
IDV 2020/2021

Interactive Data Visualization

Evaluating Visualization Techniques

09



Evaluating Visualization Techniques - 

Notice

! Author 

" João Moura Pires (jmp@fct.unl.pt) 

! This material can be freely used for personal or academic purposes without 

any previous authorization from the author, provided that this notice is kept 

with. 

! For commercial purposes the use of any part of this material requires the 

previous authorisation from the author.

2



Evaluating Visualization Techniques - 

Bibliography …

3



Evaluating Visualization Techniques - 

Table of Contents

! Introduction 

! User Tasks  

! User Characteristics  

! Data Characteristics  

! Visualization Characteristics  

! Structures for Evaluating Visualizations 

! Benchmarking Procedures 

! Examples of Visualization Benchmarking

4



Evaluating Visualization Techniques - 

Interactive Data Visualization

Introduction

5



Evaluating Visualization Techniques - 

Which visualization technique(s) should I use?

! It depends on specific task or tasks the user wishes to accomplish, the 

characteristics of the data, and the user’s level of experience in using 

visualization to help solve problems.  

! How to determine under what conditions a particular technique is better than 

other techniques  

! Whether a modification made to a particular method improves or makes worse 

some aspect of the technique 

! Performing rigorous evaluation is difficult and time-consuming !
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User Tasks

! Peter R. Keller and Mary M. Keller. Visual Cues: Practical Data Visualization, 1994 

propose a list of actions: 

! identify: to recognize an object based on the characteristics presented, such as 

finding a fracture in an x-ray;  

! locate: to establish the position of an object;  

! distinguish: to determine that an object is distinct or different from another; 

! categorize: to classify objects into distinct types, such as different land cover or 

material types;  

! cluster: to group similar objects based on some relationship. A related action is 

to segment, which consists of separating dissimilar objects; 
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User Tasks

! Peter R. Keller and Mary M. Keller. Visual Cues: Practical Data Visualization, 1994 

propose a list of actions: 

! rank: to place a group of objects in an order, such as numerical or chronological;  

! compare: to examine the similarities and differences between two or more 

objects where ordering is not possible, such as masking the intersection of two 

data sets to reveal how they differ;  

! associate: to draw a relationship between two or more objects, such as linking 

temperature and location in weather maps;  

! correlate: to find a causal or reciprocal relationship between two or more objects, 

such as determining the relationship between interest rates and economic 

growth. 
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User Tasks - degree of accuracy

! In deciding if a particular visualization technique is useful for accomplishing one 

or more such tasks, one needs to have a clear vision of the degree of accuracy 

with which it needs to be accomplished.  

! Is it essential to correctly identify every occurrence of an object?  

! What rate of classification or ranking error is acceptable? 

! At what resolution is the location of an object needed? 

! How many falsely labeled correlations are acceptable? 

! For what data characteristics is it important that errors be minimized?
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User Characteristics

! Users can be classified based on their knowledge and skills:  

! Familiarity with domain. How much expertise does the user have with the domain 

of the data being explored?  

! Familiarity with task. How much experience has the user had in performing the 

desired task? Note that this differs from the previous point, as someone could 

have significant domain experience, but minimal experience in a particular task.  

! Familiarity with data. Has the user examined this data previously and formed a 

reasonable mental model of its contents, or is this her first exposure to it? Is it 

similar to other data sets she has examined? 
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User Characteristics

! Users can be classified based on their knowledge and skills:  

! Familiarity with the visualization technique. Is this the user’s first attempt to 

interpret the data using this particular kind of visualization, or has she spent 

considerable time using the technique?  

! Familiarity with the visualization environment. Has the user employed the 

particular tool (or a similar one) in the past, or is it her first exposure? This differs 

from the previous factor, as a visualization technique can be implemented in 

several different packages, and aspects of the packages themselves can 

influence the effectiveness of the exploration of the data. 
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User Characteristics

! In an ideal evaluation using human subjects, we would want the range of 

characteristics of the participants to be as similar as possible to the intended 

audience for the technique 

! The results should be evaluated by grouping people with similar characteristics 
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Data Characteristics

! In an ideal assessment, a large variety of data sets should be tested, and they 

should span the range of characteristics found in the domain for which the 

visualization is being designed.  

! Type. In many cases, the data is all of the same type (e.g., floating-point 

numbers). Often, however, it is a mixture of types, such as text intermingled with 

numbers. All combinations of types that can occur should be tested.  

! Size. Data sets in a particular domain can often take on a wide range of sizes, 

from a few records to thousands or millions of records. Tests should cover the 

normal size range, as well as extreme values for the size. 
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Data Characteristics

! Dimensionality. While in many scientific domains the data generally have fixed 

dimensionality (one, two, or three), it is generally useful to test a visualization 

with all possible subsets of dimensions (slices or projections), as well as, with 

the normal dimensionality.  

! Number of parameters. The normal number of parameters in a data set varies 

widely from one domain to another. Visualization techniques should be tested 

with both univariate and multivariate data sets (unless only univariate data 

exists); indeed, a common test is to ascertain the maximum number of 

parameters that can be effectively displayed by a technique. 
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Data Characteristics

! Structure. In a data set, the structure of the data can be simple (e.g., a uniform 

grid or a table) or complex (e.g., hierarchical). Visualization techniques should be 

tested using all commonly encountered structures within the domain  

! Range. Objects in data sets can take on a wide range of values. Testing should 

involve exercising the entire range of possible values, including the extremes of 

the range.  

! Distribution. Data can be uniformly or non-uniformly distributed, both in values 

and in attributes (such as spatio-temporal position). Tests should include some 

extreme cases.  

! Real vs. Synthetic. For some types of evaluation (e.g., size tests) synthetic data  

is fine, but in general it is more convincing to use real data.
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Data Characteristics

! Few domains have made concerted efforts to gather large numbers of data sets 

for testing: 

! The machine learning archive at the University of California 

! StatLib repository at CMU 

! Some Links: 

! http://lib.stat.cmu.edu/datasets/ 

! https://github.com/caesar0301/awesome-public-datasets 

! https://aws.amazon.com/public-datasets/ 

! https://archive.org/details/datasets
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Interactive Data Visualization
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Visualization Characteristics

! Aspects of the visualization that can be evaluated: 

! Computational performance. How quickly can the visualization be generated, 

using data sets of various sizes?  

! Memory performance. How much computer memory is required to generate the 

visualization?  

! Data limitations. What are the upper and lower bounds for the size and 

complexity of the data that can be visualized with this technique? At what point 

does the amount of information extractable from the visualization stabilize or 

decrease with increased data size/complexity? At what point does the error rate 

for performing the task increase to an unacceptable level? 
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Visualization Characteristics

! Degree of occlusion. What is the likelihood that some subset of the data to be 

displayed will be occluded by other parts of the visualization? How much is normally 

occluded?  

! Degree of complexity. What is the normal learning curve for the technique? How 

many parameters does the user need to set in order to generate views? How much 

knowledge is needed to set and adjust these parameters effectively?  

! Degree of usability. How easy is it to perform the task? How intuitive is the 

interpretation of the visualization? How intuitive are the controls for interactions?  

! Degree of accuracy. How frequently is the user successful or unsuccessful in 

performing the desired task with this technique? Under what conditions are errors 

made, and how bad are the errors (i.e., distance from correctness)?
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Interactive Data Visualization

Structures for Evaluating Visualizations 
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Structures for Evaluating Visualizations

! Forms of evaluation for interactive systems have been developed within the field 

of human-computer interaction,  applicable to data and information visualization: 

! Usability tests. These evaluations concentrate on “the Five E’s”: effective, 

efficient, engaging, error tolerant, and easy to learn [398].  

! Observing users attempting to perform tasks, and noting the types of 

difficulties they are having, the features they commonly use, and their level of 

comfort/satisfaction with the tool.  

! Often, the evaluation starts with some usability goals or requirements, and the 

result of the evaluation indicates whether the goal or requirement has been 

met or not. 
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Structures for Evaluating Visualizations

! Field tests. Unlike usability tests, which are often carried out in a controlled 

environment over a short period of time to better enable measurement, field tests 

are performed in the natural environment of the typical user and may last for 

weeks or months. 

! Field tests attempt to assess the degree to which the new technique or tool 

becomes an integral part of a user’s activities once the initial curiosity and 

learning curve have been overcome.  

! The results of field tests are often qualitative, and may change significantly 

over time. They can be effective, especially if users are encouraged to submit 

questions and critiques that can lead to clarifications and improvements in 

functionality. 
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Structures for Evaluating Visualizations

! Case studies and use cases 

! Rather than using experts, users, or student volunteers in evaluation, some 

visualization researchers attempt to validate the effectiveness of their 

techniques by showing real (or sometimes contrived) examples of how their 

method can be used in solving a particular problem or performing a given 

task.  

! The key to this sort of evaluation is to ensure that the case studies are 

sufficiently realistic so that someone with a particular task to perform can be 

convinced that at least one of the case studies is 
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Benchmarking Procedures

! Benchmarking is a formal procedure for evaluating the performance of some 

object or set of objects: 

! Evaluating the speed of a car or user-friendliness of an interface. 

! Benchmarks can be quantitative (resulting in a number) or qualitative 

(resulting in a relative judgment). 

− In general, quantitative benchmarking experiments are easier to set up and 

execute than qualitative experiments.

28

! Steps: 

" Formulate a hypothesis  

" Design the experiments 

" Execute the experiments  

" Analyze the results and validate the 

hypothesis 
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Benchmarking Procedures

! Formulate a hypothesis  

! A specific statement about one or more attributes of the object being 

assessed, such as “System A allows novice users to more easily identify 

clusters in data sets containing 5 – 10 dimensions and 1000 to 10000 data 

points than system B.” 

! Care must be taken in designing a hypothesis that isn’t too general, stating as 

a hypothesis that system A is “better” than system B is very difficult to prove 

or disprove.  

! It is a good idea if the hypothesis includes information about task, user, and 

data.
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Benchmarking Procedures

! Design the experiments   

! Create tests that vary only a single attribute at a time.  

! Measuring the usability of a tool would require the subjects to perform 

identical tasks that exercise only the usability issue, and not peripheral issues 

such as the color scheme or the hardware speed.
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Benchmarking Procedures

! Execute the experiments  

! Factors such as the training of human subjects are critical 

! Each participant should get a similar amount of instruction on performing 

the experiments, including identifying the procedure they should follow, 

the expected format of their responses, and the pace at which they should 

proceed.  

! The amount of time provided should be reasonably constrained, as users 

often will respond differently, given differing time constraints  

! Audience should be of sufficient size to make the results statistically 

significant. For testing a single attribute of a visualization, at least 15–20 

subjects with similar backgrounds.
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Benchmarking Procedures

! Analyze the results and validate the hypothesis.  

! It is then necessary to ascertain whether  

! the hypothesis is supported, 

! the hypothesis is refuted, or 

! there is insufficient evidence to support or refute the hypothesis.  

! Generally, one is looking for results that are statistically significant, e.g., they 

are far enough from random to indicate credibility.  

! For quantitative variables of the experiments, such as data set size, it is useful 

to plot results against the variable.
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Interactive Data Visualization

An Example of Benchmarking
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Context

! Using social semantic knowledge to improve annotations in personal photo 

collections, PhD from Nuno Datia, 2015 

! The Logical Day Event Segmentation (LDES) algorithm uses the creation time of 

photos to fulfill a base segmentation. The spatial information is used to fine-tune 

the limits of each segment.  

! The LDES was tested by a set of volunteers.  

! The research statement of the study is that users accept the segmentations 

suggested by LDES, with minor changes 
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Experiment Analysis
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Interactive Data Visualization

Another Example of Benchmarking
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Another Example of Benchmarking

! A set of experiments for assessing. 

" The strengths and weaknesses of three multivariate visualization techniques, 

namely scatterplot matrices, parallel coordinates, and star glyphs,  

" Two distinct tasks: cluster analysis and outlier detection. 
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Another Example of Benchmarking

! Outlier Detection and Measurement Experiments  

" Stage 1. develop a quantifiable definition for an outlier and create an algorithm 

capable of labeling data points appropriately 

" Stage 2. Data sets, both real and simulated, were then acquired or generated 

that contained outliers, according to the definition in Stage 1. For some data 

sets, the degree of separation between the outliers and the main bodies of 

data points were varied to test subject sensitivity 

" A total of six outlier experiments were designed, and each was repeated 

three times for the three visualization techniques being tested. 
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Another Example of Benchmarking

! A set of experiments for assessing. 

" The strengths and weaknesses of three multivariate visualization techniques, 

namely scatterplot matrices, parallel coordinates, and star glyphs,  

" Two distinct tasks: cluster analysis and outlier detection.  

! Outlier Detection and Measurement Experiments  

" Stage 1. develop a quantifiable definition for an outlier and create an algorithm 

capable of labeling data points appropriately 

" Stage 2. Data sets, both real and simulated, were then acquired or generated 

that contained outliers, according to the definition in Stage 1. For some data 

sets, the degree of separation between the outliers and the main bodies of 

data points were varied to test subject sensitivity
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Another Example of Benchmarking

! Stage3.  

" The subjects (19 computer science graduate students with minimal exposure 

to data visualization) were trained to interpret the visualization technique(s) to 

be assessed and given examples of data sets with identified 

outliers(approximately one hour of training). 

" They were shown a set of 18 images of data sets containing between 0 and 6 

outliers. The subjects were asked not to spend more than one minute per 

image. The tasks given to them were:  

− Determine if an image contains one or more outliers.  

− Identify the points believed to be outliers.  

− Estimate the degree of separation of each outlier on a 5-point scale.
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Another Example of Benchmarking

! Stage 4. 

" Given the subject responses, the usefulness of each visualization method 

tested was assessed in terms of outlier detection and measurement across 

data sets with different characteristics.  

" The percentages of correctly and incorrectly detected outliers were tallied. 

" The average error in estimating the degree of separation. 
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Another Example of Benchmarking

! See the Cluster Detection and Measurement Experiments on page 442 

! For both tasks,  

" scatterplot matrices generally fared best,  

" followed by star glyphs positioned by principal component analysis,  

" and lastly by parallel coordinates 
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Interactive Data Visualization

One more example for Data VIS
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Interactive Data Visualization

Visualização de dados para auxiliar a defesa da floresta contra 
incêndios

- Manuel de la Cueva -
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LINK

https://cogent-density-234417.appspot.com/platform/Plataforma%20de%20avalia%C3%A7%C3%A3o/indexB.html
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Interactive Data Visualization

Further Reading and Summary
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Further Reading

! Pag 431 - 445 from  Interactive Data Visualization: Foundations, 

Techniques, and Applications, Matthew O. Ward, Georges Grinstein, 

Daniel Keim, 2015 

! See also Chapter 16 Research Directions in Visualization, 475 - 487
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