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Understanding the intricate relationship between data types, visual perceptions, visual
variables, and map types is fundamental for effective cartography and geographic
information system (GIS) design. Whether creating a thematic map to display
demographic data or a topographic map to illustrate terrain features, the choice of data,
visual encoding, and map type directly influences how users perceive and interpret spatial
information. This article explores these relationships in depth, providing insights for
cartographers, GIS professionals, and anyone interested in map design.

Understanding Data Types in Cartography

Before delving into visual perceptions and variables, it is essential to understand the types
of data used in map making. Data types in GIS and cartography generally fall into three
categories:

1. Quantitative Data

Quantitative data represent measurable quantities and are expressed numerically.
Examples include population numbers, rainfall amounts, elevation values, and income
levels. These data types are suitable for maps that depict magnitude or intensity and can
be further divided into:

- Continuous Data: Data that can take any value within a range, such as elevation or
temperature.

- Discrete Data: Data with specific, separate values, like the number of hospitals in a
region.

2. Qualitative Data

Qualitative data describe categories or qualities that do not have a numerical value.
Examples include land use types, political affiliations, or soil classifications. They are often
mapped using symbols or colors that differentiate categories.

3. Ordinal Data

Ordinal data fall between qualitative and quantitative data, representing categories with a



specific order but not necessarily equal intervals, such as rankings or levels of severity.

Understanding the data type is critical because it influences the choice of visual variables
and map type, ensuring the map accurately and effectively communicates the intended
information.

Visual Perceptions in Map Design

Visual perception refers to how map readers interpret and understand visual information.
Effective map design leverages perceptual principles to enhance clarity, reduce confusion,
and facilitate interpretation. Several perceptual factors influence how data is perceived:

1. Pre-attentive Processing

Certain visual features are processed rapidly and subconsciously by the human visual
system, enabling quick identification of key map features. These include:

- Color differences
- Shape differences
- Orientation

- Size

2. Visual Hierarchy

Creating a visual hierarchy guides the viewer’s eye to the most critical information first,
then to supporting details.

3. Perceptual Discriminability

Ensuring that different map features are distinguishable based on their visual variables
prevents misinterpretation.

4. Figure-Ground Relationship

Clear differentiation between foreground (data) and background (context) enhances
readability.

Understanding these perceptual principles enables cartographers to select appropriate
visual variables, ensuring that the map communicates its message effectively.

Visual Variables: The Building Blocks of Map



Symbols

Visual variables are the graphical attributes used to encode data visually on maps. They
serve as the primary tools for representing different data types and are selected based on
the nature of the data and the desired perceptual effect.

List of Common Visual Variables

- Size: Varying the size of symbols (e.g., circles, points) to represent quantitative
differences.

- Shape: Using different shapes to distinguish categories, especially for qualitative data.
- Color Hue: Differentiating categories or magnitudes with different colors.

- Color Value (Lightness/Darkness): Indicating magnitude or qualitative differences using
shades.

- Color Saturation: Varying intensity to encode information.

- Orientation: Rotating symbols to show direction or other attributes.

- Texture and Pattern: Using patterns or textures to differentiate areas or features.

Choosing Appropriate Visual Variables

Selecting the right visual variables depends on data type and map purpose:

| Data Type | Suitable Visual Variables | Considerations |

I | | |
| Quantitative (continuous) | Size, Color Value, Pattern (for areas) | Use size or color
gradients for smooth variation |

| Qualitative (categories) | Shape, Color Hue, Pattern | Distinct symbols for different
categories |

| Ordinal (ordered categories) | Size, Color Saturation, Value | Use graduated visual
variables to represent order |

Effective use of visual variables enhances perceptual clarity and helps users interpret the
map accurately.

Types of Maps and Their Relationship with Data
and Visual Variables

Different map types serve specific purposes and are suited for various data types and
visual variable applications.

1. Choropleth Maps

Choropleth maps use color or patterns to represent data aggregated in predefined areas,
such as countries, states, or districts. They are ideal for displaying quantitative or ordinal



data.

- Data Type: Quantitative or ordinal

- Visual Variables: Color hue, value, saturation

- Design Tips:

- Use color gradients (e.g., green to red) for magnitude
- Avoid using too many classes to prevent confusion

- Ensure perceptual uniformity in color schemes

2. Dot Density Maps

Dot maps use points to represent the presence or quantity of a phenomenon, emphasizing
distribution over magnitude.

- Data Type: Discrete or quantitative

- Visual Variables: Size of dots, density

- Design Tips:

- Maintain consistent dot size

- Use appropriate density to balance detail and readability

3. Proportional Symbol Maps

These maps use symbols (usually circles or squares) whose size reflects quantitative data.

- Data Type: Quantitative

- Visual Variables: Size, shape

- Design Tips:

- Use appropriate scaling functions

- Avoid overemphasizing large symbols

4. Cartograms

Distort geographic regions proportionally to data values, emphasizing data variation.

- Data Type: Quantitative

- Visual Variables: Area

- Design Tips:

- Use carefully designed algorithms for accurate distortions
- Complement with traditional maps for context

5. Isarithmic (Contour) Maps

Use lines (contours) to connect points of equal value, suitable for elevation or temperature
data.

- Data Type: Continuous quantitative
- Visual Variables: Line style, thickness, color



- Design Tips:
- Maintain consistent interval spacing
- Use contrasting colors for different ranges

Integrating Data Types, Visual Perceptions,
Variables, and Map Types

The key to effective map design lies in aligning the data type with an appropriate map
type, leveraging visual variables that resonate with human perception, and applying the
principles of visual perception to enhance understanding.

Step-by-step Approach

1. Identify the Data Type: Determine whether the data is quantitative, qualitative, or
ordinal.

2. Select the Map Type: Choose a map that best represents the data (e.g., choropleth for
regional data, proportional symbols for point data).

3. Choose Visual Variables: Decide on the most effective visual variables based on data
type and map purpose.

4. Apply Perceptual Principles: Ensure color schemes, symbol sizes, and patterns are
perceptually distinguishable.

5. Test and Refine: Review the map for clarity, avoid visual clutter, and adjust variables as
necessary.

Best Practices for Effective Map Design

- Use perceptually uniform color schemes to accurately represent data differences.
- Limit the number of classes or categories to prevent cognitive overload.

- Maintain consistency in symbol size and color across maps for comparability.

- Incorporate legends and labels clearly explaining visual variables.

- Consider accessibility, such as color blindness considerations.

Conclusion

The relationship between data type, visual perceptions, visual variables, and map types is
foundational to effective cartography. Recognizing the nature of the data informs the
choice of visual variables and map type, which in turn influences how users perceive and
interpret the information presented. By applying perceptual principles and selecting
appropriate visual variables—such as size, shape, color hue, and value—cartographers can
craft maps that communicate complex spatial data clearly and accurately. Ultimately,
understanding these relationships enhances map readability, facilitates informed decision-
making, and ensures that maps serve their intended purposes effectively.



Frequently Asked Questions

How does the choice of data type influence the selection
of visual variables in map design?

The data type (nominal, ordinal, interval, ratio) determines which visual variables are most
effective; for example, color hue is suitable for nominal data, while size or position is
better for ratio data, ensuring accurate and meaningful visual communication.

What role do visual perceptions play in choosing visual
variables for different map types?

Visual perceptions, such as how humans interpret color, shape, and size, guide the
selection of visual variables to enhance clarity and readability; for instance, using
contrasting colors for categorical data or graduated symbols for quantitative data aligns
with perceptual principles.

How are different map types (e.g., choropleth,
proportional symbol) related to data types and visual
variables?

Different map types are tailored to specific data types and utilize appropriate visual
variables; for example, choropleth maps are suited for ordinal and nominal data using
color shading, while proportional symbol maps are ideal for ratio data using size variables.

In what ways do the relationships between data types
and visual variables impact map interpretability?

Aligning data types with suitable visual variables enhances interpretability by making
distinctions clear and reducing misinterpretation; for example, using distinct colors for
categories ensures viewers can easily differentiate between classes.

Why is it important to consider the type of map when
selecting visual variables and understanding data
relationships?

Different map types serve different purposes and highlight various data relationships;
understanding the map type helps in choosing the most effective visual variables that
accurately represent the underlying data and support the map’s intended message.

How can understanding the relationship between data
types, visual perceptions, and map types improve



cartographic design?

It enables cartographers to select appropriate visual variables aligned with human
perception and data characteristics, resulting in maps that are more intuitive, accurate,
and effective in communicating spatial information.

Additional Resources
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Understanding how data transforms into meaningful visualizations is fundamental to
effective cartography and geographic analysis. The intricate relationship between data
type, visual perceptions, visual variables, and the type of maps used forms the backbone of
spatial data representation. When these elements are aligned thoughtfully, maps become
powerful tools for communication, decision-making, and insight generation. Conversely,
misalignment can lead to misinterpretation, confusion, or even misinformation. This article
explores these interconnected concepts in detail, shedding light on how they influence
each other and the craft of map-making.

The Foundation: Data Types and Their Significance in Mapping

Before delving into the visual aspects, it’s essential to understand the nature of the data
being mapped. Data types fundamentally influence how the information can and should be
represented visually.

Quantitative Data

Quantitative data refers to information that can be measured and expressed numerically.
Examples include population counts, elevation levels, temperature readings, or income
figures. These data types are continuous or discrete numeric values that lend themselves
well to statistical analysis and precise visual encoding.

Characteristics:

- Numerical in nature

- Can be ordered or ranked

- Supports mathematical operations

Implications for mapping: Quantitative data are often visualized using graduated symbols
(e.g., circles proportional to population), choropleth maps with color gradations, or
contour lines representing elevation.

Qualitative Data
Qualitative data describe categories or classes without inherent numerical value. For

example, land use types (urban, agricultural, forest), political affiliations, or cultural
regions fall into this category.



Characteristics:

- Categorical or nominal

- No intrinsic order (though some may be ordered logically)
- Used to distinguish different classes

Implications for mapping: These data are best visualized with distinct colors, patterns, or
symbols, such as pie charts or dot maps, emphasizing class differences rather than
magnitude.

Ordinal Data

Ordinal data possess a meaningful order but no consistent interval between categories.
For example, survey ratings (poor, fair, good, excellent) or education levels.

Characteristics:
- Ordered categories
- Differences between categories are not necessarily equal

Implications for mapping: Suitable visual variables include ordered color schemes or
symbols that imply ranking.

Visual Perceptions and Their Role in Map Design

Human perception plays a pivotal role in how maps are interpreted. Recognizing
perceptual tendencies allows cartographers to optimize visual variables for clarity and
accuracy.

Visual Perception Principles

- Pre-attentive Processing: Certain visual features like color, shape, or size are processed
rapidly and automatically, guiding viewers’ attention.

- Perceptual Hierarchy: Some visual cues are more salient than others; for example, color
hue often stands out over shape or size.

- Color Perception: Variations in hue, saturation, and brightness influence how viewers
distinguish features and perceive differences.

Factors Affecting Perception

- Color choices: Bright, contrasting colors can highlight important features but may also
cause confusion if overused.

- Symbol size and shape: Larger symbols or distinctive shapes attract more attention.

- Map complexity: Excessive detail can overwhelm viewers, reducing interpretability.

- Context and background: The surrounding environment and map background influence
how features stand out.

Understanding these perceptual factors helps mapmakers select appropriate visual
variables aligned with the data type and map purpose.



Visual Variables: The Building Blocks of Map Symbology

Visual variables are the primary means by which data are encoded visually on maps. They
serve as the bridge between raw data and perceptible symbols.

The Classic Visual Variables (Bertin’s Model)

Jacques Bertin identified several key visual variables, which are still fundamental in
cartography:

1. Hue (Color): Differentiates categories or ranges.

2. Value (Lightness/Darkness): Indicates magnitude or intensity.

3. Size: Represents quantitative differences.

4. Shape: Encodes qualitative or categorical distinctions.

5. Orientation: Directional cues, often used in flow maps.

6. Texture or Pattern: Differentiates areas or features, especially in black-and-white maps.

Application of Visual Variables Based on Data Type

- Quantitative Data: Use size, value, or color gradients to depict magnitude.

- Qualitative Data: Rely on hue, shape, or pattern to distinguish categories.

- Ordinal Data: Employ ordered color schemes or graduated symbol sizes to reflect
ranking.

Principles of Effective Use

- Maximize perceptual differences: Select variables that are easily distinguishable.

- Maintain consistency: Use similar visual variables for related data.
- Avoid clutter: Limit the number of variables to prevent confusion.

Types of Maps and Their Correspondence with Data and Visual Variables

Different map types serve specific purposes and are suited to various data types and visual
variables.

Choropleth Maps

Purpose: To visualize quantitative data aggregated over predefined areas (e.g., countries,
states).

Data Type: Quantitative (e.g., unemployment rate).

Visual Variables Used:
- Color hue or value gradients to indicate magnitude.
- Boundaries delineate areas clearly.

Considerations:
- The choice of color schemes affects perception—sequential schemes for ordered data,
diverging schemes for deviations from a median.



- Modifiable areal unit problem (MAUP) can influence interpretation.

Dot Maps

Purpose: To show the spatial distribution of discrete features or quantities.
Data Type: Quantitative or qualitative (e.g., number of facilities).

Visual Variables Used:

- Dot size for quantity.

- Shape or color for categories.

Considerations:
- Dot density can suggest concentration but may be misleading if not scaled properly.

Proportional Symbol Maps

Purpose: To compare magnitudes across locations.
Data Type: Quantitative.

Visual Variables Used:

- Size of symbols proportional to data values.

- Shape can also be used for differentiation.

Considerations:
- Scaling must be perceptually accurate; using area for size perception is more effective.

Isarithmic/Contour Maps
Purpose: To depict continuous data like elevation or temperature.
Data Type: Quantitative.

Visual Variables Used:
- Contour lines or color bands representing intervals.

Considerations:
- The interval choice influences map readability and interpretation.

Categorical or Thematic Maps
Purpose: To display qualitative data like land cover.
Data Type: Qualitative.

Visual Variables Used:
- Distinct colors, patterns, or symbols.

Considerations:
- Use of distinct, easily distinguishable symbols enhances clarity.



The Interplay: How Data Type Guides Map Choice and Visual Encoding

The relationship between data type, visual perception, visual variables, and map type is
inherently iterative and interdependent.

- Quantitative data favor graduated symbols and choropleth maps that encode magnitude
via size or color intensity.

- Qualitative data necessitate clear distinctions, often through unique colors or symbols,
making categorical maps effective.

- Ordinal data benefit from sequential color schemes or size gradations that imply ranking.

Selecting the appropriate map type and visual variables hinges on understanding the
data’s nature and the message intended.

Challenges and Best Practices
While the principles seem straightforward, practical challenges can arise:

- Data classification: Deciding how to break continuous data into classes (equal intervals,
quantiles, natural breaks) impacts perception.

- Color accessibility: Ensuring color choices are perceptible to those with color vision
deficiencies.

- Overplotting: Excessive symbols or colors can obscure patterns.

- Scale effects: The level of detail must match the map’s purpose and scale.

Best practices include:

- Conducting perceptual testing.

- Using consistent color schemes.

- Simplifying data presentation where possible.
- Clearly defining the legend and symbology.

Conclusion: The Art and Science of Map Design

The relationship between data type, visual perceptions, visual variables, and map types
underscores the importance of deliberate design choices in cartography. Effective maps
are those that align the nature of the data with appropriate visual encoding, guided by
perceptual principles. As technology advances, enabling dynamic and interactive maps,
understanding these foundational relationships remains vital. Ultimately, a well-crafted
map not only displays data but tells a compelling story, making complex information
accessible and actionable for diverse audiences.

By mastering the interplay of these elements, cartographers and geospatial analysts can
produce maps that are not only accurate but also intuitive, engaging, and impactful.
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