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Temporal Data
• Events: position and duration 
• Trajectories: position changes over time 
• Calendar: cyclic, relationship to human structures (weeks, months) 
• Time Series: quantitative values over time
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Temporal Data Tasks
• Statistics: min/max, trends, outliers 
• Difference and rate of change 
• Order & variation 
• Noise vs. signal 
• Correlations (including with events) 
• Space and Time relationships
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Introduction to Cycle Plots
Naomi B. Robbins, Ph.D.

Visual Business Intelligence Newsletter
January 2008

perceptual
edge

Line charts are often used to show a day-of-the-week or a month-of-the-year effect by 
displaying a separate line for each week or month. An analyst might want to know, for ex-
ample, if sales differ by the day-of-the-week or by the month-of-the-year. Figure 1 shows an 
example of the sales of a hypothetical company over an eight week period. It shows clearly 
that sales were highest on Wednesdays and lowest over the weekend. We also notice that 
some days are more variable than others. However, it is diffi cult to determine a trend over 
the eight week period from beginning to end with this plot.
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Figure 1: This line chart uses one line per week to display the sales of a hypothetical 
company by the day-of-the-week over an eight week period.

Periodicity in Temporal Data
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The same data are plotted as a standard end-to-end time series using a single line in Figure 
2, which shows the presence or absence of cycles or trends but loses the information on the 
day-of-the-week or the month-of-the-year effect. It is diffi cult to follow a specifi c day of the 
week with this plot.

Days

Ite
m

s 
So

ld

0 10 20 30 40 50

40

60

80

100

Figure 2: This time series chart shows the data of Figure 1 over the eight week period. Note 
that it is much more diffi cult to determine sales for a particular day, for example for Tuesdays. 

Both types of charts—those with multiple lines and standard time series plots—are in 
common use. But we just saw that each has a strength as well as a weakness in displaying 
day-of-the-week data.

A cycle plot (Cleveland, Dunn, and Terpenning, 1978) shows both the cycle or trend and the 
day-of-the-week or the month-of-the-year effect. Thus the cycle plot retains the strengths of 
both more common plots illustrated above without either of their weaknesses. This article 
introduces the cycle plot and offers before and after examples to compare presentations 
using line charts with separate lines for each period and cycle plots.

Cycle Plots
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Figure 3 shows the same data in a cycle plot, also called a month plot or subseries plot. In 
the Monday series, the sales for the eight Mondays are plotted in time order with a horizontal 
line showing the mean for Mondays. Next the sales for the eight Tuesdays are shown, again 
with the horizontal line showing the mean for Tuesdays. This is continued for each day of the 
week. 
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Figure 3: This cycle plot fi rst plots the fi rst Monday, the second Monday, and on through the 
eighth Monday. Then it plots the fi rst Tuesday, second Tuesday, and so on. The horizontal 
lines show the means for each day of the week. Trends that were much more diffi cult to see 
in Figures 1 and 2 show up clearly in this fi gure.

The features we noticed in Figure 1, such as sales are highest on Wednesdays, are still 
clear. However, so much more is clear in Figure 3 that went unnoticed in the previous ones. 
We now see that sales for Mondays and Wednesdays have increased during the eight 
week period while sales for Tuesdays have decreased. Sales for the other four days were 
less variable and fl uctuated around their means. This is information that any sales manager 
would want to know. This cycle plot immediately raises questions that the manager must 
address, such as “What makes Tuesdays different from Mondays...from Wednesdays, and 
so on?” Perhaps advertisements were placed on Mondays and Wednesdays. Perhaps there 
was a different staff. As you can see from this example, cycle plots allow us to see important 
characteristics of the data that do not show up in standard line charts. Another advantage of 
Figure 3 is that it does not depend on color, so it can be used in black and white publications 
with no loss of clarity.
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Radial Techniques
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THE SYMMETRY OF MY LIFE II
(STILL) AN AUTOBIOGRAPHICAL VISUALIZATION

Charles Perin   |   University of Victoria   |   City, University of London

cperin@uvic.ca

http://charlesperin.net

Radial Techniques
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Connected Scatterplot
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Connected Scatterplot
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Space-Time CubesSpace-Time Cubes

10

[via B. Bach]
D. Koop, CSCI 628, Fall 2021

https://datavis2020.github.io/slides/DataVis2020_7-TemporalData.pdf


Drilling:
Geo-flow

+ Compare regions
+ Look-up regions
+ Details on regions

- Compare far away glyphs 
- Glyphs can become small

Lots of Ways to Operate on Space-Time Cubes
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Fig. 1. The three dimensions of our design space for expressive story-
telling with timelines: representation, scale, and layout.

ations with respect to using different timeline designs in coherent
stories, including whether and how smooth animated transitions
are appropriate for presenting a series of varied narrative points.

The contribution of this paper is twofold. The first contribution
is the introduction and analysis of a design space for storytelling
with timelines. Our analysis ties together five disparate threads
of previous work for the first time: the history of timelines over
the centuries, bespoke interactive timelines presenting a specific
dataset, manually illustrated static timeline infographics, the cur-
rently deployed set of software tools for timeline authoring, and
the visualization research literature. Our second contribution is
a realization of viable timeline designs from our design space
within a sandbox environment, which we used to produce seven
example timeline stories; these stories feature a variety of narrative
points and illustrate the benefits of incorporating multiple timeline
designs linked together by animated transitions. Ultimately, our
work is intended to both ground and inspire the design of future
interactive tools for producing visual timeline stories.

2 BACKGROUND AND RELATED WORK

This section provides background information with regards to
timelines, data-driven storytelling, and the use of animated transi-
tions for preserving context.

2.1 Timelines

A timeline depicts a sequence of events, or interval event data
using the precise terminology of Aigner et al. [5], which is to
be distinguished from instant or continuous quantitative time-
series data. A simple timeline indicates the types of events being
depicted, the number of events, and the order in which they
occurred. A more detailed timeline may indicate when the events
occurred in chronological time, how long they lasted, and whether
any of the events overlapped. Typically, an event is visually
encoded using some graphical mark, such as a line or an icon. The
placement of this mark in relation to an axis representing time and
to other event marks will indicate when the event occurred.

Fig. 2. The linear, chronological form of Joseph Priestley’s Chart of
Biography (1765) dominates the design of contemporary timelines.

2.1.1 Historical Context
Consider Joseph Priestley’s Chart of Biography [74], first pub-
lished in 1765, which is shown in Figure 2. Priestley has drawn
lines along a horizontal chronological axis, running from left to
right, indicating the lifespans of nearly sixty people, and he has
annotated these lines with their names. The vertical positions of
these lines are not meaningful: the lines and annotations are placed
to avoid overlap.

Though most timelines appearing since the late 18th century
bear some resemblance to Priestley’s form, it is by no means the
only and best timeline design [76]. By broadening the scope to
consider timelines produced throughout history [77], one may
encounter a number of visual representations that differ from
Priestley’s design: timelines have taken the form of circles, spirals,
grids, tabular ledgers, pictographic unit charts, and even arbitrary
shapes that evoke spatial metaphors; consider, for instance, the
phrase “an event that changed the course of history.” The events
themselves have also been represented with a variety of graph-
ical marks, including dots, lines, arcs, icons, or polygons. We
reconsider several of these representations in our discussion of
the design space below. While many narratives involving timelines
follow the linear chronological progression of time, some narrative
points refer to patterns or differences in the duration, distribution,
or periodicity of events, or to event sequences and synchronicities.
For example, linear representations can better support points
relating to chronology and sequence, while representations that
evoke analog clock faces or calendars can be more effective in
supporting points about periodic repetition.

2.1.2 Timeline Authoring
Timeline infographics often appear in newspapers, magazines,
textbooks, or online. Unlike the hand-drawn timelines produced
in previous centuries [77], most timeline infographics today are
produced using illustration software. This production medium
allows for considerable expressiveness, and while many timeline
infographics adopt aspects of Priestley’s linear chronological
form, many infographics deviate from this tradition (e.g., [3],
[75], [91]). However, these timelines remain static, and thus it is
difficult to integrate them into larger data-driven stories comprised
of multiple narrative points.

As an alternative to static infographics, timeline authoring
tools (e.g., [13], [39], [45], [48], [65], [68], [83], [98]) allow
a storyteller to easily generate a curated interactive timeline.
TimelineJS [68] and TimelineSetter [83] are two of these tools
that go a step further in that they generate a slideshow presentation
of the timeline with full text descriptions for each event; with

Timeline Design Space
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TABLE 2
Coverage of the 263 items in our survey with respect to 20 viable timeline designs that we identify. Note that some visualization tools may be

capable of producing multiple timeline designs according to our classification. The final column indicates items that cannot be characterized as
one of the 20 viable timeline designs that we identify.

Survey Count

Initial 145 31 60 3 8 1 2 9 10 2 3 3 1 2 3 6 8 6
Validation 118 21 20 2 2 1 1 26 3 1 1 2 1 35 5

Total 263 52 80 5 10 2 3 35 13 2 4 3 2 2 2 3 6 1 43 11

1 2

Fig. 4. Two viable timeline designs that we did not encounter in our survey. 1: A segmented radial chronological timeline of Category 4 and 5
hurricanes between 1960 and 2010, affording comparisons of hurricane severity and periodicity between decades. 2: Faceted radial sequential
timelines depicting the daily routines of famous creative people, affording comparisons of the number and variation of events between people.

+ + ( || ) Relative scales are par-
ticularly appropriate when

combined with a faceted layout to facilitate the comparison of
categorically distinct timelines aligned to a common baseline
event, such as a person’s birth or a patient’s admittance to a
hospital. A unified or segmented relative timeline is functionally
equivalent to a corresponding chronological timeline, albeit one
that begins at time zero, such as in Neurath’s timeline indicating
the average lifespan of various animals [67].

+ +
Grid representations are inherently seg-
mented; consider the common Month-

Week-Day calendar, which has been segmented into these gran-
ularities of time. Without segmentation, a unified grid is reduced
to a single cell corresponding to a single granule of time, being
functionally equivalent to a unified linear sequential timeline.

4.4.3 Opportunities for Innovation in Timeline Design
The remaining combinations of representation, scale, and layout
present opportunities for future research and design innovation.
They provide many potential opportunities for researchers to
propose and evaluate purposeful, interpretable, and generalizable
implementations for these points in the design space. Among them
are 6 combinations represented by 10 items in our survey corpus
that did not satisfy our interpretable or generalizable criteria. The
other combinations that we did not encounter in the survey may
fail to address all three criteria.

( || || ) + +
Logarithmic
scales are

notoriously difficult to interpret [36, p.200], and with the
exception of one particularly dense radial infographic depicting
the evolution of the known universe [50], we have yet to
encounter a logarithmic scale used in combination with a
non-linear representation. In a storytelling context, it cannot be
assumed that the audience has seen a logarithmic time scale
before and knows how to interpret one. As a consequence,
future research is needed to identify purposeful and interpretable
non-linear timelines that incorporate logarithmic scales.

+ +
A timeline that is both faceted and
segmented such as those generated by

Beard et al.’s EventViewer [14] involves a nested partitioning
of the timeline into rows of facets and columns of segments,
or vice versa. As a result, this layout may require a very large
display to accommodate the nested timelines or rely upon navi-
gation via panning and zooming. In a storytelling context, large
displays and navigation may not always be possible, and thus
additional research is needed to identify generalizable techniques
for partitioning timelines into facets and segments that remain
interpretable and appropriate for a storytelling context.

! ( ) + +
We have yet to encounter a time-
line incorporating a interim du-

ration scale aside from two linear timelines by Mercator and

New Designs (Not Found in Survey)
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Time Curves: Folding Time to Visualize
Patterns of Temporal Evolution in Data

Benjamin Bach, Conglei Shi, Nicolas Heulot, Tara Madhyastha, Tom Grabowski, Pierre Dragicevic
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(b) History of the Wikipedia article on Palestine

Fig. 1. The time curve principle: a) a timeline is folded into itself in such a way that similar time points end up being close to each
other; b) Example: a time curve showing the evolution of a Wikipedia article.

Abstract—We introduce time curves as a general approach for visualizing patterns of evolution in temporal data. Examples of
such patterns include slow and regular progressions, large sudden changes, and reversals to previous states. These patterns can
be of interest in a range of domains, such as collaborative document editing, dynamic network analysis, and video analysis. Time
curves employ the metaphor of folding a timeline visualization into itself so as to bring similar time points close to each other. This
metaphor can be applied to any dataset where a similarity metric between temporal snapshots can be defined, thus it is largely
datatype-agnostic. We illustrate how time curves can visually reveal informative patterns in a range of different datasets.

Index Terms—Temporal data visualization, information visualization, multidimensional scaling

1 INTRODUCTION

A large portion of the information we produce is temporal: video
recordings, revision histories, meteorological records, brain scans, or
any digital collection that contains entities recorded at different times.
All such information artefacts reflect dynamic processes with possibly
complex patterns of evolution. For example, an article being writ-
ten can stagnate or progress quickly, or can undergo reversals in case
of a disagreement between multiple authors. Brain activity can vary
between different states, reflecting changing external stimuli and cog-
nitive processes. Weather is chaotic in the short run but follows steady

• Benjamin Bach is with Microsoft Research-Inria Joint Centre. E-mail:
benj.bach@gmail.com.

• Conglei Shi is with the IBM T.J, Watson Research Center, Yorktown
Height, NY. E-mail: shiconglei@gmail.com.
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• Tara Madhyastha is with the Department of Radiology at University of

Washington. E-mail: madhyt@u.washington.edu.
• Tom Grabowski is with the Department of Radiology and Neurology at

University of Washington. E-mail: tgrabow@u.washington.edu.

Manuscript received 31 Mar. 2015; accepted 1 Aug. 2015; date of
publication xx Aug. 2015; date of current version 25 Oct. 2015.
For information on obtaining reprints of this article, please send
e-mail to: tvcg@computer.org.

cyclic patterns on a larger scale (seasons), and trends on an even larger
scale (climate). All such temporal patterns that can be of great interest
to domain experts or to a more general audience.

Many temporal data exploration tools have been developed that can
help better understand such patterns (for reviews see [2, 5, 8]), but
they are typically domain-specific or assume a particular data struc-
ture, such as multidimensional tabular data. Yet information artefacts
are diverse and many of them are largely unstructured (e.g., plain text
or photos). Developing specialized visualization tools for each possi-
ble domain and type of dataset can be costly and impractical. Thus we
need to develop more visual representations of temporal data that can
be applied to a range of datasets. Such visual representations can not
only help to reduce production costs, but can also be learned once for
all and become part of the repertoire of charts routinely used in pub-
lic communication. By introducing time curves, we show that while
each temporal dataset is different, many such datasets share similar
high-level patterns of temporal evolution that do not necessarily re-
quire elaborate and specialized techniques to be seen.

The time curve technique is a generic approach for visualizing tem-
poral data based on self-similarity. It only assumes that the underly-
ing information artefact can be broken down into discrete time points,
and that the similarity between any two time points can be quantified
through a meaningful metric. For example, a Wikipedia article can be
broken down into revisions, and the edit distance can be used to quan-
tify the similarity between any two revisions. A time curve can be seen
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