this field.

Women and GIS: Mapping Their Stories introduces the world 
to twenty-three powerful, motivated, and driven women 
in the GIS technology field. Each woman’s passions and 
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interests are highlighted—demonstrating that they didn’t 
come to the field just for the science and art of GIS; they 
came because it supported them and facilitated their work 
in pursuit of their interests. The variety of individual sto-
ries allows readers—even those readers who may not, at 
this point, be entirely sure what GIS is—to see how GIS 
could be used to further satisfy their curiosity about their 
own passions, and possibly encourage them to seek out this 
profession that they mightn’t have otherwise considered.

As the book makes clear, there is no single mold or “type” 
to which women entering the field must conform in order 
to be successful, and, in fact, each chapter showcases the 
way that the backgrounds, education, and interests of the 
women discussed are both multifaceted and diverse. No 
two are identical: each is a unique combination of lan-
guages spoken, country of origin, educational background, 
and profession. Most gratifyingly, this is accomplished 
without beating the reader over the head with adulatory 
hagiography, as so many other institutions do when trying 
to advertise their successes in diversity.

This book does have some shortcomings. In giving each 
individual equal “on-air” time while keeping the overall 
page count reasonably low, the fast paced biographies are 
painted with very broad strokes—each woman’s life is 
condensed to between six and fourteen pages. This brief 
overview of each woman comes in a surprisingly uniform 
format, in contrast to the diverse content of the stories. 
The structure for each chapter—cover their childhood; re-
view their education; touch on their past jobs; discuss their 
careers; and pay tribute to their mentors—came across as a 
little too formulaic a way to review each woman concisely. 
I would have preferred a longer book if it offered an op-
portunity for deeper portraits. If a longer book would not 
have been possible, I would have preferred longer writeups 
on each woman, even if this in turn meant fewer women 
were featured.

The book itself maintains an incredibly positive voice—it 
seems that whenever a failure appears in the woman’s life, 
it is framed as showing that if a door closes somewhere, a 
window surely opens somewhere else. In my opinion this, 
too, was a missed opportunity. Too heavy a focus on posi-
tives and successes undermines the human dimension and 
sort of flattens out the portrait. No person is perfect, and 
neither is their life—despite what social media purports 
to show. Very few readers care to read about perfection 
that is impossible to obtain and out of their reach. One of 

the reasons we have the gender gap in the first place is the 
socially reinforced disincentive to envisioning oneself in a 
certain position because it seems that only the perfect can 
succeed. Each person then shoots themselves down before 
even attempting the challenge because they don’t think 
they can attain the perfection necessary. People want and 
need to see the at times messy, honest, genuine, and real 
struggles. Through struggles a person can find connec-
tion with another with whom they can relate by striking 
a chord of resonance. If this book is indeed seeking to in-
spire the next generation of women GIS professionals, the 
details of failures and challenges overcome shouldn’t be 
glossed over.

This is not to imply that the struggles of these women 
are not narrated in a relatable manner. A great example 
of what is possible when this is achieved successfully is in 
the chapter about Dr. Paulette Brown-Hinds (26), where 
she discusses the hurdle of having a child while in gradu-
ate school. As she sat for her master’s degree exams—eight 
months pregnant, wondering if she could manage it all—
she overheard her fellow students mocking her for being 
pregnant while in school. She also discusses navigating 
conversations with her colleagues who are also moms, and 
the sensitive work of not discussing their own choices as 
if those choices were a critique of the other person’s deci-
sions. It is inspiring to witness women overcoming these 
challenges so that the next generation may not see having 
a family as a roadblock to a STEM career. These are by no 
means the only challenges women face, but it is a prime 
example that relates on the level of the next generation of 
women GIS professionals.

This book is an inspiration to women professionals ei-
ther currently in GIS or considering it as a part of their 
career path. In fact, in this regard every word in Women 
and GIS is significant. It pulls back the curtain to reveal 
a number of women who have already brought their chair 
to the table, and it draws attention to a critical factor in 
how they got there: mentorship. This mentorship theme 
is a thread that runs through all the varied stories in this 
book. Each woman reached her goals or overcame a chal-
lenge with the mentorship and support they found in un-
expected places. Building a network of support and men-
toring requires time and effort, and the younger a person 
starts working on it, the better their chances become. 
As the chapter about Kate Chapman points out: “Many 
women enter STEM fields of study, and then leave mid-
career. She says she wishes she had known earlier about 
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some of the frustrations women might face midcareer so 
she could have developed a better mentorship and support 
network for herself ” (48). Here, again, is another instance 
where future professionals benefit directly from a frank 
discussion—with no sugar coating—of the challenges and 
frustrations that can be encountered, and how others have 
learned from them.

This book not only showcases how these women became 
GIS professionals, it reveals how they stayed GIS profes-
sionals. Books like this should exist for every career as a 
way for young professionals or curious teens to see the va-
riety of jobs and paths related to that career. Despite what 
is often told to teens, there is rarely a single, straight path 
to any career goal. All too often youth are told to think 
inside the box and answer the questionnaire using only 
the multiple-choice options—and only too rarely are they 
offered the opportunity to conclude that there is more 
than one way to reach a goal. This book provides just that 
opportunity.

The photographs of the featured women, their work, and 
their world, ground the book in reality and are imperative 

to bringing home the theme that GIS can be an inclusive 
space for all. The quotations and words of advice scat-
tered throughout the text could easily be plucked from the 
book, written on Post-its, and placed in prominent spots 
near one’s computer monitor as a reminder or mantra for 
moving forward during difficult or tumultuous times. The 
words provide insights from women who have indeed been 
there and done that, reaching across space and time to en-
courage the next generation of women in GIS and STEM.

Women do exist in GIS, and it is certainly time we praise 
them for their contributions and their struggles. While 
Women and GIS might have benefited by staying a while 
longer with each woman, it does an admirable job intro-
ducing us to twenty-three diverse and admirable people in 
only 215 pages.

This book is a giant leap in the right direction. It is a fan-
tastic, gripping book for inspiring a young professional 
woman in GIS and I look forward to the deeper dives with 
women in the GIS field that will inevitably result from its 
existence.
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A reference volume that will presumably never be 
duplicated, Frederick Law Olmsted: Plans and Views of 
Communities and Private Estates should be recognized 
as essential reading for those whose interests include 
American landscape architecture. It is the most recent-
ly published part of a comprehensive, multi-volume col-
lection of the writings and works of the man who, for all 
practical purposes, established landscape architecture as 
a serious intellectual field. This volume contains plans for 
seventy non-park projects that Olmsted either designed 
himself or had an authorial hand in. Landmark campus-
es like those of Stanford University and the University of 
California; public spaces like the National Zoo; private 
estates, exemplified by the 195 square mile (510 square ki-
lometer) Biltmore Estate in North Carolina; and pioneer-
ing planned communities like Riverside, Illinois, are all 
included. Other volumes in the series collect plans, views, 
and writings on Olmsted’s many other projects.

The superb print quality and the generous eleven-by-
eleven-inch pages give ample room to see the shape of 
Olmsted’s vision. The high quality of the reproductions 
means that even though they are nearly all substantially 
reduced in size, the reader still can still get an excellent 
sense of their texture and graphic quality. As a cartogra-
pher, I was sorry not to see more detail, or any discussion 
of the plans as graphic works, but this is consistent with 
the editorial direction of the book, directing our attention 
to the ideas the plans embody, and the intellectual thrust 
that the works represent. The plans Olmsted drew for any 
particular project were the means to an end, tools to both 

create both the physical spaces and enact his humane vi-
sion of humans in those spaces, rather than artworks in 
themselves. This book keeps its focus on those ends and on 
the processes Olmsted used to reach them, whether they 
were ultimately realized or not. The text, though generally 
brief, gives attention to his ongoing negotiations amongst 
his own visions, the vision of his fellow designers, wish-
es of his clients, and conditions on the ground revealed 
during construction.

Most of the projects in this volume are illustrated with 
multiple images. Original plans are often accompanied 
by photographs, of both freshly-planted landscapes and of 
later conditions with more mature growth. This allows the 
reader to better understand the three-dimensional spac-
es Olmsted was envisioning: a landscape vision that was 
meant to be experienced by walking through the landscape 
rather than being picturesque, viewed from a particular set 
of vantage points. Because of this, the typical plans for his 
landscape designs are misleadingly two-dimensional. He 
also sometimes used drawn views as tools to play with the 
spaces in his mind’s eye, and to communicate his concep-
tions to both clients and to the construction teams. The 
working diagrams are specific in the ways a construction 
crew would need—plant this species here, regrade the land 
there to this measurement, build a stone wall just so—and 
the views are a necessary part of communication to the 
client and to others on the team, as the visual impression 
of the landscape design is its essential point. It is in the 
sketches, though, that the integration of the often sizable 
elements from other hands is negotiated: showing how, 
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say, a very large house is made to look to be an organic 
part of the landscape. It is also interesting to see how, in 
many cases, he entirely cedes to the architects working on 
the buildings themselves the realization of their own vi-
sions, simply putting a placeholder “building here” marker 
on the plan. Perhaps this relationship of simultaneously 
standing up for his own design autonomy and vision while 
seeking to be collaborative with presumably strong-willed 
building architect colleagues plays out more explicitly in 
the text portion of his papers, but you can see hints of it in 
the interpretive texts in this volume discussing some of his 
large projects, where the relationship between buildings 
and grounds is more complex.

One thing that is simply taken for granted in the text, and 
in his work, is the social and economic class of his clien-
tele. While his artistic vision was universal in scope and his 
moral vision throughout his career was vigorously egalitar-
ian, in practice his clients were some of the wealthiest men 
of his time. Unlike his work on urban parks—which in his 
vision needed to be open to the general public, an idea he 
defended with great energy over his career—he never really 
worked on housing for a modern, working-class audience. 
This reality can cast suspicion on, for example, the motives 
behind some of the social engineering aspects of his resi-
dential developments. His one “village” plan, for the town 
built to support George Vanderbilt’s vast Biltmore estate, 
is a throwback: a feudal village adjacent to the great castle 
on the hill. His forays into town planning were suburbs 
meant for an upper-middle-class clientele, with Riverside, 
Illinois being the most prominent example. He often ex-
pressed a desire for more green space, and for views that 
changed as you walked down the street—foreshadowing 
much of modern suburban design—but most of his work 
was not embedded in the harsh realities of housing for the 
droves of immigrants and freed slaves who found them-
selves in the sort of horrific living conditions Jacob Riis 
documented in How the Other Half Lives in 1890. Olmsted 
decried those conditions—and his parks were meant as 
capsules of natural beauty and peace created for the relief 
of city-dwellers—but actual working-class living condi-
tions were not, ultimately, within his professional purview.

One theme running through this book, and Olmsted’s 
work in general, is the importance of paying close atten-
tion to the nature (in multiple senses) of the place itself, as 
it existed before landscaping and as it existed in a Platonic 
ideal in Olmsted’s mind, rather than simply imposing the 
owners’ desires and needs on the land. The book’s text 
makes this point repeatedly and it is best illustrated by 
Olmsted’s final great project, the design of the grounds at 
Biltmore. Olmsted wanted Biltmore to be a global show-
place for his ideas, and the book takes sixty-five pages to 
work its way through them: they include a model of mod-
ern managed forestry (where the first dedicated forestry 
school in the United States was founded), an arboretum 
with a comprehensive specimen collection, and grand vis-
tas of and from the house itself (still the largest private 
residence in the nation). Olmsted found much of the land 
there overworked and depleted, and his vision of resto-
ration, while it does not entirely coincide with today’s eco-
logical sensibilities, was in contrast to the visions of land-
scape he found himself arguing against, involving heavily 
artificial gardens and intensive use of the land without 
much regard to its underlying health. On one hand, he 
was interested in creating a visual effect appropriate to the 
specific context, but on the other, he was aware of, and 
interested in, the long-term effect his ideas and example 
would have in the world. It is a striking and subtle com-
bination which you can see played out in a variety of ways 
over his career, even in this subset of “other projects” be-
sides the urban parks for which he is best known.

This volume is meant to stand alongside Olmsted’s collect-
ed papers and the other supplementary volumes showing 
his work. As a single part of a series, it sometimes seems 
to miss, or take for granted, information that is presum-
ably available in its companion works. For example, while 
it references discussions Olmsted had with clients and col-
leagues, it doesn’t feel the need to spell those out in de-
tail. So, while I would recommend Frederick Law Olmsted: 
Plans and Views of Communities and Private Estates as a 
worthwhile purchase by itself, I would also recommend 
libraries consider purchasing the full series to give readers 
a more comprehensive picture of the Olmsted’s works and 
ideas.
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