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Abstract 
Time is an important data dimension with distinct 
characteristics that is common across many application 
domains. This demands specialized methods in order to 
support proper analysis and visualization to explore 
trends, patterns, and relationships in different kinds of 
time-oriented data. The human perceptual system is 
highly sophisticated and specifically suited to spot 
visual patterns. For this reason, visualization is 
successfully applied in aiding these tasks and to date a 
variety of different visualization methods for time-
oriented data exist. However, these methods could be 
improved by accounting for the special characteristics 
of time. The main aim of our current research is to 
account for the complex structures of time in visual 
representations, analysis, and the visualization process. 
Especially important are interaction methods that aid 
analysts when dealing with time-oriented data in 
visualization systems. 
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Introduction 
Time is an important data dimension that is common 
across many application domains, like transport, call 
centers, retail, production, health care, police, or 
financial services. Exploring trends, patterns, and 
relationships are particularly important tasks when 
dealing with time-oriented data and information. 
Visualization has been applied to present, explore, and 
analyze such kind of data for a long time and early 
representations trace back to the 11th century [10]. 

In contrast to other quantitative data dimensions that 
are usually “flat”, time has inherent semantic 
structures, which increase its complexity dramatically. 
Especially the hierarchical structure of granularities in 
time, as for example minutes, hours, days, weeks, 
months, is unlike most other quantitative dimensions. 
Specifically, time comprises different forms of divisions 
(e.g., 60 minutes resemble one hour while 24 hours 
resemble one day) and granularities are combined to 
form calendar systems (e.g., Gregorian, Business, or 
Academic calendars). Moreover, time contains natural 
cycles and re-occurrences, as for example seasons, but 
also social (often irregular) cycles, like holidays or 
school breaks. Therefore, time-oriented data need to be 
treated differently from other kinds of data and demand 
appropriate interaction, visual and analytical methods 
to analyze them.  

To tackle these issues, our research work focuses on 
the following areas: 

 Modeling time and time-oriented data 

 Visualization of time-oriented data (in particular the 
integration of the structure of time and the 
representation of temporal uncertainties) 

 Visualization process of time-oriented data 

 Interaction methods for time-oriented data 

 Integration of analytical and interactive visual 
methods that take the structures of time into account 

 User-centered development and evaluation of 
Visual Analytics methods 

 
In the following, we will give a short overview of our 
past, current, and future research activities in the field 
of interactive visualization of time-oriented data. 

Past Research 
CareVis—Integrated visualization of computerized 
medical treatment plans and patient data 
Visualization support for patient data analysis is mostly  
limited to the representation of directly measured data. 
Contextual information on  performed treatment steps 
is an important source to find reasons and explanations  
for certain phenomena in the measured patient data, 
but is mostly spared out in  the analysis process. By the 
development of CareVis, we aimed to fill this gap via 
integrating classical data visualization and visualization 
of treatment information [4]. The tightly coupled views 
use visualization methods well-known to domain 
experts and are supported by task-specific interaction 
methods. 

PlanningLines—Novel glyphs for representing temporal 
uncertainties 
Planning future activities is a task that we have to face 
constantly. Since the future is inherently connected 
with possible uncertainties, delays, and the unforeseen 
we have learned to deal with this circumstances in 
everyday life. However, support for temporal 
indeterminacies is not very well integrated in current 

figure 1: Example for some 
structures of time of the Gregorian 
calendar.   



  

methods, techniques, and tools. To represent and 
visualize temporal uncertainty concerning the starting 
and ending times and the duration of actions or events, 
we have developed novel glyphs, called PlanningLines 
to support project managers in their difficult planning 
and controlling tasks [5].  

Gravi++—Interactive exploration of high-dimensional 
temporal data 
Psychotherapists face the challenge of large amounts of 
survey data gathered over the course of time in 
cognitive behavioral therapy. In order to support their 
task of finding predictors for likely future therapy 
outcome of anorectic girls, the interactive visualization 
method Gravi++ has been developed that utilizes a 
highly interactive interface for data exploration [6]. 

Current and Future Research 
Systematic view on interactive visualization of time-
oriented data 
It is enormously difficult to consider all aspects involved 
when visualizing time-oriented data. Time itself has 
many theoretical and practical aspects. For instance, 
time points and time intervals use different sets of 
temporal relations. Only if the characteristics of the 
data are taken into account it is possible to generate 
expressive visual representations and suited interaction 
methods. We developed a systematic view on the 
visualization of time-oriented data along four main 
strands [3]: 

 Time: What characteristics of time are considered? 

 Data: What is analyzed? 

 Representation: How is it represented? 

 Task: Which user tasks are supported? 

 
Visual Analytics--Integrating the outstanding visual 
capabilities of humans and the enormous processing 
power of computers 
Capabilities to both generate and collect data have seen 
an explosive growth. The need for new methods and 
tools, which can intelligently and (semi-)automatically 
transform data into information and furthermore, 
synthesize knowledge are a core area of the emerging 
field of Visual Analytics [9].  To harness the potential 
power of a Visual Analytics approach to time and time-
oriented data we proposed a conceptual framework that 
incorporates both, visualization & interaction as well as 
analytical &  mining components [1][2]. 

In our current research project DisCō1, we aim to 
develop novel Visual Analytics methods to visually as 
well as computationally analyze multivariate, time-
oriented data and information to discover new and 
unexpected trends, patterns, and relationships. The 
main goals of the intertwined visual and analytical 
methods are to ensure high usability and good control 
of the integrated mining techniques by applying 
intuitive visualizations and visual interfaces.  

Interaction and the Role of the User 
User interactions are one of the most important 
elements in visualization or even the “heart” as Spence 
stated [8].  User interaction is even more important in 
Visual Analytics, as studies, like the one by Saraiya et 
al. [7] showed: users preferred inferior visualizations 
with interaction over superior static visualizations. 
Furthermore, visual representations provide only an 
initial direction to the data and its meaning, but 

                                                   
1 www.donau-uni.ac.at/disco; last accessed: Dec 18, 2008 

figure 2: Gravi++—Interactive 
exploration of high-dimensional 
temporal data [6].  



  

through the combination of visual representations and 
appropriate interaction mechanisms, the users achieve 
insights into the data [7]. Moreover, it is important that 
these methods are designed according to users' 
demands. Interacting directly with the visual 
representation and the analytical & mining methods 
provides more control and tighter feedback for the 
human analyst. This must also include interactive 
parameterization of both, visual and analytical 
methods.   Navigation methods for large information 
spaces are decisive for analysis environments that 
support exploration. In parallel, they should allow for 
visual overviews as well as the ability to drill down into 
areas of interest while preserving orientation within the 
information space. Moreover, user's tasks and goals 
determine the adequate choice of visualization 
methods. For example, if we want to identify cycles in 
the data, suitable representations that reinforce the 
visual detection of periodic behavior need to be chosen.  

In our current research project VisuExplore2, we focus 
on the aspect of interaction to support medical 
personnel in their patient data analysis tasks. The 
project‘s objective is the development of a flexible, 
interactive visualization environment for time-oriented, 
medical data and information. 

Conclusion 
It is widely acknowledged that time is a unique data 
dimension with distinct characteristics. Many interactive 
systems deal with time-related aspects. However, these 
systems could be improved by considering the specifics 
of time and their implications in a broader sense.  

                                                   
2 www.donau-uni.ac.at/VisuExplore; last accessed: Dec 18, 2008 
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visually driven analysis of time-

oriented data, it is necessary to 

integrate visual, analytical, and 

user-centered methods more tightly 
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Visualizing Temporal Data 
for Diagnostic Feedback 
in Adaptive Logistics Systems

 

Abstract 
Adaptive logistics systems pose a difficult challenge for 
the user interface designer: data is often too complex 
to show in its raw form and too voluminous to show in 
its entirety. This paper describes three interactive data 
visualizations created for a global-scale logistics system 
and anecdotal lessons learned from its use. 

Keywords 
Temporal data, planning systems, data visualization 

ACM Classification Keywords 
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Introduction 
Adaptive logistics systems manage distributed supply, 
consumption, and activity plans and dynamically adjust 
these plans based on real-time feedback. These types 
of systems help manage everything from retail supply 
chains to transportation networks, and they are 
particularly adept in situations where the “plan” might 
change rapidly, such as disaster relief and military 
conflict.  

These systems pose a difficult challenge for the user 
interface designer because the data within them is 
often too complex to show in its raw form and too 
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voluminous to show in its entirety. Projections of future 
supply chain state are constantly being re-calculated 
based on feedback from the world (actuals), creating 
new projections and expiring old ones. Data is thus 
splayed across several alternate timelines of possibility 
and actuality – projections, past projections, and 
actuals. In addition, data is multiresolutional: the same 
basic inventory measurements can be applied to supply 
truck and continent-wide transportation fleet alike. 

Despite the complexity of the data within, the situations 
where adaptive logistics systems are needed most also 
have some of the most demanding requirements on the 
simplicity of user interface. At run time, the interface 
must be “glanceable,” conveying key information to in-
field operators in little time; the interface should make 
problems easy to diagnose; and whenever possible 
data display should enable exploration without 
requiring it. 

This paper presents three interactive visualizations 
developed for a global-scale adaptive logistics system. 
These visualizations attempt to convey information in a 
simple manner while still preserving the rich temporal 
and multiresolutional dimensions of the data within. 
The first two visualizations were implemented atop the 
Cougaar Multi-Agent Architecture [1], and the third was 
designed but never implemented. At the end of the 
paper is an anecdotal list of lessons learned about 
conveying data in this form. 

Three Displays for Diagnostic Feedback 
These three displays attempt to help an in-field 
operator identify and diagnose supply chain problems in 
a Cougaar-managed logistics operation. Each display is 
designed to answer a specific question related to this 

task that helps gather enough information to detect 
and diagnose the problem. 

1. How long do I have? Assuming no further 
replenishment activity occurs, how much 
longer could I continue following the plan? 

2. Where’s my stuff? What does the supply chain 
look like, and who has the materials I need?  

3. Should I Trust the Computer? How accurate 
have the system’s predictions been so far?  

To help explain these three displays, consider a fictional 
scenario during the Hurricane Katrina relief effort of 
2005. A coordinator is monitoring the progress of relief 
operations across a citywide team and notices that the 
system anticipates problems. She uses Display 1 to drill 
down and learn that the 9th Ward is now projected to 
run out of medical supplies. She then uses Display 2 to 
identify the cause of the supply-chain problem, and 
finally uses Display 3 to check the running accuracy of 
the predictions thus far.  

How Long do I Have? 
A question of importance to anyone dealing with scarce 
resources over a plan of action is how much longer can 
they continue to operate if cut off from resupply. We 
call this operable time. When a logistics system 
contains a fixed timeline, an additional metric called 
operational completeness. An entity is operationally 
complete at time t if its operable time at t equals or 
exceeds the remaining plan time. 

The display in Figure 1 attempts to answer the question 
of “How long do I have?” by displaying a combination of 
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inventory level, operable time, and operational 
completeness across the duration of the plan. The blue 
circle-capped bar at the start of hour 4 in the plan 
represents the current time; all data to the left is actual 
data from the past, and all data to the right is 
projected. Each cell contains the operable time for that 
hour, actual or projected, and is shaded in the 
background to represent the percent fill of the 
inventory container. Aggregation is performed by 
selecting the worst value among the entities being 
aggregated, although various other aggregation styles 
can be selected. Colors provide a visual reflection of the 
operable time, and operationally complete items are 
shaded a special color (purple) and do not show an 
operable time. 

This display can be expanded hierarchically to reveal 
increasingly finer-grained components based on 
interest level. In typical operation, this occurs when a 
problem is spotted at the aggregate level, and an 
operator wants to track its cause down to the inventory 
level.  

For example, Figure 1 shows that the First Medical unit 
is beginning to experience severe inventory problems. 
Unfolding the First Medical group in Figure 2, we see 
that the problem is occurring in the 9th Ward. Further 
unfolding the 9th Ward in Figure 3, we see that the 
problem is related to medical supplies, not fuel. Further 
unfolding would reveal more detailed information if 
desired. This manner of exploration allows an operator 
to detect an error at just a glance, but then increase 
the complexity of the display as needed to determine 
the cause of the error. 

Figure 2. Unfolding the First Medical Unit 

 

Figure 3. Unfolding the 9th Ward 

Where’s My Stuff? 
After identifying an inventory shortfall, the next task is 
to identify what happened to the expected supplies. 
The “Where’s My Stuff” chart answers this question by 
providing a vertical view of a supply chain from the 
perspective of the consumer experiencing shortfall. 
Figure 4 depicts movements of a resource throughout a 
supply chain over time. The blue bar continues to 
separate the actual past from the projected future. In 
the operational version of this display, an overhead 
panel permits the selection of consumer, resource type, 
and supply channel, as well as several optional 
parameters that tweak the information being displayed.  

The height of the chart represents the total supply of a 
single inventory item across one vertical supply 
channel. Supply starts at the top of the chart and flows 
to the bottom of the chart. The state of “having been 
consumed” is the final stop in this supply chain and is 
added to the bottom in white. Two-toned shading is 
used to denote the difference between supply allocated 
by the planning system for future transfer down the 
channel and unallocated resources. For the purposes of 
this paper, resources allocated elsewhere are not 
considered. Icons decorate the chart to represent 

Figure 1. Operable Time 
for the First Medical Unit 
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replenishment activities: diamonds at the top for 
planned inventory transfers, green arrows for actual or 
expected inventory transfers, and red arrows for 
unexpected, out of channel transfers. At the bottom of 
the chart the operable timeline is re-displayed for the 
selected entity and inventory item.  

Looking at the chart in Figure 4, we see that an 
unplanned inventory transfer occurred at Hour 3, 
causing a drop in the overall supply of the 1st Medical 
supplier. At hour 5, 2 hours in the future, we see that a 
planned replenishment is not expected to occur. 
Without leaving this chart to explore more, one can 
guess the problem and suggest a solution. It appears 
that 1st Medical, the immediate supplier of the 9th Ward, 
has been diverted unexpectedly to replenish another 
location and will be unavailable for the planned 
operation at hour 5. This is likely the logistic cause of 
the expected medical inventory shortfall seen in Figure 
3. A potential fix would be to contact NOLA HQ, which 

appears to contain a full inventory of uncommitted 
supplies, and ask for a direct inventory transfer.  

Should I Trust the Computer? 
The final step that our hypothetical operator needs to 
make before contacting NOLA HQ is to check the 
accuracy of the system’s past projections to know how 
much trust to place in its current projections. We define 
the forecast horizon as the distance into the future that 
a system is measured to have made accurate 
predictions. Notions of accuracy, of course, depend on 
the user and situation, so the display shown here uses 
a customizable color quantization to convey accuracy.  

Figure 5 shows the forecast horizon chart, which helps 
an operator determine the forecast performance for a 
particular inventory item. Present time, indicated again 
by the circle-capped bar, has been moved forward to 
Hour 8 to provide a better diagram for explanation. The 
operable timeline for the selected consumer and 
inventory pair marks the horizontal axis, and the 
vertical axis represents relative time in the past.  

 

Figure 4. Where’s My Stuff? 

Figure 5. Forecast Horizon 
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The colored shading of each cell represents the 
quantized measure of how acceptable the deviation 
between projected and actual inventory levels is at that 
hour. At Hour 4, for example, we see that the 
projection one hour prior was good (green), at two 
hours prior was mediocre (orange), and at 3+ hours 
prior was bad (red). An additional marking is added if 
the actual data showed less inventory than projected.  

From this chart, the operator can see that hour 3 
caused serious forecast errors but the system seems to 
have leveled out to a forecast horizon of 3 hours 
afterwards. Barring another unexpected event, it is 
then reasonable to trust the current projections at 3 
hours into the future but no further. 

Observations and Lessons Learned 
In iterating over the first two visualizations with users 
of the system and planning for the third, a number of 
anecdotal observations arose that are worth repeating. 
 
Target Visualizations to Your User’s Stories  
General-purpose displays are not always beneficial in 
time-critical, information-rich situations. The many 
possible ways that complex temporal data can be 
displayed is exciting to a computer scientist but a 
potential nightmare for an in-field operator. We found 
that some of the most well-received visualizations were 
those that responded directly to a story a user told us 
about a time they needed information but could not 
figure out how to retrieve it from the system. 
 
Lines Plots Considered Dangerous 
When dealing with temporal data collected at discrete 
points in time, beware of using line charts. The 
interpolated line drawn between points implies 

information that might not be supported by the data. It 
is especially erroneous with regard to supply-chain 
transfers.  
 
Support Pay-As-You-Go Complexity 
We found it useful for each display to start with the 
simplest possible variant for the logged-in user’s role. 
The operable time chart for a system-wide planner, for 
example, would start entirely collapsed. This enables 
the operator to quickly glance at the display to 
determine if further inspection is necessary, and only 
then drill-down into more detailed specifics. 

Users Want Hyperlinks 
The more clickable areas on a chart, the happier our 
users were. When visualizations are targeted to answer 
specific question, elements on those visualizations can 
link to the obvious “next steps” that the data implies.  

Color is Powerful; Color is Distracting 
We found that quantizing key information into a color 
shading a great way to create glanceable displays, but 
the multi-colored displays can be overly-confusing. 
Users appreciated the ability to turn all data in the past 
into grayscale, or even remove it completely.  
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From Multimedia to Information Management: 
Using Semantic Time in Interaction Design 

 

 

Introduction 
We like to think that we have a solid understanding of 
time—we can plan, schedule, and synchronize anything 
through rigid temporal structures and a universal 
syntax of time. Our conceptual model, though, rarely 
follows the rules of this artificial construct. We rather 
think (and speak) in terms of semantic time, framing 
events in meaning instead of numbers. “Having a 
meeting right after lunch”, “falling asleep during the 
second movement of Beethoven’s 9th”, or “pausing a 
video at the point where the player commits a foul” are 
examples of how we use semantic time every day. 

On the following pages, we will outline how we employ 
the concept of semantic time in different aspects of our 
research. First, we discuss interacting with time-based 
media such as audio and video without relying on a 
fixed time base: we present the Semantic Time 
Framework and PhaVoRIT as toolkits and Personal 
Orchestra and DRAGON as example applications. Then 
we discuss how humans consider time, and relate it to 
the area of information management where data is 
traditionally bound to precise syntactic time. 

Time-based Media 
A large part of the media that are created, shared, and 
consumed today are time-based media like videos, 
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music, or human speech. Their contents only unfold 
linearly over time, and a single frame or sample has 
little meaning by itself. Established techniques to 
navigate, search, and play time-based media through 
syntactic time often do not directly support the users’ 
tasks. Finding the scene where the Death Star blows up 
or listening to a sonata without the repetitions are 
tasks that call for a way to express time that regards 
the semantics of the medium itself. 

Developing semantic time representations for 
multimedia and creating interaction techniques that 
support them is a challenge we would like to discuss in 
this workshop. Solving the problems in this domain 
could drastically change the way we interact with time-
based media.  

In order to investigate how semantic time can improve 
the way we interact with these types of media, we have 
approached the problem on multiple layers: 

 On the implementation-centric layer of APIs and 
toolkits, we created the Semantic Time Framework 
(STF) [4]. It simplifies developing interactive 
multimedia applications that allow users to interact with 
media using semantic time. STF abstracts different 
media sources as streams, each having a different 
sample density and flow rate. Semantically meaningful 
points in these streams carry special markers, thus 
making it possible to quickly navigate to any semantic 
point in time or to easily control their rate of 
succession. Semantic time information in one stream 
can also control how another stream is processed. This 
allows for intelligent synchronization between different 
time-based media, e.g., synchronizing the beats of a 

musical piece that is being played back to the gestures 
of a conductor. 

 In order to control the playback rate of a wide 
range of time-based media, we developed PhaVoRIT 
[3], an advanced phase vocoder based audio time-
stretching engine. It facilitates arbitrarily changing the 
speed of audio data without altering the pitch, while 
hardly degrading the quality of the signal. The 
operation takes effect with minimal latency, allowing it 
to be used in interactive applications. 

 Personal Orchestra (PO) [1] is an example of how 
an application can make use of the lower layer support 
for semantic time to present new interaction 
possibilities to the user. Building upon STF and 
PhaVoRIT, PO captures a user’s conducting gestures to 
control the playback of an audio/video recording of the 
Vienna Philharmonic Orchestra. The interaction is based 
on semantic time, letting the user determine the 
progression of the beats and bars of the music as she 
desires. 

 A different approach to semantic time on the 
application layer is DRAGON [2], our direct manipulation 
video navigation technique. Browsing through videos is 
usually done using the timeline slider, an instrument to 
control the syntactic time of the medium. The goal of 
the user, however, is often better expressed in terms of 
the plot or a certain constellation of objects in the 
scene. Examples include the specific frame where a 
sprinter crosses the finish line, or where a car passes a 
traffic light. By directly dragging objects in the scene 
along their movement trajectory, DRAGON enables users 
to quickly and precisely navigate to a specific point in 
the video timeline where an object of interest is at a 
desired location. 
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Information Management 
Personal Information Management (PIM) is an umbrella 
term for the acquisition, organization, and retrieval of 
all information that is relevant for our everyday lives. 
Time is an essential aspect of PIM but the way it is 
handled by today’s systems is different from how we as 
humans think about time. To improve usability, we 
must overcome this mismatch and create a more 
natural representation of time. Consequently, we need 
to understand how humans think about time. Current 
literature mostly concentrates on time perception, so 
we have come up with our own set of strategies that 
humans employ when discussing time: 

1. Syntactic: time is defined on a fixed temporal scale 
(2:49pm). This basic form of time is primarily used for 
synchronization with external factors or people. 

2. Imprecise: time is approximated (“We will be done 
in a few minutes”). Approximation is used for defining 
times (“I need the report today.”) and for informing 
about time (“The train arrives shortly before 3.”) in a 
casual way. 

3. Anticipatory: time affords foresight (“I need to get 
up early enough to arrive at the airport in time”) or 
hindsight (“I should start handing back the corrected 
exams soon”). The given event might require time for 
pre and/or post processing, which must be considered. 

4. Relative: time is related to other time (5 minutes 
after…). Instead of using a specific time, events are 
related to one another (“Let’s meet 5 minutes after 
closing time”). 

5. Ordered: time is put in order (“First add sugar, 
second add milk, …”). Ordered time, as opposed to 
relative time, cannot be translated to a specific point in 

time because it relies on the duration of the previous 
event and might not occur immediately. 

6. Contextual: time is related to other events (“I need 
to ask Peter about this the next time I see him.”). For 
contextual time, it is unclear when or if it will happen. 

7. Abstract: time is abstracted to greater happenings 
(“The music of the 60s was great!”). Abstract time only 
considers an event in the context of a greater 
happening with no reference to a specific point in time. 

8. Periodic: time occurs repeatedly (“We meet every 
Monday.”). Periodicity is defined through rules and 
exceptions (“I like to go swimming every other day 
except on the weekends.”). 

9. Combined: strategies may be combined arbitrarily 
(“I go running every Tuesday and Thursday after work, 
unless it is raining.”). 

This list can only be considered as preliminary and 
should be backed up by concrete research, but we find 
it useful for starting a discussion about how computer 
interfaces should consider time. Some of these 
strategies are already reflected in existing systems: 

 Imprecise: Apple displays the remaining time for 
system tasks, e.g. copying files in Finder, imprecisely. 

 Anticipatory: Calendars allow the user to define 
reminders, which are triggered before the task occurs. 

 Relative: When entering dates on the web, often a 
calendar is displayed, allowing the user to select a day 
relative to the one marked as today. 

 Ordered: To-do applications commonly allow 
prioritization of tasks, which puts them in order. 
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 Contextual: Some innovative task management 
applications allow defining a context for tasks, which 
can be used to show the task at the appropriate time. 

 Periodic: Calendar applications usually allow 
defining simple rules for repeating events. 

The support of these strategies seems uncoordinated, 
though: (1) it is not universal: at some point in the 
interface a strategy is supported while at a different 
point it is not; and (2) strategies cannot be combined: 
The user may choose one form or the other but not an 
interdependent combination of both. 

Discussion 
By moving away from rigid time structures and 
supporting humans in their natural way of dealing with 
time, we hope to improve the usability of interactive 
systems. 

An important challenge here is to create a framework 
that defines how to represent time in interaction 
design, for which we hope to contribute in the areas of 
interacting with time-based media and information 
management. This framework should aim at unifying 
the experience of working with time in interactive 
systems in a natural way by giving guidance to 
developers and designers. To validate this framework, 
we intend to extend our examples with new interaction 
metaphors and compare them to existing systems. 

Our goals for the workshop are: 

 to share our ideas and results surrounding the 
concept of semantic time. 

 to identify new natural ways of interacting with 
time-based media. 

 to get critical feedback about the human strategies 
for dealing with time. 

 to design example representations of time that 
reflect the human strategies. 

During the workshop, we offer to share our insights 
from the development and integration of toolkits, and 
the design and evaluation of new interaction 
techniques, as well as our experience in deploying 
multiple demonstration systems, showing new 
interactive technology in realistic situations. 

We are very interested in actively participating in a 
community of researchers interested in temporal 
interaction design and visualization, as we are in 
working towards a special issue for a journal on this 
topic. 
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Abstract 

We describe the use of a statistical technique called T-

pattern analysis to derive and characterize the 

routineness of tasks. T-patterns provide significant 

advantages over traditional sequence analyses by 

incorporating time. A T-pattern is characterized by a 

significant time window (critical interval) that describes 

the duration of this pattern. Our analysis is based on 

data collected from shadowing 10 knowledge workers 

over a total of 30 entire work days. We report on the 

statistics of detected T-patterns and derived 

correlations with participant perceptions of workload, 

autonomy, and productivity. 
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We propose the utilization of a statistical technique 
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routine tasks, the T-pattern analysis isolates patterns 

that are significant in their temporal configuration. 

Applied on observational data from application and 

document usage as well as email communication of 10 

employees, we could show the number and length of 

detected T-patterns correlate with perceived workload, 

autonomy, and productivity. 

Uncovering Temporal Patterns 

One of our goals in this paper is to advocate the usage 

of T-patterns in the analysis of human-computer 

interaction. 

We assume that routine tasks can be characterized by 

specific recurrent actions that are executed within 

nearly constant time intervals. In order to detect such 

patterns, we used a probabilistic temporal pattern 

detection method, called T-pattern detection [1]. T-

patterns are recurrent events that occur within a similar 

temporal configuration (critical interval, CI). The T-

pattern detection algorithm uses a statistical test (CI 

test) that reveals whether the temporal distances 

between all occurrences of two events are random or 

not (with respect to a specified p-value). The CI test is 

based on the null hypothesis that two events A and B 

are independently and purely randomly (Poisson) 

distributed over the observation period. The test is 

applied on all observed temporal distances between the 

two events A and B and their frequencies, identifying 

the distances that are supposedly not random 

according to the specified p-value. Beginning with 

testing all possible pairs of basic events and thus 

isolating significant basic patterns, the T-pattern 

algorithm then successively constructs larger patterns 

by combining events and significant basic patterns that 

have been found. Thus, the T-pattern detection 

algorithm identifies highly significant, hierarchically 

arranged T-patterns that are composed of statistically 

related events that repeatedly appear in the same, 

relatively invariant, temporal configuration. 

T-pattern parameters 

Our implementation of the T-pattern detection 

algorithm is based on the description by Magnusson 

[1]. The relevant parameters used to obtain the results 

described in this section are: 

1. Minimum Occurrence = 2—specifies that a given 

pattern must occur at least twice to be included in the 

results. 

2. Significance Level = 0.05—specifies the probability 

that a given pattern would occur in a random (Poisson) 

distribution of the current data set. 

3. Maximum pattern length = 4—specifies the 

maximum number of action or events that a pattern 

can be composed of, in order to reduce the complexity 

of the algorithm and to filter only reasonable pattern 

sizes. 

Derived T-pattern statistics 

The T-pattern detection algorithm identifies a number 

of T-patterns (Nt) that are significant per task. In 

addition, the significant minimal and maximal temporal 

length (d1 and d2) for each T-pattern is reported, that 

is, if A is an earlier and B a later component of the 

same recurring T-pattern, then, after an occurrence of 

A at t, there is an interval [t + d1; t + d2] (d2> d1>0) 

that contains at least one occurrence of B. Figure 1 

shows an example case, reporting on the T-pattern 

Outlook-Word. The following statistics can be derived: 
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Outlook     IM      Word  Gimp Outlook Word IM   PowerPoint   Outlook Excel Word

Time (sec): 5 15 45 105 185 205   215 220 380 390 425

Pattern:    Outlook – Word

Nsig = 3 Ntotal = 6 d1 = 20 d2 = 45

Outlook     IM      Word  Gimp Outlook Word IM   PowerPoint   Outlook Excel Word

Time (sec): 5 15 45 105 185 205   215 220 380 390 425

Pattern:    Outlook – Word

Nsig = 3 Ntotal = 6 d1 = 20 d2 = 45

 

Figure 1. T-pattern analysis detecting a pattern of Word 

following Outlook from 20 to 45 seconds 

1. Nt = number of different T-patterns found per task, 

which refers to the number of T-pattern classes that 

have been identified to be significant 

2. minL = 

t

N

i i

N

d
t

∑ =1 1
= average minimum temporal 

length of the T-patterns per task.  

Data Collection 

Data was collected in situ, shadowing a total of 10 

employees. All but one informant (who was shadowed 

for only two whole days due to scheduling constraints) 

was shadowed for three whole work days. The observer 

would meet the informant upon their arrival to work 

and follow the informant as closely as possible until the 

end of the business day. Using a paper notepad, the 

researcher would label, to the second, user tasks and 

their start/end times. Parallel to the shadowing, logging 

software has been installed on each participants PC 

recording application usage. The application usage that 

has been recorded included application name, window 

type and size, documents opened, email sender and 

recipients. Shadowing notes and PC logging data were 

merged and synchronized. This resulted in a dataset 

that contained application usage events from the PC 

logging data that were annotated with their appropriate 

task label from the shadowing notes.  

At the end of each shadowing session, we administered 

3 surveys aimed at measuring informant’s stress. Final 

composite scores of productivity, autonomy, and 

workload were calculated from these surveys for each 

informant. 

Data Analysis and T-pattern statistics 

correlations 

The T-pattern analysis has been conducted separately 

for the following fields of the logging data trace: 

1. Application and window class (appwclass) 

2. Active Document (doc) 

3. Email sender – recipients (email) 

Application and window class refers to the current 

application (e.g. EXCEL.EXE) and the current window 

class (e.g. ConsoleWindowClass). Note that you 

normally have several window classes per application, 

providing a higher granularity of observation of the 

user’s actions. The active document refers to the 

document that has current focus. Email sender and 

recipient refer to the event when the user receives or 

selects an email. Sender and recipient ID of this email 

are the input events of the T-pattern analysis. Table 1 

reports on some interesting correlations between the T-

pattern statistics and the psychometric stress 

measures. Significant pairs (p<0.05) are in bold, trends 

(p<0.10) are underlined. The corresponding p-values 

are in parenthesis. 
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Table 1. Pearson’s r correlations between psychometric 

and T-pattern statistics 

The number of T-patterns from document usage 

correlates positively with workload stress. A similar 

trend can be found for T-patterns from application 

window classes. The minimal length of T-patterns from 

email sender/recipients is negatively correlated with 

productivity. A similar trend exists for autonomy. From 

this, we might conclude that the longer the minimal 

length of sender-recipient patterns, the less the 

informants felt autonomous and productive. 

Workshop Objectives  

The results presented here are a first step in creating 

applications that provide users with temporal 

awareness of their own task performance.  These 

analyses and visualizations are useful to analysts but 

are likely to be difficult for end users to interpret.   

Prior research in temporal pattern representations 

(e.g., [2], [3]) has not generated generalizations of 

design principles that will apply to the temporal 

structures of T-patterns.  The user-interaction research 

community needs to map out the requirement space for 

temporal pattern representation and generate a set of 

principles that can be applied when end users need to 

interpret and manipulate temporal structures. 

Conclusion 

This paper aimed at introducing the T-pattern analysis 

for detecting temporal patterns in routine tasks. A first 

correlation analysis of the T-pattern statistics from 

application and document usage as well as email 

communication showed that these can be used to 

indicate workload, autonomy and productivity. We 

believe that T-patterns are a useful tool for uncovering 

temporal structure in event-based data. T-patterns 

unveil a window of constant durations between events, 

which makes them particularly suitable to characterize 

routine work.  In participating in this workshop, we aim 

to contribute to the set of requirements for temporal 

interaction principles and to broaden our understanding 

of existing temporal interaction principles. 
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  Workload Autonomy Productivity 

Nt  0.33 (0.10) 0.07 (0.73) 0.07 (0.72) appw

class 

minL -0.06 (0.75) -0.15 (0.47) -0.16 (0.43) 

N 0.45 (0.04) 0.35 (0.12) 0.35 (0.12) doc 

minL 0.13 (0.58) 0.18 (0.43) 0.12 (0.59) 

Nt -0.18 (0.39) 0.08 (0.70) -0.03 (0.87) email 

minL -0.20 (0.33) -0.34 (0.10) -0.48 (0.02) 
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c
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d
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v
is

u
al

 r
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ra
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h
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h
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ra
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b
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 t
h
e
y
 h

av
e 

w
el

l-
es

ta
b

li
sh

ed
 w

o
rk

 p
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 c
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h
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ra
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b
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b
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n
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ff
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 d
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 p
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T
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ra
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d
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ie
n
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n
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 d
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o
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 c
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n
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h
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b

u
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ra
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er
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h
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m
e
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n
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g
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 c
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d
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h
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ra
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er
 

th
an

 
“t

im
e
-t

ra
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o
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p
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d
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 m
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q

u
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n
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h
t 
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m

e 
w

a
s 

b
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n
g
 c

h
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ed
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e
n
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h
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 c
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n
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n
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te
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ed

 f
as

h
io
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o
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h
a
v
in
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 m
u
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h
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r 

p
h
o

n
e 

ca
ll

. 
A

 c
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o
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h
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h
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n
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w
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 c
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n
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m
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 d
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d
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 d
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h
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h
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 c
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 c
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e
g
al

 r
es

ea
rc

h
, 

th
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. 

A
 

si
g
n
if

ic
a
n
t 

p
o

rt
io

n
 

o
f 

S
H
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d
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d
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b
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g

 

an
d

 
re

ad
in

g
 

in
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 c
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p
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p
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 c
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 p
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 m
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R
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n
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h
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 r
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p
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p
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h
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p
ar

ti
c
u
la

r 
p

ie
ce

 o
f 

le
g
al

 a
d

v
ic

e 
th

at
 
m

o
rn

in
g

. 

T
h
is

 i
s 

a
 c

o
m

m
o

n
 s

ce
n
ar

io
 i

n
 t

h
e 

L
a
w

 O
ff

ic
e
 b

ec
au

se
 c

as
es

 

sh
ar

e 
si

m
il

ar
it

ie
s 

a
n
d

 t
h
er

e
fo

re
 p

re
v
io

u
s 

re
so

lu
ti

o
n

s 
ca

n
 b

e
 

ap
p

li
ed

 t
o

 n
e
w

 c
a
se

s 
a
s 

p
ar

t 
o

f 
p

ro
v
id

in
g

 l
e
g
al

 a
d

v
ic

e 
o

r 

d
ra

ft
in

g
 p

et
it

io
n
 l

et
te

rs
. 

H
er

 o
ri

g
in

a
l 

ad
v
ic

e
 d

ev
el

o
p

ed
 a

ft
er

 

re
ad

in
g
 a

 s
et

 o
f 

ea
rl

ie
r 

e
m

a
il

s 
an

d
 d

is
c
u
ss

in
g

 r
el

at
ed

 i
ss

u
es

 

w
it

h
 

o
th

er
s 

in
 

th
e 

o
ff

ic
e.
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m
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 c
o
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t 
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e 
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it

h
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h
e 

h
ig

h
 l

o
ad
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f 
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a
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u
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m
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 d
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e 

th
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h
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q
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k
ly

 

re
co

n
st
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ct
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g
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e 
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in
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h
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n
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 b
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n
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h
e
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p
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b
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h
e 
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n
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p
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t 
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d
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h
e 
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s 
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b
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b

y
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e 
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o
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b
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d
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h

ic
h
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v
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e 

v
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a
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y
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o
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p
p
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p
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o
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a
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 c
o
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p
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f 
w
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q
u
en
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u
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f 

m
u
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d
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en
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d
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p
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n
s 
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m
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e 
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y
 

o
f 

d
ev

el
o

p
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o
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an

y
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n

g
le

 
ap

p
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o
n
 

to
 

p
ro

v
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e 
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m

p
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h
en
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v
e
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u
p
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o
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r 
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a
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 p
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d
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g

n
it
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e 
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 m
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 b
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m

e
n
ta

ti
o

n
 
re
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to
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p

er
ce

p
tu

al
 
c
u
es
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w
it

h
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e
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m
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ra
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 m
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at
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p
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d
d

ed
):

 

…
 
w
e
 
a
r
e
 
s
h
u
f
f
l
i
n
g
 
a
b
o
u
t
 
i
n
 
g
e
n
e
r
a
l
 
f
o
r
 
e
a
c
h
 
o
f
 
u
s
 

a
b
o
u
t
 
1
0
0
 
t
o
 
1
5
0
 
c
a
s
e
s
 
a
n
d
 
t
h
e
r
e
 
i
s
 
n
o
 
w
a
y
 
w
e
 

r
e
m
e
m
b
e
r
 
s
o
 
.
.
.
 
w
e
'
r
e
 
.
.
.
 
t
h
e
 
.
.
.
 
o
n
e
 
d
a
t
a
b
a
s
e
 
t
h
a
t
 

w
e
 
h
a
v
e
 
o
n
l
i
n
e
 
d
a
t
a
b
a
s
e
 
d
o
e
s
 
n
o
t
 
a
l
l
o
w
 
w
i
n
d
o
w
 
m
o
r
e
 

t
h
a
n
 
o
n
e
 
w
i
n
d
o
w
 
t
o
 
b
e
 
o
p
e
n
 
.
.
.
 
s
o
 
w
e
 
h
a
v
e
 
o
n
e
 
p
a
r
t
 

o
f
 

t
h
e
 

d
a
t
a
b
a
s
e
 

t
h
a
t
 

h
a
s
 

a
 

l
o
g
 

o
f
 

a
l
l
 

t
h
e
 

c
o
n
v
e
r
s
a
t
i
o
n
s
 

w
e
 

h
a
d
 

a
l
l
 

t
h
e
 

e
m
a
i
l
s
 

e
x
c
h
a
n
g
e
s
 

s
t
r
a
t
e
g
y
 
n
o
t
e
s
 
a
h
 
.
.
.
 
a
n
d
 
t
h
e
n
 
w
e
 
h
a
v
e
 
t
h
e
 
o
u
t
l
o
o
k
 

c
a
l
e
n
d
a
r
 
o
r
 
t
a
s
k
 
l
i
s
t
 
f
o
r
 
u
p
d
a
t
i
n
g
 
w
h
a
t
 
w
e
 
n
e
e
d
 
t
o
 

d
o
 
n
e
x
t
 
a
n
d
 
t
h
e
 
c
a
s
e
 
l
o
g
 
.
.
.
 
t
h
e
 
o
n
l
i
n
e
 
d
a
t
a
b
a
s
e
 

h
m
m
m
 

.
.
.
 

i
t
 

t
a
k
e
s
 

t
o
o
 

l
o
n
g
 

a
n
d
 

p
o
s
s
i
b
l
y
 

y
o
u
 

c
o
n
s
t
a
n
t
l
y
 
h
a
v
e
 
t
o
 
t
y
p
e
 
t
w
o
 
d
i
f
f
e
r
e
n
t
 
f
i
e
l
d
s
 
e
n
t
e
r
 

f
i
r
s
t
 
n
a
m
e
 
s
e
c
o
n
d
 
n
a
m
e
 
p
i
e
c
e
s
 
o
f
 
i
t
 
t
o
 
g
e
t
 
t
h
a
t
 

p
e
r
s
o
n
 
u
p
 
a
n
d
 
t
h
e
n
 
o
n
c
e
 
t
h
a
t
 
s
c
r
e
e
n
 
i
s
 
u
p
 
t
h
e
r
e
 
a
r
e
 

m
a
n
y
 
d
i
f
f
e
r
e
n
t
 
.
.
.
 
c
h
a
m
b
e
r
s
 
w
i
t
h
i
n
 
t
h
a
t
 
s
c
r
e
e
n
 
t
o
 

.
.
.
 
j
u
s
t
 
t
o
 
f
i
n
d
 
o
u
t
 
w
h
a
t
 
h
a
d
 
o
c
c
u
r
r
e
d
 
.
.
.
 
l
e
t
'
s
 
s
a
y
 

a
 
m
o
n
t
h
 
a
g
o
 
.
.
.
 
s
o
 
i
f
 
t
h
e
r
e
 
i
s
 
a
n
 
i
s
s
u
e

i
s
s
u
e

i
s
s
u
e

i
s
s
u
e
 
i
n
 
t
h
e
 
c
a
s
e
 

i
t
'
s
 
b
u
r
i
e
d
 
i
n
 
t
h
a
t
 
d
a
t
a
b
a
s
e
 
.
.
.
 
 

T
h
e 

“i
ss

u
e”

 m
e
n
ti

o
n
ed

 a
b

o
v
e 

co
n
si

st
s 

o
f 

th
e 

v
er

y
 n

u
a
n
ce

s 

an
d

 d
et

ai
ls

 a
b

o
u
t 

a 
ca

se
 w

h
ic

h
 m

o
st

 l
ik

el
y
 a

re
 n

o
t 

ex
p

li
ci

tl
y

 

an
n
o

ta
te

d
, 

b
u
t 

ra
th

er
 

n
ee

d
 

to
 

b
e 

re
co

n
st

ru
ct

ed
 

b
y
 

as
se

m
b

li
n

g
 

th
e 

se
p

ar
at

e 
p

ie
ce

s 
o

f 
a 

ca
se

 
h

is
to

ry
. 

T
h
es

e
 

p
ie

ce
s 

li
k
el

y
 

co
n

si
st

 
o

f 
e
m

ai
ls

, 
co

n
v
er

sa
ti

o
n

s,
 

an
d

 

an
n
o

ta
ti

o
n
s 

w
h

ic
h

 
ar

e 
c
u
rr

en
tl

y
 

d
is

p
er

se
d

 
ac

ro
ss

 
se

v
er

al
 

d
if

fe
re

n
t 

ap
p

li
ca

ti
o

n
s 

a
n
d

 p
la

ce
s 

w
it

h
in

 a
 d

at
ab

as
e.

  

W
e 

ar
g
u
e 

th
at

 i
n
 o

rd
er

 t
o

 d
es

ig
n
 t

o
o

ls
 t

o
 s

u
p

p
o

rt
 t

h
e 

k
in

d
 o

f 

b
eh

av
io

r 
n
ec

es
sa

ry
 

fo
r 

re
in

st
at

in
g
 

p
as

t 
co

n
te

x
ts

, 
it

 
is

 

im
p

o
rt

an
t 

to
 u

n
d

er
st

a
n
d

 t
h
e 

c
o

g
n
it

iv
e 

p
ro

ce
ss

es
 i

n
v
o

lv
ed

 i
n

 

ev
o

k
in

g
 

th
e
 

m
ea

n
in

g
fu

l 
st

ru
ct

u
re

 
o

f 
p

as
t 

ac
ti

v
it

y
. 

T
h
e 

v
is

u
al

 c
u
e
s 

an
d

 t
e
m

p
o

ra
l 

st
ru

c
tu

re
 a

v
ai

la
b

le
 t

o
 u

s 
d

u
ri

n
g
 t

h
e
 

p
er

fo
rm

a
n
ce

 o
f 

an
 a

ct
iv

it
y
 g

u
id

e 
o

u
r 

at
te

n
ti

o
n
 t

o
 w

h
at

 w
e 

w
il

l 
re

m
e
m

b
er

. 
T

h
is

 
k
in

d
 

o
f 

in
fo

rm
at

io
n
 

m
u

st
 

b
e 

m
ad

e 

av
ai

la
b

le
 a

g
ai

n
 t

o
 s

o
m

e 
d

e
g
re

e 
w

h
e
n
 t

ry
in

g
 t

o
 a

cc
es

s 
th

e 

p
as

t.
 

A
ct

iv
it

y
 

im
a
g
es

 
m

ig
h
t 

p
ro

v
id

e 
th

e 
p

er
ce

p
tu

al
 

cu
es

 

n
ee

d
ed

 
to

 
tr

ig
g
er

 
m

e
m

o
ry

 
th

ro
u

g
h
 

th
e 

p
ro

ce
ss

 
o

f 

re
co

g
n

it
io

n
. 

A
ct

iv
it

y
 

re
co

rd
in

g
s 

m
ig

h
t 

al
so

 
p

ro
v
id

e 
th

e 

te
m

p
o

ra
l 

st
ru

ct
u
re

 
o

f 
e
n
ti

re
 

ep
is

o
d

es
. 

O
n
e 

ca
n
 

th
in

k
 

o
f 

re
in

st
a

ti
n

g
 

co
n
te

x
t 

as
 

a
n
 

ac
t 

o
f 

“r
ep

er
ce

iv
in

g
”,

 
th

at
 

is
, 

p
er

ce
iv

in
g
 a

g
a

in
 t

h
e
 s

a
m

e 
v
is

u
al

 a
n
d

 t
e
m

p
o

ra
l 

st
im

u
li

 u
se

d
 

to
 

g
u

id
e 

at
te

n
ti

o
n
 

a
n
d

 
m

e
m

o
ry

 
d

u
ri

n
g
 

th
e 

o
ri

g
in

al
 

p
er

fo
rm

a
n
ce

 o
f 

th
e 

ac
ti

v
it

y
. 

  

A
ct

iv
it

y
 
re

co
rd

in
g
s 

to
 
b

e 
ef

fe
ct

iv
e 

th
er

e
fo

re
 
m

u
st

 
sa

ti
sf

y
 

tw
o

 
im

p
o

rt
an

t 
co

g
n
it

iv
e
 

co
n

st
ra

in
ts

: 
fi

rs
t,

 
th

e
y
 

m
u

st
 

c
u
t 

ac
ro

ss
 t

h
e 

ar
ti

fi
ci

a
l 

b
o

u
n
d

ar
ie

s 
es

ta
b

li
sh

ed
 b

y
 a

p
p

li
ca

ti
o

n
s 

to
 

p
ro

v
id

e 
a 

u
n
if

ie
d

 
te

m
p

o
ra

l 
fl

o
w

 
fr

o
m

 
th

e 
av

ai
la

b
le

 

fr
ag

m
e
n
te

d
 c

o
n
te

x
ts

; 
se

co
n
d

ly
, 

th
e
y
 m

u
st

 e
n

g
a
g
e 

ep
is

o
d

ic
 

m
e
m

o
ry

 
th

ro
u

g
h

 
th

e
 
u

se
 
o

f 
v
is

u
al

 
a
n
d

 
te

m
p

o
ra

l 
cu

es
 
in

 

o
rd

er
 t

o
 e

n
g
ag

e 
th

e
 c

o
g

n
it

iv
e
 m

ec
h
an

is
m

s 
re

sp
o

n
si

b
le

 f
o

r 

re
in

st
at

in
g
 t

h
e 

m
e
n
ta

l 
co

n
te

x
t 

o
f 

p
re

v
io

u
s 

ac
ti

v
it

y
. 

O
N

 M
E

M
O

R
Y

 A
N

D
 R

E
P

R
E

S
E

N
T

A
T

IO
N

S
 O

F
 T

IM
E

 

T
h
e 

li
te

ra
tu

re
 
o

n
 
au

to
b

io
g
ra

p
h
ic

al
 
m

e
m

o
ry

 
in

d
ic

at
e
s 

th
at

 

p
eo

p
le

 e
x
ce

l 
at

 r
em

e
m

b
er

in
g

 h
is

to
ri

es
 o

f 
e
v
e
n
ts

 [
8

, 
9

, 
1

0
, 

1
1

].
 

P
eo

p
le

 
ca

n
 

ea
si

ly
 

re
co

n
st

ru
ct

 
in

fo
rm

at
io

n
 

ab
o

u
t 

ch
ro

n
o

lo
g
ie

s 
a
n
d

 t
h
e 

o
rd

er
in

g
 o

f 
p

er
so

n
al

 e
v
en

ts
 t

h
at

 a
re

 

m
ea

n
in

g
fu

l 
in

 
th

ei
r 

li
v
es

 
[8

].
 

T
h
is

 
is

 
re

fe
rr

ed
 

to
 

as
 

p
re

se
rv

in
g
 
th

e 
te

m
p

o
ra

l 
fl

o
w

 
o

f 
e
v
e
n
ts

 
[9

].
 
A

t 
th

e 
sa

m
e 

ti
m

e,
 w

e 
se

e
m

 t
o

 h
a
v
e 

fa
ir

ly
 p

o
o

r 
m

e
m

o
ry

 f
o

r 
ex

ac
t 

d
at

es
 



 
3

an
d

 
lo

ca
ti

o
n
s 

[8
,1

0
].

 
T

h
is

 
is

 
n
o

t 
to

 
sa

y
 

th
at

 
w

e 
ca

n
n
o

t 

re
m

e
m

b
er

 d
at

es
, 

b
u
t 

th
at

 w
e
 a

re
 b

et
te

r 
at

 r
ec

al
li

n
g
 t

h
e 

p
as

t 

b
as

ed
 
o

n
 
th

em
a

ti
c 

cu
e
s 

ra
th

er
 
th

an
 
ca

le
n
d

ar
 
in

fo
rm

at
io

n
. 

T
h
e 

o
rg

an
iz

at
io

n
 o

f 
au

to
b

io
g
ra

p
h
ic

al
 m

e
m

o
ry

 i
s 

st
ru

ct
u
re

d
 

ar
o

u
n
d

 
p

er
so

n
al

 
th

em
es

 
an

d
 

th
es

e 
in

 
tu

rn
 

co
n
st

it
u

te
 

th
e
 

re
tr

ie
v
al

 c
u
e
s 

u
se

d
 t

o
 a

cc
es

s 
th

e 
p

as
t.

  

E
x
p

er
im

e
n
ta

l 
w

o
rk

 h
as

 s
h
o

w
n
 t

h
a
t 

th
e 

cl
a
ss

ic
 e

x
p

o
n
e
n
ti

al
 

m
e
m

o
ry

 d
ec

a
y
 c

u
rv

e 
b

ec
o

m
e
s 

li
n
ea

r 
w

h
en

 m
e
m

o
ry

 f
o

r 
th

e
 

p
as

t 
is

 
c
u
ed

 
b

as
ed

 
o

n
 

fa
m

il
ia

r 
it

e
m

s,
 

su
c
h
 

as
 

fa
ce

s 
o

r 

p
er

so
n
al

 n
a
m

es
, 

ra
th

er
 t

h
a
n
 l

o
ca

ti
o

n
s 

o
r 

d
at

es
 [

8
].

 M
e
m

o
ry

 

o
v
er

 l
o

n
g
 p

er
io

d
s 

o
f 

ti
m

e 
is

 m
o

re
 s

ta
b

le
 i

f 
c
u
ei

n
g
 i

s 
d

o
n
e 

b
as

ed
 o

n
 f

a
m

il
ia

r 
ca

te
g
o

ri
es

 (
in

 t
h
e 

fi
el

d
 o

f 
H

C
I,

 S
el

le
n
 e

t 

al
 f

o
u

n
d

 a
 s

im
il

ar
 e

ff
ec

t 
[7

])
. 

T
h
es

e 
ef

fe
c
ts

 a
re

 r
o

b
u
st

, 
an

d
 

p
ro

d
u
ce

 c
o

n
si

st
e
n
t 

b
ia

se
s 

w
h

en
 p

eo
p

le
 t

ry
 t

o
 e

st
im

a
te

 t
h
e
 

ti
m

e 
o

f 
p

as
t 

e
v
en

ts
 [

1
2

].
 T

h
is

 h
as

 l
ed

 t
h
eo

ri
st

s 
to

 c
o

n
je

ct
u
re

 

th
at

 m
en

ta
l 

re
p

re
se

n
ta

ti
o

n
s 

o
f 

ti
m

e 
ar

e 
n
o

t 
is

o
m

o
rp

h
ic

 t
o

 

ca
le

n
d

ar
 t

im
e 

o
r 

e
v
en

 s
in

g
le

 t
im

el
in

es
, 

b
u
t 

ra
th

er
, 

m
u

lt
ip

le
-

sc
al

ed
 m

u
lt

ip
le

-e
n
tr

y
 r

ep
re

se
n
ta

ti
o

n
s 

[1
1

].
 I

n
 o

th
er

 w
o

rd
s,

 

w
e 

u
se

 a
 m

u
lt

ip
li

ci
ty

 o
f 

cu
e
s 

in
 o

u
r 

m
e
m

o
ry

 t
o

 r
ec

o
n

st
ru

ct
 

th
e 

ti
m

e 
o

f 
p

as
t 

e
v
en

ts
. 

T
h
e 

p
as

t 
is

 t
h
er

ef
o

re
 r

ep
re

se
n
te

d
 a

t 

d
if

fe
re

n
t 

ti
m

es
ca

le
s 

a
n
d

 v
ia

 
d

if
fe

re
n
t 

th
e
m

a
ti

c 
ca

te
g
o

ri
es

. 

T
h
es

e 
en

tr
y
 p

o
in

ts
 c

a
n
 b

e 
co

n
si

d
er

ed
 m

e
m

o
ry

 “
la

n
d

m
ar

k
s”

, 

an
d

 p
la

y
 t

h
e 

ro
le

 o
f 

st
ru

ct
u
ri

n
g
 t

h
e 

o
rg

a
n
iz

at
io

n
 o

f 
m

e
m

o
ry

. 

T
h
e 

id
ea

 
o

f 
m

e
m

o
ry

 
“l

an
d

m
ar

k
s”

 
is

 
w

id
e
sp

re
ad

 
in

 
th

e 

p
sy

ch
o

lo
g
ic

al
 

li
te

ra
tu

re
. 

L
a
n

d
m

ar
k
s 

h
a
v
e 

b
ee

n
 

sh
o

w
n

 
to

 

p
ro

d
u
ce

 
si

g
n
if

ic
a
n
t 

ef
fe

ct
s 

o
n
 
ac

cu
ra

c
y
 
an

d
 
v

iv
id

n
es

s 
o

f 

re
ca

ll
 

in
 

ex
p

er
im

e
n
ta

l 
se

tt
in

g
s 

[1
0

, 
1
3

, 
1

4
].

 
B

u
t 

w
h
at

 

ex
ac

tl
y
 i

s 
a 

la
n
d

m
ar

k
 a

n
d

 h
o

w
 i

s 
it

 s
el

ec
te

d
?
 T

h
is

 q
u
es

ti
o

n
 

is
 d

if
fi

c
u
lt

 t
o

 a
n

sw
er

, 
b

ec
au

se
 t

h
e 

h
u

m
an

 m
e
m

o
ry

 s
y
st

e
m

 

ca
n
n
o

t 
an

ti
ci

p
at

e 
w

h
at

 e
v
en

ts
 w

il
l 

b
e 

u
se

fu
l 

in
 t

h
e 

fu
tu

re
 t

o
 

re
ca

ll
 t

h
e
 p

as
t.

 T
h
e 

m
o

st
 o

b
v
io

u
s 

ca
n
d

id
at

es
 a

re
 d

ra
m

at
ic

 

p
u
b

li
c 

ev
en

ts
, 

k
n
o

w
n
 

as
 

“f
la

sh
b

u
lb

” 
m

e
m

o
ri

es
. 

B
u
t 

p
er

so
n
al

ly
 

m
ea

n
in

g
fu

l 
ev

e
n
ts

 
ar

e 
al

so
 

sa
li

en
t 

la
n
d

m
ar

k
s.

 

T
h
es

e 
ev

e
n
ts

 
h
o

w
e
v
er

 
h
av

e 
cl

ea
r 

li
m

it
at

io
n
s 

fo
r 

th
e
 

p
u
rp

o
se

s 
o

f 
d

es
ig

n
in

g
 s

o
ft

w
ar

e 
to

o
ls

 t
o

 a
cc

es
s 

th
e 

p
as

t 
[1

5
].

 

T
h
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r 
m

ai
n

 d
ra

w
b

ac
k
 i

s 
th

at
 t

h
e
y
 r
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u
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e 
u
se
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 t

o
 e

x
p

li
ci

tl
y
 

ta
g
 e

v
en
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rhythIMs: a visualization of patterns of 
online and physical presence

 

 

 Introduction 
Time and temporality play a large part in structuring 
our everyday lives, especially in our interactions with 
others. When people arrange social gatherings, all 
involved parties must agree upon a suitable time. Even 
impromptu gatherings can necessitate temporal 
sequences, e.g. “I’ll meet you in the lounge in five 
minutes.” As a long-term research goal, we are 
interested in exploring how awareness of other people’s 
temporal patterns affects the ways in which people 
collaborate, coordinate and communicate. We are 
investigating the effect of this awareness on 
communication effectiveness and cohesion through the 
deployment of our system, rhythIMs, in which we 
present visualizations of instant messaging (IM) and 
physical presence on a semi-public situated display. 
The potential for using a buddy’s instant messaging 
presence as an indicator of social presence remains 
largely unexplored. Recently, studies have noted that a 
buddy’s online presence can serve as a moderately 
accurate indicator of his social presence and 
availability. Several prototypes for online presence 
displays have been designed to focus on awareness and 
connectedness in [2]. However, these displays have 
largely been designed for individual use and provide 
up-to-date IM status changes for a single person. 
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 2 

Rather than focusing on presenting an individual user 
with IM presence information in real time, rhythIMs 
instead focuses on presenting a small group of people 
with visualizations that represent the group’s IM and 
physical presence as it has built up over time. We are 
exploring the interactions that take place around such a 
display, both between the display and its users and 
amongst the people in the space itself, and are 
examining their implications for designing effective 
visualizations.  

Related Work 
A number of research projects have studied the 
temporal structures that exist in people’s everyday 
work lives. Begole et al. analyzed computer activity and 
visualized the data over varying time-series. They 
found that patterns differed not only between 
individuals but also within individuals according to time 
of day, day of week and an individual’s location [1]. 
Both Soylent [3] and Themail [8] present the user with 
visualizations of his email activity, revealing the social 
and temporal structures that exist in our 
communication with others and indicating the evolution 
of social relationships over time. The implications for 
this work are useful for revealing a shared sense of 
time amongst a group of people and for coordinating 
social contact for both co-located and distributed 
groups. 

One method of communication that has become 
enormously popular over the last decade is instant 
messaging. As of 2004, it was estimated that 53 million 
American adults use instant messaging [7]. The rapid 
rise of instant messaging in both the workplace and 
recreational environments has sparked a number of 
studies on IM, many of which have focused on its role 

in supporting lightweight, informal communication. 
More recently, researchers have begun to note the 
advantages of using text-based point-to-point 
communication systems such as instant messaging in 
supporting awareness in a distributed group setting. In 
their study of instant messaging use in the workplace, 
Nardi et al. document that instant messages are 
frequently used for asking quick questions and 
clarifications about ongoing work tasks, coordinating 
and scheduling both formal and impromptu meetings, 
and keeping in touch with friends and family [6]. The 
use of instant messaging as a means of socializing, 
coordinating social congregations and collaboration has 
been reported in recreational contexts as well [4]. 
These studies show that IM supports awareness by 
providing users with a lightweight channel of 
communication that allows for the immediacy of face-
to-face and over-the-phone interaction but without the 
overhead of maintaining these types of interactions.  

rhythIMs 
Our primary design objective is to support awareness 
and to achieve a feeling of connectedness for a group 
of people. By connectedness, we are referring to “a 
positive emotional appraisal which is characterized by a 
feeling of staying in touch within ongoing social 
relationships” [5]. We will do so by publicizing 
opportunities for informal and spontaneous 
communication and reflecting lightweight information 
about a group’s instant messaging activity and physical 
presence back to the group. We reiterate that the 
visibility of one’s instant messaging “buddies” is a 
lightweight means of supporting awareness in that the 
knowledge of a buddy’s IM status can facilitate the 
spontaneous interactions that instant messaging 
enables and contributes to a feeling of connectedness. 
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While previous work has already been done to support 
this hypothesis, these systems are largely desktop-
based and require a person to explicitly focus on an 
application to pull the awareness information it 
provides. Instead, we argue for pushing information out 
to people unobtrusively to minimize the effort required 
of them to access it. By moving awareness information 
off the desktop, we are also creating new opportunities 
for social and physical interaction.  

In our visualization, each person is represented by a 
set of layers colored at three different saturation levels 
to differentiate the data for IM presence (33% 
saturation), physical presence (66% saturation) and for 
when a user is on IM while being physically present 
near the display (100% saturation). A group of people 
is then represented by the aggregation of all the layers 
stacked on top of each other in an additive fashion. The 
visualization is then split by a vertical line, which 
indicates the current time of day. The layers to the left 
of the line indicate the presence activity that has 
occurred so far within the past day. The layers to the 
right of the line indicate the patterns of presence 
activity that have aggregated throughout one’s history. 
The result is a visualization that shows people what 
their recent IM and physical presence activity looks like 
(on the left) and predicts what their future activity for 
the rest of the day will look like based on their past 
history (on the right). The maximum layer height is a 
function of the total number of users so that each layer 
is allocated equal amounts of maximum vertical space. 
The actual thickness of each layer is calculated as 
follows: for each minute of the day, the height of a 
layer is the result of multiplying the maximum layer 
height by the ratio of the number of days the user has 
been logged on to an instant messaging service, or in 

the case of physical presence, the number of days the 
user has been detected near the display at that specific 
minute, to the number of days that the system has 
collected data for that individual. An example of what 
the visualization looks like for a single user is illustrated 
in Figure 1. We consider a user to be logged on when 
he is signed in to an IM service and offline otherwise. 
We are also using Bluetooth scanner and using the 
detection of a user’s Bluetooth device such as his 
mobile phone or laptop as a substitute for physical 
presence. 

 

Figure 1: An example of the rhythIMs visualization for a single 
user. The regions are labeled as follows. 1: The user was 
online while physically present near the display. 2: They leave 
the room and sign off IM. 3: They re-enter the space but do 
not go online. 4: They leave the space again. 5: They go online 
but are working remotely, away from the display. 6: From their 
past history, they are likely to be online but working remotely 
over the next few minutes. 7: From their past history, they are 
as equally likely to be on IM near the display as they are to 
being on IM remotely. 

The goal of the visualization is to give people an overall 
sense of their own IM and physical presence, as well as 
the temporal patterns of others around them. The idea 
of using layers to compare one entity with respect to a 
larger whole was inspired by the Artifacts of the 
Presence Era installation [9]. We added the height of 
each additional layer to that of the previous one to 
form an accumulation of layers. Like the gradual 
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accumulation of layers in sedimentary rock, the 
cumulative view represents a historical buildup of 
information. This approach allows us to examine an 
individual’s contribution with respect to the group. It 
also allows us to view the data at a higher level, where 
we can examine the layers as a whole to see what 
temporal patterns emerge from the collective as well as 
from the individual. The visualization builds on this 
notion of examining properties of an individual’s 
behavior and how they compare and contribute to an 
emerging collective behavior. By layering each of the 
individual’s contributions in an additive fashion, we are 
introduced to two dimensions of information: the 
patterns exhibited by the individual and how they 
contribute to the patterns exhibited by the collective.  

Conclusion 
We are currently in the early stages of deploying and 
evaluating rhythIMs. In our evaluation, we are 
examining the ways in which IM and Bluetooth 
presence can be a substitute for physical presence. Do 
people feel more connected to others through the 
visualization? How accurate are people’s expectations 
of when others are physically present or on IM and 
what cues do they use? What factors lead to inaccurate 
expectations and what can be done to alleviate those 
inaccuracies? Our focus is not to empirically investigate 
rhythIMs as a tool for increasing awareness but rather, 
to use rhythIMs as an exploratory tool to better 
understand the process of visualizing temporal data, to 
examine what people do with that information and to 
explore the kinds of interactions that take place around 
such visualizations.  

References 
[1] Begole, J., Tang, J.C., Smith, R.B. and Yankelovich, 
N. Work Rhythms: Analyzing Visualizations of 
Awareness Histories of Distributed Groups. Proceedings 
of CSCW'02, ACM Press (2002), 334-343. 

[2] Dey, A.K. and De Guzman, E.S. From Awareness to 
Connectedness: The Design and Deployment of 
Presence Displays. Proceedings of CHI 2006, ACM Press 
(2006), 899-908. 

[3] Fisher, D. and Dourish, P. Social and Temporal 
Structures in Everyday Collaboration. Proceedings of 
CHI 2004, ACM Press (2004), 551-558. 

[4] Grinter, R.E. and Palen, L. Instant messaging in 
teen life. Proceedings of CSCW’02, ACM Press (2002), 
21-30. 

[5] Ijsselsteijn, W.A., van Baren, J., and van Lanen, F. 
Staying in Touch: Social Presence and Connectedness 
through Synchronous and Asynchronous 
Communication Media. Proceedings of HCI 
International, PUBLISHER??? (2003), 924-928. 

[6] Nardi, B.A., Whittaker, S. and Bradner, E. 
Interaction and Outeraction: Instant Messaging in 
Action. Proceedings of CSCW'00, ACM Press (2000), 
79-88. 

[7] Shiu, E. and Lenhart, A. How Americans Use 
Instant Messaging. Pew Internet and American Life 
Project (2004), 1-19. 

[8] Viègas, F.B., Golder, S. and Donath, J. Visualizing 
Email Content: Portraying Relationships from 
Conversational Histories. In Proceedings of CHI 2006, 
ACM Press (2006), 979-988. 

[9] Viègas, F.B., Perry, E., Howe, E. and Donath, J. 
Artifacts of the Presence Era: Using Information 
Visualization to Create an Evocative Souvenir. In IEEE 
Symposium on Information Visualization 2004, IEEE 
(2004), 105-111. 

 
 



 

Product Usage Data Challenges: 
Volume, Detail, Abstraction

 

 

Abstract Lynn Cherny 

Ghostweather Research & Design 

209 Edgewater Drive 

Framingham, MA 01702 USA 

Lynn@ghostweather.com 

 
Many software companies consider themselves “data- 
driven” in their operations, yet the data they collect is 
often under-leveraged.  At one company, “Design 
Company,”   the temporal analysis component is 
generally missing, due to poor infrastructure for such 
analysis and lack of internal analytic expertise.  
Temporal data could be of enormous value in this and 
similar companies, given the right approaches to 
database design, algorithms, and front end visualization 
tools. 

Keywords 
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mining, graphs, databases, clustering, patterns, 
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Data In “Design Company” 
Usually far from the research ideal, data collection 
inside business settings is nevertheless critical to 
operations.  More and more companies consider 
themselves “data-driven” and chart their successes and 
growth with different metrics that include trend data 
presented in various ways.  The popularity of the Net 
Promoter Score as a marketing measure of customer 
satisfaction [3] is just one metric currently in use in 
many companies, usually tracked carefully over time.  
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Within software development organizations, reports of 
bug counts of various severities constitute the main 
metric used to determine whether a product is ready to 
ship. Other metrics are increasingly being used to 
inform design processes and product quality 
measurements, such as mean time between crash 
reports, satisfaction and usability of specific features, 
performance measures (such as time for a system to 
complete operations), and product usage statistics [1, 
2].  However, these data often live inside complex, 
historically ad hoc databases with poor or non-existent 
user interfaces; and such data are often not considered 
as stats that might be tracked and visualized over time.  
Reasons for this vary from inadequate infrastructure for 
performing temporal comparisons, impoverished 
understanding of how to interpret this data as a 
tracking mechanism of value to operations, and 
frequently a lack of resources for long-term corporate 
infrastructure projects. 

My interest lies in learning ways to compute and 
present such data to provide insight for corporate 
decision processes, particularly where improvements in 
product quality and design are involved.  Product usage 
data is of particular focus to me in this endeavor, in 
that it is often least utilized and is considered the most 
costly to collect, store, and analyze at “Design 
Company.” 

Product Usage Data 
In most engineering organizations, quantitative data is 
generally respected more than qualitative data, where 
“respected” means “more likely to be heard and to 
influence management behavior.”  One type of 
quantitative information that has great potential for 

impact, but is not used to full potential, is data on 
product feature usage. 

“Design Company,” like increasing numbers of software 
companies (and most web companies), instruments its 
own products for collection of usage data.  This data is 
collected in an automated “opt-in” procedure, 
advertised as a method to “improve the product” by 
providing data for the development team.  The aspect 
of this data that is currently most useful is crash 
reporting; analysis of crash frequency is a critical 
measure of quality in many companies [2] and Design 
Company is no different.  Yet such reports at Design 
Company are produced via an antiquated VB script that 
produces multi-page Excel files distributed by email 
once per month.  Modification to present richer 
interaction and long-term trend data is extremely 
difficult and requires dedicated developer attention to 
the old scripts. 

Challenges of Micro Detail 
Collected along with crash data are data on interface-
level feature usage.  This data lives at a low level of 
granularity, sometimes at the level of mouse 
movements.  This micro detail frustrates most internal 
data consumers.  Even an individual session contains 
too much detail to be useful in a general manner with 
the current internal tools; yet the promise of 
quantitative data would seem to be generalization 
across many sessions.  Questions of great interest to 
the organization include: In what contexts are various 
“help” commands used? Does usage change after 
introduction of new features? What features are NOT 
being used?  Does crashing occur in certain contexts of 
use?  What contexts cause the most repetitive 
“clicking”? 
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Micro-level usage data pose several problems (see [1] 
for more): 

• Volume of the data: It takes up a lot of room 
to store, especially at very low levels of 
granularity.  The database administrator at 
“Design Company” is regularly asking to 
eliminate or reduce the data collected due to 
space issues and its lack of usefulness so far.   

• Costs of analysis for a data-mining approach: 
It’s computationally time-consuming and 
conceptually difficult to find the right 
algorithms to generalize from this data, 
particularly given the indirection in the 
database (commands are “coded” and multiple 
tables are required to identify them in text 
strings, and even then, the operations are not 
mapped one-to-one to the interface in a 
transparent way). 

• Even for “simple” questions, the role of 
context, or temporal order, becomes critical: 
E.g., the length of time of a specific operation 
is easy to evaluate, but may only be valuable 
when looked at in context of surrounding 
operations.  Adding this dimension becomes 
expensive, for the above reasons. 

Sample Application One: Mouse Movements 
Web site analytics packages present page click data in 
terms of button/link click heat maps.  In a design 
application, the actual x,y coordinates of movement 
and clicking may be important, however.  Here is an 
example of a flattened mouse movement patterns in 
the document window ofrom one user session, with 

“older” movements faded out relative to more recent 
movements: 

Mouse Clicks Locations Over Time
(Coords inside the document window)
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Figure 1: Mouse Clicking in Document Window (Traces) 

Such diagrams suggest that the primary action in this 
product stays relatively close to the tool bar on the top 
left of the application window, although there are 
patterns of location by time that need further context 
analysis.  The designers might consider moving buttons 
from the upper left to floating contextual toolbars, to 
reduce mouse travel to the left corner. 

Sample Application Two: Performance Time 
In Figure 2, a sequence of micro-operations shows 
long-duration operations as higher peaks.  The same 
operations take different amounts of time, depending 
on when they were performed (in this case, probably 
due to increasing amounts of data in the document and 
decreased amounts of available memory): 
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Figure 2: Durations for the Same Operation, at Two Different 
Points in a Session 

A chart of memory usage over time in this session 
confirms that there is less available memory later in the 
session, when the user saves the second time. 

Sample Application Three: Abstraction Needed 
Different stakeholders require different levels of 
analysis of sequential operations.  Clustering methods 
or pattern matching techniques might help analysts 
identify useful “meta levels” as suggested from fictional 
data representation in Figure 3 (also see [1]).  Low-
level operations may be grouped in different ways, and 
hierarchical patterns may emerge based on co-
occurrence of command sequences or sets.  As in other 
data mining problems, the analyst’s role in interpreting 
the data from a position of domain knowledge is critical 
to drawing useful hypotheses and conclusions from the 

lacking in “Design Company” and others with this type 
of detailed feature usage data. 

 

data.  Tools for interactive analysis of this type are still 

Figure 3: Analytic Groupings Potentially of More Use than the 
Micro-Recorded Operations 
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Doing architecture on telecom data 
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This design-based research aims to propose location-

based urban metaverse related to socio-technological 

factors through investigating the relations between 

physical structure of urban space and temporal 

telecommunication behaviors.  
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Short Proposition Paper 

Everyday mobile phone use is highly connected with 

urban life, which is generating data that include spatial 

and temporal information reflecting people’s urban daily 

life. In the meantime, as the groundings for spatial 

data, our built environment has consisted of layers 

reflecting time of sociology and history in a society. 

Also, urban telecommunication is producing temporal 

data along urban spatial axis for occupancies and 

movements. Through the temporal data juxtaposed 

with deconstructed urban layers, we may see 

teritorialization of telecommunication in urban space, 

which is used as a spatial structure of urban metaverse 
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that is virtual and locative urban layer(s) where we can 

utilize communicative places. 

 
Figure1.Telecommunication cell spaces juxtaposing deconstructed 

urban layers; natural topography, roads and streets, solids and 

voids by buildings (from the bottom). The ends of red lines indicate 

the center of cell spaces and locations of base stations. 

It will be investigated with the idea of this geological 

concept to make temporal information compatible with 

spatial data; 4-dimensional data topography in real 

urban map with the numbers of mobile phone calls 

dependent on time variations. To be specific, the spatial 

structure of urban telecommunication is revealed by a 

hybrid mapping between urban physical layers such as 

natural topography, heights of buildings, and networks 

of roads and 3-dimensional data contour; deconstruting, 

layering and juxtaposing. And then, applying temporal 

concept conveys 4-dimensional data moving 

topography that is the rhythm of telecommunication 

behavior and its territorialization in urban space. This is 

the ground to identify a new cognitive communication 

domain of urban space and, at the same time, provide 

a concept for designing locative metaverse, reflecting 

on telecommunication behavior.  

Figure2. Telecommunication cell spaces juxtaposing 

deconstructed urban layers; natural topography, roads and 

streets, solids and voids by buildings (from the bottom). The 

ends of red lines indicate the center of cell spaces and 

locations of base stations. 

Eventually, locative metaverse will be generated at the 

level of built environment and at the level of interface 

of telecommunication devices. At urban space, 

architectures may be responsive depending on mobile 
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scribers’ behaviors and arbitrary and/or intended 

controls by telecom devices. At interfaces reflecting real 

spaces in mobile phone, we may virtually create 

customized communicative spots and then do locative 

communication with others in real time through putting 

annotations and browsing messages made of images, 

sounds, touches as well as texts and voices.  

As contributions, urban media based on location may 

deliver a new urban communication through making us 

utilizing the traces of people’s urban activity by 

depicting as informative pictures. At private individuals’ 

level, it allows to use built environment as another 

media for communication. At local authorities’ level, it 

may be made use for public awareness systems and 

transportation locally and even widely. At companies’ 

level, retail strategies and ads for focus groups 

connecting with local areas will be available in real-time 

through locative media. Finally, the “ubiquitous” city 

will work. 

Challenges  

For interaction with temporal data in this research, 

some works for compatibility are needed. Accordingly, 

data visualization along urban real map was 

accomplished through GIS works with the idea of a 

topographical concept. 

In my opinion, temporal data, especially regarding 

telecommunication in urban space, reveal a rhythm of 

spatial occupancy (and/or use). Also, the (concept of) 

rhythm may tell us attributes of spaces and places as 

media. In this respect, I would love to discuss about 

how to decode temporal data as a genetic factor 

pertaining to space, place, and intangible domain.
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Abstract 
This position paper describes current research questions and 
challenges we have encountered as we work to design a table 
with a memory. The goal of the system is to augment work and 
meetings on a shared tabletop surface by providing a contextual 
interface for recording, annotating, reviewing, and reflection by 
the users of the table. Existing tabletop interfaces introduce 
new interaction techniques but neglect serious inquiry into the 
integration of these features with the long-term work practices. 
Our goal is to introduce a tabletop for literal and metaphorical 
reflection, contextual retrieval of information, and 
documentation of process. MemTable examines how an 
interface that embodies the history of its use can be 
incorporated into our daily work lives. 

Introduction 
Finding an appropriate context for the long-term use of an 
interactive table requires designing a table with features that 
augment, support, and document how that community is using 
the surface in the temporal and physical domains. We are 
designing a table that supports three modes of engagement: 
(1)multi-modal input for documentation and recording, 
(2)personalized review of the history, and (3)visualization of 
long term usage.  
 
At the Temporal Interaction Workshop on April 4, we hope to 
discuss the challenge of how to identify the most contextual and 

significant data during table use and customize that data for 
each person who returns to the table. What visualizations are 
most useful to help us reflect on our long-term work practices, 
and what form should those visualizations take?  Currently we 
have begun prototyping and development of the memory table, 
some of which we present in this document, and we hope to 
have more developed work in progress to present and get 
feedback about during the workshop in April.  
 
Project Description 
The implementation of the MemTable consists of:  the physical 
build and installation, and designing multi-touch software for 
reviewing and visualizing the temporal history. MemTable is 
designed as a large work table for use in the MIT Media Lab. We 
have tried to choose a context that could serve as a template 
for other small workgroups such as design studios, conference 
meeting rooms, and organizations. 
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Figure 1.  Preliminary drawings of the dimensions and technology in the 
proposed table 

The table can record audio, high resolution images of the 
surface, and pen based annotations made by the users. It is 
also equipped with RFID readers so that users can tag recorded 
information by a unique ID.  
 
We hope to support meeting scenarios like the ones pictured in 
figure 2, capturing temporal data about the objects on the 
surface, the audio in the space, and who is at the table.  
 
Currently we are working on the technical aspects of developing 
the project, and mocking up scenarios where the temporal 
history become can be accessed “Just in time” while a meeting 
is happening. 
 

     
Figure 2. Example Scenarios of Use with Objects 

 

Reviewing Temporal Data 
What are the best metaphors for reviewing temporal data? We 
have begun with a rotating spiral as a metaphor for unwinding 
from that past into the present – with layers within the spiral 
corresponding to different timestamps of types of data, 
drawings, ID, and audio. 

     

figure 3. A quick multi-touch prototype, one method of exploring a 
history of images we have explored. 

The Temporal Interfaces workshop could provide an opportunity 
to present our current progress, and explore other possibilities 
for visualization of temporal events and long term use, such as 
the work by Frenanda Viegas in PostHistory, and Martin 
Wattenberg in History Flow pictured in figure 4.  

    
figure 4. A time based, and linear visualization of historical 
data by Viegas, Wattenberg.  

In addition, we see an opportunity to visualize the social 
relationships between people in the space, based on their “time 
of use” patterns around the collaborative table such as in figure 
5 below. 
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f
igure 5. An example of visualization techniques from the flare Libraries 
developed at UC Berkely. Here we look at all the people who have visited 
the table and their connections to each other. 

Conclusion 
In Doland Schon’s influential book, “The Reflective 
Practicititioner”[2], he emphasizes the need to bring reflection 
to the center of an understanding of what we do, looking at our 
experiences and building new understanding from the data we 

gather.  
 
Just as physical objects embody the temporal expressions of our 
physical presence (coffee stains, wear, notes) – digital objects 
have the potential of being integrated into our physical space 
and capturing the contextual data generated in the space. 
These digital objects can then embody that information by 
presenting it in the same special context as it was generated.  
 
Great potential exists for other surfaces to record data about 
how they are used and adapt to augment the work practices of 
the people using them, but many questions need to be 
answered about how that data should be visualized, and what 
the most useful interfaces for navigating that information are. 
We hope you will consider us for participation in the workshop, 
we were very excited by the specific theme of temporal 
interaction and how well it correlated to the MemTable project.  
 
For further information about this work please see: 
http://fluid.media.mit.edu or contact hunters@mit.edu 
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Fundamental research in visualization is concerned with 
the impact of presentation on visual perception and 
understanding [5] [6]. 

In current Air Traffic Control (ATC) environments, Air 
Traffic Controllers (ATCo) use several visualization 
systems: radar views, timelines, electronic strips, 
meteorological views, supervisions etc… The 
information displayed is intrinsically temporal: aircraft 
positions that evolve over time, conflicts between 
aircraft at a given time, airspace congestions… Each of 
these visualizations is rich and dynamic: it displays 
numerous visual entities that move and evolve over 
time. Furthermore, this considerable volume of 
information must be understandable with a minimum 
cognitive workload. As traffic increases and safety 
criteria become more demanding ATC requires this new 
kind of visualizations. 

Our research focuses on the production of new efficient 
visualizations with temporal data. We characterize a 
more efficient visualization as one in which a greater 
volume of information can be perceived and understood 
with a smaller or equivalent cognitive workload (while 
at the same time reducing the error rate in the 
perception of the information) 
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Time and visualizations 

Bertin [1] was the first to define representation rules 
that produce a non ambiguous representation: the 
semiology of graphics. This semiology is a complete 
system composed of signs and rules which permit the 
building of planar maps or diagrams. This system is a  
powerful tool to represent, memorize, understand and 
communicate information. It describes and explains 
perceptual phenomena and properties underlying the 
act of reading an abstract graphic. Bertin also 
introduces the variables that are used to code 
information visually: position, size, orientation, color. 
Bertin did not provide special rules for time 
representation. For us,  time is just another data 
attribute in a dataset. However, noteworthy 
representations of temporal information do exist (Train 
schedule string-line graphics by Marey, Minard’s visual 
history of Napoleon’s Russian Campaign…). These 
graphics address a major event to show temporal data 
with a static representation. These views are not a 
simple time series (or timeline). In past works, we 
conducted a precise analysis designed to understand 
the temporal dimensions more fully. We used Bertin's 
work and we tried to characterize design choices [2]. 
Then, we tried to compare design choices with 
objective criteria [3]. Finally we sought new 
visualization to improve  image efficiency  

In this paper, we propose to illustrate one visual design 
that codes temporal information: The radar comet used 
by ATCo.  

 
 
 

RADAR Comet: 

It is very difficult to create a new design without any 
support. Nevertheless, we identify several different 
methods when building visual entities: 

• An empirical approach: design based on trial and 
error methodology, 

•A historical approach: design based on the 
continuity of previous work with a concern for 
adaptation to the given context, 

Minard's visual history of Napoleon's Russian 

Campaign 
• An ecological approach: design based on the 

respect of both physical and perceptual human 
factors  

• A technological approach: design based on 
technological opportunities. 

 

The design we propose to investigate is the Radar 
Comet. It instances all the mentioned sources of 
design. The first design source is the ecological design. 
A comet's visual properties were used for the first time 
in the early seventeenth century by Edmond Halley [4] 
(Figure 2) who coded the trade wind direction on a 
map. He coded the flow with a stroke. The comet has 
accurate design properties; it displays the direction of 
the shape and its tendency. The comet is composed of 
a bigger part, its head, and a smaller, its tail. Its head 
indicates the comet heading. The tendency indicates 
the direction. The curvature of this shape indicates if it 
is turning right or left and the degree of veering. This 
design is ecological in so far as it stems from our basic 
understanding of motion (drops in a puddle, shooting 
stars…). An ecological design is easily understandable  

This diagram, showing the time schedules of 

trains from Paris to Lyon and vice-versa, was 

published by Marey in his book. 
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Figure 2: Halley's chart of the Trade Winds 1686. 

ATC visualization derives some benefit of this comet. 
The design of the first radar comet is historical and 
technical. It is not directly based on the Halley design 
but on early radar equipment which relied on scope 
persistency (Figure 3). Old radar scopes retained the 
previous plot positions with the fading of the screen 
phosphor (ecological and technical design: the plot has 
a lifetime, the dot size and luminosity decrease over 
time). This kind of design has the same remarkable 
properties as the Halley-style comet: it displays the 
aircraft trajectory’s curvature tendencies and shows if 
an aircraft is turning and the degree of veering. ODS is 
the main French radar view for the air traffic 
controllers. Its main goal is to display aircraft positions 
and to help ATCo to space aircrafts beyond the security 
minima. The radar track presents the aircraft positions, 
its speed (speed vector), name, altitude and speed as 
text (label). The design of the comet is built with 
squares, whose size varies with the proximity in time of 
the aircraft’s position: the biggest square displays the 

latest position of the aircraft, whereas the smallest 
square displays the least recent aircraft position. Thus, 
in Figure 4, the shape of the comet indicates that the 
plane has turned 90° to the right and that it has 
accelerated.  

                          

Figure 3: the shape decreases in intensity over time on 
a scope (left picture). ODS comet metaphor (right 
picture). 

The positions of the aircraft merge through the effect of 
Gestalt continuity, in which a line emerges with its 
particular characteristics (curve, regularity of the 
texture formed by the points, etc). Furthermore, 
Gestalt continuity allows an occlusion resistance. This 
means that if there are many overlapping comets you 
can still distinguish each one.  

    
Figure 4: the French radar screen 

 

The information coded by the comet is summarized in 
the following table. Italic script represents emerging 
information. For instance, the  aircraft tendency data is 
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not needed to draw the comet, but the comet 
nevertheless  codes this information. The emerging 
process stems from the embedded time in the RADAR 
plot positions. The time can be easily derived into 
speed and acceleration.  

The comet design is an efficient visualization of data 
time. The fact that the underlying data is temporal 
helps the reader to interpret naturally emergent 
information such as speed, tendency and acceleration. 

ODS coded information Visual code 
Aircraft position Position 

ageing of each position Size  
Aircraft speed Size (comet length) 

Aircraft tendency (left, 
right) 

Comet curvature 

Aircraft acceleration Regular/irregular point 
spacing 

Aircraft entity Gestalt (proximity and 
size) 

 

Conclusion: 

In this paper we depict only one simple visual design 
used by air traffic controllers but it remains noteworthy 
through its numerous roots and the impressively large 
amount of coded information. This design illustrates the 
emerging information process. ATC use several other 
interesting temporal designs. 

The comet design addresses some issues: the design is 
efficient because it displays more information than the 
simple aircraft positions (emerging information). 
Furthermore, this design is easily understandable 
because is ecological (metaphor of the phosphor 
persistency, and the comet design). 

We should be very interested in participating in any 
workshop focussing on  temporal data, especially if it 
addresses representation issues. The perspective of a 
special journal issue is also a promising project. The 
representation of temporal data is a part of the work of 
one of our Ph.D students. Therefore, we should be 
eager to take part and to benefit from the opportunity 
to contribute our expertise and our visualization 
experience. 
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re

 
re

co
rd

s 
ar

e 
u
se

d
 

in
 

th
ei

r 
ex

a
m

p
le

. 
 

L
if

eS
tr

e
a

m
s 

[5
] 

p
u
ts

 
al

l 
d

o
cu

m
e
n
ts

 
in

 
se

q
u
en

ti
al

 
o

rd
er

, 

al
lo

w
in

g
 
u

se
rs

 
to

 
sc

ro
ll

 
th

ro
u
g

h
 
th

ei
r 

d
o

cu
m

e
n
ts

 
th

ro
u

g
h
 

ti
m

e.
 I

n
te

g
ra

te
d

 s
ea

rc
h
 a

n
d

 m
et

ad
at

a 
se

le
ct

io
n

 a
re

 f
il

te
rs

 o
n
 

th
e 

d
at

a.
 



  “M
il

e
st

o
n
e
s”

 
[1

1
] 

ad
d

ed
 
to

 
th

e 
d

es
k
to

p
 
se

ar
ch

 
li

st
in

g
 
b

y
 

an
n
o

ta
ti

n
g
 t

h
e 

se
ar

c
h
 r

es
u
lt

s 
w

it
h
 a

 t
im

el
in

e.
 T

im
e
s 

o
n

 t
h
e
 

re
su

lt
 

li
st

 
ar

e 
an

n
o

ta
te

d
 

b
y
 

en
tr

ie
s 

fr
o

m
 

th
e 

u
se

r’
s 

o
w

n
 

ca
le

n
d

ar
 (

m
ee

ti
n
g

s,
 i

m
p

o
rt

an
t 

ev
en

ts
),

 p
h
o

to
g
ra

p
h
s,

 e
tc

, 
as

 

w
el

l 
a
s 

co
ll

ec
ti

v
e 

in
fo

rm
at

io
n
. 

L
im

it
ed

 
to

 
th

e 
e
m

ai
l 

d
o

m
ai

n
, 

S
o

y
le

n
t 

[6
] 

in
cl

u
d

es
 

a
 

te
m

p
o

ra
l 

v
is

u
al

iz
at

io
n
 

th
at

 
sh

o
w

s 
th

e 
to

p
 

te
n
 

e
m

ai
l 

co
rr

es
p

o
n
d

en
ts

 i
n
 e

ac
h
 m

o
n

th
. 

T
h
e 

ch
an

g
es

 i
n
 t

h
at

 l
is

t 
o

v
er

 

ti
m

e 
ca

n
 

su
g

g
es

t 
d

if
fe

re
n
t 

p
ro

je
ct

s,
 
p

ri
o

ri
ti

es
, 

an
d

 
so

ci
al

 

ci
rc

u
m

st
a
n
ce

s.
 

S
im

il
ar

ly
, 

T
h
e
m

ai
l 

[1
2

] 
sh

o
w

s 
th

e 
m

o
st

 
co

m
m

o
n
 

w
o

rd
s 

ap
p

ea
ri

n
g
 
in

 
e
m

ai
l 

o
v
er

 
ti

m
e.

 
It

 
al

lo
w

s 
u
se

rs
 
to

 
se

e 
th

e
 

g
en

er
al

 c
o

n
te

n
t 

o
f 

th
ei

r 
e
m

ai
l 

ch
an

g
in

g
 o

v
er

 t
im

e,
 a

n
d

 t
o

 

lo
o

k
 f

o
r 

m
aj

o
r 

ch
an

g
e
s 

in
 t

h
ei

r 
em

a
il

 a
t 

a 
g
la

n
ce

. 

S
h

o
w

in
g

 P
e

rs
o

n
a

l 
N

a
rr

a
ti

v
e
s

 

P
er

so
n

a
l 

N
a

rr
a

ti
ve

s 
 

is
 

a 
v
is

u
al

 
to

o
l 

th
at

 
al

so
 

sh
o

w
s 

in
fo

rm
at

io
n

 
fl

o
w

s 
o

v
er

 
ti

m
e
. 

A
 

sc
re

e
n
sh

o
t 

o
f 

P
er

so
n
al

 

N
ar

ra
ti

v
es

 i
s 

sh
o

w
n
 i

n
 F

ig
u
re

 2
. 

L
ik

e 
o

th
er

 t
e
m

p
o

ra
l 

P
IM

 

v
is

u
al

iz
at

io
n
 

p
ro

je
ct

s,
 

P
N

 
lo

o
k
s 

at
 

ch
a
n

g
es

 
in

 
p

er
so

n
a
l 

in
fo

rm
at

io
n
 f

lo
w

 o
v
er

 t
im

e.
 U

n
li

k
e 

th
es

e 
o

th
er

 a
p

p
ro

ac
h
es

, 

h
o

w
ev

er
, 

it
 d

o
es

 n
o

t 
at

te
m

p
t 

p
ro

v
id

e 
an

 o
v
er

al
l 

v
ie

w
 o

f 
th

e
 

d
at

as
et

, 
b

u
t 

ra
th

er
 s

h
o

w
s 

a 
si

n
g
le

 q
u
er

y
 t

er
m

 a
t 

a 
ti

m
e.

  

P
er

so
n
al

 
N

ar
ra

ti
v
es

 
is

 
a 

re
v
is

io
n

 
o

f 
N

a
rr

a
ti

ve
s 

[7
].

 

N
a

rr
a

ti
ve

s 
v
is

u
al

iz
e
s 

ch
an

g
e 

in
 t

h
e 

n
u

m
b

er
 o

f 
b

lo
g
 e

n
tr

ie
s 

p
o

st
ed

 o
n
 n

e
w

s 
to

p
ic

s 
o

v
er

 t
im

e.
 I

n
 P

er
so

n
al

 N
ar

ra
ti

v
es

 w
e 

in
st

ea
d

 v
is

u
a
li

ze
 t

h
e 

n
u

m
b

er
 o

f 
re

fe
re

n
ce

s 
to

 a
 s

in
g
le

 n
a
m

e
 

o
r 

k
e
y
w

o
rd

 o
v
er

 t
im

e.
  

 

 
 

 

 
 

F
ig

u
re

 1
: 

F
iv

e 
in

te
rf

ac
es

 f
o

r 
p
er

so
n
al

 i
n

fo
rm

at
io

n
 o

v
er

 t
im

e:
 L

if
e
L

in
e
s,

 L
if

e
S

tr
ea

m
s,

 S
o

y
le

n
t,

 M
il

es
to

n
es

, 
a
n
d

 T
h
em

a
il

. 



  
3

 

P
er

so
n
al

 N
ar

ra
ti

v
es

 
is

 d
ri

v
e
n

 b
y
 o

u
r 

m
o

d
if

ie
d

 
v
er

si
o

n
 o

f 

W
in

d
o

w
s 

D
es

k
to

p
 S

ea
rc

h
. 

W
e 

ex
tr

ac
t 

a
 r

an
d

o
m

 2
0

0
 w

o
rd

s 

fr
o

m
 

ea
c
h
 

d
o

cu
m

e
n
t,

 
an

d
 

c
re

at
e 

a 
ti

m
e
-l

ab
el

ed
 

fo
rw

ar
d

 

in
d

ex
 b

as
ed

 o
n
 t

h
e
m

; 
w

e 
th

en
 p

u
sh

 t
h
is

 f
o

rw
ar

d
 i

n
d

ex
 i

n
to

 

a 
d

at
ab

as
e 

an
d

 
v
is

u
al

iz
e 

th
e
m

 
o

v
er

 
ti

m
e
, 

sh
o

w
in

g
 

th
e
 

re
la

ti
v
e 

n
u

m
b

er
 o

f 
h
it

s.
  

 

 

F
ig

u
re

 2
: 

P
er

so
n
al

 N
ar

ra
ti

v
es

, 
se

ar
ch

in
g
 f

o
r 

th
e 

te
rm

 

“t
ec

h
fe

st
”.

 I
n

se
t,

 a
 t

o
o

lt
ip

 f
ro

m
 2

0
0

7
. 

In
 F

ig
u
re

 2
, 

w
e 

sh
o

w
 t

h
e 

in
te

rf
ac

e 
fo

r 
P

er
so

n
al

 N
ar

ra
ti

v
es

. 

T
h
e 

sc
re

en
sh

o
t 

co
v
er

s 
th

e 
p

er
so

n
al

 
ar

ch
iv

e 
fo

r 
o

n
e 

u
se

r 

o
v
er

 e
ig

h
t 

y
ea

rs
: 

th
e 

ti
m

el
in

e 
at

 t
h
e 

b
o

tt
o

m
 r

u
n
s 

fr
o

m
 2

0
0

1
 

th
ro

u
g
h
 
2

0
0

8
. 

T
ec

h
fe

st
 
is

 
a
n
 
an

n
u
al

 
ev

e
n
t 

at
 
M

ic
ro

so
ft

; 

th
u

s,
 t

h
e 

re
d

 s
p

ik
es

 o
cc

u
r 

o
n

ce
 a

 y
ea

r,
 b

u
il

d
in

g
 u

p
 i

n
 t

h
e
 

e
m

ai
l 

b
u
rs

ts
 c

o
o

rd
in

at
in

g
 t

ec
h
fe

st
, 

th
e
n
 f

al
li

n
g
 o

ff
 a

ft
er

 t
h

e 

ev
en

t 
is

 o
v
er

. 

N
ar

ra
ti

v
es

 a
ls

o
 f

in
d

s 
w

o
rd

s 
th

at
 c

lo
se

ly
 c

o
-o

cc
u
r 

w
it

h
 t

h
e
 

so
u
rc

e 
te

rm
. 

F
o

r 
ex

a
m

p
le

, 
if

 m
o

st
 d

o
cu

m
e
n
ts

 t
h
at

 m
e
n
ti

o
n

 

“c
li

e
n
t”

 
al

so
 
te

n
d

 
to

 
m

en
ti

o
n
 
“e

m
ai

l”
, 

th
en

 
a 

se
ar

ch
 
fo

r 

“c
li

e
n
t”

 w
o

u
ld

 h
av

e 
“e

m
ai

l”
 s

u
g

g
es

te
d

. 
In

 F
ig

u
re

 2
, 

w
e 

se
e
 

th
at

 t
h
e
 m

o
re

 c
o

n
n
ec

te
d

 w
o

rd
s 

in
 2

0
0

7
 w

it
h

 “
te

c
h
fe

st
”
 a

re
 

“r
es

ea
rc

h
” 

a
n
d

 “
p

ro
d

u
ct

”.
 (

O
th

er
 t

er
m

s 
in

 t
h
e
 l

is
t 

ar
e 

le
ss

 

si
g

n
if

ic
a
n
t 

fo
r 

th
is

 d
is

c
u
ss

io
n
.)

 

C
H

A
N

G
E

S
 I

N
 P

E
R

S
O

N
A

L
 I

N
F

O
R

M
A

T
IO

N
 O

V
E

R
 T

IM
E

 

T
h
e 

v
is

u
al

iz
at

io
n
 f

ro
m

 N
ar

ra
ti

v
es

 
in

sp
ir

ed
 u

s 
to

 c
o

n
si

d
er

 

w
a
y
s 

th
at

 
in

fo
rm

at
io

n
 

ch
a
n

g
es

 
o

v
er

 
ti

m
e.

 
 

T
h
e 

g
e
n
er

a
l 

re
se

ar
ch

 a
re

a 
o

f 
to

p
ic

 d
et

ec
ti

o
n
 a

n
d

 t
ra

ck
in

g
 e

x
a
m

in
e
s 

w
a
y
s 

to
 h

an
d

le
 t

ex
t 

th
at

 h
as

 c
h
an

g
e
d

 o
v
er

 t
im

e.
 

K
le

in
b

er
g
 [

9
] 

h
as

 l
o

o
k
ed

 a
t 

te
m

p
o

ra
l 

cl
u
st

er
in

g
, 

ex
tr

ac
ti

n
g

 

m
ea

n
in

g
fu

l 
te

m
p

o
ra

l 
cl

u
st

er
s 

o
f 

to
p

ic
s,

 i
n
cl

u
d

in
g
 i

n
 e

m
ai

l.
 

T
h
ei

r 
w

o
rk

 r
ep

o
rt

s 
th

at
 p

er
so

n
al

 e
m

ai
l 

se
e
m

s 
to

 c
lu

st
er

 w
e
ll

 

in
to

 
to

p
ic

s.
 

K
le

in
b

er
g
 

e
x
tr

ac
ts

 
to

p
ic

s 
fr

o
m

 
A

C
M

 
ar

ti
cl

e
 

ti
tl

es
 

(f
in

d
in

g
 

tr
e
n
d

s 
in

 
te

rm
s 

li
k
e
 

“w
eb

 
cr

a
w

l”
 

a
n
d

 

“r
el

at
io

n
al

 d
at

ab
as

e”
) 

an
d

 f
ro

m
 e

m
a
il

. 

A
d

ar
 e

t 
al

 [
1

] 
lo

o
k
ed

 a
t 

h
o

w
 u

se
rs

 r
e
v
is

it
 w

eb
 p

a
g
es

, 
a
n
d

 

h
o

w
 w

eb
si

te
s 

ch
a
n

g
e 

o
v
er

 t
im

e.
 T

h
ey

 f
o

u
n
d

 t
h
a
t 

w
eb

 p
ag

es
 

ch
an

g
e 

fr
eq

u
e
n
tl

y
 a

n
d

 t
h
at

 u
se

r 
b

eh
av

io
r 

ar
o

u
n
d

 w
eb

 p
ag

es
 

w
a
s 

c
h
ar

ac
te

ri
st

ic
 b

o
th

 o
f 

th
e 

u
se

rs
 a

n
d

 o
f 

th
e 

p
a
g
es

. 
S

o
m

e
 

p
ag

es
 w

er
e 

re
v
is

it
ed

 o
ft

e
n
, 

w
h

il
e 

u
se

rs
 r

e
v
is

it
ed

 o
th

er
 p

ag
es

 

v
er

y
 i

n
fr

eq
u
e
n
tl

y
..

 B
y
 a

n
al

o
g

y
, 

w
e 

m
ig

h
t 

ex
p

ec
t 

so
m

e 
P

IM
 

to
p

ic
s 

to
 h

a
v
e 

c
h
ar

ac
te

ri
st

ic
 f

re
q

u
en

t,
 r

eg
u
la

r,
 o

r 
ir

re
g

u
la

r 

p
at

te
rn

s.
 

N
e
w

sJ
u

n
k
ie

 [
8

] 
at

te
m

p
ts

 t
o

 p
ro

v
id

e 
a
 p

er
so

n
al

iz
ed

 v
ie

w
 o

f 

in
co

m
in

g
 n

e
w

s 
st

o
ri

es
. 

U
se

rs
 c

an
 s

el
ec

t 
a 

se
ri

es
 o

f 
to

p
ic

s 

th
e
y
 a

re
 i

n
te

re
st

ed
 i

n
, 

a
n
d

 i
t 

lo
o

k
s 

fo
r 

n
o

v
el

 s
to

ri
es

 o
n
 t

h
at

 

g
en

er
al

 t
o

p
ic

. 
 

P
e

rs
o

n
a

l 
S

e
a

rc
h

 G
a
d

g
e

t 

T
h
e 

P
er

so
n
al

 S
ea

rc
h
 G

ad
g
et

 i
s 

si
m

il
ar

 t
o

 N
e
w

sJ
u

n
k
ie

, 
in

 

th
at

 i
t 

lo
ca

te
s 

n
o

v
e
l 

m
at

er
ia

l 
o

v
er

 t
im

e.
 I

t 
m

o
n
it

o
rs

 a
 u

se
r’

s 

ac
ti

v
it

y
, 

lo
o

k
in

g
 

fo
r 

w
o

rd
s 

an
d

 
co

n
ce

p
ts

 
th

at
 

ar
e 

n
e
w

 

re
la

ti
v
e 

to
 a

 b
ac

k
g
ro

u
n
d

 m
o

d
el

, 
su

c
h
 a

s 
n
e
w

 i
n

fo
rm

at
io

n
 

co
m

p
ar

ed
 

to
 

th
e 

e
n
ti

re
 

in
d

ex
, 

o
r 

w
o

rd
s 

th
at

 
ar

e 
n
e
w

 

co
m

p
ar

ed
 t

o
 t

h
e 

p
re

v
io

u
s 

w
ee

k
. 

In
 F

ig
u
re

 3
, 

w
e 

sh
o

w
 a

 s
cr

ee
n

sh
o

t 
fr

o
m

 t
h
e 

P
er

so
n
al

 S
ea

rc
h

 

G
ad

g
et

. 
T

h
e 

ap
p

li
ca

ti
o

n
 

is
 

p
ac

k
ag

ed
 

as
 

a 
sm

al
l 

d
es

k
to

p
 

“g
ad

g
et

” 
fo

r 
W

in
d

o
w

s 
S

id
eb

ar
, 

an
d

 
so

 
is

 
p

er
ip

h
er

al
ly

 

v
is

ib
le

 a
s 

th
e 

u
se

r 
co

n
ti

n
u
e
s 

w
it

h
 o

th
er

 t
as

k
s.

 I
t 

sh
o

w
s 

th
e
 

to
p

 f
o

u
r 

w
o

rd
s 

th
at

 a
re

 d
is

ti
n
c
ti

v
el

y
 p

ro
m

in
e
n
t 

in
 t

h
e 

u
se

r’
s 

e
m

ai
l.

 
In

 
th

is
 
p

ar
ti

cu
la

r 
ca

se
, 

th
e 

u
se

r 
h
ad

 
b

ee
n

 
re

ad
in

g
 

ab
o

u
t 

w
ee

d
 

k
il

le
rs

, 
a
n
d

 
th

u
s 

b
o

th
 

“g
ly

p
h
o

sa
te

” 
a
n
d

 

“r
o

u
n
d

u
p

” 
h
a
v
e 

co
m

e 
to

 t
h
e 

to
p

. 

T
h
e 

u
se

r 
ca

n
 d

iv
e
 i

n
 d

ee
p

er
 t

o
 v

ie
w

 r
ec

en
t 

an
d

 h
is

to
ri

ca
l 

h
it

s 
fo

r 
an

y
 t

er
m

s 
th

at
 t

h
e 

sy
st

e
m

 s
u
rf

ac
es

; 
a 

cl
ic

k
 o

n
 t

h
e
 

in
te

rf
ac

e
 s

u
m

m
o

n
s 

a 
se

ar
c
h
 b

o
x
 t

o
 f

in
d

 a
ll

 h
it

s 
fo

r 
th

es
e
 

te
rm

s.
 

 

 

F
ig

u
re

 3
: 

D
es

k
to

p
 S

ea
rc

h
 G

ad
g
et

 

C
O

N
C

L
U

S
IO

N
S

 

A
 t

e
m

p
o

ra
l 

p
er

sp
ec

ti
v
e 

ca
n
 b

e 
u
se

fu
ll

y
 a

p
p

li
ed

 t
o

 p
er

so
n
al

 

in
fo

rm
at

io
n

; 
in

d
ee

d
, 

ar
g
u
ab

ly
, 

a 
te

m
p

o
ra

l 
o

rd
er

in
g
 i

s 
o

n
e 

o
f 

th
e 

m
o

st
 

m
ea

n
in

g
fu

l 
w

a
y

s 
to

 
ap

p
ro

ac
h
 

p
er

so
n
al

 

in
fo

rm
at

io
n
. 



  In
 t

h
is

 p
ap

er
, 

w
e 

h
a
v
e 

re
v
ie

w
ed

 s
ev

er
al

 d
if

fe
re

n
t 

d
ir

ec
ti

o
n
s 
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In this paper I suggest space time cube representation 
as a suitable representation for visualizing finger/pen-
gestures. I then present a straight-forward geometric 
gesture recognition algorithm, and show how the 
behavior of this particular algorithm can be visualized 
to users in space time cube representation. 

Keywords 
Information visualization, visualization, spatiotemporal 
data, gesture recognition, algorithm visualization 
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Introduction 
The space time cube is a 3D visualization technique for 
spatiotemporal data (originally proposed by 
Hägerstrand [1]). In space time cube representation, 
2D spatiotemporal data is revealed to users by mapping 
the time dimension to one of the axes in a 3D cube. 
Space time cube representation tackles the 
fundamental problem of how to effectively convey 
complex spatiotemporal patterns to users. Unlike 
traditional 2D representations (for 2D spatiotemporal 
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data), space time cube representation conveys the 
temporal aspects of the data at a glance [2]. 

I argue that finger/pen-gestures are naturally 
represented in a space time cube. These gestures are 
articulated by the user on a 2D touch-sensitive surface 
and transformed into a sequence of time stamped 
sample points. The components in each sample point: 
the x, y and timestamp data, naturally maps directly 
into a 3D coordinate system. 

As an example of space time cube visualization for 
finger/pen-gestures consider the following example. 
The user has pushed down a finger onto a touch-
sensitive surface and is sliding the finger in a repeated 
circular motion, such that the motion eventually forms 
overlapping circles. Thereafter, the user lifts up the 
finger. 

Using 2D representation this finger trace will be 
revealed to the user as a set of overlapping circles. 

Now consider visualizing the same motion in a 3D 
space where the x-y axis is the Euclidean input space 
and the z-axis represents time (choices of axes are 
arbitrary). In this space time cube representation, the 
user’s gesture forms a helix that immediately reveal to 
the user the dynamic nature of the gesture. 
Furthermore, if the user slowed down at particular 
segments in the original motion, this temporal property 
of the data is directly reflected in the space time cube 
representation, since the torsion of the helix changes 
as a function of the velocity of the original circular 
motion. This example demonstrates two possible 
advantages of space time cube representation: 

1. It provides users with a bird’s eye view of 
spatiotemporal data that enables users to 
quickly recognize global spatiotemporal 
patterns. 

2. It enables users to detect complex 
spatiotemporal local variations at a glance. 

It has long been hypothesized that space time cube 
representation is advantageous for spatiotemporal data 
analysis, particularly in revealing complex 
spatiotemporal patterns to users. A forthcoming paper 
[2] provides empirical evidence that this hypothesis 
indeed holds true: among other things, users do 
understand complex spatiotemporal patterns 
significantly faster using space time cube than using a 
baseline 2D representation. 

The result in [2] paves the way for using space time 
cube representation for visualizing non-trivial 
spatiotemporal relationship. As an example, consider 
gesture recognition. An unsolved problem in gesture 
recognition is how to explain to gesture designers how 
conflicts in gesture set occurs, and how these conflicts 
relate to the gesture recognizer [5]. Below I illustrate a 
possible solution to this problem. This solution is based 
on visualizing a finger/pen-gesture recognition 
algorithm using space time cube representation. 

Example: spatial finger/pen-gesture 
recognition and visualization 
Below I explain how the finger/pen-gesture recognition 
algorithm works. Note that this recognizer is (crucially) 
very different in its nature in comparison to the one 
used in the gesture design toolkit in [5]. The 
algorithmic description below is to some extent adapted 



 3 

from Chapter 4 in [3] (first described in [4]), although 
in [3, 4] it is used in a different context than here. 

Finger/pen-gesture recognition algorithm 
Assume the user has articulated an input gesture 

, with  ordered 2D sample points 

 in a Euclidean space. 

),,,( 21 kG ggg K=
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ii 1}{ =g
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n  sample points. To recognize X  we need to find the 
best matching template gesture *  in Y Ω . 

When recognizing finger/pen-gestures it is desirable to 
be invariant of scale and translation displacements, 
since users cannot typically be expected to gesture in a 
predefined scale at a predefined position in the user 
interface. To achieve a normalized comparison between 
X  and Y  define an affine transform matrix T  in 
homogeneous coordinates that transforms X  into the 
same coordinate system as Y  (corrected in, for 
example, scale, translation and rotation). 
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Temporal Data and Data Temporality: 
Time is change, not only order. 

 

 

Abstract 

In this paper we describe two approaches to temporal 

data and how taking both into account can help 

improve the design of temporal data-based tools. Time 

as order considers temporal data as data that can be 

described by a time attribute, which can improve 

navigation or organization. Time as change considers 

temporal data as data that evolve over time. 

Keywords 

Time, temporal data, reflection, laboratory notebooks. 

ACM Classification Keywords 
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Introduction 

The majority of tools supporting temporal data use time 

as a convenient property to help search data, or to get 

a global view on a series of information items. As such, 

time helps supporting navigation and organization 

tasks. In this paper, we would like to emphasize a 

different aspect, namely the fact that data itself evolve 

over time. This corresponds to a classical and quite 

well-established distinction in the history of ideas: time 

as order, and time as change [Wolff 2004]. The former 

is usually the physicists' view of time, as an objective 
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non-reversible arrow, where time is the fact that 

everything happen in a global ordering. The latter 

belongs to a more philosophical approach, where the 

focus is on the experience of time, mostly through the 

observation that changes, such as aging or processing, 

occur. 

Using time attributes associated to data for navigation 

or organization purposes rely on the time as order 

paradigm. Focusing on processes and data changes 

takes the time as change approach.  Temporal data can 

thus be described either as data having time attributes, 

or data needing a dynamic description, acknowledging 

data temporal dimension - what we call temporality. 

Data temporality in the context of biology 
research 

The work we present is grounded in our observation of 

biologists’ relationship to information. We focus here on 

the way they organize information through their 

laboratory notebooks and various other tools, move it 

from one medium to another, and revisit it. We 

illustrate how the time as change paradigm helps to 

better capture the dynamic aspects of their data 

through three types of data temporality: TODO lists, 

reflective activity (biology research) and project 

management. 

TODO items are a familiar type of temporal and 

dynamic data. Indeed, a TODO is an item that follows a 

typical path: to be done, with or without a deadline, 

then maybe imminent when hitting the deadline, then 

done. After being done, a TODO item can then be either 

thrown, or archived.  

Scientific ideas also follow a path from their beginning 

through various steps that may include blackboard 

diagrams, discussions and meetings notes, 

experimental data, peer scientific publications, etc… 

This is related to the fact that biology researchers are 

in a creative process and reflect on their decisions in 

order to explore new leads or justify their decisions. 

Paper laboratory notebooks show this temporality of 

thoughts.  

At a higher level, with their roadmaps and deadlines, 

projects also hold a temporal dimension. Yet projects 

and time organizations are often in conflict. Both 

provide dimensions to discuss activity but are they 

difficult to integrate [Tabard & al, 2007]. As 

researchers explore different projects, it is difficult to 

put order in their ideas, their framing changes and 

transitions or regrouping occur [figure 1] (time as 

change). When the projects are over, defined, 

researchers can refer to them as a whole and situate 

them in time (time as order). 

Figure 1: evolution of genomic projects organization over 

time. Common analysis to both projects are joined in one 

project, whereas other activities are spiltted. 
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Support of data temporality in blogs 

Many biologists are exploring blogging tools as an 

alternative both to paper laboratory notebooks and 

even specialized electronic notebooks. Blogging 

software answer three of their concerns regarding 

information management: durability of the data, 

stability of the system, confidentiality and privacy 

control over what they wrote. Furthermore, biologists 

find tools such as Wordpress1 flexible enough to adapt 

them for their own need. 

Blog tools provide a strong support for the chronology 

of information. Each post together with edits and 

comments are time-stamped, date becomes an 

objective external attribute.  Blogs thus fit the time as 

order paradigm. Yet, they are organized at a post level, 

not at a daily level by default like laboratory notebooks 

are. In the following, we revisit the 3 types of data 

described in the previous part and see how we adapted 

Wordpress to better suit laboratory work.  

Blogs could better support and integrate ongoing and 

planned actions. In the blog model, a TODO item can 

be a draft, then an email if a deadline is met. Then, 

once done, the item can either be thrown away or 

archived. When appropriate, the researcher may create 

a post summarizing the outcome of the corresponding 

action. 

Surprisingly, it is quite difficult to express evolution and 

changes in a reflective activity over several posts: 

follow-ups of a post are available only 

through comments or trackbacks, which 

are second order writing - they do not 

                                                 
1 http://www.wordpress.org 

appear as proper items in the blog index. Wordpress 

provides versioning, which enables to manage items 

that need to be changed. However, updating a post and 

just having access to its changes history does not 

capture the process over time, within the global stream 

of posts. Blog tools are designed as publishing tools; 

they do not support iterative thinking the way paper 

notebooks do. 

Threading seems more appropriate to express data 

changes and processes. For example the evolution from 

raw data, to filtered data, to preliminary analysis of 

sample, to statistical analysis of large scale experiment. 

Everything refers to the same experiment, the data is 

the same, yet the information is changing. A biologist 

reporting an experiment lasting over several days or 

even weeks can keep track of the same "item" - the 

experiment - through following posts. Figure 2 shows a 

thread of 3 posts related to the same bioinformatics 

experiment. Threads are different from the idea of 

projects or categories. Threads are not defined in 

advance it is the information with the thread that define 

them. On the contrary projects or categories define 

the content they hold. 

Medium temporality 

Contrary to paper notes, computer files do not display 

the traces or versions that led to their final state. The 

transparent iterative edition capabilities of computer 

files hide their history to the users. Because of 

computers’ editing flexibility, the transitions from action 

items, to reflection, to finished and articulated project, 

are lost.  

It is thus important to remember that the medium and 

the information interact. The medium influence what 

Figure 2: Thread of the evolution of a 

bioinformatics experiment [Clément-Ziza & 

al. 2009] 
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biologist will save, while biologists pick the medium 

that fits best their needs. Paper scraps suit short notes, 

whereas biologists use computer tools to document 

their digital activity.  

Paper holds temporal properties which are not yet 

integrated in computer. Paper notes and notebooks 

display their age, the number of iterations they went 

through. Furthermore, users can program paper decay: 

rather than pasting a sheet in a notebook, leaving it 

loose hints that it will disappear at some point in time. 

As more activity happens online, biologists use less 

paper notebooks. However they feel they “lose 

discipline” when moving to complete digital notebooks. 

Paper allows smooth transitions between action items 

to reflective activity and project management. When 

saving a short note that may have no value later, paper 

scraps are still more efficient. Paper notebooks support 

easy re-visitation and reflection, by providing a 

constrained writing, with a limited space (only shorts 

edits are possible) and chronological order. 

Compared to paper artifacts such as laboratory 

notebooks, computer files do not offer a proper 

structure to manage temporal and evolutive  data. 

Being editable, it is difficult to reach a definitive state of 

a computer-based document. This is one of the reasons 

why biologists still use paper notebook for their linear 

and constraining structure.  

Computer-based notebooks should provide a similar 

temporal structure, as blogging tools do with their 

automatic time-stamping of posts. Even in the presence 

of discordance between an automatic timestamp and 

the actual date of an experiment, we observed that 

biologists prefer to keep this automatic and objective 

date, rather than modify it - and manually add the real 

date of the experiment. 

Conclusion 

Providing tools to navigate and search among time-

stamped data is not enough. There is also a need for 

mechanisms to support transformations and processes 

over time, both for scientific data and scientific ideas. 

These mechanisms should not only help the user 

visualize but also express time and change. 
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[1] Clément-Ziza, C., Malabat, C., Weber, C., Moszer, 
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Temporal tribulations: the trouble with 
time selection

 

 

Abstract 
Even within a single application domain and data set 
relevant time intervals can scale from milliseconds to 
years.  One example of this is system management 
data used in the planning and operation of data 
warehouses. We propose a generalized modification to 
a visualization method introduced by Stolte [1] for 
scalable, intuitive time range selection.  This method 
would allow the user to see the entire available data 
range and visually select down to an arbitrary 
precision. We would like to investigate other interaction 
methods that may support this type of scalable 
navigation while preserving visibility of relevant time 
ranges.   

Keywords 
visualization, time-series, hci, interaction 

ACM Classification Keywords 
H.5.m Miscellaneous 

Introduction 
Current desktop computer systems execute a primitive 
instruction in two to three nanoseconds. Data collection 
for debuggers can take place on the scale of 
microseconds.  Operating system logs are collected on 
the order of milliseconds. Network monitoring logs are 
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collected on the order of minutes, hours, days and 
months.  Time is a sufficiently important data 
dimension for computer system administrative tasks to 
warrant the development of an entire protocol and 
toolset for synchronizing time across computer 
systems.  The Network Time Protocol is used globally in 
the enterprise by desktops, servers, mainframes and 
networking equipment to accurately synchronize time 
with authoritative time sources.   

Why is accurate time so vital to network computer 
administration?  Primarily it is used for the purposes of 
audit.  Log records are kept of system transactions and 
events from the level of individual applications all the 
way to the lowest level of the operating system kernel 
operations.  These log files are used to understand 
system state, perform forensics during failure or 
intrusion and also during capacity planning.  When 
analyzing a single system it is preferable, but not 
critical, to have time synchronization so that external 
events can be compared to internal computer events. 
However, when analyzing data from networks of 
interrelated systems accurate time synchronization 
becomes critical in problem determination.  Having 
systems with unsynchronized time will make finding 
temporal correlations impossible.  

Analysis of network management data can take place at 
many different intervals of time.  For some analysis 
data intervals may be specified in nanoseconds.  In 
other cases, the smallest sample size can be a time 
interval of an entire day or month.  We would like users 
to be able to easily and interactively locate and define 
ranges within these macro/micro scales.   

Network Management Time-series 
visualization research 
We are developing a visualization system for massive 
scale time-series data called LiveRAC [1]. Our system 
enables users to display data at multiple levels of 
detail.  It is intended to support both very fine-grained 
time-series on the scale of milliseconds all the way up 
to time-series that span multiple years in duration.  
Interacting with this data has been accomplished to 
date using a double-edged slider that changes scale 
based on the size of the time range selected.  This 
approach has a number of drawbacks including 
difficulty with precision when interacting with large time 
scales and the ease of overshooting targets.  Our 
experience with our implementation in the field 
suggests it is worth investigating alternative 
approaches.   

Large dynamic time range challenges 
We define large dynamic time range as any time range 
that scales seven orders of magnitude. There are two 
key challenges to effectively supporting large dynamic 
time ranges, described below.  

Variable time intervals 
At the macro scale, we are used to working with a 
variety of time intervals that are based off of a solar 
calendar.  These units include minutes, hours, days, 
weeks and months.  These are the units that have the 
most meaning to humans and cannot be omitted.  Any 
time range selection tool must support display of macro 
time scales using these and other non-Gregorian 
derived intervals. 
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Time is (practically) unlimited and continuous 
Theoretical physics aside, time continues long enough 
into the past and far enough into the future that it’s 
unlikely that the user is interested in all of it.  
Furthermore, time can theoretically be measurably 
subdivided down to a Planck time (5.4 x 10-44s) 
interval. Any solution to our interaction problem 
requires that we only display relevant scales on which 
we have both data and resolution. 

The requirement that we only show some chunk of time 
means there are now two ranges involved in our 
display.  The first is range total, Rt and the other is 
range selected, Rs where Rs ⊂ Rt.  If each range is 
defined by the user by means of a beginning and end 
time, the user must define a total of four times.  
Furthermore, we must prevent the user from 
committing errors such as making Rs larger than Rt or 
from shrinking Rt to be smaller than Rs.  Defining four 
times is cumbersome – an automated approach for 
finding the total range would be strongly preferred, 
restricting the user to picking only a single relevant 
range. 

Proposed solution 
We believe that a visualization approach used in a 
paper by Stolte [1] may offer a framework that can be 
generalized to create one solution for resolving scalable 
time range selection.  The approach by Stolte shown in 
Figure 1 consists of a set of stacked strips representing 
different time intervals.   In this approach all selected 
intervals use a quantum of milliseconds.  Each strip in 
the visualization stack represents a smaller area of 
time.  The implementation in Stolte’s paper only 
supports three levels of strip chart.  

 

Figure 1 – Stolte’s approach [1] visualizes data over time at 
different intervals.  We propose a similar mechanism as a 

generic time selection widget. 

We propose a solution inspired by Stolte, implementing 
a flexible number of strip charts depending on the level 
of resolution required for the data.  Each strip uses a 
different quantum of time interval.  A generic widget 
can be constructed that takes as parameters the 
different levels of resolution required.  These resolution 
levels can include intervals defined by Gregorian or 
other calendar systems.  We have mocked up an 
example of such a system in Figures 2 - 5.   

 

Figure 2 – Years reflect data edges, no user selection. 

 

Figure 3 – User selects a range from the year strip. 
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Figure 4 – User selects a range from the month strip. 

 

Figure 5 – User selects a range from the day strip. 

The widget takes as inputs the total range of the 
available data, and the desired user intervals.  It 
requires objects that can translate between the target 
time intervals.  These objects may be simple wrappers 
for pre-existing calendar and date objects.   

Discussion and Conclusion 
Our approach should address some of the most 
significant problems of interacting across multiple 
scales of time.  However, it leaves open questions.  
What if the user is viewing live data that changes?  Do 
we modify the uppermost strip on the fly to indicate the 

arrival of new data?  Also, this approach consumes a 
considerable amount of screen real estate. Some 
commonly used GUI techniques could help address this 
although there are tradeoffs. The widget could support 
folding unneeded strips or placing the strip charts in a 
scrollable region.  Both of these involve hiding 
potentially important components of the widget from 
the user and increasing interaction time. We believe 
there may be other innovative approaches that 
outperform the one described in this paper, or 
suggestions on improving this approach.  We look 
forward to discussing how other researchers have 
coped with large-scale dynamic time range selection.   
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Temporal Data in a Health Self-
Management Application

 

 

Abstract 
Individuals frequently take an active role in managing 
day-to-day aspects of their health, like improving 
nutrition or increasing physical activity. Clinicians also 
increasingly teach health self-management skills to 
patients with a range of chronic illnesses, such as 
diabetes, hypertension or arthritis. In this position 
paper, we present our initial work in designing and 
developing Salud!, a web-based platform for supporting 
health self-management. Salud! will allow its users to 
track personally-relevant aspects of their everyday life, 
and provide visualization and analytics tools with which 
to make sense of the resulting datasets. In effect, 
Salud! is a health-oriented, capture and analysis tool 
for temporal data. We describe the features of Salud! 
that will enable users to easily capture temporal data, 
and to use this data in a number of ways. We conclude 
by discussing how we have structured Salud!’s data 
storage system, and our plan for addressing the 
challenge of designing temporal data visualization and 
analytics tools for a broad, lay user base. 
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Figure 1. WeightWatchers e-Tools allow users to chart their 
progress toward a weight goal. 

ACM Classification Keywords 
H5.m. Information interfaces and presentation (e.g., 
HCI): Miscellaneous. 

Introduction 
Patients with a chronic illness, such as diabetes, heart 
disease or asthma, are often called upon by clinicians 
to actively participate in the day-to-day management of 
their health. Health self-management, which may 
include making healthy decisions about diet or exercise, 
quitting unhealthy habits and solving other health 
problems, complements traditional healthcare practices 
and supports patients in living the best possible quality 
of life with their condition. Studies have found that 

successful health self-management education and 
group support programs improve patient outcomes and 
reduce healthcare costs [1,5]. 

A feeling of self-efficacy—confidence to carry out a 
behavior necessary to reach a desired goal—is central 
to effective health self-management. It is enhanced 
when patients succeed in solving problems which they 
themselves identify. Improving self-efficacy and 
motivation is also important for individuals without 
chronic illness, but who are trying to lose weight, eat 
better or otherwise promote their health and wellness. 

A growing number of commercial and research systems 
attempt to support individuals in achieving their health 
goals. For example, Fish’n’Steps [4] and Chick Clique 
[7] leverage competition and peer-pressure to motivate 
users to become more physically active. Consumer 
technologies, such as iPod Nike+, potentially support 
motivation and increase self-efficacy by allowing 
individuals to track their progress in achieving a specific 
goal. Similarly, many online services such as 
WeightWatchers e-Tools (Figure 1) allow individuals to 
record and track a wide range of information (often 
temporal) relating to health and wellness [3]. The 
features which these services provide have only limited 
support for health self-management, however. Most 
provide only basic views of a user’s data, which may be 
laid out in a table or calendar, or plotted as a line 
through time. While this may help users stay motivated 
by visualizing long-term trends, there is little support 
for decision-making or identifying and overcoming 
obstacles to improvement. Additionally, users are 
limited to the particular measurements a service 
supports (e.g., weight), which may be insufficient for a 
range of health goals. 



 3 

To begin addressing some of these limitations, we are 
designing and developing Salud!, an open, web-based 
platform for personal health self-management. Salud! 
has three main design objectives: support users in 
capturing a wide range of data about their everyday 
experience; allow users to visualize this data and 
provide a repertoire of easy-to-use analytics tools for 
identifying patterns and trends; and structure problem-
solving activities which lead to achievement of users’ 
health goals. The goal of our research is to learn if, and 
how, such a tool can help users better understand the 
factors which affect their health, and support them in 
attaining self-identified goals. 

The Salud! Platform 
Users’ interactions with Salud! are centered around 
Logbook objects. A Logbook stores a temporal record of 
some measurement or variable which the user is 
tracking. For example, a user may create a Logbook to 
record information about all of her meals and snacks 
during the day. Each entry in the Logbook would record 
the time of the meal or snack, and any pre-defined 
annotations, such as a photo of the meal, its 
approximate calorie count and/or a list of its primary 
contents. Other Logbooks could be used to record the 
users’ blood pressure, self-reported stress level, and 
other types of data. While Salud! will be pre-populated 
with Logbooks for common health and wellness metrics 
which users can being using immediately, users will be 
able to create new Logbooks to track other variables 
which are important or interesting to them. 

Salud! will also provide users with easy-to-use tools 
with which to visualize their data and perform simple 
data analysis. Users will be able to track trends over 
time, explore relationships between different variables, 

and manipulate the data in other ways. Because all of 
the data is timestamped, we are considering a range of 
temporal visualizations with which to provide views of 
the data, in order to allow users to answer a variety of 
questions. We are also building a number of statistical 
tools into Salud!, which would allow users to smooth 
noisy data, compute correlations, and perform other 
kinds of simple analysis on the data. 

The final element of Salud! will be a set of guides and 
decisions-support mechanisms which will support users 
in defining and reaching concrete health goals. 
Depending on how Salud! will be deployed, these tools 
may be designed to be used by individuals themselves, 
or with support from a clinician or health educator. A 
detailed discussion of these tools is out of the scope of 
this position paper. In the remainder of this section, we 
will more thoroughly describe the data capture and 
analytics tools that we are building into Salud!. 

Capturing Temporal Data 
Capturing pertinent health and wellness measurements 
is a key aspect of effective health self-management. 
Individuals managing a chronic illness often keep 
written diaries or simple computer records of the 
behaviors and measurements which are significant to 
their condition [6]. Diabetics are encouraged to monitor 
their diets and blood glucose readings, individuals 
trying to lose weight may log their exercise routine as 
well as their weight measurements, etc. However, aside 
from the obvious issue of motivation, manual data 
capture is often difficult because individuals need to 
remember the specifics of an event (or even that one 
occurred), until it can be recorded. Because of the 
effort and overhead involved, individuals rarely track 
more than a few variables. 
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We are building a number of different data capture 
methods into Salud!, which we hope will significantly 
ease this task, making it possible for individuals to keep 
more consistent and more detailed records of a greater 
number of variables. In addition to a web-based 
interface, Salud! will accept new data records via email, 
instant messenger, and SMS/MMS messages. This will 
allow users to record an event (e.g., a meal, onset of 
pain, etc.) at the time of its occurrence, or log a 
measurement (e.g., blood pressure) immediately after 
taking it. Additionally, Salud! will allow users to create 
reminder schedules for measurements they would like 
to record regularly. The system will then send them 
reminders via a specified communication medium, and 
the replies to these reminders will be parsed and added 
to the appropriate Logbook. 

Consider a hypothetical user, Sareen, who would like to 
change her eating habits so as to cut calories, while 
avoiding fatigue (i.e., maintaining her “energy levels”) 
between meals. Sareen wants to track the calories and 
contents of her meals and snacks in one Logbook, and 
routinely self-report how fatigued she feels, on a scale 
from 1 to 5, in another Logbook. She can collect meal 
data by photographing her meals and snacks with her 
camera phone and immediately sending the picture to 
Salud!. The photo would serve as a placeholder for the 
meal, and record its time. Every evening (or every 
several days), Sareen can then log in to Salud!’s web 
interface and annotate recently added photos with their 
contents and calorie counts. To collect data about her 
energy levels throughout the day, she can create a 
reminder schedule which will send a short question to 
her work email address every weekday, at 10:30 AM 
and 4:00 AM. By replying to that message with ‘1’, ‘2’, 
‘3’, ‘4’ or ‘5’, Sareen can easily track this variable. 

Because we cannot foresee all of the types of data 
which users may want to collect, or how they may find 
it convenient to do so, we have created a simple REST 
API through which data entry occurs. The email, IM and 
SMS/MMS functionality is implemented as independent 
services that interact with this API. Other services, 
which we may implement in response to user demand, 
or which may be created by other researchers or 
technically-oriented Salud! users, could allow data 
streams to be captured by in-home sensors (e.g. 
“smart” scales, glucometers or sphygmomanometers) 
or be imported from other online data sources (e.g. 
another website, Facebook or even a weather service). 

Visualization and Analytics Tools for Temporal Data 
The second main component of the Salud! platform is a 
visualization and analytics system. This system will 
allow for open-ended exploration of captured data, and 
should also support users in addressing specific 
questions or problems regarding their health. We 
expect that having the ability to view and analyze a 
history of their data over time will make it easier for 
users to manage their health by establishing goals, 
monitoring progress and solving problems which stand 
between them and their goals. 

Most of the data visualizations we are currently 
planning to include in Salud! will provide views of the 
users’ data on a timeline. However, a flexible UI is 
needed to enable users to address different questions 
and concerns. Consider Sareen, our hypothetical user 
from the previous section, who is interested in 
understanding the relationship between her diet and 
fatigue. She may start her exploration of by plotting 
several weeks’ worth of energy level self-
measurements on a timeline, and explore various 

Figure 2. Sample data 
which may be recorded 
in a Logbook. 
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theories by superimposing meal-related data over this 
graph. By adding a dot to the timeline for every meal or 
snack she has, she can explore whether she 
experiences more fatigue if she skips breakfast or 
lunch. Later, she might want to see the meals’ calories 
plotted as well, and highlight times when she had eaten 
specific food items (“Do I have more energy when I eat 
a low-calorie meal that includes dairy?”). To see if her 
weekly calorie intake has been dropping, however, 
Sareen would need a different view—perhaps a bar 
graph, with total calories bucketed by week. 

Simple analytics tools will also be available to Salud! 
users. For example, applying a moving average line or 
a linear regression to a plot could help smooth out the 
noise in day-to-day changes of certain variables (e.g. 
weight), and better display overall trends. If presented 
appropriately, statistical tools like correlation 
coefficients may also help users think and act more 
confidently. Finding the right set of tools to meet users’ 
needs, and providing access to these tools in an 
effective, usable way is the main challenge we foresee 
in the development of Salud!. In the next section, we 
will describe our plan for meeting this challenge. 

Key Challenges 
In this section, we describe two design problems which 
we have considered in our work with Salud!. First, we 
describe how we have structured the temporal data 
store. We then discuss our plan for iteratively designing 
Salud!’s visualization and analytics tools. 

Structuring the Personal Health Dataset 
Salud!’s data storage system is designed to allow 
timestamped data to be submitted and edited through 
a variety of interfaces, and then to make this data 

available to visualization and simple analytics services. 
From a user’s perspective, data entry and data analysis 
involve two different ways of working with temporal 
data. For input and navigation, grouping multiple data 
fields in a Logbook—e.g. “meal photo,” meal “contents 
list,” and “calories”—helps the user easily track and 
review semantically related data. However, during the 
analysis process, it is usually necessary to isolate 
specific data fields, or manipulate multiple data fields 
from different Logbooks. 

To allow for both types of modes of use, we structured 
our data store in the following manner. A user’s dataset 
consists of one timestamped data stream for each 
individual data field they track. Each data field can be 
associated with at most one Logbook—in the example 
above, “meal photo”, “contents list” and “calories” are 
each data fields associated with one Logbook (“Meals & 
Snacks”). Users then capture data at the Logbook level. 
When a user creates a data record, the system records 
a timestamped entry in a specified Logbook, and also 
adds timestamped entries to those associated fields 
which the user included in the data record. For 
example, sending a photo of a meal to Salud! would 
create a new entry in the “Meals & Snacks” Logbook, 
and a new entry in the “picture” field. Later, when the 
user adds the meal’s calories and contents, new entries 
would be created in the “calories” and “meal contents” 
fields, with the timestamps matching the timestamp of 
the Logbook entry. The timestams of Logbook entries 
thus serve as a kind of primary key, making it easy to 
iterate over all entries in a Logbook and to look up the 
data fields in each entry. Because individual data fields 
are also timestamped, they can be isolated easily as 
well—even if a data field doesn’t have a value for each 
Logbook entry. 
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This data storage mechanism results in some amount 
of redundancy (timestamps are stored multiple times), 
but has the benefit of making UI development more 
straight-forward. By associating multiple fields, 
Logbooks allow individual users to structure data 
collection in a way that is logical to them. Also, because 
each Logbook consists of data streams which may be 
accessed independently, it is straightforward to create 
analytics tools that allow users to visualize and 
manipulate multiple data fields from different Logbooks. 

Designing the Visualization and Analytics Tools 
The most important challenge we face going forward is 
designing Salud!’s visualization and analytics tools. 
While we hope to provide our users with a robust and 
relatively powerful system for understanding and 
making decisions about their health, we are keenly 
aware of the need to keep these tools intelligible and 
easy-to-use for a lay audience. 

We will need to understand how users think about the 
trends and changes in their health in order to design 
useful tools. In particular, the ways in which users 
conceptualize data—in terms of frequency, durations, 
aggregation, etc.—will dictate the types of data views 
and visualizations that will be most important to 
include. The meanings which users will want to extract 
from the data, and the types of questions they will 
want to ask will similarly provide guidance for Salud!’s 
analytics tools. We will need to strike a balance with 
the number of features and options, how structured 
interactions are, and even the terminology and jargon 
in the interface, to provide an application that is 
sufficiently open-ended, without being overwhelming or 
unnecessarily technical. 

We plan to develop these features of Salud! iteratively, 
working closely with a group of 12-15 early adopters 
who are specifically motivated and interested in using 
such a system. We will provide these individuals with a 
prototype version of Salud! and examine how they 
begin to appropriate its features into their health 
management strategies. We will iterate on the design 
and functionality of the system by rapidly acting on 
their feedback and feature requests. In this way, we 
expect to converge on a version of Salud! ready for 
more widespread deployment with a broader user base. 
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Temporal Views on Desktop Activity
 

 

Abstract 

For several years, we have been building views of 

personal interactions with desktop computers across 

time. Each of these views offered something interesting 

but none of them succeeded completely. We describe 

the various approaches and highlight some of the 

challenges each faced. 

Keywords 

Temporal data, Desktop activity management 

Introduction 

We are interested in both analyzing and providing a 

visualization of the user’s interaction with their desktop 

computer. Our earliest attempts only dealt with 

aggregate information. Although it was interesting to 

know that 27% of a person’s activity was browsing the 

internet, on its own this information was not rich 

enough to guide the development of new or better 

interface designs and applications. Over the years we 

have refined our logging methods to gather increasingly 

detailed information about user behavior. Our current 

logger, PersonalVibe[1], records millisecond-accurate 

start and end time stamps for each window activation 

on a user’s desktop. For each active window it records 

title changes, executable information, an associated 

document if appropriate and a thumbnail. It also stores 

the start and stop times for input device use. As our 
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logger has evolved, so have our visualizations that we 

use to understand users’ behaviors.  

Two prior systems have been particularly inspirational 

in this work. TimeScape by Rekimoto [4] was a system 

that allowed the user to “unwind” the file system as a 

means to recall past activity. The system automatically 

aged documents from the desktop and when they were 

needed, the user could use the interface to “travel” 

back in time and view them. However this work only 

concerned itself with file creation and deletion and only 

used file creation time as a means of organizing files - 

no other attributes were available. MyLifeBits by 

Gemmell et al. [2] was a system that captured nearly 

all documents the user interacted with. MyLifeBits 

supported multiple tags and thus could handle both 

user authored tags and multiple time-based tags. 

However they did not pay attention to the user activity 

as a component. While the system would let users add 

multiple tags to any specific document, it did not 

provide support for discovering interesting temporal 

attributes of a file, such as when the document was 

used or what other documents were open at the same 

time. 

Attempt 1 

Our first attempt in representing users’ desktop 

activities was a visualization based on a horizontal time 

axis showing input device activity and selected active 

windows (Figure 1). The colored bars represent the 

keyboard and mouse activity for an interval (the axis 

was user scalable). Below the axis is a thumbnail view 

of the most used application for that time period. The 

dark gray callout box displayed a list of the documents 

that were active during a particular interval. Documents 

could be selected from the list to re-open them. 

There were two main problems with this visualization. 

First, the keyboard and mouse are not accurate proxies 

for the user’s mental model of when he or she was 

busy. Thus the bars did not help people find the 

information they were looking for. Second, by only 

showing the most used window in the thumbnail area, 

many useful windows were hidden from the user. In 

fact, there was no way to discover those windows 

unless the user carefully moved the mouse and viewed 

the contents of the callout list at each interval.  

Attempt 2 

In Attempt 2 we removed the mouse and keyboard 

component and stacked the thumbnails in an attempt 

to address issues raised by Attempt 1. As can be seen 

in Figure 2, this resulted in a column of thumbnails that 

quickly exceeded the window height. To address this 

problem we overlapped the thumbnails and added a 

callout (shown with the dark black border) so that 

users could see the full thumbnail by moving the mouse 

Figure 1:  The first attempt to display window activation 

data. 
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over it. This approach was an improvement over the 

first but overall it presented more information than 

could be reasonably understood. One reason was that 

average activation time for any desktop window was a 

mere 20.9 seconds [3]. This rapid switching resulted in 

so many items that the display became visually 

overloaded. In fact, after talking to users and 

examining the data, it became clear that somehow the 

priority of each window needed to be conveyed better 

and that unimportant windows needed to be excluded 

from the visualization. 

Attempt 3 – StatusWriter 

Based on lessons learned from the previous two 

attempts, we wrote StatusWriter [1], shown in Figure 

3. In this design each column represents a single day. 

The thumbnail representing each window is sorted by 

the sum of the total daily activity and placed on a tile 

that is drawn so that the more daily activity it has, the 

more it is “raised” above the background. To make up 

for the lack of a minute by minute timeline, a playback 

feature was also included. When a day is selected, the 

user can have a miniature desktop appear and replay 

the layout of all the windows for the day at various 

playback speeds. By using total active time per day as 

a proxy for the importance of a window we were able to 

get a fairly useful high-level, filtered representation of a 

day’s activities. Most of the time, users were satisfied 

that the windows they wanted to view were present in 

the interface. 

We interviewed several users about how they might use 

the interface to find documents and how they would 

use it to recall past work while writing a status report. 

Although StatusWriter proved fairly popular, there were 

Figure 3:  StatusWriter showing a week of computer 

activity. 

Figure 2 Second attempt showing only web pages loads. 
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again several problems that became clear during use. 

First, collapsing to a single day was not always the 

most appropriate level of fidelity for users. Often times, 

projects that took only a few hours were lost from view. 

Second, the absence of a timeline in the primary view 

proved to be problematic. Although seeing the 

summary for the day was helpful, users felt that they 

also needed to see the data on a timeline in order to 

find the documents they needed or be able to recall the 

day’s events. Finally, users felt that they needed their 

calendar events represented on the same view as their 

computer activity. 

Next Steps 

At this point, we have a fairly clear understanding of 

the type of data we have available and which parts the 

users would like to see visualized. The problem is how 

to present the number of events that occur onto a 

timeline such that the user can view both the necessary 

details of a day, as well as an abstraction that would 

allow them to understand their computer behavior 

meaningful ways. Placing calendar events, which 

typically last an hour, onto a timeline with several 

thousand window switching events, which typically last 

20 seconds, has so far been a substantial challenge. 

We’ve tried simply optimizing the zoom to make it 

possible for a user to quickly go from one level of detail 

to another but that still doesn’t easily allow the user to 

have the overall daily activity context while they are at 

the zoom level that allows viewing individual window 

activity. 

Currently we are prototyping interfaces that attempt to 

show multiple levels of detail by collapsing the high 

frequency window data. We are removing very short 

intervals and collapsing patterns into higher level 

objects. Although this shows promise we still can’t 

reliably bring the thousands of window events into line 

with the human perception of “spending the morning 

working on a paper”.  
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From Time to Time: User Modeling 
Through Temporal Data1

 

 

Abstract 
In this position paper we examine building user models 
and task models using temporal data. We discuss a 
large set of user interaction data collected at the 
National Institute of Standards and Technology using 
Glass Box software. We propose discussion topics on 
using temporal data from such data sets to build user 
models. 

Keywords 
Information visualization, temporal data, usability 
engineering, user interaction 

ACM Classification Keywords 
E.m [Data]: MISCELLANEOUS H.5.2 [Information 
interfaces and presentation]: User Interfaces— 
Evaluation/methodology. H.1.2 [Models and Principles]: 
User/Machine Systems—Human factors. 

Introduction 
Although people are the sum of what we know, at 
different points in time, the sum of what we know 
varies and so, any one of us can be many different 
people in terms of our knowledge.  

User actions tell the story of who the user is at different 
points in time and what task the user is performing at a 

Copyright is held by the author/owner(s). 

CHI 20089, April 4 – April 9, 2009, Boston, USA 

ACM 978-1-60558-012-8/08/04. 

Emile Morse 
National Institute of Standards and Technology 
100 Bureau Drive 
Gaithersburg, MD 20899 USA 
emile.morse@nist.gov 
 
Theresa O’Connell 
National Institute of Standards and Technology 
100 Bureau Drive 
Gaithersburg, MD 20899 USA 
theresa.oconnell@nist.gov 
 

                                                       



 2 

point in time. These actions are captured in data as 
entities. These actions, captured as data points, can 
inform user modeling and task analysis. Using data, in 
particular, temporal data, in user modeling and task 
analysis is the topic on which we would like to open a 
dialog. 

Looking at temporal interaction data to build 
user and task models 
Data are merely representations of information. As 
such, data can reflect relationships among information 
points. Bodies of information can change, e.g. they 
expand and diminish as new  information is added or 
old information is discredited and discarded. As the 
information changes, the data change. In a data set 
where the data constantly changes, relationships 
among the data points are also ever changing.  

In human-computer interaction (HCI) there is always a 
temporal aspect to the data that relates it to the task. 
There is a history to the data and to the relationships 
among the data points. At different points in time, the 
data shows us a different user profile. The user is the 
sum of all these profiles, slightly different at different 
points of time. 

Task analysis consists of understanding the sequence of 
activities that comprise discrete tasks as well as the 
sequence of tasks that comprise coordinated or multi-
step tasks. Understanding the temporal relationships 
among data points contributes to user modeling by 
informing task analysis. While human observation is a 
critical tool, it is our experience that in order to 
understand the complete story of user interactions, it is 
integral to include programmatic logging that captures 
temporal interaction data. 

It is the role of usability engineers (UE) to understand 
who a user is in the context of the user’s knowledge at 
different points in time while that person interacts with 
software. To accomplish this, the UE must examine the 
temporal aspects of interaction data. The complexity of 
such a study is well documented [e.g., 3, 4]. A 
temporal sequence of data points tells only one part of 
the story. The UE also needs to be able to jump among 
temporal points in order to gain the understanding of 
user activities necessary for user models and task 
models. In addition, the UE must be able to harness 
synchronicity of data points, particularly when users are 
engaged in collaborative activities. Even temporal 
intervals in the data are part of the story because they 
can inform identification and analysis of the points at 
which analysts examine evidence or simply stop 
interacting with the software so that they can focus on 
other cognitive aspects of analysis. 

Because over time, interest and importance change, we 
require time-stamped user data. There are many tools 
to help us collect it, but they only bring part of the 
story to light. There are many types of relationships 
among the concepts that the data represents, such as  
geographic and historical relationships. For example, 
Oculus GeoTime shows both time and space very 
simply. Applying the GeoTime metaphor to other 
relationships among data points, can imply other 
relationships, e.g., a social network [1]. We have come 
to realize that while such tools are valuable, they are 
empowered by the data they use; their effectiveness is 
driven by the completeness, accuracy and 
comprehensibility of the data. And this data is 
augmented by UEs observing people in the context of 
using the software under study. 
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Glass Box data 
At the National Institute of Standards and Technology 
(NIST) we have collected user data in large quantities 
over a variety of user activities. In particular, we have 
collected data from information analysts interacting 
with visualization tools. Originally, we used Glass Box 
software [5] developed at PNNL (Pacific Northwest 
National Labs). Over a period of 4 years, we conducted 
formative and summative usability evaluations using 
systems instrumented with the Glass Box. We collected 
hundreds of hours of user interaction data that included 
keystrokes, mouse moves and clicks, application 
invocations, document accesses both from the local file 
store and from Internet sources, copy/paste events, 
and other events as well as screen capture. All the 
events were time-stamped to the level of milliseconds. 
Reports of the results were shared with teams 
developing research-grade software and some results 
have been presented [5].  

Based on our experience with the Glass Box, our team 
was able to determine a set of critical events that 
needed to be captured to adequately represent the 
analytic process used by intelligence analysts. And 
based on our interest in moving from a thick-client to a 
Web client, we worked with a group of researchers to 
develop a specification of a new method for logging 
time-stamped user interaction data. The critical events 
include:  

• Search – user issues a query usually to an 
Internet search engine 

• Access – user opens a document either from a 
local file-system or using a browser 

• Retain – user copies text from one document 
and inserts it into another location 

• Sensemaking – user constructs hypotheses and 
marshals evidence that supports or contradicts 
that hypothesis 

• Discard – user removes an information object 
(e.g. query, piece of evidence, hypothesis, or 
document) 

Figure 1 shows data collected while a user was working 
on an intelligence analysis task. The user’s job was to 
find information relevant to a topic and to produce a 
report describing his hypotheses, the evidence for and 
against each of those hypotheses and his conclusions. 
The figure shows the analyst’s work on the third day of 
a four day assignment. The gap in the middle maps to 
the lunch break. The single sense-making event toward 
the end of the day was the first such event of this type. 
The basic pattern reveals lots of reading (Access) 
alternating with cutting and pasting information 
(Retain). We employ a variety of methods to detect 
interaction patterns in the data in an iterative process 
of exploratory sequential data analysis [3]. Detecting 
and explaining gaps (e.g. lunch), finding outlier events 
(e.g. the sense-making data point), and noting 
repetitive patterns (e.g. Access-Retain cycling) are 
some of the important factors in analyzing our users’ 
behavior. 

Having time-stamped capture gives UEs a broader view 
of the users’ knowledge state, i.e. a broader view of 
who the user is at any point in time. This is an example 
of letting systems do what they’re good at – getting the 

 

  Figure 1: Sample of 554 points of interaction 
data 
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minute level right – while letting people do what they 
excel at – getting the gestalt right.  

To accomplish user profiling through mining temporal 
data is a multidisciplinary task, e.g., it is the work of 
psychologists, usability engineers computer scientists 
and social scientists, to discern user models and user 
tasks. It is our hope that people from all the 
professions involved in understanding how humans 
interact with computers will join in discussing the use of 
temporal data in building user models. 

Citations 
[1] Chien, L., Tat, A., Proulx, P., Khamisa, A., Wright, 
W.  Grand challenge award 2008: Support for diverse 
analytic techniques - nSpace2 and GeoTime visual 
analytics. Proceedings of  IEEE VAST Symposium, (pp. 
199-200). Piscataway, NJ: IEEE. October 21-October 
23, 2008. 

[2] Cowley, P.   Nowell, L.   Scholtz, J.  Glass Box: An 
Instrumented Infrastructure for Supporting Human 
Interaction with Information. HICSS '05. Proceedings of 
the 38th Annual Hawaii International Conference on 
System Sciences, 2005. 296c - 296c  

[3] Fisher, C. and Sanderson, P. 1996. Exploratory 
sequential data analysis: exploring continuous 
observational data. interactions 3, 2 (Mar. 1996), 25-
34.  

[4] Hilbert, D. and Redmiles, D.  2000. Extracting 
usability information from user interface events. ACM 
Comput. Surv. 32, 4 (Dec. 2000), 384-421.  

[5] Scholtz, J., Morse, E., and Hewett, T. 2004. In 
Depth Observational Studies of Professional Intelligence 
Analysts. Human Performance, Situation Awareness 
and Automation Technology Conference. 

 

 

                                                   
1 Certain commercial equipment, instruments, materials, 
services or companies are identified in this paper. This in no 
way implies endorsement or recommendation by NIST. 

 



 

Temporal data representation on 
mobile devices for in-field law 
enforcement

 

 

Abstract 

Law enforcement operations produce and consume 

temporal data. Presenting such data on portable 

devices to enable in-field decision making is 

challenging. In this paper, we present a classification of 

law enforcement operations based on their task 

requirements and response times followed by a 

discussion of issues in temporal data representation for 

each task type. 
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Introduction 

Temporal data representation and interaction on mobile 

devices presents unique challenges arising due to the 

limited form-factor and situational context of usage of 

these devices. Mobile devices have been traditionally 

used for personal data management to represent time-

related data such as calendars and task schedules. 

However, with their ever-improving computational 

power, they are increasingly being used for critical 

response and investigation operations in the field 

[1,4,5]. These operations produce and consume 

temporal data from disparate sources and in various 

forms. While the backend representation of time-

related data is similar to that of desktop based 

systems, client side data representation should 

consider the form-factor and situational constraints of 

the mobile device. In this paper, we specifically focus 

on the issues of representing time-based data 

encountered in in-field law enforcement operations. 

In-field law enforcement operations 

Tracking (people, objects), patrolling, evidence and 

data collection, situation monitoring and investigative 

analysis are some in-field operations performed by law 

enforcement officers that can benefit from using a 

mobile device for making rapid decisions. Due to 

varying requirements and response times for each task, 

combined with the device constraints, it is necessary to 

adapt the representation and notification of temporal 

data accordingly. 

We classify the major task types in this domain and 

later discuss issues in temporal data representation for 

each task type. 

Classification of law enforcement operations 

We classified various law enforcement operations into 

three major categories:  

� In-field response (real-time and historical data) 

� In-field investigative analysis (real-time data) 

� Post-event investigative analysis (historical data) 

 

In-field response 

In-field response refers to operations that involve 

immediate action. Such operations could result from 

real-time data obtained during patrolling, evidence 

gathering and tracking operations or from historical 

intelligence data. Real-time data obtained from sensors 

such as GPS (Geographical Positioning System) and 

cameras, are updated in intervals of a few seconds. For 

response operations, it is important to provide accurate 

information at the appropriate frequency using effective 

representation and notification cues. Real-time data can 

be obtained by either continuously or periodically 

polling for data from the sensors. However, considering 

the limited battery resources on a mobile device, we 

have to poll for data periodically while sacrificing the 

recency of data. Entin et al. [3] observed that users in 

fact perceive movements better when locations of their 

team members are updated periodically rather than 

continuously. Recent updates of information should be 

represented in the context of their past, so that in-field 

responders can track changes over time. However, 

considering the limited memory on mobile devices, we 

need to strike a balance between the amount of history 

stored (and displayed) and the available memory on 

the device. Typically, such data is displayed using 

ghosting techniques as used in [4] with the faded trail 

region indicating data from the recent past. In-field 
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responders also may often have to turn their attention 

away from the device towards other activities. Given 

their limited cognitive resources while performing an 

operation, it is necessary to “push” important updates 

to the client in the form of audio or tactile notification 

cues [2] when they arrive. Such “push” based 

mechanism is also effective for presenting temporal or 

spatial context-based notifications generated by 

background monitoring processes from historical 

intelligence data. 

 

figure 1. A screenshot from the NetworkVis system [5] 

showing aggregated overviews of temporal data with tools for 

temporal analysis. 

In-field investigative analysis 

Investigative analysis in the field involves determining 

emerging trends and patterns during an event and 

taking appropriate action. Typically, such actions are 

performed by event monitors and supervisor patrols 

(who are responsible for the placement of their team 

members). Real time data is used to detect trends or 

anomalous patterns as the events unfold. However, 

such trends can be detected only after obtaining a 

significant amount of data. Hence the frequency of 

updates needs to be slower than that for in-field 

response. Moreover, the response time is also greater 

in this case. The time scale and data representation 

should reflect these requirements. For example, fig. 1 

shows a screenshot from a system (NetworkVis) that 

we developed [5] to monitor and troubleshoot network 

activities at our university’s football stadium during 

home game days. The system was setup to pull real-

time data at regular intervals from the network log 

database (the green color on the timeline shows the 

time until when data is available). The time scale was 

also set to the same interval and we represented all 

time dependent data at two levels. The overview level 

shown in fig. 1 displays only the most important 

information aggregated from various sources (such as 

access points, video and game servers), to compensate 

for the small screen size. The second level provides 

detailed information upon demand and according to the 

analysis needs. Interacting with the timeline allows the 

analyst to browse through time and detect unusual 

patterns in the network. 

Post-event investigative analysis 

Post-event analysis, such as incident and crime scene 

analysis, is usually performed by specialized analysts in 

the field after an event occurs. While this type of 

analysis does not usually involve real-time data, it 

usually accesses data ranging across a broader time 

scale. Therefore it is important to provide temporal 

analysis tools at multiple granularities to discover 

patterns at different time scales. Moreover, it is 

important that the user be able to intuitively interact 

with and explore the data. Figure 2 shows a screenshot 
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from a mobile system we are currently working on, 

which provides interactive tools to analyze crime 

incident reports in a small geographic region. It uses a 

focus + context exploration lens that also doubles up as 

a spatial filter for geo-tagged data. The current version 

just supports analysis at a single temporal granularity. 

We calculate simple statistics (bar graphs) on the fly to 

indicate number of crimes in each category. Moreover, 

it is also useful to display crime graphs varying with 

time at various granularities to provide insight into their 

trend variation.  

 

figure 2: A screenshot from our ongoing work for in-field 

crime incident analysis showing temporal and geospatial data 

An important issue we wish to discuss in this workshop 

is the selection of appropriate time-scale granularities 

for various tasks that decide the level of corresponding 

data aggregation. Since this is highly task-specific, as a 

first step, we classified common tasks in our domain 

and described their temporal data characteristics. 

Screen space and cognitive resources are limited while 

using a mobile device. Therefore, data aggregated at 

the appropriate level should not only convey 

meaningful information, but also make it easily 

perceivable. 
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based systems

 

 

Abstract 
We first introduce the notions of modeled-traces (M-
traces) and trace-based systems. We then present 
activity analysis and activity support as the two main 
uses of M-traces, and we discuss interactive 
visualization challenges related to active reading of 
traces. 
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trace-based systems, trace visualization 
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Introduction 
Numerous research works have investigated the 
general issue of use traces. Such temporal data, 
sometimes called interaction history or user data, are 
collected during the interaction between a user and a 
digital environment. The collected traces are most of 
the time composed of log files related to the system’s 
functionalities. Those files being usually too complex for 
human direct interpretation, statistical treatments are 
usually needed for their rendering, aiming at converting 
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quantitative data into qualitative visual insights that 
characterize the usage, the user or the activity. In that 
case, visualization techniques are applied directly on 
raw data so as to make remarkable patterns 
emerge [2]. 

Trace-based systems 
The main goal of our approach is to be able to manage 
and present digital traces that are qualitative 
representation of observed activities. We argue that a 
means to reach such a goal is to consider an explicit 
and activity-oriented modeling of traces. ‘Explicit’ here 
opposes to the implicit modeling of most of the log 
files, while ‘activity-oriented’ opposes to their function-
oriented (or design-oriented) modeling.  

 
Figure 1: Trace-based system global architecture 

Our approach at the LIRIS-SILEX team is 
conceptualized in the Trace-Based System framework 
[1]. At the core of this framework is the notion of 
modeled-trace (or M-trace) defined as the association 
of a collection of temporally situated observed elements 
structured by relations with an explicit model of these 
observed elements and relations. Such explicit trace 
models can be considered as ontologies of M-traces 
that describe both their constitutive elements (entities 
or events) and the complex relationships that can be 
expressed between them.  

Though it can easily represent simple event log files, 
the notion of M-trace can also tackle complex 
application use histories. Moreover, being explicitly 
modeled with knowledge representation techniques, 
traces can be managed in generic and flexible ways. 
They are considered as first class objects that can be 
manipulated independently of the particular 
environment that was involved in the activity they are 
traces of.  

A trace-based system is then a system dedicated to the 
management of modeled-traces, from their collecting to 
their use. It offers services for trace transformations 
such as fusion, filtering and rewriting (figure 1). Such 
transformations can help abstracting traces from low-
level a priori, log-like modeling to higher-level a 
posteriori, activity-oriented modeling. Abstracting can 
be important for reaching an adequate level of 
interpretability, especially in the case of visualization. 

Interactive visualization of M-traces 
In this article we focus on two main situations for M-
trace exploitation: activity analysis and activity support. 

 
In this paper we deal with the 
visualization of M-traces that have 
been transformed so as to be used 
in particular situations. 
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Activity analysis 
In a situation also known as Exploratory Sequential 
Data Analysis [3], an analyst who was not involved in 
the traced activity transforms an M-trace so as to 
characterize the investigated activity. It is the case in 
the Abstract approach [4] where a TBS was 
implemented for facilitating the analysis of behavioral 
data in a vehicle-driving situation. The analysis is 
carried off-line, after the action, thanks to a visual 
interface (figure 2). On the contrary, in the eLycée 
project [5], the M-trace is displayed during the activity.  
Students work in a virtual classroom with a tutor while 
their activity is traced. Such traces can be exploited 
after the class session but also by the tutor directly 
during the session, so as to manage the group activity 
online. The challenge here is to provide a M-trace that 
describes not just what is going on but how students 
are or were behaving, during or after the time of their 
activity. 

 

Figure 2: Three abstraction levels of driving-related 
M-traces in the Abstract system [4]. 

Activity support 
M-traces are here directly used within the activity, the 
user of the M-traces being the user of the environment 
they are collected from. In that case, traces are used 
for facilitating the activity by visually representing how 

it takes or took place be it in real time or afterwards. 
We are here interested in complex activities the 
unfolding of which cannot be fully planned in advance, 
such as video active reading with Advene [6] or the 
production of multimedia learning material with a 
dedicated software (Emulsion). 

 

Figure 3: Using MIT SIMILE timeline for Emulsion. 

In such cases, we try to facilitate the activity by 
providing the user with a rich representation of her own 
activity 1/ so that she can get a sense of her current 
situation; 2/ for contextualizing the elements she 
manipulates; or 3/ for reusing past significant episodes 
so as to produce new activity phases.  

Some interaction challenges 
Though an M-trace is modeled specifically for a 
dedicated type of activity so as to ‘make sense’ with 
respect to it, no a priori pre-determined visualization 
can pretend to match all its interpretation needs. This is 
true both for activity analysts and users observing their 
own activity, and it appears to us that the solution 
consists in the interactive visualization of traces. We 
claim that the interpretation itself must be constructed 
along such interactive visualization, by trace active 
reading, which poses several challenges. 
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Model-based presentation of traces 
M-traces are traces whose elements and relations are 
described abstractly in knowledge models. Such models 
can be used as inputs for model-based trace 
visualization interfaces that give user rich access both 
to abstract (model) and concrete (actual trace(s)) 
knowledge structures.   

Time-based and structural presentation of elements 
Most interfaces for traces visualization are currently 
based on the temporal dimension, emphasizing mainly 
the temporal relationships between observed elements. 
Horizontal or vertical timelines present punctual or 
durative observed elements, often neglecting the 
structural relationships between them. A challenge here 
is to design interactive interfaces that smoothly 
articulate and present at the same time temporal and 
structural relationships between elements. 

Panoptic organization vs. rich elements representation  
Any timeline designed for trace visualization needs to 
cope with two contradictory needs. First the need for a 
synoptic vision of a slice of activity, hence for a light 
visualization of elements within their time range. 
Second the need for a rich contextualization of 
elements that are isolated within the trace, hence for a 
rich visualization of elements. An important challenge 
here concerns interfaces suited to adapting temporal 
elements visualization to temporal range visualization, 
while providing users with means to control and tailor 
such adaptation.  

Interfaces for trace filtering and rewriting  
Interactive visualization of traces means providing the 
user with the full control of the representation of her 
activity. Here TBS generic trace transformation services 

can help her construct traces that match her 
representation needs. Filtering offers choice of which 
elements of the trace model (actions, events, 
resources…) are to be presented. Rewriting provides 
the user with the ability to create her own trace model, 
by determining new types of observed elements, and 
how they are to be constructed from existing ones. 
Numerous challenges are related to so defined trace 
active reading: How to interact with a trace or a trace 
fragment and specify its filtering or rewriting? How to 
manage one’s multiple traces and transformations? 
How to elicit new relationships within a trace? 
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Interacting with annotated videos
 

 

Abstract 
We present Advene, a project and a prototype 
dedicated to video active reading, i.e. inscribing 
annotations on a video document and taking advantage 
of these annotations for navigating it. Both the video 
and its annotations are temporal data that need to be 
presented and interacted with. We present some 
illustrative interfaces, and discuss some of the 
challenges related to such a complex activity. 

Keywords 
Audiovisual annotation, active reading, document time, 
stream time, video interaction  

ACM Classification Keywords 
H.5.1 [Multimedia Information Systems] : Video; 
H.5.2 [User Interfaces] : Interaction styles, Theory 
and methods; H.5.4 [Hypertext/Hypermedia] : User 
issues  

Introduction: video active reading 
Video documents take more and more importance 
within the digital world. Of course, their most 
widespread use is related to their basic consumption 
from beginning to end thanks to basic video players, 
the main useful commands of which are play and 
pause. Nevertheless, some video-related activities go 
beyond such basic consumption and need deep 
manipulation of videos. Amongst those activities are 
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montage (creation of a video from several video and 
audio tracks) and active reading.  

Active reading is a so-called “knowledge-work” activity 
that consists in taking notes on documents while 
reading them, so as to be able to produce new 
documents. Such notes are called annotations; they 
usually feature an anchor (link to a fragment of the 
document) and content. In audiovisual active reading, 
annotations anchors usually are temporal fragments of 
the stream (defined with two time codes), while their 
content is most often textual. New documents resulting 
from active reading sessions fail into the general 
category of hypervideos. Video active readers include 
ergonomists, linguistic or gesture analysts that 
annotate video captures of activities for analyze; film 
enthusiasts or critics who annotate movies so as to 
publish and share their analyses as hypervideos.  

The Advene project and prototype 
The Advene project (Annotate Digital Video, Exchange 
on the Net, http://advene.org) aims since 2002 at 
studying the emergence of hypervideos – as new 
hypermedia forms created upon audiovisual documents 
– and at designing systems that allow creating, building 
and sharing hypervideos [2]. It features a data model 
[3] where annotations, relations between annotations, 
description schemes, and views definitions related to 
one video are grouped into a container named 
“package”. Views can be either static (web-based, e.g. 
a table of contents in a browser) or dynamic (player-
based, e.g. subtitling of the movies during playing). 
The set of views related to a video constitutes a 
hypervideo that can be shared by sharing the package 
(annotation structure, view definitions) it is generated 
from.  

The Advene prototype [1] is a free, python-based, 
multi-platform, open source application that includes a 
video player, and offers active reading facilities, 
implementing the Advene data model. It allows the 
user to annotate video documents and to define both 
static and dynamic views so as to express her personal 
analysis that can be further shared and refined. It also 
features several GUIs that are used for annotating the 
video stream and managing its annotations.  

Two kinds of temporal data 
There are two kinds of temporal data that need to be 
presented and interacted with during video active 
reading. First, the audiovisual document itself is 
natively temporal, which means that it mandatory 
needs a player to be played. Two temporalities are 
related to such documents: the stream temporality 
corresponds to the stream being played at each instant 
at a certain rate, it is the machine temporality; the 
document temporality comes from the duration of the 
document and signifies that is has a beginning, an end, 
and a certain length. Second, the annotation structure 
is composed of interrelated annotations. Each 
annotation is anchored in the temporal stream, 
inheriting its temporality from its anchor fragment. A 
set of annotations constitutes temporal data over the 
video document. 

Interacting with the video to annotate it and 
with annotations to access the video  
We have designed several GUIs so as to be able to 
carry active reading activities. Some of them are 
presented on figure 1. The most prominent interfaces 
are a video player to (dis)play audiovisual information, 
and a classical timeline that presents document time 
over annotations categories. Trough the representation 
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of the document temporality, it offers navigation within 
the document; presenting the annotation structure it 
allows its creation and management through various 
interaction modes. 

The treeview is a classical hierarchical non-temporal 
presentation of the information contained in the opened 
package. 

 

The note-taking view allows the user to take note over 
the video stream by inserting time stamps inside her 
text, making it an interactive access to the video. Time-
stamped text can further be converted to annotations.  

The active bookmark view allows taking snapshots of 
the video stream and further describing them. It is then 
possible to combine snapshots (time stamps) into 
annotations (temporal fragments). 

 
Figure 1. The Advene main interface with several ad hoc views: timeline, treeview, note-taking, active bookmarks. 

The note taking view adds temporal 
markers (here represented as 
images) to a sequence of 
characters, thus defining 
annotations fragment and content. 

The Active bookmarks view offers 
direct manipulation of bookmarks 
and annotations as pairs of 
bookmarks. 

 

The annotation structure is 
presented in the timeline view. 
Abstract annotation types give 
vertical organization. Relations 
(here dialog > image) permit to 
express more semantics that just 
plain annotations. The spatialization 
of the annotations temporalities 
allows simple manipulation of 
complex data (e.g. setting the end 
time of an annotation as the end 
time of another).  



 4 

Interaction challenges 
The interfaces we have rapidly presented illustrate 
several challenges that are related to interacting with 
video annotations. 

The first challenge consists in being able to interact 
with an audiovisual annotation structure (structure = 
annotations + relations + description schemes), which 
is data that on the one side is inherently temporal 
(from its inscription into the stream through fragments) 
and on the other side has atemporal features, as a 
knowledge structure. A table of contents of a film, or 
the description of the diegetic relationships between 
characters in the movie can be considered both 
atemporal and temporal, whether they allow the 
playing of the stream, are presented in a temporal or a 
sequential manner, etc. An annotation can be (rightly 
or erroneously, depending on its author’s intention) 
considered both as belonging to a static structure 
interpretable in the absence of the movie, and as being 
tightly connected to it, so that it cannot be interpreted 
without actually playing the related fragment. 

As such playing takes time, a sub-challenge relates to 
static representation of a temporal stream and its 
fragments in the case of video. Video being visually 
pregnant media that can impress user, fragments can 
be presented as atemporal structures of excerpt images 
that can act for the user as mental indexes for her 
memory of the video stream. Beside classical use of 
one (begin) or two (begin + end) images for 
representing fragments, there is plenty of space for 
new ways of statically representing them, the 
document they belong to and their relations [5]. 

Our second general challenge concerns the 
management of the temporality mix in the activity of 
active reading of a temporal stream. Shortly presented, 
GUIs for video active reading have to take into account 
the stream temporality (and the associated fascination 
for the reader) and the inscription temporality 
(temporality of the annotation activity and of all its 
subtasks, e.g. create an annotation, adjust its begin or 
end time, type in its content, etc.). The major problem 
being that annotations are created as a consequence of 
the playing of a video, but that this very playing 
becomes annoying as soon as the annotation has to be 
inscribed, because the task of creating the annotation 
and the task of going on watching the video collapse. 
Important issues related to this second challenge relate 
to loss of attention and recovery, controlled task 
interruption and resumption [4]. 
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Studying long-term, fragmented data 
sets

 

 

Abstract 

In this paper we suggest two challenges for the study 

of fragmented data sets generated from long-term 

studies. The first of these is the wide range of temporal 

perspectives from which a single data set may be 

inspected (from seconds to weeks). The second 

challenge involves the importance of considering user 

experience of time as a useful resource in analysis. 

Finally we briefly conclude with a call to consider new 

analytic tools that move beyond solely timeline-bound 

representations. 

Keywords 

Temporal data sets, qualitative and quantitative 

analysis tools, ubicomp systems 

ACM Classification Keywords 

H.5.2 User Interfaces: Evaluation/methodology. 

Introduction 

The evaluation of ubicomp systems often creates 

difficult demands both for the practicalities of data 

collection, and the evaluative practices of researchers 

during and after the period of use. The fragmented, 

socially embedded and typically mobile nature of 

ubicomp systems is coupled with the frequent desire of 

researchers to understand the ways in which 
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technology comes to be woven into everyday life and 

‘mundane’ through adaptation, appropriation and 

contextualisation of system use. More often than not 

this means that periods of use under evaluation are as 

long-term as possible (although there are notable 

exceptions, particularly within ubicomp research that 

examines performance settings, e.g., [7, 1]), and, 

increasingly often, involves trials and deployments that 

are conducted ‘in the wild’ of everyday life rather than 

in controlled environments [6]. 

Temporal range 

This concern with evaluation periods lasting days, 

weeks and sometimes months in natural settings, in 

combination with the disparate, transient and mobile 

forms of interaction that occur in many ubicomp 

systems, results in data sets fragmented both spatially 

and temporally [2]. Assuming the considerable 

problems of data collection are overcome, analysts 

must then reconstruct and piece together fragmented 

sets of diverse data types (e.g., audiovisual recordings, 

field notes, system transaction log files, sensor logs 

such as GPS or wifi scanning data, etc.). A subsequent 

issue that faces analysts is the potential range of 

temporal scales under which this data set can then be 

examined. 

To illustrate this we can consider examples from our 

own and others’ research projects. Recently, for 

example, we have been investigating the conduct of 

crowds at and around stadium-based sporting events. 

As part of this we have collected a body of video 

recordings documenting the forms of interaction that 

spectators engage in. Additionally, we have recorded 

Bluetooth device identity data using scanners carried by 

those attending these events, in an attempt to 

document the crowd’s conduct at large. In studying this 

data we are interested both in the large-scale trends of 

crowd activity detected by the simple scanning 

Figure 1: The density of several hours of Bluetooth devices 

around an individual, before, during and after a football 

match. The individuals that have been seen for the longest 

accumulative time are shown in a lighter colour. Within this 

data, game patterns, such as the two halves of the match 

(second half marked) and subsequent journey home are 

visible. 

Individual devices 

(length = duration seen) 

Figure 2: A small moment of interaction from a match-day video 

recording in which two sets of football supporters located in the same 

pub – fans of the Scottish and Norwegian national teams – ‘break the 

ice’, bridging between opposing crowd groupings via intimate gestures. 
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technique (see Figure 1), and the smallest of 

interactional moments of crowd activity (e.g., see 

Figure 2). In spite of the differences, analysis of 

extreme ends of the temporal spectrum can often be 

mutually informing, providing context and richer 

understanding. 

Analysis of other projects, such as Day of the Figurines 

(DoF), a narrative-driven interactive SMS-based game 

for mobile phones, reveals an even wider temporal 

scope, and further issues when examining temporal 

data. The game itself was intended to be played 

episodically, unfolding “in the background of players’ 

daily lives” [5]. Once again, log data and video 

recordings collected from weeks of play by hundreds of 

players were examined both for long-term patterns of 

engagement (see Figure 3, covering 24 days) [3], as 

well as for fine-grained ethnographic analysis of 

orchestration practices [4]. 

Thus, we can see how an analysis of data collected 

from a ubicomp system trial may have stages that 

focus on very different levels or scales of temporal 

detail. 

User experience 

Interestingly, the DoF analysis also highlighted how 

players may experience the flow of time differently due 

to their varying levels of engagement in the game 

(e.g., playing every day versus playing once a week). 

Thus, when addressing temporal data sets, 

understandings of different layers of experienced 

“temporal trajectories” [5] becomes key. In DoF, the 

transactions between players and game orchestrators 

in collaboratively producing a narrative, and player 

engagement in the game (Figure 3) can be understood 

in terms of different temporal narrative trajectories. For 

analysts, therefore, not only is the sheer range of 

temporal scales potentially very wide for any relatively 

diverse data set, but also we can begin to see how the 

temporal experience of those being evaluated may vary 

greatly. The relevance of this may well need to be 

folded into the analytic methodology.  

We might also consider this subjective temporal 

experience for shorter periods. For the football 

supporters in the first example, for instance, 90 

minutes of the match experience will differ greatly in 

pace when compared to discussing the game with 

others subsequently. Pushing this notion further, we 

can consider more extreme analytic examples, such as 

the study of interactive systems that operate on 

fairground rides [1]. In this instance, as with many 

‘stressful’ experiences, perception of time radically 

changes [12], and so interpreting sensor and video 

data of participants may well need to take this into 

account when evaluators try to make sense of these 

experiences. 

Challenges 

From these observations on the evaluation challenges 

posed by varied data sets and projects, we can make 

some more general comments on the broader 

challenges for the evaluation of fragmented, long-term 

data sets. 

Firstly we looked at the potential for very wide 

temporal range within sets of data. The issue here then 

is what might be the best tools and methods for 

analysts concerned with differing ends of the temporal 

detail spectrum. We saw both aggregations of data 

over the course of hours, days and weeks, and how 

Figure 3: Engagement of players in 

Day of the Figurines over the course of 

24 days (taken from [3]). Red bars 

indicate days players were ‘engaged’ in 

the game, yellow bars indicate that 

they were ‘disengaged’ and white 

indicating that they had exited the 

game. 
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segments of (typically video) data from this same data 

set that may last a mere few seconds can also be of 

interest. For example, long term appropriation of a 

technology may hinge on many brief moments of 

interpersonal interaction. 

In dealing with data at varying temporal scales, an 

analyst is likely to need a variety of different types of 

tools, each with varying strengths and weaknesses. For 

example, whereas it is possible to look at trial-wide 

overviews of log data to examine long-term trends of 

system use, it is harder to summarise the contents of 

video data in a useful way without sitting through the 

full corpus of collected footage. Driven by the 

recognition that varying types of recorded data form 

part of the same data set, one might ask whether it is 

of greater benefit to use a collection of tools, each 

specialised for a single type of data (often a single end 

of the temporal spectrum) or a system that attempts to 

merge such tools into one application, but the most 

likely way forward may be the linking of specialised 

tools to form one co-ordinated ensemble. A key design 

characteristic of information visualisation is to show 

fine-grained detail in the wider context of, ideally, the 

entire data set [8] Systems such as DRS [11] and our 

Replayer system [9] have taken this approach, aiming 

to show how fine-grained segments may elaborate 

upon the whole (and vice versa). We note, however, 

that a perennial design challenge with this approach is 

how to let users move smoothly between overviews of 

time and the most useful small periods within it. Drilling 

down, as such, is not a problem but knowing where to 

drill down is. For example, it would be technically 

straightforward to use the Bluetooth scanning data 

visualisation (Figure 1) as an index for video clips 

recorded by the individual conducting the scanning, but 

in practice the quantitative features that the 

visualisation shows may not be the most useful clues as 

to the qualitatively most significant short sequences of 

video. 

A similar issue with wide-ranging fragmented temporal 

data sets is the often large differences in the rates of 

collection or sampling of quantitative data. For 

example, accelerometer and related sensors may need 

sampling rates of over 50Hz in order to get data 

accurate enough for some modelling approaches, but it 

is not immediately apparent how to visualise—or 

visualise well—that data alongside GPS readings being 

taken once every 10 seconds, or field notes taken every 

few minutes, especially if the patterns under 

investigation are happening at a very fine scale. Like 

the bridging between fine-grained video clips and 

coarse-grained Bluetooth patterns, such multilevel 

design seems to call for forms of abstraction that bridge 

between very different quantitative models. For 

example, what features or patterns in the 

accelerometer data for a short period of time lead to 

interesting GPS data around that same time—and vice 

versa? Such bridging or ‘metamodelling’ is not yet well 

understood or established.  

Secondly, we explored how the temporal experience of 

those we observe may play an important role that 

might not be represented in our current analysis tools. 

It might be practical to include self-reporting 

mechanisms that explicitly track user experience of 

time, to be used to change or adapt representations 

within temporal data analysis tools. For example, 

individual players in DoF did not necessarily share the 

same temporal patterns of engagement in the game, 

and having a representation of such engagement 
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alongside raw log and video data might helpfully inform 

how we choose to interpret participants’ understandings 

of the passing of time and the user experience as a 

whole. 

Similarly, such  treatment might be used to adapt 

quantitative algorithmic analysis.  One example of such 

analysis from our own work concerns Bluetooth scan 

data of the type visualised in Figure 1. By dividing the 

data set into short windows of time, we can find sets of 

Bluetooth devices that were within range of each other 

in a significant proportion of such windows and use this 

to suggest membership of informal and temporary 

groups of fans (although further analysis is usually 

needed to confirm this). Similarly, in other work, we 

have used an information theoretic measure, mutual 

information, to find periods of time in which pairs of 

participants appear to show coordination of movement 

and system use. For example, in the Treasure game 

[10], where players competed in teams of two, we used 

mutual information to examine the extent to which 

team members coordinated movement as opposed to 

acting completely independently of their team mate; we 

could thus automatically find pairs of players who had 

developed tactics involving separately covering 

different parts of the game arena. Such techniques 

generally rely on analysing windows of time of uniform 

length, but the length of time is chosen rather 

arbitrarily. Analysts may guess that, for example, 

windows of 5 minutes’ duration would be useful, but 

these strict divisions of time might not fit well with the 

way players organise their own reports of the 

experience. We suggest that algorithms for quantitative 

data analysis might adapt according to participants’ 

reports of engagement, dynamically adjusting window 

sizes to fit with, for example, users' impressions of 

their own activity, the pace of interaction, and the 

intensity of the user experience.   

Conclusion 

These two challenges, of wide temporal ranges of data 

sets and the representation of subjective temporal 

experiences of participants, thus lead us to question 

the way that analysis tools might be designed in order 

to collect together such long-term and fragmented 

temporal data. As different forms of analysis may 

require separate tools or components and introduce 

multiple subjective timelines, we might also consider 

representing these lengthy subjective time ranges of 

data in ways that are not restricted by predominantly 

timeline-based forms. For instance, a single timeline, 

however augmented, may compress subjective 

temporal experiences into an objective representation 

that distorts how a series of events was actually 

experienced. Whilst not wishing to abandon the 

timeline representation, we would ask what alternative 

spatial and representational forms might help us 

arrange data sets in new ways that are more sensitive 

to the nature of the user experience. Or, in other 

words, when is a timeline a useful way of arranging 

such diverse data, and when does it result in an over-

simplifying distortion? 
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gy

, a
s c

el
l p

ho
ne

 u
se

 in
 c

ar
s i

llu
st

ra
te

s. 

So
ur

ce
s 

of
 T

em
po

ra
l D

at
a 

G
iv

en
 t

he
 b

as
ic

 t
yp

es
 o

f 
te

m
po

ra
l 

da
ta

, 
on

e 
ca

n 
al

so
 

co
ns

id
er

 s
ou

rc
es

 o
f 

te
m

po
ra

l d
at

a.
 I

n 
pr

ac
tic

e,
 th

er
e 

ar
e 

an
 

in
fin

ite
 n

um
be

r 
of

 s
uc

h 
so

ur
ce

s 
– 

an
yt

hi
ng

 t
ha

t 
ca

n 
be

 
m

ea
su

re
d 

ca
n 

be
 m

ea
su

re
d 

ov
er

 t
im

e.
 A

cc
or

di
ng

ly
, 

w
e 

di
vi

de
 t

hi
s 

sp
ac

e 
to

 c
on

si
de

r 
th

re
e 

in
de

pe
nd

en
t 

so
ur

ce
s 

re
le

va
nt

 t
o 

th
e 

H
C

I 
co

m
m

un
ity

, 
na

m
el

y,
 t

he
 s

ys
te

m
, 

th
e 

us
er

, a
nd

 th
e 

in
te

ra
ct

io
ns

 b
et

w
ee

n 
th

e 
tw

o.
 

Fr
om

 th
e 

sy
st

em
’s

 p
er

sp
ec

tiv
e,

 o
ne

 c
an

 c
on

si
de

r 
da

ta
 s

uc
h 

as
: 

• 
Th

e 
sy

st
em

’s
 

ha
rd

w
ar

e 
an

d 
so

ftw
ar

e 
co

nf
ig

ur
at

io
ns

, 
in

cl
ud

in
g 

w
ha

t 
ha

rd
w

ar
e 

is
 

av
ai

la
bl

e,
 w

ha
t s

of
tw

ar
e 

is
 in

st
al

le
d,

 h
ow

 it
em

s 
ar

e 
co

nf
ig

ur
ed

, n
et

w
or

k 
co

nn
ec

tiv
ity

, B
IO

S 
ve

rs
io

ns
, 

et
c.

 

• 
Sy

st
em

 “
he

al
th

,”
 s

uc
h 

as
 w

he
th

er
 t

he
 s

ys
te

m
’s

 
ha

rd
w

ar
e 

is
 

op
er

at
in

g 
co

rr
ec

tly
, 

w
he

th
er

 
it 

is
 

in
fe

ct
ed

 w
ith

 v
iru

se
s, 

w
he

th
er

 it
 is

 b
ei

ng
 a

tta
ck

ed
, 

et
c.

 

Fr
om

 th
e 

us
er

’s
 p

er
sp

ec
tiv

e,
 o

ne
 c

an
 c

on
si

de
r: 

• 
G

oa
ls

, d
es

ire
s, 

an
d 

pr
ef

er
en

ce
s  

• 
C

og
ni

tiv
e 

an
d 

ph
ys

ic
al

 a
bi

lit
ie

s, 
an

d 
bi

om
et

ric
 

da
ta

 

• 
En

vi
ro

nm
en

t a
nd

 c
on

te
xt

 

Fi
na

lly
, o

ne
 c

an
 c

on
si

de
r i

nt
er

ac
tio

ns
 b

et
w

ee
n 

th
e 

us
er

 a
nd

 
sy

st
em

: 

• 
W

ha
t t

he
 u

se
r d

oe
s 

w
ith

 th
e 

sy
st

em
, a

t b
ot

h 
m

ac
ro

 
an

d 
m

ic
ro

 s
ca

le
s, 

su
ch

 a
s 

w
ha

t t
as

ks
 it

 is
 u

se
d 

fo
r, 

th
e 

in
di

vi
du

al
 a

ct
io

ns
 p

er
fo

rm
ed

, e
tc

. 

• 
U

se
rs

’ 
kn

ow
le

dg
e 

of
, 

an
d 

pr
of

ic
ie

nc
y 

w
ith

, 
th

e 
sy

st
em

, i
nc

lu
di

ng
 e

rr
or

 a
nd

 p
er

fo
rm

an
ce

 m
ea

su
re

s 

• 
O

ve
ra

ll 
sa

tis
fa

ct
io

n,
 

ae
st

he
tic

 
ap

pe
al

, 
us

ab
ili

ty
, 

ut
ili

ty
, 

an
d 

ot
he

r 
qu

al
ita

tiv
e 

as
se

ss
m

en
ts

 o
f 

th
e 

sy
st

em
 a

nd
 in

te
ra

ct
io

ns
 w

ith
 th

e 
sy

st
em

 

C
om

bi
ni

ng
 t

he
se

 d
at

a 
w

ith
 t

em
po

ra
l 

di
m

en
si

on
s 

yi
el

ds
 

m
ea

su
re

s s
uc

h 
as

: 

• 
Le

ar
ni

ng
, 

er
ro

r, 
an

d 
pr

od
uc

tiv
ity

/p
er

fo
rm

an
ce

 
ra

te
s 

• 
H

ow
 th

e 
us

er
 a

da
pt

s 
to

, a
do

pt
s, 

an
d 

re
ap

pr
op

ria
te

s 
th

e 
sy

st
em

 

• 
So

ftw
ar

e/
fe

at
ur

e/
ha

rd
w

ar
e 

up
ta

ke
, o

r 
ho

w
 q

ui
ck

ly
 

us
er

s 
ad

op
t 

ne
w

 
ha

rd
w

ar
e,

 
so

ftw
ar

e,
 

an
d 

its
 

fe
at

ur
es

 

• 
M

en
ta

l 
an

d 
ph

ys
ic

al
 f

at
ig

ue
 r

el
at

ed
 t

o 
us

e 
of

 t
he

 
sy

st
em

 

• 
A

es
th

et
ic

 a
nd

 d
es

ig
n 

hy
st

er
es

is
, 

or
 w

he
th

er
 t

he
 

ae
st

he
tic

s 
an

d 
de

si
gn

 o
f 

th
e 

sy
st

em
 r

et
ai

n 
th

ei
r 

ap
pe

al
 a

nd
 u

til
ity

 o
ve

r 
tim

e,
 a

s 
th

e 
us

er
’s

 u
se

 a
nd

 
pe

rc
ep

tio
ns

 o
f t

he
 sy

st
em

 e
vo

lv
es

 

• 
D

at
a 

us
ef

ul
 f

or
 s

ec
ur

ity
 f

or
en

si
cs

, s
uc

h 
as

 h
ow

 a
 

sy
st

em
 

be
ca

m
e 

co
m

pr
om

is
ed

 
(e

.g
., 

th
ro

ug
h 

a 
su

cc
es

sf
ul

 p
hi

sh
in

g 
at

ta
ck

) 

A
ga

in
, t

hi
s 

lis
t 

re
pr

es
en

ts
 o

nl
y 

a 
sa

m
pl

in
g 

of
 t

he
 t

yp
es

 o
f 

te
m

po
ra

l 
da

ta
 

po
ss

ib
le

 
in

 
ex

am
in

in
g 

hu
m

an
-c

om
pu

te
r 

in
te

ra
ct

io
ns

, b
ut

 p
ro

vi
de

s 
a 

st
ar

tin
g 

po
in

t f
or

 d
is

cu
ss

io
ns

 o
n 

th
e 

su
bj

ec
t. 

U
til

ity
 o

f t
he

 D
at

a 
Te

m
po

ra
l d

at
a 

ar
e 

us
ef

ul
 to

 d
es

ig
ne

rs
 a

nd
 re

se
ar

ch
er

s 
al

ik
e,

 
w

he
re

 th
ey

 c
an

 s
er

ve
 d

ia
gn

os
tic

, a
na

ly
tic

al
, a

nd
 p

re
di

ct
iv

e 
pu

rp
os

es
. 

Th
ey

 a
ls

o 
ha

ve
 d

ire
ct

 u
til

ity
 a

s 
to

ol
s 

fo
r 

en
d-

us
er

s. 
Fo

r e
xa

m
pl

e,
 th

e 
re

co
rd

in
g 

of
 p

as
t s

ta
te

s e
na

bl
es

: 

• 
Er

ro
r 

re
co

ve
ry

 
vi

a 
un

do
, 

so
ur

ce
 

co
nt

ro
l, 

an
d 

ba
ck

up
s 

• 
Ex

pe
rim

en
ta

tio
n,

 f
or

 e
xa

m
pl

e,
 b

y 
us

in
g 

un
do

 t
o 

re
tu

rn
 to

 a
 p

re
vi

ou
s 

st
at

e 
af

te
r e

xp
er

im
en

tin
g 

w
ith

 
th

e 
ap

pl
ic

at
io

n 
or

 a
lte

rn
at

iv
e 

so
lu

tio
n 

po
ss

ib
ili

tie
s 

• 
R

ef
in

em
en

t 
of

 p
as

t 
ac

tio
ns

 t
hr

ou
gh

 m
ec

ha
ni

sm
s 

su
ch

 a
s 

se
le

ct
iv

e 
un

do
 [

1]
 o

r 
ed

ita
bl

e 
gr

ap
hi

ca
l 

hi
st

or
ie

s 
[6

], 
bo

th
 o

f 
w

hi
ch

 a
llo

w
 o

ne
 t

o 
tw

ea
k 

pa
st

 a
ct

io
ns

 

• 
Ill

us
tra

tin
g 

a 
hi

st
or

y 
of

 e
di

ts
 to

 u
nd

er
st

an
d 

ho
w

 a
 

de
si

gn
 

w
as

 
ge

ne
ra

te
d.

 
Ex

am
pl

es
 

in
cl

ud
e 

vi
su

al
iz

at
io

ns
 o

f 
pa

st
 a

ct
io

ns
 a

s 
st

or
yb

oa
rd

s 
[1

1]
 

or
 c

om
ic

-li
ke

 p
an

el
s [

6]
 



 
3

• 
A

ug
m

en
tin

g 
th

e 
us

er
’s

 
m

em
or

y.
 

Th
is

 
au

gm
en

ta
tio

n 
ca

n 
be

 u
se

d 
to

 e
nh

an
ce

 c
og

ni
tio

n 
du

rin
g 

ro
ut

in
e 

w
or

k 
ta

sk
s 

(e
.g

., 
R

ho
de

s’
 

R
em

em
be

ra
nc

e 
A

ge
nt

 [1
0]

) o
r t

o 
as

si
st

 th
os

e 
w

ith
 

co
gn

iti
ve

 d
is

ab
ili

tie
s 

(e
.g

., 
M

ic
ro

so
ft’

s 
M

y 
Li

fe
 

B
its

 p
ro

je
ct

 [4
, 8

])
 

• 
Ta

sk
 a

ut
om

at
io

n.
 R

em
em

be
rin

g 
w

ha
t w

as
 e

nt
er

ed
 

in
 d

at
a 

fie
ld

s 
in

 th
e 

pa
st

 e
na

bl
es

 th
at

 s
am

e 
da

ta
 to

 
be

 u
se

d 
in

 t
he

 f
ut

ur
e.

 M
ak

in
g 

av
ai

la
bl

e 
th

e 
m

os
t 

re
ce

nt
ly

 u
se

d 
co

m
m

an
ds

 o
n 

th
e 

co
m

m
an

d 
lin

e 
ha

s 
al

so
 

be
en

 
sh

ow
n 

to
 

be
 

hi
gh

ly
 

ef
fe

ct
iv

e 
at

 
in

cr
ea

si
ng

 e
ff

ic
ie

nc
y 

[2
] 

Le
ar

ni
ng

 S
ys

te
m

s 
Te

m
po

ra
l 

da
ta

 c
an

 a
ls

o 
be

 u
se

d 
to

 l
ea

rn
 s

ys
te

m
s, 

su
ch

 a
s 

ad
ap

tiv
e 

an
d 

pr
ed

ic
tiv

e 
sy

st
em

s. 
Ex

am
pl

es
 i

nc
lu

de
 m

en
us

 
th

at
 a

da
pt

 t
o 

sh
ow

 o
nl

y 
th

e 
m

os
t 

fr
eq

ue
nt

ly
 u

se
d 

ite
m

s, 
H

ur
st

’s
 m

ag
ne

t-l
ik

e 
m

en
us

 t
ha

t 
m

ak
e 

se
le

ct
in

g 
pr

ev
io

us
ly

 
us

ed
 

ite
m

s 
ea

si
er

 
[5

], 
an

d 
A

m
az

on
.c

om
’s

 
pr

od
uc

t 
su

gg
es

tio
ns

 b
as

ed
 o

n 
pa

st
 p

ur
ch

as
es

. 

Th
es

e 
di

m
en

si
on

s 
– 

ty
pe

s 
of

 t
em

po
ra

l 
da

ta
, 

so
ur

ce
s 

of
 

te
m

po
ra

l d
at

a,
 a

nd
 u

se
s 

of
 th

e 
da

ta
 –

 s
er

ve
 to

 s
ke

tc
h 

a 
ba

si
c 

de
si

gn
 s

pa
ce

 f
or

 t
em

po
ra

l 
da

ta
. 

Fr
om

 t
hi

s 
ba

si
c 

de
si

gn
 

sp
ac

e,
 w

e 
no

w
 tu

rn
 to

 a
 se

t o
f c

ha
lle

ng
es

 w
e 

ha
ve

 id
en

tif
ie

d 
in

 d
ea

lin
g 

w
ith

 te
m

po
ra

l d
at

a 
in

 th
e 

in
gi

m
p 

pr
oj

ec
t. 

TE
M

PO
R

A
L 

D
A

TA
: C

H
A

LL
EN

G
ES

 
A

s 
m

en
tio

ne
d,

 o
ur

 in
te

re
st

 in
 te

m
po

ra
l d

at
a 

st
em

s 
fr

om
 o

ur
 

de
si

re
 to

 c
ha

ra
ct

er
iz

e 
th

e 
lo

ng
-te

rm
 p

ra
ct

ic
es

 o
f 

th
e 

G
IM

P 
co

m
m

un
ity

. 
In

 t
hi

s 
se

ct
io

n,
 w

e 
fo

cu
s 

on
 t

w
o 

ch
al

le
ng

es
 

en
co

un
te

re
d 

in
 w

or
ki

ng
 w

ith
 t

he
se

 d
at

a:
 A

na
ly

si
s 

an
d 

pr
iv

ac
y 

is
su

es
. 

C
ha

lle
ng

es
 in

 A
na

ly
zi

ng
 T

em
po

ra
l D

at
a 

 
W

hi
le

 
in

st
ru

m
en

ta
tio

n 
of

 
ap

pl
ic

at
io

ns
 

is
 

a 
co

m
m

on
 

pr
ac

tic
e,

 f
ew

 s
ta

nd
ar

ds
 o

r 
to

ol
s 

ex
is

t 
to

 a
ss

is
t 

in
 t

he
 

co
lle

ct
io

n,
 a

na
ly

si
s, 

an
d 

su
m

m
ar

iz
at

io
n 

of
 te

m
po

ra
l d

at
a 

in
 

in
te

ra
ct

iv
e 

en
vi

ro
nm

en
ts

. A
rg

ua
bl

y,
 th

e 
la

rg
es

t s
el

ec
tio

n 
of

 
to

ol
s 

av
ai

la
bl

e 
in

 t
hi

s 
ar

ea
 r

es
id

es
 i

n 
th

e 
do

m
ai

n 
of

 w
eb

 
ap

pl
ic

at
io

ns
 a

nd
 w

eb
si

te
 u

sa
ge

. H
ow

ev
er

, w
eb

 a
pp

lic
at

io
ns

 
ha

ve
 

co
m

pa
ra

tiv
el

y 
le

ss
 

fu
nc

tio
na

lit
y 

th
an

 
ric

h 
cl

ie
nt

 
co

nt
en

t-c
re

at
io

n 
ap

pl
ic

at
io

ns
, 

th
e 

la
tte

r 
of

 w
hi

ch
 b

oa
st

 
hu

nd
re

ds
 o

f c
om

m
an

ds
 a

va
ila

bl
e 

to
 th

e 
us

er
 a

t a
ny

 p
oi

nt
 in

 
tim

e.
 S

um
m

ar
iz

in
g 

th
e 

ac
tiv

ity
 o

f 
th

ou
sa

nd
s 

of
 u

se
rs

 o
ve

r 
th

ou
sa

nd
s 

of
 s

es
si

on
s 

re
m

ai
ns

 a
 s

ig
ni

fic
an

t 
ch

al
le

ng
e 

fo
r 

su
ch

 a
pp

lic
at

io
ns

, a
s w

e 
de

sc
rib

e.
 

V
is

ua
liz

in
g 

Te
m

po
ra

l D
at

a 
W

ith
 t

he
 i

ng
im

p 
da

ta
 s

et
, 

w
e 

w
ou

ld
 l

ik
e 

to
 b

e 
ab

le
 t

o 
ge

ne
ra

te
 a

t-a
-g

la
nc

e 
vi

su
al

iz
at

io
ns

 t
ha

t 
ch

ar
ac

te
riz

e 
th

e 
ty

pe
s 

of
 t

as
ks

 u
se

rs
 p

er
fo

rm
, 

th
ei

r 
pr

of
ic

ie
nc

y 
in

 t
ho

se
 

ta
sk

s, 
th

e 
ty

pe
s 

of
 d

oc
um

en
ts

 t
he

y 
op

er
at

e 
on

, 
ho

w
 t

he
ir 

do
cu

m
en

ts
 c

ha
ng

e 
ov

er
 t

im
e,

 a
nd

 h
ow

 t
he

y 
ut

ili
ze

 t
he

 
ap

pl
ic

at
io

n 
in

 l
ar

ge
r 

w
or

kf
lo

w
s. 

H
ow

ev
er

, 
th

e 
qu

al
ita

tiv
e 

da
ta

 c
ol

le
ct

ed
 t

hu
s 

fa
r 

hi
nt

s 
at

 t
he

 c
ha

lle
ng

es
 o

f 
cr

ea
tin

g 
su

ch
 a

t-a
-g

la
nc

e 
vi

su
al

iz
at

io
ns

. 
B

as
ed

 o
n 

us
er

s’
 e

nt
er

ed
 

“A
ct

iv
ity

 T
ag

s”
 (f

re
e-

fo
rm

 d
es

cr
ip

tio
ns

 o
f h

ow
 th

ey
 p

la
n 

on
 

us
in

g 
th

e 
so

ftw
ar

e 
at

 s
ta

rt-
up

), 
us

er
s 

in
di

ca
te

 t
he

y 
us

e 
th

e 
so

ftw
ar

e 
fo

r 
ge

l a
na

ly
si

s, 
m

ap
 m

ak
in

g,
 ic

on
 e

di
tin

g,
 a

va
ta

r 
te

xt
ur

in
g,

 c
el

l 
sh

ad
in

g,
 a

nd
 v

id
eo

ga
m

e 
gr

ap
hi

cs
, 

ju
st

 t
o 

na
m

e 
a 

fe
w

. 
A

cr
os

s 
th

es
e 

ta
sk

s, 
th

er
e 

is
 c

on
si

de
ra

bl
e 

ov
er

la
p 

in
 th

e 
fu

nc
tio

na
lit

y 
us

ed
 (f

or
 e

xa
m

pl
e,

 c
ro

pp
in

g 
an

 
im

ag
e)

, b
ut

 a
t t

he
 ti

m
e,

 g
re

at
 v

ar
ie

ty
 in

 h
ow

 a
nd

 w
hy

 th
e 

fu
nc

tio
na

lit
y 

is
 u

se
d.

 I
de

al
ly

, w
e 

w
ou

ld
 l

ik
e 

to
 b

e 
ab

le
 t

o 
lo

ok
 o

ut
 a

cr
os

s 
th

is
 s

ea
 o

f 
us

er
s 

an
d 

ge
t 

a 
fe

el
 f

or
 t

hi
s 

va
rie

ty
 a

nd
 si

m
ila

rit
y,

 m
uc

h 
in

 th
e 

sa
m

e 
w

ay
 o

ne
 c

an
 ta

ke
 a

 
sn

ap
sh

ot
 o

f 
a 

ci
ty

sc
ap

e 
an

d 
ga

in
 a

 s
en
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Abstract
We recognize the ephemerality of certain kinds of email 
received, and propose the use of an expiration date tag 
to indicate its lifetime. We hypothesize that the use of 
such a tag will assist personal information management 
(PIM) by providing users the ability to prune their email  
archives automatically, and take other actions as 
appropriate. We situate our proposal of expiration tags 
within the current PIM literature, focusing on the 
research problems they may help solve. We conclude 
with a discussion of how expiration tags can be set, 
retrieved, and acted upon by mail clients.

Keywords
Personal information management, email, expiration 
dates, temporal information.

ACM Classification Keywords
H.5.2 Information Interfaces and Presentation: User 
interfaces – Evaluation/ methodology

Introduction
The past few years have seen an unprecedented rise in 
the use of email for communication, collaboration, 
information management and several other tasks it was  
not explicitly designed to perform [9, 3]. The cognitive 
costs associated with the manual filing and pruning of 
information archives overwhelm many users [9]. 
Messages vary in relevance, importance, timeliness and 
attentional requirements. Several strands of research 
have examined how such properties of email can be 
computed and used to provide a better user experience 
[3]. Social network analysis has been used to help 
triage incoming email as well [4]. The time-sensitive 
aspects of email have been recognized [6], but 
research has focused on prospective task management 
rather than retrospective archive management.

Examples
We conducted a quick and informal analysis of our 
inboxes and those of colleagues in our research group. 
We found an incredible variety in how long the 
information content within email messages found in the  
inboxes stays valid, useful, or pertinent. Here are some 
examples:

 IM-style 1:1 communication. (extremely short 
term) One-line (or even one-word) messages are 
often sent in lieu of a phone call: e.g. “Lunch? ”, 
“Running late to meeting”, “Movie tonight? ”.

 Awareness notifications. (extremely short term) 
Several web-based services send notification alerts 
to users when certain monitoring criteria are met. 
User action may or may not be solicited or 
expected. E.g. “bill is due in 2 days”, “X added you 
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as a friend”, “your order was received”, “your 
package has shipped”, “free donuts in break room”.

 Project-related communication. (short term) 
Email related to an ongoing project will soon be 
outdated after the project is completed. E.g. “Draft 
5 attached”, “I booked my tickets for Monday”.

 Discussions with archival value. (medium term) 
E.g. research ideas or conversations related to 
specific technical problems that may be required 
later. Although it may be unclear when this 
information may be needed, it is clearly important 
to archive it.

 Affective conversations. (long term) 
Conversations with significant others or immediate 
family may be saved for their nostalgic future 
value.

The different types of emails shown in the previous 
listing have different implications for how users manage 
their email. Email clients fail to take into account the 
distinction among these types of messages, thus 
lending inadequate support to information 
management.

Relevant Prior Work
Files have temporal properties; Barreau and Nardi [1] 
classified files as ephemeral, working, or archived data. 
Gwizdka [5] proposed the classification of email into 
four types: prospective, ephemeral, working and 
retrospective. However, neither of these approaches 
have led to the development of solutions towards 
harnessing the time dimension to assist users in 
information management.

The Keeping Problem and Post-Valued Recall in PIM
Email is no longer just a communication medium; it 

also serves an archival role. In PIM, the “keeping 
decision” [8] refers to the choice a user must make 
about whether a particular information item is worth 
keeping for potential later lookup. However, when an 
email is received, it is not immediately clear how long 
the message will continue to be useful. Post-Valued 
Recall (PVR) [10] refers to the interest a user may have 
in recalling information whose value is not recognized 
until some time after its initial retrieval. Since users 
cannot decide right away what to do with an email, 
they let it linger [11]. However, seldom do users go 
back to these messages to clean them up later.

Immediate Filing is not very practical
Email is managed in different ways by different people; 
Gwizdka suggests [7] that handling incoming 
information immediately is an ideal case, but it is not 
practical for several reasons. The cost of a search 
multiplied by the probability that a particular 
information may be searched for, is much less than the 
cost of constantly having to file, tag, and sort email. 
Filing is a cognitively difficult task; while some users 
are natural cleaners, others are keepers. The upshot is 
that email continues to stay in inboxes longer than 
necessary. There is another problem with immediate 
filing, as identified by Whittaker and Sidner [11]: once 
an email is filed away, it is less available to remind the 
user about that topic (less chance of opportunistic 
reminding).

Life archives
As the information haystack grows larger [2], it 
becomes harder to find the proverbial needle. It is 
important that non-essential irrelevant information be 
pruned from an archive as early as possible (though no 
such decision can ever be taken with 100% accuracy 
[8].)



A Solution: Expiration Date Tags
An Expiration Date Tag is an email header that provides  
a best estimate of when an email message is projected 
to be irrelevant to the recipient. It serves as an 
indication of its time sensitivity — an attribute that is 
not captured by any existing headers. A complete 
description of the syntactic aspects of expiration date 
tags is beyond the scope of this paper. We refer you to 
a deeper discussion online 1.

Applying an expiration date splits the task of filing 
emails into two independent subtasks: an expression of 
intentionality and the performance of the action. A 
user’s intention to file an email can be expressed as 
soon as a message is received (which is ideal according 
to Gwizdka [7]). The filing and archiving itself, however, 
is done at a later time automatically (which avoids the 
problem of lack of opportunistic reminding noted by 
Whittaker [11]). In addition, support for expiration 
dates provides an opportunity for various entities (other 
than the primary recipient) to apply the tags 
automatically. Specifically, it supports the management 
of prospective information in email [6].

Setting Expiration Date Tags
Expiration Dates can be set by several entities, not just 
the primary user. They could be set:

 By the sender of an email who can make a 
reasonable assumption of the relevance of her 
email to the intended recipient; e.g. credit card 
payment reminders can be automatically set to 
expire 5 days after the due date. 

 By the mail server software that intelligently tags 

email based on common patterns seen across 
multiple users (like spam filters do); 

 By the recipient’s email client, based on heuristics; 
(say, if a pattern has been observed that emails 
with certain subject lines are deleted by the user in 
X days) 

 By the recipient’s email client, based on a user-
defined rule set; 
(“from:notifications@facebook.com ⇒ expire in 5 

days”) 

 Or explicitly by the recipient in a spring cleaning 
session.

The simplicity and flexibility of the tag means that any 
party involved in the transmission of the email can 
modify/update it. Security concerns about potential 
tampering by men-in-the-middle may be assuaged by 
knowing that this is no more vulnerable than the rest of 
the email.

Acting Upon Expiration Date Tags
An expired email need not (and should not) 
immediately be deleted if the user does not so desire. 
It is indicative, not prescriptive. Here are some ways 
we expect an expiration tag to assist in personal 
information management:

 An email past its expiration date could be 
automatically moved from the Inbox to Archived 
items; 

 Expiration tags can be used in complicated 
searches by restricting a query based on expiration 
dates (e.g. show all emails that are due to expire in 

1 http://manas.tungare.name/blog/email-should-have-expiration-dates/
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the next week); 

 Due to resource limitations of mobile devices, 
typically only the most recent few emails are 
downloaded and displayed. Incorporating expiration 
dates into the decision can cause more relevant 
messages to be shown, while expired messages 
stay hidden. 

 Automatic pruning can be performed during spring 
cleaning sessions; this provides the user a quick 
option to delete expired messages permanently 
without having to deal with each individually. 

 Expiration can greatly reduce the deluge of pending 
email after a vacation. Notices about free donuts 
and missed meetings can automatically be removed 
by the system. 

 Attaching expiration dates to messages sent to 
distribution lists provides a new alternative to the 
four strategies outlined by Mackay in [9].

Future Work
We are building a prototype of a system that can read 
and write expiration tags. Tags will be applied in two 
ways: by an IMAP client process that polls and 
processes a user’s inbox, and instrumented email 
clients (Apple Mail.app, Microsoft Outlook). We look 
forward to sharing preliminary results within a few 
months.
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Just for me: Personal Applications  
of Life Tracking and Activity Capture 

 

 

Abstract 
In the past few years, the explosion of interest in social 
sharing on the Web has made popular the practice of 
publishing one’s everyday life activities on the Web.  
The resulting availability of rich, detailed data about an 
individual’s activities presents newfound opportunities 
for personal applications beyond social consumption.  
In this paper, we describe several systems which make 
use of temporal personal activity data aggregated from 
Web sites for several personal purposes: to help users 
more easily re-find their notes, automate routine 
reactive tasks, organize their digital resources and 
reflect on their personal life metrics.  Each of these 
applications use aggregated temporal data in different 
ways, providing different perspectives of how temporal 
activity data can support interaction. 

Introduction 
This excitement of the social sharing on “Web 2.0” has 
driven the creation of a huge array of web sites and 
tools make of the chronicling of the minutiae of 
everyday life activities easy and fun.  The result is that 
social sharing on the Web has spawned an 
unprecedented quantity of detailed, real-time 
information about people’s lives.  While the social 
implications and potential for such sharing are still 
being explored, we believe that this data is also useful 
towards solving interaction problems closer to home – 
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 2 

personal applications for the individual.   In particular, 
we examine the opportunity for high-fidelity records of 
user activity gleaned from the Web to support the 
individual in the following three ways:  

 as a memory prosthesis, e.g., to support the recall 
and memory of past events and information; 

 to support simple task delegation, e.g., the 
construction of reactive tasks that respond to the 
individual's activity and save the user from having to 
perform these actions manually; 

 and to increase the individual's self-awareness, by 
making salient long-term statistics of the individual's 
life through longitudinal analysis of the user's activities.  
These metrics could include time and attention spent on 
projects, social contact with individuals, and tracking 
physical life activities such as amount of exercise, sleep 
and nutrition. 
 
We briefly describe applications that use temporal 
actiity data to fulfill each of these forms of support in 
the remaining sections of the paper. 

Memory support for personal information-
keeping 
Individuals keep track of an immense quantity of 
information that they rely upon to effectively perform 
everyday tasks and fulfill daily responsibilities in work, 
social and personal contexts each day. This information 
might pertaining to reminders of tasks to be done, 
important phone numbers, web sites, books to read, 
birthdays, wish-lists, instructions on how to do things, 
et cetera.  We examined how users create and maintain 
their information at work and home using current tools 
(both paper and software) in an artifact and interview 

study [1], which revealed that there are many kinds of 
information that people frequently need that "don't fit" 
or are otherwise burdensome to manage using 
conventional personal information management tools.  
For these kinds of information, people often resort to 
using e-mail (i.e., e-mailing themselves), or stashing 
information in "misc" files, folders, and post-it notes on 
their desks/workspaces.  While these strategies result 
in the storage of information that affords some of the 
informational needs surrounding these information 
items (such as visibility, in the case of a post-it note, or 
availability in the case of e-mail), information kept 
using these strategies must be manually managed, and 
lack the facilities that more structured PIM tools readily 
provide: reminder alarms, multiple views 
(calendar/todo), and automatic filing/organization. 

Therefore, we sought to develop a tool that would 
afford the flexible and low-effort storage and creation 
of information afforded by note-taking tools, but that 
would also support reminding and use once it was 
captured.  Our systems, Jourknow and its successor 
list.it [4], apply user activity data (e.g., what the user 
is doing, where, and when) aggregated from the Web 
to learn how relevant particular notes are to various 
contexts/activities of people's lives.  Further relevance 
information is computed from features extracted from 
the note, specifically dates, times and names of people 
and places and web sites, enabling the specification of 
"context-sensitive alarms".  Finally, these relevances 
are then used to automatically display notes that are 
likely to be useful to the individual as she goes about 
her daily activities.  Both of these systems display 
these learned associations to the individual, allowing 
them to inspect and modify these associations and 
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improve reminding behavior.  A screen shot is visible in 
Figure 1. 

Activity-reactive personal automation  
The second application surrounds ways to relieve the 
user from the attentional burden of simple activity-
reactive tasks. Our approach, embodied in a system 
called atomsmasher lets users specify their desired 
autonomous or reactive autonomous behaviors directly, 
by "programming" a simple reactive script to perform 
tasks for them.  In the same way that calendar 
alarm/reminders and e-mail filtering functions relieve 

the user from paying attention to the time and each 
incoming email respectively, these scripts can perform 
an action or combination of actions in response to an 
event about user activity arriving from various Web 
streamss. For example, AM can be used to easily set up 
an adaptive "Away responder" that can automatically 
determine, based on a user's calendar entries or 
location, when and how to automatically reply to 
messages of particular types. Atomsmasher users 
specify behaviors using a simplified constrained natural 
language input interface to specify behaviors in terms 
of "when X happens do Y". More information about 
atomsmasher can be found in [1]. 

Self-awareness and life management 
Our third application seeks to let people easily reflect 
upon their personal information in context of their life 
activities.  Our approach unifies three formerly separate 
ideas -- temporal and activity based organization of 
personal documents (proposed by Lifestreams [2] and 
[1]) and statistical visualization of life activities 
(introduced by services such as DAYTUM1 and 
mycroscosm2).   While the former two approaches use 
time and user-defined activities as organizational 
principles for document collections, the latter two 
"micro-tracking" sites facilitate automatic collection and 
publishing of select summaries of their life activities.  
Our perspective is that these systems could greatly 
benefit from being integrated -- enabling summaries of 
life activities to contextualize personal information 
spaces, and vice versa-- allowing personal information 
spaces to encourage reflection on self activity. 

                                                   
1 http://www.daytum.com 
2 http://mycrocosm.media.mit.edu 

Figure 1 - List.It with Notes that Float (NTF), which supports multiple "floation 
modes" by content features (date/time/entities) and activity correlations. 
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To this end, we are building a life tracking service 
based on our user modeling framework, that provides 
integrated views of heterogeneously sensed activities 
and contexts, naturally situating interactions the user 
has with informational resources and people at the 
proper locations within these views.  Although, like in 
Lifestreams, time the main organizing axis, instead of 
supporting only linear timelines, we wish to explore the 
use of periodic timelines that can "fold" the user's past 
into a single view to facilitate reflection further into the 

past by days, weeks or months.  These views aim to 
make salient regular patterns (such as temporal 
periodicities) in certain activities, in addition to showing 
trend of particular activity summaries, such as 
increased or decreased contact with particular 
individuals, physical activity, nutrition, sleep, etc.  We 
imagine that such trends might help individuals to 
explain/better understand their states of well-being. An 
early design mockup is visible in Figure 2. 
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Mirror bodily experiences over time
 

 

 
 
 
 
 
 
Abstract 

The Affective Health system is a mobile lifestyle application 

that aims to empower people to reflect on their lives and 

lifestyles. The system logs a mixture of biosensor-data and 

other contextually oriented data and transforms these to a 

colorful, animated expression on their mobiles. It becomes 

a mirror of aspects of their everyday activities, 

empowering users to see patterns relating to stress. People 

in different cultures or people with different physiological 

and psychological attributes have quite different 

perceptions and associations of time. We explore the time 

dimension of our system through working through a set of 

different designs that organize events as time going 

linearly forward, in a circular movement or relating to 

geographical places. Here we discuss our design process 

and the problem of presenting data from only one temporal 

perspective. 
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The Affective Health application 

The Affective Health system is a mobile application that 

aims to make people equipped to better cope with stress 

and stressful situations. It is a tool for visualizing patterns 

and trends of bodily and contextual information over time. 

This information is to empower users to reflect on their 

behavior in everyday life.  

 

Fig 1. The current application running on a mobile phone. 

At the beginning of the project we identified two kinds of 

events that can give the users valuable information to 

reflect on: data about bodily reactions and contextual 

information that connects the bodily data to the ongoing 

everyday life. The system does not provide a diagnosis of 

stress. It is well known that people's ability to deal with 

stress is connected to their subjective experience of their 

ability to deal with stressful situations (REFS).  

We don’t believe that the data will give users an entirely 

true or full story about their everyday behaviors, stress 

reactions or life styles, but the material can let users link 

the data to their subjective experiences. It can support 

people in forming their own stories about their own lives 

and in their own ways.  

The bodily data is collected via biosensors worn by the 

user. The sensor signals are transmitted via a Bluetooth 

device to the application running on a mobile phone. 

Depending on reliability, wearability and maintenance 

requirements [1] we chose to use three kinds of sensor 

data: we monitor some aspects of users' arousal through 

GSR (Galvanic Skin Response), users' pulse through a 

heart rate sensor since prolonged increases in pulse may 

also indicate stressful experiences. Finally, to help users to 

distinguish stress from normal physical activity, we also 

measure movement through accelerometers.  

Some stress medicine experts claim that physical exercise 

that evoke similar processes in the body as negative stress 

does, can train our bodies to be able to deal with stress in 

a purely biological way [2]. If we go out jogging, our sweat 

levels and pulse will increase. The jogging experience is 

probably a positive experience, apart from the negative 

stress reaction that evokes similar bodily reactions. Apart 

from movement, we also collect other contextual data that 

can help users to remember and distinguish different 

activities in their lives assisting them to sort out what is 

stressful in a negative way. We collect various data from 

their mobile phones, such as photos, text messages sent 

and received, Bluetooth presence of other devices nearby, 

etc. 

Related products 

There are a number of body monitoring systems (e.g 

emWave and the CocoroMeter) [3] developed that are 

claimed to have the ability to monitor emotions and stress 

through bodily signals such as heart rate, temperature, 

movement, hormonal levels of e.g. cortisol or adrenalin, 

Movement ”whirl” 

Torus for the pulse 

 Historical layers 

 

Real Time 
represen
tations Time and date 

The bodily data is collected via 
biosensors worn by the user.   
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arousal. Many of these systems though, do not help users 

connect the sensor information to everyday behavior. The 

overall approaches are more about measuring users’ stress 

levels and provide this feedback as diagnosis and warning. 

[4]  

Research challenges 

Peoples’ activities and experiences occur in time and time 

is a thread to which information can be tied. People in 

different cultures or people with different physiological and 

psychological attributes have quite different perceptions 

and associations of time. This can become a problem and a 

source for stress related issues since the organization of 

our post-industrial society is tied to a certain perception of 

time.  

How can we through Affective Health present alternatives 

to the linear procession of past, present, future? How can 

we inspire people to create meaning from the bodily and 

contextual information that we present? The ultimate goal 

with Affective Health is to make the user prioritize 

reflection to reach insight in her/his behavior and the 

reasons for it. Even though we assume that users of this 

application are motivated to get to know themselves 

better, it is important to have a desirable and beautiful 

application to inspire usage.  

It is not possible to represent our continually changing 

lives with one complete and accurate picture. In the 

Affective Health project we assemble a collage of 

information that creates living pictures and impressions. 

This builds a dynamic model to reflect upon and compare 

to different events and occasions in life. To better 

understand how to represent stressful experiences back to 

users, organized in some kind of temporal order, we 

decided to explore the problem through creating different 

design concepts where temporality took on different 

appearances. [fig 1]  

 

                                

Fig 1. Sketches of the initial three design concepts showing 

temporal progressing in different forms. 

The first concept was built on the idea of pulse and 
movement vanishing into a time-tunnel where one 
could trace the past at the end of the tunnel. Our 
second design concept was inspired by nature and the 
idea of leaves falling to the ground, building layers of 
historical data. A third concept showed time as a 
colored wave where the bottom of the wave represents 
what is happening right now and the past is floating 
upwards. In all these design concepts we represented 
arousal using color. This is based on Anna Ståhl's 
design work [5] where she uses colors to represent 
emotional arousal - closely related to what we aim to 
show here.  

Concept 1: The present 

time is the outer circle. 

Concept 2: Present 

time. 

Layers of historical 

data.  

 

Concept 3: The past. 

The present. 
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During the ongoing design process we continually 
collect feedback from users in different ways, e.g. Lo-fi 
prototyping. When choosing concept to work in depth 
with we involved users by presenting 2D paper-models 
of the basic functions: time, history, heart rate, 
physical activity, and arousal [Fig 2]. Six unprepared 
participants were asked to share their understanding 
and associations of the models. 

In this way we aimed at getting a direct reaction to how 
the different concepts could reflect their experiences. 
We chose to continue working in depth with the 
“nature” concept since this, in the early user studies 
proved to evoke most associations with time. We got 
reflective comments from people who associated the 
model with e.g. a “river of time” and “the ground”. This 
corresponded quite well with the thoughts we had 
about the concept.  

One of the main ideas of Affective Health is for the user to 

be able to browse back in history to explore patterns and 

characteristics in their lives and behaviors. In the current 

implementation of the “nature” concept running on a 

mobile phone, users can scroll back in time divided into 

standard units such as in minutes, hours, weeks etc. This 

is a starting point of a temporal concept, but this solution 

has turned out to be far to narrow.  

 

The problem of visualizing time 

Time is subjective and depending on how we live our lives, 

it is perceived differently. In the current version of 

Affective Health we see only one perspective of time; the 

linear. The linear perspective, by many people understood 

as something that goes by, (the past-present-future idea) 

is the one characterizing our culture and perception of time 

today but our perception of time changes continually 

depending on our activities and memories: You can for 

example live a slow Saturday afternoon with tea and 

scones, or fight towards time a busy Monday afternoon.  

  

Fig 3.  Two different presentations of temporal activities and 

geographical positions. 

This has to be mirrored in the interface of Affective Health 

and the way we believe we could change this is to not 

follow just one perception of time, but add several 

perspectives to give a possibility for a subjective 

As a part of the design process 

we have created sketches of a 

kind of map visualizing 

geographical and virtual 

activities.  

Different shapes represent 

different kinds of places/events 

such as home, work, mum’s 

place, sister calling, and so on.  

(There is no such text in these 

sketches) The top one shows 

the positions and activities 

organized in a linear 

temporality while the bottom 

version is presenting the 

activities organized circular 

with what is happening right 

now placed in the middle and 

the past placed further out 

from the centre the longer 

back in history it belongs. 

Orange shapes 

symbolizing the 

present activities  

and position in a 

linear (t) and a 

circular (b) 

example. 

Fig 2. Test with Lo-fi paper model.  
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perception that can be modeled depending on life pace and 

life style. The Affective Health application should support 

reflection on life with e.g. a circular perspective that allows 

the user to look at her/his life separated from the standard 

units. One example of cyclic time is the ecclesiastical year 

that is not a year of moving forward, it is rather an eternal 

repetition of certain qualities of time; expectation, sorrow 

and sacred hope. Users should be able to scroll between 

reoccurring behaviors, events, emotions and so on. Only 

by exploring radically different alternative perspectives, 

such as circular time or time as relevant only vis-à-vis 

certain geographical positions, have we been able to move 

outside the prevailing perspective on time as linearly 

progressive in equal portions of time. [fig. 3] We also 

discuss how the time could be presented differentiated: 

People’s lives are continually changing in tempo, intensity 

and activities. How can “important” events get more focus 

or space than “unimportant” and how would the user tell 

the application this?          

                                

Fig 4.  Sketch of a red flag to reinforce an event.  

What we also want to dig deeper into is “primitive” time, 

point time, or moments of time where the future is 

impossible to imagine and where time is created from the 

pulse and life of humans. Memories or events that occur 

are tied to geographical grounds and not to a time frame. 

Thoughts and further work  

While we could have explored users' perception of time vis-

à-vis stress through various user studies, understanding of 

cognition or through some theoretical models of subjective 

time, our approach has been to explore the time dimension 

through designing different representation. This helped us 

to clarify what it means to create a system where users 

can compare their subjective experience of stress over 

time, finding patterns in their own behaviors. We believe 
temporality is a core subject in our society that form 
people’s lives and force a certain kind of living and 
perception of the world and ourselves embodied in this 
world. We who are born and raised in this structure are 
very much products of this and it is exciting to 
challenge this concept, and design for a broader 
perspective of time and temporality.  
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Discovering Temporal Categorical Patterns 
Across Multiple Records 

 

Abstract 
This is a position paper for the CHI 2009 Temporal 
Workshop, summarizing our projects designed to 
specify queries across multiple records and provide 
comprehensible result presentation, especially for 
databases of Electronic Health Records. 

Keywords 
Categorical data, patient records, search, alignment, 
similarity 

ACM Classification Keywords 
H5.m. Information interfaces and presentation (e.g., 
HCI): Miscellaneous.  

Introduction 
An increasing number of temporal categorical 
databases are being assembled. For example millions of 
Electronic Health Records are being recorded by 
healthcare organizations, logs of traffic accidents are 
kept by transportation agencies, student records are 
maintained by academic institutes and the activities of 
suspicious individuals are being kept by law 
enforcement agencies. We are working on several 
projects which aim at improving the use of those 
databases by researchers and analysts who want to 
specific complex queries, explore patterns, make 
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hypotheses about recurrent sequences of events or find 
similar records.  

Lifelines2:   
Interactive exploration of multiple records 
Align, Rank, Filter and Group 

Our previous work on Lifelines has shown that a 
timeline visualization for personal histories can provide 
benefits over a tabular view [1, 3], but many tasks 
involve temporal comparisons across multiple records 
relative to important events called sentinel events (e.g. 
a first heart attack). We explored strategies in 
supporting query specification, efficient search and 
comprehensible visualization in our Lifelines2 project 
[5]. 

Interactive visual exploration can complement query 
formulation by providing operations to align, rank and 
filter the results. Display of patient histories aligned on 
sentinel events enables users to spot precursor, co-
occurring, and after-effect events. A controlled study 
demonstrated the benefits of providing alignment (with 
a 61% speed improvement for complex tasks). A 
qualitative study and interviews with medical 
professionals demonstrated that the interface can be 
learned quickly and seems to address their needs. 

 

 

Figure 1. LifeLines present a summary of personal records—

here, a medical record—on a zoomable timeline. LifeLines show 

multiple facets of the record, such as doctors’ notes, 

hospitalizations, or tests, with line thickness and color used to 

map data attributes such as severity or drug dosage.  For more 

information see http://www.cs.umd.edu/hcil/lifelines  

 



  

Figure 2. Lifelines2 allows the exploration of multiple records, which can be aligned, ranked and filtered. Temporal  summaries allow 
comparisons of aggregate data across groups of records. For more information see: http://www.cs.umd.edu/hcil/lifelines2/ 
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Pattern Finder  
Current query tools make complex temporal queries 
difficult to pose, and physicians have to rely on 
computer professionals to specify the queries for them. 

PatternFinder [2, 4] demonstrates a novel query tool 
implemented in a large operational system at the 
Washington Hospital Center (Microsoft Amalga, 
formerly known as Azyxxi).  

 

Figure 3: PatternFinder.  The user has specified the following query: “Find patients who had a normal serum creatinine lab 

test (the baseline event) less than 2 days before a radiology test with intravenous contrast (the sentinel event), followed by 

an increase in serum creatinine by more than 50% and of more than 1.0 mg/dl relative to the baseline measurement, within 

5 days after the contrast administration”. The query returned 12 patients. For each patient a timeline show the timing of 

events that match the query, aligned by the sentinel event. Each event is drawn as a color coded tick marks. In this query 

all baseline events appear on the left side of the sentinel event, and follow on are on  the right side. Options allow users to 

display the numerical values as well. Zooming reveals more details.  For more information see: 
http://www.cs.umd.edu/hcil/patternFinderInAmalga and http://www.cs.umd.edu/hcil/patternfinder  
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Similan:  Finding similar records  

It can often be helpful to find records that are similar to 
the record of a particular patient of interest. A major 
challenge is how to define a similarity measure that 
captures the searcher’s intent. Many methods for 
computing a similarity measure between time series 
have been proposed, but temporal categorical records 

are different and require fresh thinking. In the Similan 
project we propose a temporal categorical similarity 
measure, called the M&M measure, which is based on 
the concept of aligning records by sentinel events, then 
matching events between two records.  The M&M 
measure is calculated as a combination of the time 
differences between pairs of events and number of 
mismatches.  

 
Figure 4: Similan interface allows users to specify a Target record and find close matches. For more information: 
http://www.cs.umd.edu/hcil/similan/
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The analysis of data streams has become quite 
important in recent years, and is being studied 
intensively in fields such as database management and 
data mining. However, to date few researchers in data 
and information visualization have investigated the 
visual analytics of streaming data. Although streaming 
data is similar to time-series data, its large-scale and 
unbounded characteristics make regular temporal data 
visualization techniques not effective. 

In this paper, we propose a framework to visualize 
multivariate data streams via a combination of 
windowing and sampling strategies. In order to help 
users observe how data patterns change over time, we 
display not only the current sliding window but also 
abstractions of past data in which users are interested. 
Uniform sampling is applied within a single sliding 
window to help reduce visual clutter as well as preserve 
the data patterns. However, we allow different windows 
to have different sampling ratios to reflect how 
interested the user is in the contents.  To achieve this 
functionality, we propose to use a DOI (degree of 
interest) function to represent users' interest for the 
data in a particular sliding window.  In order to visually 
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convey the multi-correlations and trends at the same 
time, we use multiple views, the union of traditional 
multivariate visualizations and line charts. 

Keywords 
Data stream, multivariate data, sampling, windowing 

ACM Classification Keywords 
H5.2. Information Interfaces and Presentation: User 
Interfaces—– Graphical user interfaces 

Introduction 
Advances in hardware enable people to record data at 
rapid rates, e.g. kilobytes per second or even higher 
speeds.  Many real world applications require data 
collection at such a high speed.  Moreover, the newly 
acquired or generated data items often need to be 
processed immediately. In the areas of database and 
data mining, the term data streams has been 
introduced to refer to such data that keeps growing and 
needs to be processed on the fly.  Researchers have 
developed a lot of techniques to manage, query and 
analyze data streams and make decisions in real-time.  
But to date there has been limited contributions from 
the visualization community. 

Since windowing strategies are commonly employed in 
the management of data streams, a naive solution to 
visualizing such data would be to split the whole stream 
into contiguous sliding windows and send each through 
the visualization pipeline one by one. The obvious 
disadvantage of this technique is that only the current 
fragment of the data stream is displayed, and it is 
difficult to learn how data patterns have changed over 
time because the past data is no longer visible. Another 
solution is using traditional time-series data 

visualization techniques. However, the commonly used 
abstraction techniques for static datasets, such as 
sampling, must be adapted to unbounded streams.  
Otherwise, the system will become less efficient if we 
keep restarting the data abstraction algorithm when 
new data items are available. 

In this paper, we combine windowing and sampling 
strategies to preprocess multivariate data streams, and 
then visualize it using multiple views.  We display not 
only the data in the current sliding window, but also 
abstractions of past data in the same or separate 
views, helping users study how data patterns change 
over time.  For each sliding window, we allow different 
sampling ratios based on the degree of users' interest, 
which is determined by a DOI function (Degree of 
Interest) [1,2] defined by users. 

We will focus on a special type of data stream, namely 
univariate-aggregation, in which each data item is a 
multi-dimensional vector and each dimension can be 
regarded as univariate data.  This type is very 
common.  One example is a stock price data stream in 
which each dimension represents the price of one 
company’s stock.  Another is a set of sensors 
monitoring the status and positions of military vehicles.  
The main contributions of this paper include: 

 We propose a framework to introduce windowing 
and sampling strategies into traditional multivariate 
and time-series data visualization techniques.  This 
combination is aimed at handling unbounded input. 

 This framework allows users to define a DOI 
function to describe the degree of users' interest for 
different portions of the data. 
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 Users can choose multiple views to observe the 
data stream, including traditional multivariate and 
time-series visualizations.  Linked interactions among 
these views are provided to help users detect and 
isolate data patterns and their changes. 
The Framework Based on Sampling and DOI 
Functions 
Figure 1 shows the proposed framework.  Here we use 
non-overlapped sliding windows.  Because a data 
stream is infinite in nature, the data is sampled first 
and then saved in the Data Item Memory Pool.  When 
the memory pool is full, a part of the old data will be 
moved to the disk pool.  The Mixer is the core of the 
whole framework.  Its input includes the current 
window and segments of old windows.  It can assign 
sampling ratios to these windows and generate outputs 
that mix datapoints from these windows.  Users can 
observe data from multiple views, such as scatterplot 
matrices for the representation of multi-correlations, 
and line charts to convey the trend of each dimension. 

To determine the sampling ratios for current and old 
windows in the Mixer, we introduce a DOI (Degree of 
Interest) function to represent how interested the user 
is in seeing a particular sliding window.  The DOI 
function has two parameters, a timestamp td for a 
specific sliding window, and the current time point tc.  
Formally, the DOI function is given as: DOI=fdoi(td,tc).  
The DOI value will be mapped to a sampling ratio 
based on the rule that the portions in which users have 
higher interest will be shown in more detail. 

In order to help users define DOI functions, we provide 
an interactive tool.  In this tool, a curve corresponding 
to the DOI values for the past sliding windows will be 
displayed in an accompanying window.  When the user 

is monitoring data streams, he can adjust this curve for 
more or less detail in specified portions. 

 

Figure 1. The framework of user-driven multiple-view 
visualization for data streams. 

For convenience, we also provide two basic types of 
DOI functions for some common analysis tasks.  One is 
used to observe how data patterns change across 
several sliding windows, namely the RC (Recent 
Change) Function.  The other focuses on repeated 
phenomena, which we call PP (Periodic Phenomena) 
function. Figures 2 and 3 show examples of these 
functions. 

 

Figure 2. The DOI function for recent change. 
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Views 
We propose three types of views for multi-resolution 
data streams after windowing and sampling. 

 A general adaptation of traditional multivariate 
visualizations: We regard the output of the Mixer as a 
dataset and display it using traditional multivariate 
visualization techniques, such as parallel coordinates 
and scatterplot matrices.  Available visual attributes are 
used to convey the timestamps of datapoints.  For 
example, we can use dot size, color or opacity to show 
the age of data items in scatterplot matrices. 

 

Figure 3. The DOI function for periodical phenomena. 

 Embedded Views: We show line charts for each 
dimension and put them in the diagonal plots of a 
scatterplot matrix.  This makes it easy to convey the 
trends for each dimension without the need for more 
canvas space (See Figure 4). 

 Integrated Views: The disadvantage of embedded 
view is that time axes of all line charts are not in the 
same horizontal position, resulting in difficulties in 
comparing trends for different dimensions. We develop 
integrated views to display multiple views in the same 
canvas. Some views, e.g., line charts, are used to 
convey trends, while others could represent multi-
correlations via multivariate visualizations. 

Figure 4 The dot color denotes the age of the datapoint (the 

difference between its timestamp and current time). 

[2] Hao, M. C., Dayal, U., Keim, D. A., and Schreck, T. 
Multi-resolution techniques for visual exploration of 
large time-series data. EuroVis07: Joint Eurographics – 
IEEE VGTC Symp. on Visualization, pages 27–34, 2007.
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Burn My Digital Remains: Life-Logs 
and Death

 

 

Abstract 
We need to sit down with our spouses and parents and 
children and talk about what we want done with our 
digital remains.  The reason for this is because 
temporal data has reached a critical moment.  
Ubiquitous, cheap computing now allows a person to 
record every moment of their lives.  One form of 
temporal data, "life-logging," poses a serious challenge 
for both the user and the user's loved ones.  In short, 
what will we do with a lifetime’s worth of life data? 
Moreover, when you die, what will your family and 
friends do with your lifetime of audio, visual and textual 
data?  This paper discusses some of the problems 
surrounding life-logs and death and offers some 
possible solutions. 

Keywords 
Temporal data, life-log, memory  

ACM Classification Keywords 
H5.m. Information interfaces and presentation (e.g., 
HCI): Miscellaneous. 

Introduction 
As is well known in the HCI community, in 1945, 
Vannevar Bush, wrote an article for The Atlantic 
Monthly called "As We May Think." Bush's main point is 
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that we have accumulated a giant body of research, but 
we have not figured out how to organize knowledge so 
that it is immediately accessible.  With the war over, 
Bush asked, "What are the scientists to do next?"  
Bush's  answer to this question was remarkable.  He 
essentially sketched out what we now call the personal 
computer, the internet, Google and Web 2.0 all 
wrapped up in one, imaginative concept he called the 
"Memex,” a device to record one’s life and act as an 
“enlarged intimate supplement to his memory” [2].  
However, Bush never considered what would happen to 
all this data once you die.  The Memex does not 
account for our digital remains. 

Should I Record All MyLifeBits? 
The Memex continues to inspire creative projects in the 
21st century.  One of the most fascinating is the 
Microsoft funded, MyLifeBits, which describes itself as 
"a lifetime store of everything. It is the fulfillment of 
Vannevar Bush's 1945 Memex vision including full-text 
search, text & audio annotations, and hyperlinks” [5]. 
In a 2007 article, the creators of the project, Gordon 
Bell and Jim Gemmell, lay out their vision as a “quest 
to digitally chronicle every aspect of a person's life” [1]. 
After six years, one of the designers has captured more 
than 300,000 records, taking up about 150 gigabytes of 
memory [1]. 
 
Is this the "fulfillment" of Bush's vision, as the creators 
suggest, or is this a misguided corruption?  What are 
the possible emotional pitfalls of human-life-as-
database?  If we are not worried about the impact on 
ourselves then we should ask what our loved ones will 
do with all these digital memories once we are gone.  
In short, if the dream of the Memex is embodied in 

MyLifeBits, shouldn't someone ask whether or not this 
is a good thing?     

Bell and Gemmell argue that, "Human memory can be 
maddeningly elusive,” and that "digital memories allow 
one to vividly relive an event” [1].  The assumption 
behind this statement is that humans want to 
remember everything, that somehow letting memories 
slip away is a problem.  Don't we need to let certain 
memories fade?  Isn't the fading of memory part of the 
healing and learning process?  Bush proposed Memex 
with the goal of organizing knowledge, but MyLifeBits 
does not yet offer anyway to help the user or their 
family make sense of their digital life.  Thus, MyLifeBits 
challenges our idea of self knowledge.  Will we be able 
to move forward emotionally when our multimedia past 
is so accessible?  How will grieving family members 
deal with fifty years of email, text messages and phone 
conversations?  The dream of the Memex, as 
manifested in MyLifeBits and supported by a confluence 
of other technologies (Google, cheap storage, light and 
powerful digital camcorders, wide access to broadband) 
is not just changing our relationship to our present, but 
it has the potential to dramatically change our 
relationship with our past.  It is our responsibility to 
take responsibility for our inventions.  Computers have 
evolved from the distant, impersonal room-sized 
mystery boxes, to the personal computer and now we 
are on the brink of intimate computing. 

The Problem With Life-Logs 
In an extremely insightful article, Dodge and Kitchin 
argue that life-logs could provide “rich autobiographical 
narratives that are of potential use and value to the 
individual life-logee…” [3]. However, they also raise 
broader social and political questions.  They argue that 
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technologists have  “strategically avoided” some of the 
“difficult ethical questions” concerning life-logs.  In 
particular, they worry about who owns life-log data.  
Will third parties have access?  Would those captured 
by life-logs have legal claims to access (e.g., family, 
friends, co-workers)?  One of the most interesting 
questions they ask, however, is “what happens to the 
life-log at death? [3].  I am less concerned with issues 
of legal access, rather, I want to know how we can 
begin to help the owner of the life-log and their loved 
ones make sense of the “captured” past.  

Possible Solutions 
Dodge and Kitchin pose an interesting solution to the 
problems surrounding life-logs.  They posit that 
forgetting is “not a weakness or a fallibility” but an 
“emancipatory process that will free life-logging from 
burdensome and pernicious disciplinary effects” [3].  
They go on to propose that an “ethics of forgetting” be 
built into the design of life-log systems to ensure that 
humans still have the ability to forget the past because 
forgetting is part of moving forward emotionally [4].  I 
agree in spirit, but the implementation of an ethics of 
forgetting seems itself potentially unethical.  By 
“tweaking” random life-log data to ensure a certain 
amount of “imperfection” we may do more harm than 
good.  Rather, I propose another, far simpler solution—
talking to each other. 

First, we need technologists exploring life-logging to 
acknowledge the emotional, social, legal and ethical 
implications of their work.  Second, whether you are 
logging every moment of your life or just a “normal” 
person producing staggering amounts of email each 
week, we need to sit down with our spouses and 
parents and children and talk about what we want done 

with our digital remains.  When you die, should your 
wife and children have access to your passwords, or do 
you want your digital remains destroyed?  Do you want 
it printed out?  Do you want to “pass it down” to your 
children?  Will certain friends be given certain chunks of 
data (road trips, parties etc.)  Do I need to include a 
“digital clause” in my will?  These are just some ways 
to begin talking about these issues.  Whether it’s a 
complete life-log of eighty years or ten years of email, 
we need to start including our digital history in 
conversations.  My mother and father sometimes tell 
my sister and I which family artifacts we will get when 
they are gone.  Grim thought it sounds, this is a 
common family ritual.  We don’t like to talk about 
death, but we have to.  My argument is that, aside 
from the good china and mother’s jewelry, we should 
also talk about dad’s blackberry and mom’s email 
archives.  Rather than leaving my cremated remains in 
an urn, will a 20 terabyte hard drive sit on the mantle 
over the fireplace, wirelessly connected to a computer 
so that my family never has to forget anything about 
me? 

Conclusion 
Humans need to forget in order to move forward.  By 
simply building life-log technology without any concern 
for the individual or their loved ones, we are making a 
terrible mistake and creating an impossible digital 
burden, and it will be left to our husbands and wives 
and children to figure out what to do with our digital 
remains.   Life-logs could be a wonderful way to 
celebrate the life of those we love, but if we are not 
prepared, it might overwhelm us.  It could become a 
powerful obstacle in the process of moving on. Time 
moves forward, but technology allows us to freeze it for 
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a moment.  But how many of life’s moments are too 
many to leave behind?   
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