
Chapter 14  
 

Reduce Items and Attributes  
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The Big Picture  

ÅDatasets are large and complex  

ïShowing everything in a view Ą visual clutter  

ïThere are five options for handling complexity  

ÅChange view over time  

ïmost obvious, most popular, and most flexible one  

ÅDerive new data (chap 4)  

ÅFacet into multiple views (chap. 13)  

ÅReduce items and attributes (chap 14)  

ÅEmbed: Focus + Context in a single view (chap 15)  

ïAre not mutually exclusive, and various 
combinations of them are common  

 

 
Vis/Visual Analytics, Chap 14 Reduce CGGM Lab., CS Dept., NCTU  Jung Hong Chuang 2 



The Big Picture  

ÅReduce what is shown at once within a view  

ïFiltering ï eliminate elements  

ÅItems or attributes  

ïAggregate ï combines many together  

ÅItems or attributes  
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The Big Picture  
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Why Reduce?  

ÅReducing the amount of data shown in a 
view  

ïAn obvious way to reduce its visual complexity  

ïThe challenge is to minimize the chance that 
information important to the task is hidden  

ÅFiltering simply eliminate elements  

ÅAggregation  

ïCreates a single new element that stands in for 
multiple others that it replace  
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Why Reduce?  

ÅTrade -off between filtering and aggregation  

ïFiltering is very straightforward for users to 
understand and to compute  

ÅPeople tend to have ñout of sight, out of mindò mentally 
about missing information  

ïAggregation can be somewhat safer cognitively  

ÅThe stand - in element is designed to convey information 
about the entire set of information it replaces  

ÅIt cannot convey all omitted information. The challenge 
is how and what to summarize in a way that match well 
with the dataset and task  
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Filter  

ÅApplied to both items and attributes  

ïChallenge come in designing a vis system where 
filtering can be used to effectively explore a 
dataset  

ÅTo do filtering, users need to select a ñrangeò, the 
problem is that users do not know the dataset yet  

ÅIn an interactive vis context, filtering is often 
accomplished through dynamic queries  

ïThere is a tightly coupled loop between visual encoding 
and interaction, so that users can immediately see the 
result of the intervention  

ïOften the filtering is standard GUI widgets  

» Sliders, buttons, comboboxes, text fields  
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Filter  
Item Filtering  
ÅTo eliminate items based on their values 

w.r.t specific attributes  

ïFewer items are shown, # of attributes does not 
change  

ÅEx: FilmFinder  

ïData  

ÅA movie database: A table with 9 value attributes  

ïGenre, year made, title, actors, actresses, directors, rating, 
popularity, length  

ïEncoding  

ÅInteractive scatterplot  

ïItems are movies color coded by genre  

ïAxes: year made vs. popularity  
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Filter  
Item Filtering  
ÅEx: FilmFinder  

ïFiltering  

ÅDual slider ï select both a minimum and a maximum  

ÅSeveral alpha sliders ï tuned for selection with text 
strings  

ïDisplay  

ÅMultiform overview -detail views  
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Filter  
Item Filtering  
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FilmFinder features tightly coupled interactive  
filtering, where the result of moving sliders and  
pressing buttons is immediately reflected in the  
visual encoding. (a) Exploration begins with an  
overview of all movies in the dataset. (b) Moving  
the actor slider to select Sean Connery filters out  
most of the other movies, leaving enough room to  
draw labels. (c) Clicking on the mark representing  
a movie brings up a detail view.  



Filter  
Attribute Filtering  
ÅTo eliminate attributes  

ïTo show the same # of items, but fewer 
attributes for each item  

ïOften used in conjunction with attribute 
ordering  

ÅIf attributes can be ordered according to a derived 
attribute that measures the similarity between them, all 
of the high -scoring attributes or lower -scoring 
attributes can be filtered out  

ÅItem filtering and attribute filtering can be 
combined  
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Filter  
Attribute Filtering  
Ex: DOSFA 

ÅAttribute filtering with attribute ordering  

ÅDataset  

ï215 attributes, representing word counts  

ï298 points representing documents  

ÅEncoding  

ïStar plots  

ÅOriginal star plots are so densely packed that little 
structure can be seen  

ÅAfter attribute ordering and filtering, the star plots 
show clear pattern  
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Filter  
Attribute Filtering  
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The DOSFA idiom shown on star glyphs with a medical records dataset of  
215 dimensions and 298 points. (a) The full dataset is so dense that patterns  
cannot be seen. (b) After ordering on similarity and filtering on both similarity  
and importance, the star glyphs show structure.  
  



Filter  
Attribute Filtering  

Vis/Visual Analytics, Chap 14 Reduce CGGM Lab., CS Dept., NCTU  Jung Hong Chuang 14 



Aggregate  

ÅA group of elements is represented by a 
new derived element that stand in for the 
entire group  

ïTypically involves the use of a derived attribute  

ÅSimple Ex: average, minimum, maximum, count, sum, 
but rarely an adequate solution!  

ïAre rarely good solutions!  

ïChallenge: avoid eliminating the interesting 
signal in the process of summarization  

ïA powerful design choice, particularly when used 
within interactive idiom  

ÅChange the level of aggregation on the fly to inspect 
the dataset at different levels of detail  
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Aggregate  
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Different data with same mean,  
variance, and correlation 
 
Dataset 1: ok 
Dataset 2: nonlinear 
Dataset 3: a single outlier leads to 
  a misleading regression line! 
Dataset 4: dramatically mislead! 



Aggregate  
Item Aggregation  
ÅThe most straightforward use of item 

aggregation is within static visual encoding 
idioms  

ïIts full power and flexibility can be harnessed by 
interactive idioms where the view dynamically 
changes  

ÅExamples  

ïHistograms  

ïContinuous scatterplots  

ïBoxplot charts  

ïSolarPlot  

ïHierarchical parallel coordinates  
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Aggregate  
Item Aggregation  
ÅHistograms  

ïShows the distribution of items within an 
original attribute  

ÅEX.  Shows the distribution of weights for all the cats in 
a neighborhood, binned into 5 -pound blocks  

ïCompared to bar charts  

ÅHistogram can be continuous  

ÅHistograms do not show the original table directly  

ïIs an aggregation idiom that shows a derived table that is 
more concise than the original dataset  

ÅThe choice of bin size is crucial and tricky  

ïCompute the # of bins based on the dataset characteristics  

ïUser -controlled + interactivity; to see how the histogram 
changes  
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Aggregate  
Item Aggregation  
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The histogram idiom aggregates an arbitrary number of items into a  
concise representation of their distribution.  



Aggregate  
Item Aggregation  
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Aggregate  
Item Aggregation  
ÅContinuous scatterplots  

ïSolve the occlusion problem by plotting an 
aggregate value rather than  drawing every 
single item as an individual point  

» Size coding and text labels exacerbates the problem  

ÅUse color coding at each pixel to indicate the density of 
overplotting , often with transparency  

ïUse an aggregate derived attribute: overplot density  

ÅEx: Dataset: tornado air - flow dataset  

ïHorizontal axis: magnitude of the velocity  

ïVertical axis: z -direction velocity  

ïThe density is shown with a log -scale sequential colormap 
with monotonically increasing luminance  

» Starts with dark blue at the low end, continuous with 
reds, and then yellows and whites at the high end  
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Aggregate  
Item Aggregation  
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The continuous scatterplot idiom uses color to show the density at each  
location, solving the problem of occlusion from overplotting and allowing  
scalability to large datasets. 
  



Aggregate  
Item Aggregation  

Vis/Visual Analytics, Chap 14 Reduce CGGM Lab., CS Dept., NCTU  Jung Hong Chuang 23 



Aggregate  
Item Aggregation  
ÅBoxplots  

ïShows an aggregate statistical summarization  of 
all the values that occur within the distribution 
of a single quantitative attribute  
ïMedian (50% point)  

ïLower and upper quartiles (25% and 75%)  

ïUpper and lower fences  

» Values beyond the fences should be counted as outliers  

ÅEncoding of these 5 numbers  

ïGlyph that relies on vertical spatial position  

ïCore box stretches between the lower and upper quartiles  

ïA horizontal line at the median  

ïWhiskers ï vertical lines that extend from the core box to 
the fences  

ïOutliers ï discrete dots  
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Aggregate  
Item Aggregation  
ÅBoxplot  

ÅShows the spread, the degree of dispersion with the 
extent of the box  

ÅHandle unimodal data  

ÅVase plot  
ÅShows a variable -width variant  

ÅUses an additional spatial dimension within the glyph 
by altering the width of the core box according to the 
density  

ÅAllows a visual check to see if the distribution is instead 
multimodal, with multiple peaks  

ÅBoxplot charts  

ïFeature multiple boxplots within a shared frame 
to contrast different attribute distributions  
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Aggregate  
Item Aggregation  
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The boxplot is an idiom presenting summary statistics for the distribution  
of a quantitative attribute, using five derived values. These plots illustrate  
four kinds of distributions: normal (n), skewed (s), peaked (k), and multimodal (mm).  
(a) Standard box plots. (b) Vase plots, which use horizontal spatial position  
to show density directly.  



Aggregate  
Item Aggregation  
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Aggregate  
Item Aggregation  
ÅControllable aggregation  

ïInteresting use of aggregation in vis involve 
mapping between individual items and the 
aggregated visual mark changes on the fly  

ÅSimple case  

ïallow users to explicitly request aggregation and 
deaggregation of item set  

ÅMore sophisticated cases  

ïdo these operation automatically as a result of higher - level 
interaction and navigation  

ÅSolarPlot  

ïA radial histogram with an interactively 
controlled aggregation  

ÅCircle size change Ą aggregation level changes  
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Aggregate  
Item Aggregation  
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The SolarPlot circular histogram idiom provides indirect control of aggregation  
level by changing the circle size. (a) The small circle shows the increase in  
ticket sales over time. (b) Enlarging the circle shows seasonal patterns in  
addition to the gradual increase. (Dataset: ticket sale over time, 30 years in total)  



Aggregate  
Item Aggregation  
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Aggregate  
Item Aggregation  
ÅHierarchical aggregation  

ïConstruct the derived data of a hierarchical 
clustering of items in the original dataset and 
allow the use to interactively control the LOD to 
show  

ÅHierarchical parallel coordinates  
ÅCompute derived data: a hierarchical clustering of the 

items  

ÅCompute statistics about each cluster  

» # of items, mean, minimum, maximum, depth  

ÅA cluster is coded by a band of varying width and 
opacity  

ïClusters are color coded according to their proximity in the 
hierarchy  
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Aggregate  
Item Aggregation  
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Hierarchical parallel coordinates provide multiple levels of detail.  
(a) The single top cluster has large extent. (b) When several clusters are  
shown, each has a smaller extent. (c) When many clusters are shown,  
the proximity -based coloring helps them remain distinguishable from each other. 



Aggregate  
Item Aggregation  
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Aggregate  
Attribute Aggregation  
ÅSimple one  

ïGroup attributes by similarity measure  

ïSynthesize the new attribute by calculating an 
average  

ÅMore complex methods  

ïDimension reduction  

ÅTo preserve the meaningful structure of a dataset while 
using fewer synthetic attributes to represent the items  

ïHinges on the assumption that there is hidden structure 
and significant redundancy in the dataset because the 
underlying latent variables could not be measured directly  

ÅMethods  

ïMultidimensional scaling (MDS), PCA  
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Aggregate  
Attribute Aggregation  
Ex: DR for document collections  

ÅDocument collection Ą a derived high -dim 

table  

ïFeature vector: the word count vector  

ÅVery sparse  

ïTable: item - feature vector  

ÅDR 

ïAnalyze the different distribution of words 
between documents or to find clusters of 
related documents  

ïTypically shown with a scatterplot for cluster 
discovery  
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Aggregate  
Attribute Aggregation  
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Dimensionality reduction of a large document collection using Glimmer for  
multidimensional scaling. The results are laid out in a single 2D scatterplot,  
allowing the user to verify that the conjectured clustering shown with color  
coding is partially supported by the spatial layout.  



Aggregate  
Attribute Aggregation  
ÅA typical analysis scenario ï a chained seq  

1. A low -dim table is derived using MDS  

2. The low -dim data is encoded as a color -coded 
scatterplot  

3. To produce annotations by adding text labels to 
the verified clusters  
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Aggregate  
Attribute Aggregation  
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A chained sequence of whatïwhyïhow analysis instances for the scenario  
of dimensionality reduction of document collection data.  



Aggregate  
Attribute Aggregation  
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