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Abstract

Maps, just like text, paintings, and other media, are open to interpretation. Map
interpretation describes the process of extracting meaning from a map to make sense of
the real world. To arrive at an interpretation of the real world, an individual must reconcile
their mental model of the world with that of the cartographer’s through the map. Because
everyone has a different mental model of the world, a single map can connote a variety of
meanings, and therefore, be interpreted differently. Cartographers can prime individuals to
interpret a map in a particular way through selection, classification, symbolization, and
other cartographic tools in the map design process. However, individual differences like
beliefs and knowledge ultimately dictate the meaning someone forms from a map. Equally
important to the formation of meaning is questioning the meaning of the map. Questioning
the meaning considers why patterns or relations are a certain way and whether they should
be trusted. Information is more contested than ever, so understanding a map is one thing,
trusting it is another. In seeking out explanations for what is shown on a map, one can
better understand the world around them.
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1. Introduction

Map interpretation describes the process of extracting meaning from a map to make sense
of the real world. To arrive at an interpretation of the real world, an individual must
reconcile their mental model of the world with that of the cartographer’s through the map
(Pickles, 2011). Map interpretation is one of the three actions associated with map use.
Map reading (see Map Reading, Buckley & Kimerling 2021) involves decoding the symbols
and features on a map, whereas map analysis (see Map Analysis, Rock 2024) describes
what is on the map.

The dynamism of map interpretation is what makes map interpretation so interesting,
tricky, and important to discuss. Cartographers possess a lot of power in shaping people’s
perceptions of the world around them by emphasizing/showing some things in maps and
minimizing/excluding other things in maps (see Cartography and Power, Thatcher 2018).
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This is particularly concerning given the long and continuing history of maps being used as
propaganda tools to persuade people (Muehlenhaus, 2012). The recent push for greater
transparency on the mapmaking process and broader education in mapping/data literacy
underscore the importance of people making thoughtful interpretations of maps. Still,
mapmakers can only suggest a particular interpretation—it is up to the map reader to come
up with the final interpretation(s).

Interpretation is complicated because maps do not exist in a vacuum—they are inextricable
from the sociopolitical contexts in which they are created and consumed Interpretation
usually draws on existing knowledge and additional sources of information (e.g., another
map, an article) to augment what is shown on the map.

This account of map interpretation highlights major phenomena that shape map
interpretation. Here, map interpretation is broken down in two major steps: forming the
meaning and questioning the meaning. Forming the meaning involves the numerous
processes that go into what meaning someone gleans from a map. These processes include
the role that cartographers and the cartographic design process play in shaping meaning
before exploring frameworks and filters that people use when processing new information.

Once someone comes to their own explanation of the map’s meaning, then they must
decide what to do with it. This is the second step: questioning the meaning. Questioning
takes the form of seeking explanations for patterns and relationships found on maps and
determining whether or not to trust maps.

Forming the meaning initially precedes questioning the meaning. However, this process is
cyclical and can loop in many directions.

2. Forming the Meaning
2.1 External Factors
Cartographers and Cartographic Design

Cartographers have more control over shaping the readers’ interpretation of a map in some
cases versus the other. MacEachren’s (1994) Cartography’, which expands upon the
SWOOPY framework proposed by DiBiase (1990), suggests that maps exist on a
continuum ranging from visual thinking to visual communication (See

Geovisualization, Coltekin et al. 2018). More exploratory maps that are geared towards
scientific exploration and visual thinking offer greater possibilities for interaction. At the
other end of the spectrum are maps geared towards scientific communication. These maps
generally constrain interaction and are focused on presenting known insights to their
readers.

ey
UCGIS GIS&T Body of Knowledge | www.ucgis.org Page 2 of 8
I


https://doi.org/10.22224/gistbok/2018.2.6
https://www.ucgis.org

[CV-06-022] Map Interpretation

VISUAL THINKING VISUAL COMMUNICATION .§
$
s
>
\ g
Exploration . g
Confirmation Synthesis :

: \2

: \&

S \
s
Presentation =
>
| ) R .
Private Realm Public Realm o, Zﬁ’;’% “\qh\:\“ @o®

Figure 1. Left: DiBiase’s (1990) “Swoopy”. Right: MacEachren’s (1994) Cartography3
conceptualization of geovisualization on tasks, users, and interaction types as dimensions
(figure redrawn from Robinson, 2017, original artwork courtesy of Anthony Robinson).

Exploratory maps are more open-ended when it comes to interpretation as they act as a
catalyst for readers to derive new insight about phenomena. The cartographer is usually
more so a programmer/developer in these cases whose goal is to provide as much
information via multiple datasets, time periods, scales, etc. as possible so that the reader
can generate new insight. Presentation maps generally attempt to communicate a message
as the map communication model might argue (see Cartography and Science, Griffin 2021).
There, the cartographer can ostensibly play a more pronounced role in shaping
interpretation. In simplifying, classifying, and symbolizing data, they can set the stage for
what a reader might interpret. Take this pair of maps.
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Figure 2. Two maps with two different intended meanings, shaped by cartographic design
choices. Artwork courtesy of Daniel P. Huffman.

Both maps are created from the same data but tell very different stories (see Aesthetics
and Design, Nestel 2019). The first map makes it seem that gun violence is not a major
issue using pastel greens and by organizing most of the data into bins with light colors. The
second map is alarmist in nature and calls attention to the issue of gun violence. It achieves
this by using a color scheme with all dark, saturated reds with many classes. It adds a
crosshair as an embellishment as well. In both cases, the cartographer has made deliberate
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design choices to emphasize a particular message. The titles of the maps are also slants in
that they create a particular impression of an issue that prime readers to interpret the
meaning of the map a certain way.

Empirical evidence suggests that color use and titles can shape visualization interpretation.
Anderson and Robinson (2021) examined how the affective congruency, the degree that a
color scheme aligns with the emotional undertone of a mapped topic, influences
interpretation. Maps with affectively congruent color palettes (e,g., dark colors applied to a
homicide map) heightened participant’s emotions compared to affectively incongruent
color palettes (e.qg., bright, playful colors applied to a homicide map). This was especially
the case for positive topics like nature. Affectively incongruent maps also caused confusion
among participants. Kong et al. (2018) found that people heavily relied on slanted
visualization titles to perceive the message of a visualization. A follow-up study revealed
that visualization titles can produce confirmation biases in interpreting information: people
were more likely to dismiss the message when the title was inconsistent with an individual’s
attitudes toward a topic.

While slants are a deliberate attempt to shape a map’s meaning, it is naive to assume that
all maps have an intended meaning (i.e., message) to be interpreted. Critiques of the map
communication model question whether maps truly convey particular messages.
MacEachren (1994) acknowledges that some maps are intentionally designed to convey a
message while others are more exploratory—facilitating analytical/visual thinking about
space (see Figure 1 for an illustration of this). Crampton (2001) cautions that the map
communication model lacks inquiry into power relationships that can invariably shape
meanings (see Kent (2018) for additional critiques to the map communication model).
Indeed, all cartographers imbue a map with meaning to some degree, whether they intend
it or not, through their positionality and biases—elements inextricable from the mapmaking
process. Despite its limitations, the map communication model is useful when discussing
map interpretation because it emphasizes the role maps can play in transmitting
information. Mapmakers ostensibly prime people to interpret a map a certain way by
manipulating titles, map elements, what data are included/excluded, etc. (see more
examples in Tyner (1982)). However, interpretation is ultimately determined by the
individual reading the map via factors discussed in the next section.

2.2 Internal Factors

Humans use mental frameworks to help organize and interpret information. In this section
we highlight two factors that shape meaning derived from maps: cognitive biases and
existing knowledge.

Cognitive biases are systematic patterns of reasoning that skew perception and decision-
making. Namely, confirmation bias means that people tend to derive meaning from
information that aligns with their existing beliefs. Fish and Kreitzberg (2023) note that
conservative news outlets often misuse maps to support their arguments about climate
change denial. In one case, a map actually provides compelling evidence of climate change,
but the news outlet strips context away from the map and uses rhetorical strategies such
as framing to falsely claim that the map delegitimizes climate change. The map taken out
of context is shown below:
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Figure 3. Map of historic wildfire perimeters in California from 1878 to 2018 (Capradio, n.d).

The article by RedState (Morse, 2019) shows a screenshot nearly identical to this one of an
interactive map designed to visualize fires from 1878-2018. The screenshot bars people
from interacting and seeing how fires have changed over time. The author also uses the
seeming abundance of pre-1950 fires to argue that wildfires have always been around and
are not getting worse. This exemplifies confirmation bias. The map is interpreted in a way
that aligns with the conservative media’s beliefs about climate change. Other research
suggests that people with stronger prior beliefs about a topic are more likely to maintain
said belief after viewing a story map on that topic (Song et al., 2022). However, people who
found the topic worth discussing were more open to changing their beliefs, suggesting that
certain individuals may be less swayed by confirmation bias.

New information must be understood (i.e., interpreted) using mental scaffolding built from
existing ideas and known truths, which is commonly conceived of as knowledge (Pritchard,
2013). Knowledge therefore acts as a filter of sorts when interpreting maps as it can only
be understood in terms of existing (known) concepts.

3. Questioning the Meaning

3.1 Asking Why

Map interpretation is commonly conceptualized as “an effort to understand why geographic
features are found where they are and comprehend the spatial relations they exhibit”
(Kimerling et al., 2016). In understanding the why of what is shown on a map, people can
perceive more vibrant meanings of geographic phenomena. These lines of inquiry can be
temporal, spatial, and/or thematic in nature. While maps usually capture a single snapshot
in time, this snapshot might prompt someone to ask, how did the current patterns come to
be? Such patterns can be of the physical environment (e.g., geological processes), the
human landscape (e.g., demographics), and the physical-human interactions (e.g., land
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use). Regardless of the nature of the map, interpretation offers explanations for what is
going on.

3.2 Trust

Once someone derives a particular meaning or set of meanings from a map, that meaning
can go in different directions. Whether someone believes the meaning is dictated by trust.
Map trust describes someone’s willingness to rely on the understanding they glean from a
map (Prestby, 2025). With this reliance comes an assumption that the map is worthy of
trust; that is, the map is correct and not going to cause negative outcomes. While meaning
formation describes the inferences someone extracts from a map, trust refers to the actual
and perceived veracity of the inferences. It is possible, then, for someone to understand
what a map is showing, but not trust it.

Map trust is shaped by many of the same factors that influence meaning formation
including prior beliefs and additional knowledge. It is also shaped by the ability to process
information (e.g., time constraints, amount of information provided) and more situational
factors such as one’s motivation (Prestby, 2025).

Motivation is often operationalized as issue involvement: how much someone cares about a
particular topic (Prestby, 2025). Issue involvement has been found to influence how deeply
someone processes information. High motivation is associated with deeper thinking and
intensive reasoning whereas low motivation is associated with low effort, quick decisions.
Someone who is highly involved, may scrutinize a map more and come to a wider range of
and potentially more nuanced understandings on what a map shows. They may also be
more aware of a map’s faults and trust it less. Conversely, lower motivation can encourage
the reliance on mental shortcuts called heuristics that people use to reduce their cognitive
load (Prestby, 2025). Think of heuristics as rules of thumb such as “I can trust this map
because it looks vivid (the realism heuristic). Heuristics and heuristic processing are
generally linked to greater trust, though there are cases where heuristics could lead to
lower trust (e.g., a map was made by an organization | do not trust, so | do not trust it).

3.3 Reactance

Psychological reactance can also play a role in map interpretation. Reactance describes the
tendency for people to reject a particular message because they perceive a threat to their
freedom of choice (Prestby, 2025). Essentially, when people can tell they are in the
crosshairs of persuasion, they will have an adverse reaction. Maps often function as
persuasive devices. By extension of reactance theory, people may be less likely to accept
the meaning of a map if it feels like persuasion. Blatantly propagandist maps were trusted
significantly less than their more authoritative-looking and scientific counterparts
(Muehlenhaus, 2012).

3.4 Truth-Default

Truth-default theory (TDT) suggests that people’s default tendency is to trust something,
but certain events can lead to an erosion of this trust (Levine, 2014). TDT emphasizes that
one’s ability to detect deception in communication content is predicated on evaluating the
context in which communication occurs. In evaluating the communication content and/or
context, one may encounter a trigger event that raises their suspicion. This may shift an
individual out of the truth-default mode and prompt them to scrutinize the information
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more carefully. Ly Toong Yi (2024) conducted a pair of experiments to examine TDT with
maps. People exhibited TDT when interpreting maps, with significantly fewer people
detecting deception in maps if they were not explicitly asked to interrogate the veracity of
the maps. Only about a quarter of participants thought of trustworthiness and deception
without prompting. This work suggests that people may have a tendency to take what a
map shows them at face-value, especially if it looks authoritative.
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