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Abstract ðIn this paper we investigate the effectiveness of animated transitions between common statistical data graphics such 

as bar charts, pie charts, and scatter plots. We extend theoretical models of data graphics to include such transitions, introducing 

a taxonomy of transition types. We then propose design principles for creating effective transitions and illustrate the application of 

these principles in DynaVis, a visualization system featuring animated data graphics. Two controlled experiments were conducted 

to assess the efficacy of various transition types, finding that animated transitions can significantly improve graphical perception. 

Index Terms ðStatistical data graphics, animation, transitions, information visualization, design, experiment

1 INTRODUCTION 

In both analysis and presentation, it is common to view a number of 
related data graphics backed by a shared data set. For example, a 
business analyst viewing a bar chart of product sales may want to 
view relative percentages by switching to a pie chart or compare 
sales with profits in a scatter plot. Similarly, she may wish to see 
product sales by region, drilling down from a bar chart to a grouped 
bar chart. Such incremental construction of visualizations is regularly 
performed in tools such as Excel, Tableau, and Spotfire. 

The visualization challenge posed by each of these examples is to 
keep the readers of data graphics oriented during transitions. Ideally, 
viewers would accurately identify elements across disparate graphics 
and understand the relationship between the current and previous 
views.  This is particularly important in collaborative settings such as 
presentations, where viewers not interacting with the data are at a 
disadvantage to predict the results of transitions. 

Animation is one promising approach to facilitating perception of 
changes when transitioning between related data graphics. Previous 
research has found that animated transitions may help keep viewers 
oriented [20, 24], facilitate learning [3] and decision-making [9], and 
increase levels of engagement [24]. However, others have noted that 
animation can be problematic [2, 5, 24]. Animation is no guarantee 
of improved performance, involves issues of timing and complexity 
that static depictions avoid, and may mislead if the animations 
violate the underlying data semantics. Consequently, efforts to add 
animation to standard data graphics require careful study.  

In this paper, we investigate the design of animated transitions 
between statistical data graphics backed by a shared data table. We 
extend theoretical treatments of data graphics to include transitions 
and introduce a taxonomy of transition types. We then posit design 
guidelines for animated transitions and apply these principles in 
DynaVis, a visualization system featuring animated data graphics. 
Our primary contribution, however, is two controlled experiments 
conducted to assess the efficacy of animated transitions. We find that 
appropriately-designed animated transitions significantly improve 
graphical perception at both syntactic and semantic levels of analysis. 

2 ANIMATION 

Animation has proven popular in user interfaces due in part to its 
intuitive and engaging nature. Moreover, the perceptual literature 
suggests that animation may be used to improve interaction and 
understanding. First, motion is highly effective at attracting attention, 
and unlike many other visual features is easily perceived in 
peripheral vision [17]. This suggests that animation may be fruitfully 

applied to direct attention to points of interest. Second, animation 
facilitates object constancy for changing objects [17, 20], including 
changes of position, size, shape, and color, and thus provides a 
natural way of conveying transformations of an object. Third, 
animated behaviors can give rise to perceptions of causality and 
intentionality [16], communicating cause-and-effect relationships 
and establishing narrative. Fourth, animation can be emotionally 
engaging [24, 25], engendering increased interest or enjoyment.  

However, each of the above features can prove more harmful 
than helpful. Animationôs ability to grab attention can be a powerful 
force for distraction. Object constancy can be abused if an object is 
transformed into a completely unrelated object, establishing a false 
relation. Similarly, incorrect interpretations of causality may mislead 
more than inform. Engagement may facilitate interest, but can be 
used to make misleading information more attractive or may be 
frivolousða form of temporal ñchart junkò [23]. Additionally, 
animation is ephemeral, complicating comparison of items in flux.  

Furthermore, there remain a number of issues when applying 
animation, such as time/error tradeoffs. Animations that are too slow 
may prove boring or degrade task times, while those that are too fast 
may result in increased errors. Optimal times may be hard to predict 
and subject to both the complexity of the scene and the familiarity of 
the viewer. These and other issues have led some researchers to 
instead advocate the use of static depictions of changes [2, 24]. The 
upshot is that animation is a double-edged swordðdesigners must 
take both the benefits and pitfalls under consideration. 

2.1 Principles for Animation  

Given the vast design space available to animators and the potential 
pitfalls of animation misuse, guidelines have been proposed for 
crafting effective animations. Lasseter [13] shares principles of hand-
drawn character animation, such as squash-and-stretch, exaggeration, 
anticipation, staging, and slow-in slow-out timing. Zongker and 
Salesin [27] discuss the use these principles for creating animated 
presentations in their Slithy framework. They suggest making all 
movement meaningful, eschewing principles which promote the 
agency of animated items over the semantics of the animation, such 
as squash-and-stretch and exaggeration. On the other hand, they 
endorse the use of anticipation and staging to direct attention and 
partition animations such that only one action happens at a time. 

The psychologists Tversky et al [24] cast a skeptical eye on 
animation, finding no benefit for communicating the workings of 
complex systems. However, they make an exception for animated 
transitions in visualizations and suggest two high-level principles for 
effective animation. Their Congruence Principle states ñthe structure 
and content of the external representation should correspond to the 
desired structure and content of the internal representationò and their 
Apprehension Principle states that ñthe structure and content of the 
external representation should be readily and accurately perceived 
and comprehended.ò Interestingly, the congruence principle echoes 
Mackinlayôs expressiveness criteria for automatic generation of static 
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data graphics [14], suggesting that accepted guidelines for 
visualization might also be applied to animation. We revisit these 
principles in greater detail later in the paper. 

2.2 Animation in Information Visualization  

Animation in interactive visualization has been a topic of research 
for over the last decade and a half. Some research has focused on 
systems issues, developing frameworks for applying animation in 
user interfaces. Hudson and Stasko [11] introduced toolkit support 
for animation and the Information Visualizer [19] enabled animation 
and level-of-detail control with a cognitive coprocessor that was 
leveraged by a number of pioneering visualizations (e.g., [20]). Other 
research has focused on designing animations to facilitate perception. 
One approach is to use motion as an additional visual variable within 
which to encode data [1]. Another is to use animation to facilitate 
understanding of transitions between different states of an interface. 
We focus on this second approach. 

Animated transitions have received much attention within tree 
visualization. Cone Trees [20] use animated rotations at multiple 
levels of a tree to bring selected items into view. Yee et al [26] 
introduce valuable heuristics for animating transitions in radial tree 
layouts. SpaceTrees [18] and DOITrees [10] animate tree branches 
as they are expanded and collapsed. Both apply staging, breaking up 

animations into distinct phases. For example, a transition within 
SpaceTree might involve first collapsing a subtree, translating the 
viewing region, and then expanding newly visible subtrees.  

In many cases, the evaluation of animated transitions has relied 
on anecdotal evidence, leaving questions as to their actual efficacy. 
Some systems, however, have been the subject of formal studies of 
animated transitions. StepTree [5], a 3D treemap visualization, uses 
animated fading and resizing to ñzoomò into subtrees. A controlled 
experiment found mixed results in revisitation tasks: one set of users 
successfully used navigation shortcuts in animated conditions, while 
others made more errors relative to static transitions. Bederson and 
Boltman [3] found that animated transitions within a family tree 
explorer improved subjectsô abilities to reconstruct the tree from 
memory, evidence of facilitated learning. Robertson et alôs studies of 
polyarchy visualizations [21] found that use of animated transitions 
improved both task time and user satisfaction. Simple transitions 
(e.g., translation rather than rotation) about 1 second long gave the 
best performance, though user preferences varied.  

More recently, animated transitions have been applied within 
statistical data graphics. The Name Voyager [25] stacked area chart 
visualization uses animation when data is filtered, often including 
scale changes that involve animating gridlines and axis labels. These 
and other related uses of animation are applied in the visualizations 

 
Figure 1. Animatin g from a scatter plot to a bar chart.  The top path directly interpolates between the starting and ending states. The 

bottom path is staged: the first stage moves points to their x -coordinates and updates the x-axis, the second stage morphs the points into bars.  

 
Figure 2. Animating from stacked bars to grouped bars.  The top path directly interpolates between the starting and ending states. The 
bottom path is staged: the first stage changes the widths an d x-coordinates of bars, the second stage drops the bars down to the baseline.  

 
Figure 3. A m ulti -stage animation of changing values in a donut chart.  Stage 1: Wedges split into two rings. Stage 2: Wedges translate 

to be centered on their final position. Stage 3: Wedges then update their values, changing size. Stage 4: Wedges reunite into a single ring.  




