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Presenter
Presentation Notes
My name is Frank Greene and I work for the Connecticut Department of Consumer Protection overseeing a food safety program related to manufactured foods and retail foods (mainly in grocery stores).  We have been collecting data for awhile and that brings with it the recognition of the opportunity this presents – what can we do with it 

Like many of you I have been intrigue by the possibilities of  Data Visualization, particularly with the advent of a newer generation of tools such as Tableau and Power Bi but even simpler programs such as Excel can contain useful tools.  Previously you had to have some serious programing chops but that is increasingly less so.

One quick note because of the interest in this subject we did some bootcamps last year in the Northeast.  Based on those bootcamps I suggested this topic to AFDO and I asked one of our local experts to present – Mike Moore from MA.  Mike couldn’t be here today but some of the topics and discussion we have is based on his work.  A copy of the slides he was going to use will also be on the website for your perusal.




WHY DATA 
VISUALIZATION?

• Simplifies Complex Data.

• Reveals Patterns and Trends.

• Aids in Decision Making. 

• Enhances Communication.
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Simplifies Complex Data: Raw data can be overwhelming and difficult to interpret. Visualization makes it easier to digest and understand.

Reveals Patterns and Trends: Through visualization, hidden patterns and trends become visible, providing deeper insights into the data.

Aids in Decision Making: Clear and effective data visuals support informed decision-making processes.

Enhances Communication: Visual representations of data are more engaging and easier to share with others, making it an excellent tool for communication.




NO ONE TEACHES US 
HOW TO TELL 
STORIES WITH 
NUMBERS
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Mis leading graphs are so common that a Wikipedia page is dedicated to that premise.



UNDERSTAND THE 
CONTEXT
Who is your audience?

What is your goal for that audience?

5

Presenter
Presentation Notes
Interpretation and Understanding: Context helps viewers accurately interpret the data. Without context, the data might be misunderstood or misinterpreted. For instance, a graph showing a sudden spike or drop needs context such as the time, conditions, or events that might have influenced the drop or spike to be properly understood.

Relevance: Providing context ensures the data is relevant to the audience. Contextual information like the source of data, the time frame, and the population or sample it pertains to helps viewers determine the applicability of the data to their needs or interests.

Comparative Analysis: Context allows for meaningful comparisons. Showing a data point in isolation does not provide insight into whether it is high, low, or average. Contextual information like historical data, industry benchmarks, or related metrics can frame the data appropriately.

Credibility and Trust: Context builds credibility and trust in the data being presented. When viewers know the source of the data, the methodology used for data collection, and any limitations or biases, they are more likely to trust the visualization.

Decision Making: For data visualizations used in decision-making processes, context is critical. Decision-makers need to understand the full picture to make informed choices. This includes understanding the data's implications, potential impacts, and the conditions under which the data was collected.

Narrative and Engagement: Context helps in telling a compelling story with the data. It engages the audience by connecting the data to real-world situations, making it more relatable and easier to grasp. For example, linking economic data to policy changes or social trends can make a visualization more compelling.

Avoiding Misleading Conclusions: Without context, data visualizations can be misleading. For example, a chart showing a rapid increase in a variable might be alarming, but context might reveal that the increase is a normal seasonal variation or an artifact of a change in data collection methods.

Examples of Context in Data Visualization
Titles and Labels: Clear titles and labels provide immediate context. A title that specifies "Quarterly Sales in 2023" sets the stage for understanding the data presented.
Annotations and Explanations: Adding notes or annotations to highlight significant events or anomalies helps viewers understand why the data looks the way it does.
Comparative Data: Including data for comparison, such as previous years, industry averages, or control groups, provides a frame of reference.
Source Information: Citing data sources and explaining data collection methods build trust and clarify where the data comes from.
Time Frames: Specifying the time period covered by the data is crucial, especially for trends and time series data.
By providing context, data visualizations become more informative, trustworthy, and actionable. Context transforms raw data into meaningful insights, enabling better understanding, engagement, and decision-making.



AN EFFECTIVE VISUAL

What is the best way to show the data you 

want to communicate?

 Clear Message

 Appropriate Chart Type

 Accurate Representation

 Context and Annotations

 Engagement and Aesthetics

 Accesibility 6
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1. Clarity and Simplicity
Clear Message: The visual should have a clear and concise message. Avoid unnecessary complexity and focus on the main point you want to convey.
Minimalist Design: Use a clean and simple design that avoids clutter. Remove any elements that do not add value to the visualization.
2. Appropriate Chart Type
Right Chart for the Data: Choose the chart type that best represents the data and the story you want to tell. For example, use line charts for trends over time, bar charts for comparisons, and pie charts for parts of a whole.
3. Accurate Representation
Correct Scales and Axes: Ensure that axes are correctly labeled and scaled. Misleading scales can distort the message.
Proportional Representation: Data points and graphical elements should be proportional to their values to maintain accuracy.
4. Context and Annotations
Contextual Information: Provide necessary context such as titles, labels, legends, and source information to help viewers understand the data.
Annotations: Use annotations to highlight key points, trends, or anomalies in the data. Annotations can guide the viewer’s attention and provide additional insights.
5. Engagement and Aesthetics
Visual Appeal: An aesthetically pleasing design can engage viewers and hold their attention. Use colors, fonts, and layouts that are visually appealing but not distracting.
Color and Contrast: Use colors effectively to distinguish different data sets or highlight important areas. Ensure sufficient contrast for readability.
6. Interactivity (if applicable)
Interactive Elements: For digital visualizations, interactivity can enhance understanding by allowing users to explore the data through filters, hover effects, and clickable elements.
User Control: Interactive elements should be intuitive and provide control without overwhelming the user.
7. Accessibility
Accessible Design: Ensure that the visualization is accessible to all users, including those with disabilities. This includes using colorblind-friendly palettes and providing alternative text descriptions.
Examples of Effective Visuals
1. Line Chart for Trends
A line chart showing the growth of a company’s revenue over the past decade can effectively illustrate trends and patterns. Annotations can be added to highlight significant events like market launches or economic downturns.

2. Bar Chart for Comparisons
A bar chart comparing the sales performance of different products in a portfolio provides a clear comparison. Color coding each bar by product category can add an additional layer of information.

3. Pie Chart for Proportions
A pie chart showing the market share of different companies in an industry can be effective for representing parts of a whole. Ensure that the segments are labeled and color-coded for clarity.

4. Scatter Plot for Relationships
A scatter plot showing the relationship between advertising spend and sales revenue can reveal correlations. Adding a trend line and shading for confidence intervals can enhance interpretability.

Visual Design Principles
Hierarchy: Use size, color, and placement to create a visual hierarchy that guides the viewer’s eye through the information.
Consistency: Maintain consistent use of colors, fonts, and styles to create a cohesive visual experience.
Alignment and Spacing: Use alignment and spacing to organize the visual elements neatly, making it easier for viewers to follow.
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Pie Charts with Too Many Slices
Problem: Pie charts are effective for showing parts of a whole, but they become problematic when there are too many slices. Small slices are hard to distinguish, and it becomes difficult to compare their sizes accurately.
Example: A pie chart with 15 different slices representing market share by company. Each slice is a different color, but the differences in size are minimal and hard to interpret.


www.eea.europa.eu
Comparing pie charts of different sizes could be misleading as people cannot accurately read the comparative area of circles.
The usage of thin slices, which are hard to discern, may be difficult to interpret.
The usage of percentages as labels on a pie chart can be misleading when the sample size is small.
Making a pie chart 3D or adding a slant will make interpretation difficult due to distorted effect of perspective. Bar-charted pie graphs in which the height of the slices is varied may confuse the reader.



3D Pie Charts
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3d chart can be purposefully misleading

https://en.wikipedia.org/wiki/Misleading_graph
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https://topdrawer.aamt.edu.au/Statistics/Misunderstandings/Misleading-graphs/Misleading-scales

2. Inconsistent Scales
Problem: Using inconsistent scales can mislead viewers. This often occurs in bar charts or line graphs where the axes are manipulated to exaggerate differences.
Example: A bar chart showing quarterly sales with a Y-axis that starts at 90 instead of 0, making small differences appear much larger than they are.

Cherry picking data




Skip the rainbow and put the focus on the vital bits. Instead of assigning specific colors to each category, 
highlight the most important elements, while grey is a good option for less important elements.

This way, the essential points take center stage and guide the user’s gaze.
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https://flourish.studio/blog/color-in-data-visualization/#:~:text=Colors%20are%20great%20for%20distinguishing,something%20important%20in%20the%20data.

Overuse of Color
Problem: Using too many colors or overly vibrant colors can create visual noise and make it hard to focus on the important data.
Example: A heatmap with every cell a different color, none of which follow a clear gradient or logical pattern, making it difficult to identify trends
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5. Unlabeled or Misleading Axes
Problem: Failing to label axes or using ambiguous labels can confuse viewers and obscure the meaning of the data.
Example: A line graph without specifying the units or the time intervals.
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7. Complex or Busy Layouts
Problem: Overly complex or cluttered layouts with too many elements can overwhelm viewers and obscure the main message.
Example: A dashboard with 10 different types of charts, tables, and text boxes all on one page, making it difficult to know where to look or what to focus on.




COMMON TECHNIQUES 
OF MISLEADING 
GRAPHS
Common Techniques of Misleading Graphs:

• Truncated Data: Starting at a value other than zero to exaggerate 

differences.

• Misleading Scales: Using unlabeled, inconsistent intervals or 

scales.

• Omitted Data: Leaving out relevant data points.

• Cherry-Picking Data: Only showing data that supports a specific 

conclusion.

• Manipulating Data Representation: Using visuals that distort the 

data, such as 3D effects or inappropriate graph types.
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EFFECTIVE GRAPHICS
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Simple graphics can be very effective
	Just a graphic or scatterplot
	Simple table (tables are rarely recommended but can be effective)



EFFECTIVE GRAPHICS
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﻿A slopegraph looks like a line graph, but with an important difference: there are only two data points for each line. This might sound like a small distinction, but in practice it means something important: that we can compare two categorical variables, which we couldn’t normally do in a regular line graph.

How does a slopegraph work?
When we use slopegraphs, we are trying to show one specific thing: is the value in the first column higher, lower, or the same as the value in the second column? That change is easy to see when we connect those values with lines, because the lines will slope up or down, in the direction of the change.

The steeper the slope, the bigger the change; and, if one thing is going up more dramatically than its neighbors, a slopegraph will make that easier to see than a traditional line graph would.

What kind of data can be used in a slopegraph?
Slopegraphs can be used with either continuous data or categorical data. 

For slopegraphs that show a beginning and end point in time, it shows how values have changed over the intervening period.

For slopegraphs that show categorical comparisons, it shows which data series are markedly different across the two categories, and in which direction.



EFFECTIVE GRAPHIC
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EFFECTIVE GRAPHIC
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CLUTTER IS YOUR 
ENEMY
What is the best way to show the data you 

want to communicate?
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why clutter is detrimental

1. Obscures Key Information
Distraction: Clutter distracts viewers from the main message or key insights that the visualization is intended to convey. Extraneous details can draw attention away from important data points.
Information Overload: Including too much information makes it difficult for viewers to process and interpret the data. The essential message gets lost in the noise.
2. Reduces Readability
Complexity: Cluttered visuals are harder to read and understand. Viewers may struggle to identify patterns, trends, or relationships within the data.
Crowded Elements: When elements like text, lines, and shapes are too close together, it creates visual confusion and reduces the overall readability of the visualization.
3. Impairs Decision Making
Misinterpretation: Clutter increases the risk of misinterpretation as viewers may miss critical information or misunderstand the data due to visual noise.
Slower Insight: The time required to extract insights from a cluttered visualization is longer. This can slow down decision-making processes and reduce efficiency.
4. Decreases Engagement
Aesthetic Appeal: Cluttered visuals are often less visually appealing. Aesthetic quality is important for engaging viewers and holding their attention.
User Frustration: Frustration can arise when viewers have to exert extra effort to understand a cluttered visualization. This can lead to disengagement and a lack of trust in the data.
5. Challenges in Highlighting Key Points
Lack of Focus: With too many elements competing for attention, it's challenging to highlight or emphasize the most important data points or trends.
Reduced Impact: The impact of highlighting significant insights is diminished when they are surrounded by unnecessary details.
Strategies to Avoid Clutter
1. Simplify Design
Minimalism: Adopt a minimalist design approach, including only essential elements that contribute directly to the understanding of the data.
Whitespace: Use whitespace effectively to separate different elements, making the visualization easier to read and more aesthetically pleasing.
2. Focus on Key Information
Prioritize: Identify and prioritize the key message or insight that the visualization should convey. Design the visual around this main point.
Highlighting: Use techniques such as color, size, and annotations to highlight important data points or trends.
3. Effective Use of Colors and Fonts
Color Scheme: Use a consistent and limited color palette. Avoid using too many colors which can confuse the viewer.
Legible Fonts: Choose clear and legible fonts, ensuring that text is not too small and is easy to read.
4. Simplify Data Presentation
Aggregate Data: Where appropriate, aggregate data to show trends or summaries instead of displaying overly detailed raw data.
Chart Selection: Select the most appropriate chart type for the data. Some charts, like pie charts with many segments, can become cluttered and hard to interpret.
5. Iterative Design Process
Feedback and Testing: Use feedback from others and test different versions of the visualization to identify and remove clutter. This iterative process helps refine the visual to its most effective form.

Clutter undermines the effectiveness of data visualizations by making them harder to read, understand, and act upon. By focusing on simplicity, clarity, and the effective presentation of key information, you can create visualizations that communicate insights clearly and powerfully. 

Gestalt Principles of Visual Perception



GESTALT PRINCIPLES 
OF VISUAL 
PERCEPTION
Proximity

Simularity

Continuity

Closure

Connectedness
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key Gestalt principles:

Proximity: Objects that are close to each other tend to be perceived as a group. For example, dots that are close together are seen as a collective unit.

Similarity: Elements that are similar in appearance (e.g., color, shape, size) are perceived as part of the same group. This principle is often used in design to create visual cohesion.

Continuity: The eye is drawn to continuous lines and patterns. Elements arranged on a line or curve are perceived as more related than elements not on the line or curve.

Closure: The mind tends to fill in missing parts of a visual element to perceive a complete image. For example, a broken circle will still be seen as a whole circle.

Connectedness: Elements that are connected by other elements (e.g., lines, shapes) are perceived as a single unit. This principle suggests that physical connections between elements enhance their perceived relatedness.

Common Fate: Elements moving in the same direction or at the same rate are perceived as a group. This principle is often seen in animations or designs involving motion.

Figure-Ground: This principle describes the tendency to perceive objects as either being in the foreground (figure) or background (ground). It’s a way to distinguish an object of focus from its surrounding environment.

Symmetry and Order: People tend to perceive symmetrical and orderly arrangements more readily than asymmetrical and disordered ones. Symmetry is associated with balance and harmony.
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Proximity: Objects that are close to each other tend to be perceived as a group. For example, dots that are close together are seen as a collective unit.

Similarity: Elements that are similar in appearance (e.g., color, shape, size) are perceived as part of the same group. This principle is often used in design to create visual cohesion.

Continuity: The eye is drawn to continuous lines and patterns. Elements arranged on a line or curve are perceived as more related than elements not on the line or curve.

Closure: The mind tends to fill in missing parts of a visual element to perceive a complete image. For example, a broken circle will still be seen as a whole circle.

Connectedness: Elements that are connected by other elements (e.g., lines, shapes) are perceived as a single unit. This principle suggests that physical connections between elements enhance their perceived relatedness.

Common Fate: Elements moving in the same direction or at the same rate are perceived as a group. This principle is often seen in animations or designs involving motion.

Figure-Ground: This principle describes the tendency to perceive objects as either being in the foreground (figure) or background (ground). It’s a way to distinguish an object of focus from its surrounding environment.

Symmetry and Order: People tend to perceive symmetrical and orderly arrangements more readily than asymmetrical and disordered ones. Symmetry is associated with balance and harmony.





FOCUS YOUR 
AUDIENCE’S 
ATTENTION
Do not overtax the audience’s ability to 

comprehend. Using design and techniques 

to highlight the most effective and efficient 

way to display data.
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Focusing your audience's attention in data visualization involves using design principles and techniques to highlight the most important information, guide viewers through the data, and ensure that the key message is clear. Here are some effective strategies to achieve this:

1. Use Visual Hierarchy
Size and Scale: Use larger or enhanced elements for the most important data points or headlines. This immediately draws attention to these key areas.
Positioning: Place crucial information in prominent areas, such as the top or center of the visualization, where viewers naturally look first.
2. Apply Color Strategically
Highlighting: Use bright or contrasting colors to highlight important data points or trends. Ensure that these colors stand out against the background and other data points.
Consistent Palette: Maintain a consistent color scheme to avoid confusion. Use different shades of the same color for related data and contrasting colors for different categories or to emphasize key data.
3. Employ Contrast
Text and Background: Ensure high contrast between text and background to enhance readability. Dark text on a light background or vice versa is usually most effective.
Element Contrast: Use contrasting colors or shapes to distinguish key data points from the rest.
4. Use Annotations and Labels
Direct Labels: Label key data points directly rather than relying solely on a legend. This makes it easier for viewers to understand what they are looking at without having to refer back and forth.
Annotations: Add brief explanations or notes to highlight significant insights, trends, or anomalies. These annotations can provide context and direct the viewer’s attention to specific areas.
5. Simplify the Design
Remove Clutter: Eliminate unnecessary elements that do not contribute to the understanding of the data. This includes excessive gridlines, background images, or overly complex legends.
Whitespace: Use whitespace effectively to separate different sections and reduce visual noise. This helps to keep the focus on the main data points.
6. Guide with Visual Cues
Arrows and Lines: Use arrows, lines, or other visual guides to lead the viewer’s eye towards the most important parts of the visualization.
Flow and Movement: Arrange elements in a way that guides the viewer’s eye in a logical flow, such as from top to bottom or left to right.
7. Use Appropriate Chart Types
Right Chart for the Data: Choose the chart type that best represents the data and supports the key message. For instance, use a bar chart for comparisons, a line chart for trends, and a pie chart for parts of a whole.
Avoid Overly Complex Charts: Sometimes simpler charts are more effective in conveying the message clearly and quickly.
8. Interactive Elements (for digital visualizations)
Hover and Click: Allow users to hover over or click on elements to get more information. This can reveal additional details without cluttering the main visualization.
Filters and Zoom: Provide interactive filters and zoom options to let users explore the data at their own pace and focus on the aspects most relevant to them.
Example Implementation
Consider a line chart showing the annual revenue of a company over a decade:

Title: Use a descriptive title like “Company X Annual Revenue Growth (2013-2023)” to immediately inform viewers of the subject.
Highlight Key Data Points: Use a bright color to highlight the peak and lowest revenue years. Add annotations explaining significant events that led to these changes, such as “New product launch” or “Market downturn.”
Consistent Color Scheme: Use a consistent color for the line representing revenue, ensuring it stands out against a neutral background.
Annotations and Direct Labels: Directly label the peak and low points on the line with brief annotations to provide context.
Whitespace: Maintain ample whitespace around the chart to avoid clutter and keep the focus on the line trend.
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Graphic Exercise – Count the 6’s
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Don’t over tax your audience Exercise – Count the number of sixes - 9 sixes
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This is a lot easier than the previous example



THINK LIKE A 
DESINGER
Form follows function

• What do we want our audience to do with 

the data (function)?

• Creating a visualization (form) that 

provides a pathway.
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1. Understand Your Audience
Know Your Audience: Identify who will be viewing your visualization and what their needs, preferences, and levels of expertise are. Tailor your design to their background and expectations.
Purpose-Driven Design: Determine the primary purpose of the visualization. Is it to inform, persuade, compare, or explore? This will guide your design choices.
2. Focus on Clarity and Simplicity
Clear Messaging: Ensure that your visualization has a clear and straightforward message. Avoid adding unnecessary complexity that can distract from the main point.
Minimalism: Use a minimalist approach to design, including only essential elements. Remove anything that doesn’t contribute to understanding the data.
3. Prioritize Visual Hierarchy
Hierarchy of Information: Organize elements to create a visual hierarchy, using size, color, and placement to guide the viewer’s eye to the most important information first.
Emphasis and Focus: Use design elements like bold fonts, bright colors, and larger sizes to emphasize key data points or trends.
4. Effective Use of Color
Purposeful Color Scheme: Choose colors purposefully to convey meaning, such as using red for negative values and green for positive values. Ensure that your color choices enhance understanding.
Contrast and Readability: Ensure sufficient contrast between elements to maintain readability and accessibility. Avoid using too many colors that can confuse the viewer.
5. Balance Aesthetics and Functionality
Aesthetic Appeal: Create visually appealing designs that attract and engage the audience. However, never sacrifice functionality for aesthetics.
Consistent Style: Maintain a consistent style throughout the visualization, including fonts, colors, and line styles, to create a cohesive and professional look.
6. Use Effective Layouts and Spacing
Logical Layout: Arrange elements in a logical and intuitive manner, guiding the viewer through the information in a coherent way.
Whitespace: Use whitespace effectively to separate different sections and reduce visual clutter. This helps focus attention on key data points.
7. Incorporate Interaction and Exploration (for digital visualizations)
Interactive Elements: Include interactive elements like filters, tooltips, and zooming to allow users to explore the data in more depth.
User Control: Provide users with control over their interaction with the data, enabling them to customize their view according to their interests.
8. Iterative Design and Feedback
Prototyping: Create prototypes of your visualization and test them with real users to gather feedback.
Iterative Improvement: Refine your design based on feedback, iterating to enhance clarity, usability, and impact.
9. Attention to Detail
Accuracy: Ensure all data is represented accurately and precisely. Double-check scales, labels, and legends.
Consistency: Maintain consistency in design elements to avoid confusion. This includes aligning elements properly and using uniform spacing and margins.
10. Storytelling with Data
Narrative Flow: Craft a narrative that guides viewers through the data, highlighting key insights and trends. Use annotations and captions to add context and explain the significance of the data.
Engagement: Use storytelling techniques to engage the audience emotionally and intellectually, making the data more relatable and memorable.
Example Implementation
Imagine you are designing a dashboard to present the quarterly sales performance of a company:

Audience Understanding: Sales managers who need to quickly grasp performance metrics.
Clear Messaging: Focus on the key message: “Quarterly Sales Performance”.
Visual Hierarchy: Use larger fonts for titles, bold colors for key metrics, and place the most important charts at the top.
Color Scheme: Use a consistent color palette with distinct colors for positive and negative performance.
Aesthetic and Functional Balance: Create a clean, professional design that is both attractive and easy to navigate.
Interactive Elements: Allow managers to filter data by region or product line.
Iterative Feedback: Share the dashboard prototype with a few managers, gather their feedback, and refine the design accordingly.
Detail and Accuracy: Ensure all sales figures are accurate, labels are clear, and charts are properly scaled.
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CHARTJUNK
The interior decoration of graphics generates a lot of ink that 

does not tell the viewer anything new. The purpose of 

decoration varies—to make the graphic appear more scientific 

and precise, to enliven the display, to give the designer an 

opportunity to exercise artistic skills. Regardless of its cause, it is 

all non-data-ink or redundant data-ink, and it is often chartjunk. – 

Edward Tufte, “The Visual Display of Quantitative Data.”
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Battle between Nice to Know and Essential Information
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Minard’s graphic on Napoleon’s disastrous march and retreat from 
Moscow

Presenter
Presentation Notes
Charles Joseph Minard, produced some of the most highly-regarded infographics ever made, including the 1869 illustration above of Napoleon’s march to, and retreat from, Moscow in the War of 1812.  Just under 600 miles and an estimate that it would take about 215 hours of walking or about a month optimally



THANK YOU
Frank Greene

860.713.6168

Frank.greene@ct.gov
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