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Abstract—Corporate meetings are a crucial part of business activities. While numerous academic papers investigated how to make the
scheduling process of meetings faster or even automatic, little work has been done yet to facilitate the retrospective reasoning about how
time is spent on meetings. Traditional calendar applications do not allow users to extract actionable statistics although it has been shown
that reflection-oriented design can increase the users’ understanding of their habits and can thereby encourage a shift towards better
practices. In this paper, we present MineTime Insight, a tool made of multiple coordinated views for the exploration of personal calendar
data, with the overarching goal of improving short and long-term scheduling decisions. Despite being focused on the working
environment, our work builds upon recent results in the field of Personal Visual Analytics, as it targets users not necessarily expert in
visualization and data analysis. We demonstrate the potential of MineTime Insight, when applied to the agenda of an executive manager.
Finally, we discuss the results of an informal user study and a field study. Our results suggest that our visual representations are
perceived as easy to understand and helpful towards a change in the scheduling habits.

Index Terms—Scheduling, calendar, personal visual analytics, casual information visualization, virtual assistant.

1 INTRODUCTION

N the corporate environment, time is a precious resource.

As such, it is desirable to find good time management
practices to distribute the workload among several activities,
while maximizing productivity and ensuring a good work-
life balance. Depending on the role within the company, a
significant portion of the employee time can be invested in
meetings, which is especially true for team leaders, managers
and executives [1], [2]. For this reason, analytics tools
promoting and facilitating self-monitoring of scheduling
habits can be a valuable resource in the work environment.

In recent years, the field of Personal Informatics (PI) [3],
has consolidated best practices to develop tools that aim
at helping people to collect personally relevant information
for the purpose of self-reflection. This is motivated by the
observation that self-monitoring and self-reflection often
affect behavior, and this change typically goes in the desired
direction of improvement [4], [5].

The visualization community has also increased its at-
tention towards a broader audience of users that are not
visualization or data analytics experts [6]. Personal Visual
Analytics (PVA) [6] emphasizes the need for facilitating user
reasoning by visual representations within a personal context.
While we are only interested in scheduling habits within the
working environment, which is outside the realm of personal
context as defined by Huang et al. [4], we still argue that
Personal Visual Analytics is the appropriate way to address
the problem, given the broader audience and the different
motivations than in traditional information visualization [6].

Nowadays, calendar tools like Google Calendar or Mi-
crosoft Outlook are ubiquitous but still offer users little to no
support for self-reflection about their own scheduling habits,
i.e., they are arguably not suitable for analyzing aggregated
scheduling trends over months, for individuals or teams.
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We address the following question: How can calendar views
used in the corporate environment be made appropriate by the
use of visualizations to increase the users’ self-awareness about
the management of their meeting time - including users with
little experience in data visualization and analysis? To tackle
the problem, we formulate three Design Goals suggested by
related literature and refined through preliminary interviews.

We present MineTime Insight, a visual analytics tool
consisting of four coordinated views to reveal hidden pat-
terns and meeting distributions in multivariate calendar data.
MineTime Insight can be used to answer questions about
how much time, in absolute and relative terms, the user
spends with single persons or groups. It also allows users
to evaluate the number of hours spent weekly on meetings
over the past months and drill down to see statistics about
individual people or groups. Finally, it provides a simplified
representation of the meeting periodicity to enable people
with little experience in statistical reasoning to evaluate not
only how often, but also how regularly, people have been
met in the past. In order to seamlessly integrate this into the
daily user workflow, we deployed and tested this tool as part
of MineTime, a proprietary calendar application.

We perform a case study, where MineTime Insight is
applied to the real agenda of an executive manager, showing
the power of our visualization techniques with respect to
traditional calendar views. Finally, we present quantitative
and qualitative feedback from interviews with eight recruited
participants as well as from users “in the wild”.

The major contributions of this paper are as follows.
First, we provide, to the best of our knowledge, a novel
characterization of the problem of analyzing meeting time
in the corporate environment, including Design Goals and
Visualization Tasks. Secondly, we discuss the visualization
design of multiple linked views to support the analysis of
personal meeting time, and validate it through an informal
user study as well as a field deployment; thirdly, we reflect
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on the scope of Personal Visual Analytics and its role for our
design study, showing that these ideas indeed apply well
also to the analysis of a working environment.

2 RELATED WORK

Visual Analytics for Non-Expert Users. Personal Informatics
(PI) [3] first formalized the idea of helping non-expert users
to collect and reflect on personal information for the purpose
of self-knowledge and self-reflection. More recently, Huang
et al. [6] described the taxonomies of a growing field within
the visualization community called Personal Visual Analytics
(PVA), dealing with the challenges in designing visualiza-
tions for use in non-professional situations (personal context).
The target audience of PVA is characterized by i) general
lack of expertise in data analysis and statistical reasoning;
ii) limited time budget and low priority in performing
analytical tasks and iii) different goals, motivations and
expectations than those of their professional role. Similarly,
Casual Infovis [7] highlights the necessity of a smooth
integration of visualization tools into the users’ routines as
well as the importance of building pleasing tools, delightful
without regard whatsoever for their utility.

Even though we target a professional context, we strongly
benefit from the recent results and considerations of PI, PVA
and Casual Infovis. In fact, in dealing with time management,
our target users are arguably better described by their
personal context than their professional one. First, for most
people, managing and distributing time is a side effect of car-
rying out daily work-related tasks, as opposed to managing
time as an explicit practice. Secondly, people usually have
lower priority and time budget to analyze their time and this
is not part of their work-role expectations. Finally, the vast
majority of people trying to improve scheduling decisions
are not experts in visualization or data analysis.

PVA has been applied to a variety of data sources in-
cluding personal finance [8], localization [9], physical activity
logs [10], [11], energy consumption [12] and computer-related
activities such as email exchanges [13], application usage [14]
and web navigation [15]. To the best of our knowledge, no
previous work has focused on calendar data and meeting
time, through the lens of PVA.

Experiments to display non-calendar related information,
such as fitness data or daily activities, on an augmented
calendar view showed the potential of visualizing personal
information within the daily user workflow [11], [16]. Our
work differs in that the calendar is not a visualization tool
but rather the source of information to be explored.

Calendars and Time-oriented Data. Early work on calendar
data visualization focused on providing rapid access to an
individual’s daily agenda or facilitating the scheduling of
group meetings. Spiral Calendar and Time Lattice [17] used
a 3D environment to organize different levels of detail in
the user agenda or the schedules of a group of people,
respectively. With a similar goal of facilitating groupware
scheduling, Augmented Daily Calendar [18] and Availability
Bar [19] augmented the calendar view with additional
information about other people’s availability, scheduling pref-
erences or attendance likelihood. All these works highlighted
the importance of providing the user additional information
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while preserving the calendar usability as a productivity tool.
However, contrarily to our work, their focus was primarily
set on facilitating short-term decisions while we are more
interested in analyzing long-term scheduling habits.

Particularly relevant for our work is Interactive People
Cloud (IPC) [20]. This tool has been proposed to analyze
whom a person is spending time with, using calendar data.
The tool shows a “people-cloud”, similar to a word-cloud,
where photos of calendar contacts are sized proportionally
to the number of meetings with each person. It also provides
other statistics in textual form, like the average and total
duration of the meetings. Compared to our work, however,
IPC only provides basic statistics about meeting time, being
part of a larger system to analyze how time is spent on
a broader range of activities. For example, one of the
limitations of IPC, as emerges from their user study, is
the lack of a temporal dimension for most of the metrics
displayed to the users. As scheduling habits change over
time, we believe the temporal evolution is crucial to assess
the improvement, regression or stagnation towards personal
goals, which is at the center of our investigation.

Visualization techniques for generic multivariate time-
oriented data has been also extensively investigated in
the past [21], [22] and benefit a number of applications.
For instance, PostHistory [23] aims at visually uncovering
patterns from email activity, such as closer contacts and
exchange frequency over time. Similar to our application,
PostHistory adopts a user-centric approach, focusing on a
single user’s interaction with other people. However, their
analysis is only based on emails and motivated by the
exploration of social circles. By looking at calendar data
with a focus on productivity, our work deals with different
data, challenges and objectives.

3 ScoOPE AND CALENDAR DATA

In this section, we first define the scope of the project, then
we describe our data.

Scope. The overarching goal of this work is to develop
a visual analytics tool that facilitates the exploration, self-
awareness and improvement of short and long-term schedul-
ing habits towards best-practices and/or personal goals. In
particular, our analysis focuses on meetings within the cor-
porate environment, with the ultimate goal of incrementing
the daily productivity.

Although meetings might also occur in other professional
contexts, meetings within the corporate environment have
been extensively studied for decades, both in terms of cost
and impact on productivity [1], [2], [24], [25], [26] and in
terms of opportunities and challenges for the adoption of
groupware systems [27], [28], [29], [30], [31], [32].

We leverage this vast literature to characterize the con-
text of our work and therefore exclude from the analysis
meetings that only involve professionals outside of the
corporate setting (ie. lawyers, dentists, doctors, contractors,
independent workers, etc.), as these might have different
goals and requirements. We also exclude from our research
scope meetings that might occur among private individuals
and registered on their private calendars, as meeting analysis
has arguably limited applicability or impact in this context.



Calendar data. Since there is no unique naming convention
in related literature or industry, we describe our data
using definitions taken from the Internet Calendaring and
Scheduling Core Object Specification [33] as well as from the
Microsoft Exchange documentation [34].

Calendars are collections of events, organized chrono-
logically. Automatic processing of events is a complex task
because they contain a mixture of structured data (date, time,
duration, timezone, creation timestamp, organizer and attendees
[33]) and unstructured information given in form of free text
(title, description and location).

Events can be further partitioned into appointments and
meetings [34]. Appointments are calendar events that users
create for themselves and that have no listed attendees other
than the organizer. While appointments might involve other
people (e.g., an appointment with a doctor), this information
is not stored in the event metadata. Contrarily, meetings are
events that involve multiple attendees, explicitly listed in the
calendar entry and therefore immediately processable. We
take into account both recurring and not recurring meetings.

In this work, we focus on meetings because our processing
pipeline requires an explicit list of attendees. Although, in
practice, some users record their meetings as appointments
(possibly including the attendees’ names only in the title of
the event) the extraction of the attendees from a textual string
is not straight-forward, sometimes ambiguous and prone to
errors and therefore left out of the scope of this work.

Attendees are identified by their email address, which
constitutes a globally unique identifier. We organize atten-
dees in groups. Groups are bootstrapped automatically based
on the email domain, which is often tied to the company the
attendee belongs to. Generic domains, such as @gmail.com,
mostly used for private accounts, are automatically grouped
into “Others”. Users can later create new groups, edit them
by adding or removing attendees, or delete them.

4 DESIGN GOALS

In the following, we present three Design Goals. When
discussing meeting habits, the literature considers three
typical corporate roles: Managers/Executives (EX), Personal
Assistants (PA) and Staff members (SM) [1], [31], [35]. In
this context, “Staff members”, sometimes called “individual
contributors” [25], [32], generically refers to most employees
to whom no one reports. It has been noticed that these
professional roles can significantly differ for i) the number
of meetings attended weekly [1], [2], ii) the extent of the
calendar management delegation, with Managers often
supported by a Personal Assistant in the organization of
their agenda [25] and iii) the characterization of work-related
activities and their impact on other employees [25].

As a productivity tool targeting the corporate environ-
ment, we designed MineTime Insight based on the character-
ization of these roles as our prototypical users. The Design
Goals are grounded on the aforementioned works, which
investigate both the meeting patterns and the use of calendar
software in the corporate environment, as elaborated below.
Additionally, we conducted semi-structured interviews with
two Senior Managers (EX1-2), two Personal Assistants (PA1-
2) and four Staff members (SM1-4). Each interview lasted
between 30 and 60 minutes and served us as Task Analysis

3

according to Hackos” principles [36]. We encouraged the
participants to walk us through their daily time management
duties, which differ significantly depending on their role. We
took notes of the observations and analyzed these later for
comparison with previous studies.

From the literature and as further refined by the informal
user interviews, we derived the following three Design
Goals, organized according to the Supporting Awareness for
Action pattern for Personal Visual Analytics [6]. Applications
of this kind aim to “provide in-the-moment or on-going
awareness with respect to personal behavior” and are usually
characterized by 1) functionalities for looking up data with a
quick glance, 2) in-the-moment feedback or suggestions to
support immediate action and 3) support for continuous awareness
over time. Our Design Goals follow these three principles.

G1 Visually display actionable statistics about the time
invested in meetings

Mitntzberg’s study suggests managers spend up to 70% of
time in meetings (only 10% unscheduled) and on average
they attend 8 meetings per day [37]. The economic impact of
meetings is enormous and this makes tracking of how much
time is spent on meetings an important cost analysis for
companies [1]. One of the Personal Assistants we interviewed
explained how their manager’s calendar was manually
analyzed at the end of each year to estimate how much
time had been dedicated to different activities and to plan
corrections for the following year. With this in mind, we
identified the first visualization task as follows:

T1.1 Quantify the amount of overall working time dedicated
to meetings over a long time range.

One of the managers we interviewed told us that it is
sometimes difficult to keep track of all people in a large
team. The manager does not have scheduled recurrent 1-on-1
meetings with each of the Staff members but rather relies on
them to request a meeting on a reasonably regular basis. On
the other hand, a study conducted on 2.5 million manager-
led teams in 195 countries [26] found that employees whose
managers hold regular meetings with them are almost
three times as likely to be engaged as employees whose
managers do not hold regular meetings with them. Given
the importance of regular meetings, we identified additional
three visualization tasks to analyze with whom, how often and
how regularly meetings have been scheduled in the past:

T1.2 Quantify the amount of working time dedicated to
specific people or groups during previous months.

T1.3 Identify the frequency and regularity of meetings involv-
ing specific people and groups.

T1.4 Compare meeting patterns (e.g., identify outliers) among
and within groups using the metrics of T1.2 and T1.3.

It has been noticed that the manager’s activities are
characterized by “brevity, variety and discontinuity” [24].
More than 50% of meetings are scheduled a week in advance
or more [27] and, in some cases, secretaries handle all meeting
scheduling and answer all meeting invitations [29]. All these
factors make it difficult for a person to recall the details
of past and upcoming meetings [27]. We aim at providing
contextual tools to avoid poor preparation and the lack of a
meeting agenda which have been reported among the most
common reasons for meeting ineffectiveness [1]:
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Fig. 1. The Analytics Board (left) provides three views to visualize aggregated scheduling statistics: the Meeting Breakdown (A), the Meeting Pressure
(B) and the Periodicity Analysis (C). The Analytics Board is integrated into a calendar application (right). The Contact Diary (D) is available next to the

calendar view (E) or from the Analytics Board upon selection of a contact.

T1.5 Get an overview of a specific person’s meeting history,
i.e., quickly identify when meetings with a person
occurred in the recent past, what was discussed and
when upcoming meetings will take place.

G2 Provide tools to set and track goals towards im-
provement of one’s meeting schedule Being able to set
goals and monitor personal achievements towards these,
has been shown to be extremely helpful for motivation,
focus, persistence and ultimately self-improvement [38], [39].
Having tools that enable the setting and tracking of goals
has been found important by users in previous studies to
turn scheduling statistics into actionable data [20]. Notice
that personal goals can be either self-set or assigned [39], for
example by a supervisor. During the interviews, one of the
managers told us that he/she targets at least one 1-on-1
meeting with each member of the team (Staff) every month
(self-set goal). On the other hand, the Personal Assistant
explained that it is hardly possible to schedule recurrent
events because of the many changes the Manager’s schedule
undergoes within four weeks. Moreover, it is too time
consuming to track the last meeting date for all Staff members
and schedule new meetings for them. Instead, Staff members
are encouraged to request a meeting time on a regular basis,
about once a month (assigned goal). In terms of design
choices, this translates into supporting awareness while
preserving the schedule flexibility, without increasing the
user workload. As for the visualization tasks, we therefore
focus on displaying goals and action recommendations:

T2.1 Identify improvement, retrogression or stagnation to-
wards personal meeting goals.

T2.2 Identify what actions should be undertaken in order to
improve towards the target goals, including identifying
critical scheduling cases that should be addressed.

G3 Make the analysis accessible to a broader audience
over time In order to achieve the long-term goal of shifting
the scheduling habits towards the user’s goals, early-stage
interest needs to transition into a solid regular usage. This
process, of course, depends on the audience. Our users are

not professional meeting analysts but rather people for whom
meeting-related data is not the central focus of their work.
This means that they may have low incentive to analyze it
regularly and a low understanding of the data structures
underlying meeting analysis. Moreover, they may have low
visualization literacy in general.

Previous works also remarked the need to combine
low attentional demand and just-sufficient salience, not to
interrupt life routines [6]. In order to achieve this, as well
as to reduce technical friction that might further damage
the engagement of less motivated users, the visualization
tools must seamlessly integrate into the user daily workflow.
Concretely, this raises a number of technical challenges,
including the integration into existing calendar tools, uncon-
trolled data sources, missing or noisy user-generated content,
privacy concerns, scalability to support calendars containing
thousands of events and computational constraints to ensure
the system can run in real-time on consumer-level hardware.

Rather than identifying new visualization tasks, G3 affects
our design choices, stressing the importance of visualizations
that are novel and aesthetically appealing, the avoidance of
information clutter and the need for intuitive tools targeting
people with limited visualization expertise [40].

5 MINETIME INSIGHT

MineTime Insight is an extension of an existing calendar
application that provides tools to explore and analyze one’s
past meeting behavior. The interface is designed to allow
users to get a sense of their overall scheduling habits in the
past months, while enabling easy access to contact-specific
information on demand. The mixture between aggregated
and event-specific information allows users to reminisce past
events in their context and promote introspective behaviors.
In the remainder of this section, we discuss the layout,
interaction, navigation and deployment of this tool.

5.1 Layout Design

MineTime Insight has four linked views, three of which dedi-
cated to medium and long-term analysis and one focused on
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daily productivity. Fig. 1 shows an overview of the system.
Within the Analytics Board, the user can monitor aggregated
statistics over several months and access contact-specific
information on demand. Here are three interconnected views:
the Meeting Breakdown (A), the Meeting Pressure (B) and
the Periodicity Analysis (C). The Contact Diary (D) provides
an overview of the scheduling history for a single contact.
In designing the layout, we focused on making it accessible
to people with no visualization expertise (G3). This includes
reducing the information clutter, for which we use some of
the techniques illustrated by Ellis et al. [41]. In the following,
we explain the four views in detail.

5.1.1 Meeting Breakdown

Displayed on the left sidebar of the Analytics Board (Fig. 1 -
A), the Meeting Breakdown provides the main entry point for
the analysis and the highest level of aggregation. As shown
in Fig. 2 in more detail, it consists of a two-layer Sunburst
plot [42], where the inner layer represents contact categories
(email domains or customized groups) and the outer layer
represents individual contacts within these categories. A
unique color, chosen from a predefined palette, is assigned
to each category and inherited by its contacts.

Sunburst plots have been shown to be an effective
technique for visualizing and comparing hierarchically-
structured data [42]. In this case, the total meeting time
is partitioned among categories and, in turn, time dedicated
to each category is partitioned among its members. A slight
variation in style on the outer layer emphasizes the difference
between groups and people. The plot is scaled such that the
full circle represents the total sum of hours the user spent
on meetings in the analyzed time window. Each arc in the
Sunburst chart represents the fraction of time dedicated to
a category or a specific person in the same period. When a
meeting involves multiple attendees, we equally partition
the duration of the meeting among them. This choice ensures
that the time spent with each person sums up to the total
meeting time or, in other words, that the juxtaposition of the
plot arches always covers the full circle.

This plot serves both as a legend to map colors and
categories and as breakdown analysis of the total meeting
time within the considered period (T1.1). It also visually
facilitates the comparison between time invested in different
companies (domain mode) or teams/roles (group mode),
which builds towards one of our desired Visualization Tasks
(T1.4). By hovering the mouse on one of the arches, the user
highlights a group or a contact, which triggers the display
of details: number of events involving the group or person

Meetings pressure
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Fig. 3. The Meeting Pressure shows the number of hours invested in
meetings over time, in total (blue curve) and for a subset of contacts (red
curve). Smoothing can be disabled if necessary (bottom). Meeting titles
can be accessed on demand by interacting with the mouse.

in the period, average weekly meeting time and percentage
with respect to total meeting time (T1.2).

5.1.2 Meeting Pressure

The aggregated metrics of the Meeting Breakdown across
several months, although quick to read, might hide non-
uniform trends over time. The Meeting Pressure, displayed
on the top-left of the Analytics Board and shown in more
detail in Fig. 3, aims at providing a time-oriented context
for the analysis of how many working hours per week have
been dedicated to meetings over the past months (T1.1-1.2).

As meetings have been found to have a positive cor-
relation with daily fatigue and subjective perception of
workload [43], we call the aggregated amount of time
invested in meetings within a specific time frame, “meeting
pressure”. For the same reason, we claim this is a useful
metric to monitor in order to build self-awareness and aim at
improving scheduling habits (G1). In this case, the scale on
the vertical axis shows meeting pressure in hours per week.
Although the choice of a weekly baseline is arbitrary, working
time is conventionally measured week-to-week in many
countries [44]. For this reason, by displaying weekly hours,
the user can compare against a standardized baseline, e.g.,
the 40-hours work week. This piece of information cannot
be easily read from a traditional calendar view because i)
meetings and other types of events are hardly distinguishable
unless the user manually assigns different colors to them,
ii) the standard grid representation for month-week-day
calendars is only appropriate for representing the cyclical
nature of time that assumes a fixed granularity [22] and iii)
traditional calendar systems usually do not allow to display
events from year-long periods of time together.

The meeting pressure is encoded using an Area Chart
(blue) that spans horizontally over a time window which is
adjustable by the user. Area Charts are usually perceptually
preferred over Line Plots for wide aspect ratios [21], as in our
case. A secondary pressure curve (red), superimposed on
the first one, enables a direct comparison between the total
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meeting time and the time dedicated to a subset of contacts.
While Area Charts generally suffer from occlusions, in our
case the secondary curve never occludes the principal one,
since it is always lower.

By default, the meeting pressure is displayed as a smooth
curve. Feedbacks from our test users encouraged the use of
smoothing, which they considered a helpful abstraction for
the overall trend compared to weekly-specific values, as well
as more aesthetically appealing. We use a cubic spline that
never overshoots in the y-axis and passes through any of
the underlying data points [45] since smoothing suggests a
trend between adjacent data values. We also allow the user
to disable smoothing and switch to a stepwise constant curve
any time they might seek weekly-specific figures.

Individual meetings are represented on the chart as small
dots, distributed chronologically. No other information about
these meetings is displayed, unless the user highlights a
contact on one of the other views, triggering the display of
floating annotations with the titles of the related events. To
avoid clutter, we heuristically choose a subset of annotations
to be displayed, but we allow the user to explore the calendar
by moving the cursor along the timeline.

5.1.3 Periodicity Analysis

The Meeting Periodicity Analysis, shown in Fig. 4 and
positioned on the right-lower part of the panel, provides the
highest level of detail for the medium and long-term analysis
of meeting time. The chart aims at providing the user a
tool to analyze how frequently and how regularly contacts
have been met in previous months (T1.3), as well as to
enable the comparison between contacts (T1.4). From the
user perspective, the overarching goal of this analysis is to
evaluate how much attention, broadly intended as interest
and support, is dedicated to contact groups and people
within these groups. While surely not the only characterizing
factor, in this context we assume that more frequent and more
regular meetings with a person are an indication of more
attention dedicated to this person. Nevertheless, metrics like
meeting frequency and distribution are not easily accessible
in traditional calendar systems, unless manually computed.

Frequency vs. Periodicity. The visualization of frequency and
regularity rises some design and readability challenges. On
the one hand, frequency, formally defined as the number of
occurrences of a repeating event per unit of time, requires to
choose such unit in a meaningful way. Days, weeks, months
or quarters are some of the possible candidate units. In
order to enable an effective comparison between contacts,
the same unit needs to be applied to all. This might cause
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some frequency values to be lower than one (e.g., 0.25
meetings/week), which is arguably difficult to interpret in
terms of absolute time intervals. For this reason, on the
vertical axis we plot the period instead, expressed as time
interval between two consecutive events (e.g., one month).
As reciprocal of frequency, the period provides the same
information while being better suited to display a wider
range of values (one day to one year, including Never to
indicate an infinite period).

Visual Mapping. In the Periodicity Analysis, we represent
each contact with a circle colored according to the group
or domain the user belongs to. The initials of the name are
shown in order to facilitate the identification of the person
of interest. On the vertical axis, each contact is positioned
according to its average scheduling period, i.e., the average
interval between two consecutive meetings. The average
period is computed as the total number of days in the active
time interval divided by the total number of meetings that
occurred in that same interval. This definition holds also
for those contacts who have been scheduled only once in
the considered interval. Periods on the axis are labeled in
a human-readable fashion (e.g., every day, every week, every
month, etc.). The lowest line is reserved for contacts that have
never been scheduled in the selected interval (Never met),
corresponding to an infinite period. Name, time since the
last meeting, meeting average duration and target score are
displayed for each contact on demand (Fig. 4).

Meeting Regularity. On the other hand, meetings are not
necessarily a periodic process, (with the exception of those
belonging to a recurrent series), which leads to the notion
of “regularity”. While regularity has no unique scientific
definition, here we define meetings as regularly scheduled
when the number of days between two consecutive ones is
consistent over time. If meetings occur with little regularity,
the average period can be misleading. Low regularity, and
in particular too long time intervals between consecutive
meetings, are an important warning flag to be visualized in
this context (G2). In the Periodicity Analysis, we convey
the notion of regularity by plotting the discrete period
distribution, for which we evaluated several visualization
options. Min Max Average Plots, which use a line to show
the minimum and maximum of a distribution and a dot
to mark the average, are easier to read but only provide
limited information about the distribution. On the other hand,
Box Plots [46], although widely adopted in the scientific
community to visualize minimum, 25th percentile, median,
75th percentile and maximum in a compact space, are not
intuitively readable without training [47]. Furthermore, it has
been shown that error bars, like those frequently associated
with Bar Charts, are easily misunderstood by the general
audience, and should therefore be avoided in favor of an
explicit representation of the distribution [48].

Our final visual encoding has been inspired by Violin
Plots [49]. First, we discretize periods into bins of 72 hours.
Then, we plot each bin as semi-transparent circle whose
size is proportional to the number of periods that fall into
the bin, normalized to sum up to one. The radius is chosen
according to Stevens’s power law for visual areas [50], with
a coefficient of 0.71 (r < z%7!, where r is the radius and z
is the normalized period count). Circles that happen to be



close to each other fuse together with a Gooey effect. The
final result provides the information of a Violin Plot with the
difference that in our case spikes in the distribution produce
more sharp responses in the visualization. The horizontal
layout allows us to fit a large number of calendar contacts on
the screen, to facilitate their comparison. Horizontal scrolling
enables scaling beyond the screen space.

Horizontal ordering. The user can sort this plot at any time by
average period (default), variance, date of the last meeting,
group or by a score which indicates how well the user is
performing against a personal goal, as further defined in
Section 5.3. These dimensions have been selected based on
our tasks (T1.3, T1.4): the default ordering allows users
to easily rank and compare how frequently people have
been met; sorting by variance enables the identification of
people whose meetings have been scheduled with higher
irregularity; sorting by date of the last meeting allows users
to quickly identify people with whom no meeting has been
scheduled for a long time; sorting by lower score allows
users to identify people that require attention based on the
user’s goals; finally, sorting by groups allows users to analyze
the previous metric within the same group of contacts by
co-locating its members. This is possible thanks to the use
of a stable sorting algorithm, which allows users to sort by
groups while maintaining the previous ordering.

5.1.4 Contact Diary

Contrarily to the previous views, which provide aggregated
statistics, the Contact Diary is designed to provide details
for specific contacts. Fig. 1 (D) shows the contact diary
next to the calendar view. Besides being the main location
for all operational information regarding a contact’s entry
including name, address, company, phone number and email
addresses, the Contact Diary also provides a timeline that
summarizes past and future meetings with a specific person.
The duration of each meeting is represented through circular
gray glyphs, each circle representing one hour or part of an
hour, enabling the pre-attentive processing of the durations
during fast scrolling. Events are spaced proportionally to
the time interval between them, with a cap at six months
to contain outliers. The goal is to enable users to visually
capture the regularity of meetings, rather than to construct
a precise chronological timeline. Intervals longer than the
user’s pre-defined goal, if set, are marked with a warning
sign to highlight violations.

The user can also add private notes and comments,
displayed chronologically together with the calendar events.
This view is designed for everyday use, as a tool to quickly
recall when previous meetings occurred, what was discussed
and whether future follow-up meetings are scheduled al-
ready. It serves the overall goal to ease the preparation of an
upcoming meeting and provides context for it (T1.5).

This view is deeply integrated into the calendar workflow
and is accessible from both the calendar view and the
Analytics Board, serving as a bridge between the two.

5.2

Meeting Breakdown, Meeting Pressure and Periodicity Anal-
ysis are coordinated through linking and brushing [51] to
provide context on demand. Hovering over one of the

Interaction
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segments of the Meeting Breakdown reveals details about
a specific group or contact (Fig. 2) and triggers the plot of
a second Meeting Pressure curve, while some of the event
titles are displayed (Fig. 3). The selected contact or group is
highlighted in the Periodicity Analysis as well, while filtered-
out elements are displayed with reduced opacity to provide
contextual information. If a contact is clicked in any of the
views, the Contact Diary is displayed on the left side.

5.3 Goals Definition and Review

While visualizing aggregated statistics is a fundamental step
towards building self-awareness, we also want to allow
users to define their own, personalized meeting goals (G2).
Contacts can be organized into groups, where each can be
assigned a specific goal. By setting a goal, the user defines the
desired maximum number of days between two consecutive
meetings with each person belonging to the group.

Since our goals represent average periods, a natural
location to display them is on the Periodicity Analysis. Here
we display goals as horizontal dashed lines. The relative
position of a contact with respect to the line indicates how
the meeting history relative to the contact has fulfilled the
predefined goal: all contacts under the goal line should be
scheduled more frequently (see blue line in Fig. 4).

To engage users towards improving their scheduling
habits, we compute an aggregated goal achievement score,
in a scale that ranges from 0% (no goal achieved) to 100% (all
goals achieved). The motivation for an aggregated score is to
provide users a unified measure of their own performance.
We compute this score by comparing the meeting period
distribution, the same visualized on Periodicity Analysis,
with an ideal distribution: since we assume that regularity
is desirable, the benchmark distribution is a delta around
the desired period but we allow a 10% delay to take into
account possible schedule interferences that normally occur
in the everyday life. Ultimately, the final score is computed
by averaging all meetings and all contacts for which a goal
has been assigned. We display the score computed in the
time period selected by the user, together with variation with
respect to the previous period with same length (T2.1).

In order to identify actions to improve towards the target
goals (T2.2) the user can consult the Periodicity Analysis as
described above or, alternatively, rely on the visual reminders
that we place directly on the main calendar view.

5.4 Navigation

Fig. 5 illustrates the navigation. Launching the application,
the user first sees his/her weekly agenda. On the left sidebar,
we display a prominent but not obtrusive visual reminder
for people that are late in the schedule with respect to the
predefined goals (1). This has been added on a second design
iteration based on user feedback.

Whenever the user clicks on a reminder, the details of the
contact are displayed together with the Contact Diary, while
keeping the agenda visible (2). Similarly, the Contact Diary
is displayed when a scheduled meeting is selected on the
weekly agenda. In this case, the diary refers to the attendees
of the event. The Contact Diary provides an entry point for
the meeting analysis, specifically for the selected contact. For
more details about the past scheduling history and to get an



1. Calendar View
User navigates his/her calendar, while
reminders for contacts to be seen are
displayed on the side.

2. Calendar View & Contact Diary
Contact Diary is displayed on the side
bar when an event is selected or when a
reminder is clicked.

The user opens the Analytics Board from
the Contact Diary or the dedicated button

4. Analytics Board & Contact Diary
The Contact Diary can be opened in the
Analytics Board to provide full contact
context without leaving the view.

3. Analytics Board

on the main view.

From within the Analytics Board, the user can trigger the Scheduling Assistant to invite the contact to a new meeting and then resumes everyday operations.

Fig. 5. Example of navigation between operational and analytics views. The user is alerted about people that should be scheduled (1). Details
about these contacts are consulted in the Contact Diary (2). The user is encouraged to consult the Analytics Board for a more general overview (3).
Necessary scheduling actions are triggered from the Analytics Board (4) and the user is forwarded back to the calendar and the scheduling assistant.

overview of groups and contacts, the Analytics Board (3) can
be accessed directly from the Contact Diary (4).

Within the Analytics Board, the user explores statistics
in aggregated form. By clicking on a contact, in the Meeting
Breakdown or in the Periodicity Analysis, the Contact Diary
appears on the left side. From here, the user can either go
back to the analysis, email the selected person or directly
schedule a new meeting. This last option, will bring the
user back to the calendar view (1) and trigger MineTime’s
integrated scheduling assistant to find an appropriate time.

5.5

MineTime Insight is integrated into MineTime, a fully-
featured calendar application that provides natural language
interaction and a scheduling assistant that is currently subject
of active research. MineTime and MineTime Insight can be
used on Windows, macOS and Linux and connect to all major
calendar providers. All data is stored and processed locally
to fulfill data protection regulations. These choices generally
aim at satisfying our deployment challenges (G3).

Implementation

6 EVALUATION
6.1

In order to better evaluate the achievement of our Design
Goals and the overall readability of the tool, we conducted
an informal user study.

Informal User Study

Procedure. We scheduled a second in-person interview with
the 8 participants that had taken part in the preliminary
discussion. For this test, we showed an anonymized analysis
of the same calendar data to all participants. Each study
session lasted 30 minutes and was audio and screen recorded.
In the first 8-10 minutes, participants were given an overview
of the research project, including a brief description of the
tools provided by our system. During the overview, the
system was operated by us as we walked the participants
through the Analytics Board and the Contact Diary. The
explanation provided for each view was minimal: we did
mention what information each plot was designed to provide,
but we did not explain how to read it. After the introduction
we handed over the tool to the participants, leaving them a
few minutes to explore it freely. In order to collect readability
feedback, we encouraged the participants to share their own
interpretation of the different views.

Finally, we asked the participants to solve specific vi-
sualization tasks. These tasks included finding how many
hours per week have been dedicated to a given group of
people or to a specific person; identifying the busiest week of
the last year, locating two people in the Meeting Periodicity
Analysis, comparing frequency and regularity of these and
identifying outliers within specific groups of contacts. We
expected these tasks to serve as active learning of MineTime
Insight and we encouraged participants to provide their
feedback while exploring the tool. Overall, each participant
operated the tool for 15-20 minutes. After the session, we
asked the participants to fill a short questionnaire to express
their agreement with 8 sentences on a 7-point Likert scale (1:
strongly disagree, 7: strongly agree).

Findings. The results of this questionnaire are reported
in Table 6.1. Overall, all participants confirmed that our
data representation was easy to understand after a short
introduction to the tool (Q1l: mean=6.1; 0=0.6). Although
EX1 argued that more training might be necessary for some
people (“As this is a professional tool, one could organize training
sessions for administrative assistants”), after a few minutes of
exploration, recognized that a guided on-boarding when the
tool is launched for the first time might suffice to grasp the
goal of the different views. Taking into account this feedback,
we decided to add a descriptive subtitle to the Meeting
Pressure and the Periodicity Analysis in our final version.

MineTime Insight was also unanimously judged aestheti-
cally pleasant (Q5: mean=6.8; 0=0.4). Although we did not
ask questions specifically on engagement, PA2 commented
the animations: “These transitions are fun.”.

We also asked whether the tool could potentially help
in analyzing scheduling decisions retrospectively (Q2). The
participants were generally positive, but while Executives
and Personal Assistants expressed particular interest in this
respect, some Staff members pointed out how their meeting
schedule might not be busy enough to take advantage of
this kind of analysis: “I only have many meetings during short
periods of the year”, and “I would rather like to be able to keep
track how productive meetings are for retrospective analysis, rather
than whom I meet with, because I do not meet many different
people” (SM4). Question Q3 asked participants to imagine
whether the regularity of future meetings could be improved
by the use of this tool. In this case, PA1 showed skepticism:

“We tried in the past to enforce reqular meetings using a rolling-

based approach. However, there was not always something to be



Question |EX1|EX2|PA1|PA2|SM1|SM2|SM3|SM4  Legend
Q1. It was easy to understand the presented information e e o e e e e sltggggéye
Q2. The tool could help me in analyzing past scheduling decisions retrospectively e @ @ e e e 1]
Q3. The tool could help me make sure meetings are scheduled more regularly o e e e e e e E
Q4. Overall, MineTime Insight is a useful tool o e e e e e o o
5. Overall, MineTime Insight is aesthetically pl t

Q5. Overa meilme nsllg is u.es etically p 'easan ' e o o a o o e e a
Q6. It was fast to find the information requested in the practical tasks e e e e e e o 7]
Q7. I would likely use this tool, if it was integrated with my current calendar application e @ e e e e e S;fs:ege’y
Q8. I would likely use this tool, if it required to install a new dedicated application e e @ o o @

TABLE 1
Results of the User Study on a 7-point Likert scale. EX: Executive, PA: Personal Assistant, SM: Staff member (various roles)

discussed and eventually we dropped this idea. We haven't found a
good solution yet to solve this issue [of too many weeks between
consecutive meetings]”. PA2 mentioned a similar experiment:
“We had some blocks of time reserved for these meetings every week
but it failed. I guess it was partially because some of these meetings
were not productive and partially because it was annoying to
track the next person in queue with the tool we were using”. On
the other hand, he/she confirmed that low regularity and
delayed meetings had been a concrete problem in the team
and recommended visual alerts of critical situations, which
we included in the final design iteration.

To conclude, we asked the participants how likely they
would adopt this new system in two scenarios: as part of their
daily calendar application (Q7) or as a separate dedicated
application (Q8). The integration on existing calendar tools
is perceived as more appealing (Q7: mean=6.6, 0=0.7) than
as a separate service (Q8: mean=5.8, 0=1.2).

6.2 Case Study

To better illustrate the utility of MineTime Insight and its
potential in improving scheduling management on a real
scenario, we conducted a case study. The discussion that
follows is based on the agenda of EX1, who works for
two companies and collaborates with several others. During
the preliminary interviews, EX1 confirmed the difficulty in
tracking time dedicated to different companies and to people
in different roles within these companies. The major difficulty
seems to arise with people that are expected to be scheduled
less often or on an on-call basis. In this case, the lack of a
pre-scheduled recurring series of meetings often leads to
excessively long periods of time between two consecutive
updates with a specific person.

Procedure. We connected MineTime Insight to the Manager’s
real calendar and engaged in a conversation with EX1, as
well as with PA1 and PA2, who manage this calendar on a
daily basis. These informal conversations, done individually
with each participant and lasting 20 to 30 minutes, happened
after the informal user study but as part of the same sessions.

For the sake of generality and due to evident privacy
concerns, company, person, domain and group names have
been anonymized in all the figures, as well as in our
discussion. The anonymization procedure includes replacing
the event titles with basic keywords (e.g., event, meeting,
lunch, call, etc.) and all contact names with fictitious ones,
making sure the mapping between the real and fictitious
names stays consistent over time. This is fundamental to
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Fig. 6. Time Breakdown for the considered case study. Domain-based
partitioning of all contacts (left) reveals the imbalance of time invested in
Company B with respect to Company A. Group-based partitioning (right)
highlights how Group 4 are allocated only 2% of the meeting time.

preserve the original data distribution for each person in the
anonymized data. In the remainder of the paper, we refer
to companies generically as Company A, Company B, etc.,
and to contact groups as Group 1, Group 2, etc. Groups
potentially interesting for the analysis emerged during the
preliminary interviews with EX1 and we setup the analytics
board with these groups before starting the discussion.

Analysis of Calendar Data. The calendar we consider con-
tains a total of 1166 events (excluding full-day events) over
12 months, equivalent to an average of 22 events, or 39
hours, per week. Out of all events, 648 (55%) are meetings
and they represent 32% of the total event time. Weekly, this
corresponds to 12 meetings and an average of 10 hours.
Overall, 256 unique attendees took part in those meetings,
and 107 (42%) of them participated in two or more distinct
ones. The number of attendees for each meeting varies
significantly, from a minimum of 2 (one-to-one meetings) to a
maximum of 19. Most meeting attendees are from Company
A and Company B, and they cover a variety of professional
roles and different positions in the company organigrams.
There are also contacts from other, external partners. Overall,
the calendar satisfies our quality assumptions: EX1 estimates
that 99% of the meetings are actually captured in the calendar
and the great majority of them include attendee metadata.

Findings. The Time Breakdown (Fig. 6) reveals a significant
imbalance between time assigned to Company A (52%) and
to Company B (17%). About 14% of the time is dedicated
to other companies while the remaining 17% represent an
aggregation of other domains, including generic ones like
gmail.com or yahoo.com that cannot be associated with any



company. Although the imbalance was qualitatively known,
EX1 was not aware of its extent and expressed concern
about the small percentage of time dedicated to Group 4, as
highlighted by the group-based analysis.

Meetings pressure
Hours spent weekly on meetings in the last months
Business
trips abroad

Christmas Peak pressure

holidays

Business
trips abroad

amo o fo aooow 50 WPOD o © @O @D ©) © W@OMo @O @ o /o

TODAY

Fig. 7. Meeting Pressure over 6 months, reaching up to 30 hours/week.

The Meeting Pressure in Fig. 7 is affected by the partial
unavailability of calendar data during business trips, man-
aged on a different calendar we had no access to. While
data originating from multiple calendars can be analyzed
concurrently with MineTime Insight, PA2 noticed that being
able to apply the analysis on this specific calendar might be
useful to have an overview of traveling patterns. Because
of the partially missing information, it is clear that a global
average of weekly hours spent on meetings, as provided by
the Meeting Breakdown, is not particularly meaningful. This
is also true when the working time is inherently not well
distributed over time. The Meeting Pressure, on the other
hand, unrolling on a timeline, shows that meetings can easily
take 20 hours a week, with a peak of 30 hours in March.

Finally, we asked our study participants to examine the
Meeting Periodicity Analysis. Fig. 8 shows this visualization
tool applied to three groups of particular interest, here called
Group 1, Group 3 and Group 4. From the analysis, EX1
recognized that Group 1 has been scheduled for meetings
more often and more regularly with respect to the other two
categories, likely due to the fact that most of the meetings
in this category are part of a recurring series. Furthermore,
the analysis of single persons within the same group reveals
irregularities that could potentially raise a warning flag.
For example, within Group 3, one person had never been
scheduled in the analyzed time window of six months.
Similarly, among members of Group 4, only three of them
have been met more than once. Less of a severe issue, the
plot also reveals a positive outlier in this category, with one
person that has been met significantly more frequently than
all others. From the discussion, we learned that EX1 was
aware of the outlier and could explain the motivations for it.

Feedback. Finally, we asked the three participants whether
they noticed patterns and/or meeting distributions they were
not aware of. Both assistants explained that they were already
partially aware of the general time distribution and of the
critical cases. On the other hand, they also explained how this
requires a time effort from their side, which could be reduced
by MineTime Insight: “At the end of each year, we manually
go through the agenda of the past twelve months and we roughly
estimate the time dedicated to different activities. This is the reason
why for me, personally, there was not much new qualitatively.”
(PA2). On the other hand, EX1 told us that it was rather
surprising to see some of the results and expressed great
interest in MineTime Insight: “Such tool, just on meetings and
people, is extremely helpful in management.”. EX1 also suggested
to extend it to track time spent on different projects.
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Fig. 8. Periodicity Analysis applied to group-based analysis. The color of
each group corresponds to those in Fig. 6.

6.3 Field Deployment

While face-to-face interviews allowed us to engage in infor-
mative conversations, a controlled environment does not
always allow us to evaluate whether a system meets a
casual user’s goals and needs over time [40]. Moreover, it
is often biased by experimental demand effects [52] - well-
known tendency of lab studies’ participants to offer positive
and favorable feedback to the researchers’ questions. We
therefore conducted a survey-based field study to assess user
engagement and system performance “in the wild”.

Procedure. We shipped our analytics tools with the latest
version of MineTime, making it available for free to users
worldwide. Over a period of two months, a survey has
been automatically proposed to all users who engaged with
MineTime Insight at least once. The participation to the
survey was voluntary, anonymous and not remunerated. We
collected 65 answers, from as many users that completed
the survey. As part of contextual information, we asked the
participants to estimate how many meetings, on average,
they had per week, whether they were using MineTime for
their personal or work calendars and their profession.

As for the internal user study, we asked to rate five
statements (Q1-Q5) on a 7-point Likert scale. We used the
same statements of the previous study, but we excluded Q6,
as we could not design equivalent tasks with no information
about the user data, and Q7-Q8 as the users were already
using a dedicated application. We finally encouraged users
to provide an optional comment to support their rating.

Findings. The participants only using MineTime for their
personal calendars (27%) expressed little or no interest in our
tool ("I am using MineTime for personal use. Analytics are not
relevant.”, “This is being used for a personal account. It would
be more useful if I were using it for work.”). Quantitatively, the
perceived utility of the tool (Q4) was low (mean=2.5; 0=2.1)
compared to the remaining users (mean=4.6; 0=2.0). On the
other hand, this comes at no surprise as the tool was designed
for the corporate environment. This also confirms our initial
assumption that meeting analysis is not particularly relevant
in the private context. The analysis that follows focuses
on the participants using MineTime, at least in part, for
professional reasons. Fig. 9 summarizes the results of the
remaining 47 answers, including two significant sub-groups:
i) people with intense meeting activity (defined as having
11+ meetings/week on average) and ii) people declaring
to be a Senior Manager or Executive. Notice that a specific
user could be considered in both sub-groups. We could not



collect enough answers from Personal Assistants to report
statistically significant results about this category.

Compared to the lab study, we observed a higher devi-
ation in the ratings for all five questions, which could be
explained by a more diversified background, pool of profes-
sions, age or expertise of the participants. Overall, ratings
were mostly positive and in line with our previous findings,
but we also observed more critical feedback. Compared
to the average, managers and executives found our tool
significantly more likely to be helpful in scheduling meetings
more regularly (Q3) and in general more useful for their
time management (Q4). They gave slightly higher scores
also regarding the readability of the visualizations (Q1),
the utility in analyzing past scheduling decisions (Q2) and
the visual appearance (Q5). Interestingly, people declaring
11+ meetings/week did not value the utility of MineTime
Insight (Q2, Q3, Q4) significantly different than the average
professional user. For this sub-group, we also reveal below-
average ratings for both readability (Q1) and aesthetic appeal
(Q5). We hypothesize that, with more data displayed in the
Analytics Panel, some users might feel overwhelmed.

We were interested in understanding the reasons for
the most critical feedback. We found that negative ratings
come mostly from sole practitioners, self-employed people,
researchers and students. Overall, we identified a number of
motivations across different roles: 1) number of meetings (
“I'don’t have a lot of meetings, so there isn’t much to glean”); 2) lack
of interest (“I'm not interested in keeping track of how much time
I spend in meetings”, “Fine, but that’s not what I use MineTime
for.”); 3) lack of motivation (“It is interesting, but I am not sure
what to do with it”, “I work in a small team, who all are in the
same room. The rest of my meetings are incidental, or company-
wide.”, “I normally do not use this type of screen”); 4) security
(“Interesting, concerned with privacy”) and 5) technical (“It’s
nice however its very very slow and makes the app almost unusable
when you have a ton of events”, “It’s an amazing tool! However it
isn't perfect. I'm at college, so I don’t attend all club meetings, but
MineTime assumes I have.”).

On the positive side, users mentioned that MineTime
Insight can help them to “have more effective meetings” (man-
ager), “plan better, have smarter meetings” (executive) and “find
space in the week to focus on work” (team leader). Finally, some
people suggested possible extensions: “It would be more helpful
to have the tool track how much time I've spent on specific projects”
(student), “Please, make it not only for meetings but for any type
of activities” (executive).

7 DISCUSSION

In this section, we discuss what we learned along the process
of designing MineTime Insight, as well as from the user
studies, including limitations and ideas for future work.

71

Perceived utility. Even though MineTime Insight was de-
signed to be used by all employees in the corporate en-
vironment, the perceived utility is clearly shifted towards
users with a managerial role. On the one hand, this comes at
no surprise since managers and executives, besides having
more filled agendas, might feel responsible for the success

Lessons Learned and Design Implications
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of the employees they supervise, giving them an additional
motivation to keep track of their meeting activity according
to best practices [26]. The value for Personal Assistants seems
to derive more from the time saving brought by the automatic
computation of some metrics rather than from the insights
themselves, often qualitatively already known to them. Some
Staff members, on the other hand, showed lack of motivation
for self-reflection (“Fine, but that’s not what I use MineTime
for”) or no interest (“I only need to know where to show up”).
Some employee might not have an intense meeting activity
as part of their role which, not surprisingly, can explain a
low perceived utility. Another explanation might be users
not being aware of the potential benefits of more regular
meetings or the importance of their preparation [1], [26].
This can be addressed with designs more mindful of the
user’s awareness of the motivations supporting the analysis.
Finally, we notice that some employee see value in tracking
their meeting activity but have no need to scale to hundreds
of calendar contacts. In this case, a design tailored to one
or few contacts (e.g. the supervisor or the team), might be
more appropriate. Shneiderman et al. [53] theorized an user
interface that adapts to the specific user role, where each role
has a vision statement that reminds the users of their goals,
which is an interesting direction to investigate.

Data quality. In this work, we assumed high quality calendar
data (i.e. most meetings tracked in the calendar, attendees
explicitly listed in the metadata). When the calendar is man-
aged by a Personal Assistant, as for the calendar showcased
in Section 6.2, this is often the case but the assumption
does not hold in general. If too many meetings happen
extemporaneously and are not recorded, the statistics we
provide lose significance. This problem could be mitigated
by providing easier and more engaging ways to track
time in order to encourage a more consistent tracking. On
the other hand, many users do not register the meeting
participants either. We believe this happens because of 1) lack
of motivation, as the operation might not provide additional
value and 2) the design of most calendar applications, which
bind this operation to the delivery of meeting invitations, not
always desired. We also found several cases when meetings
are scheduled in the calendar but not actually attended.
While most calendar applications allow to flag events as
“free time” to indicate that the user will not take part in
the event, we found that only a minority of people use this
option consistently. We hope that the availability of tools like
MineTime Insight could motivate users to use their calendar
more rigorously. This would facilitate data analysis by a large
extent and, in turn, be beneficial to the users.

Attentional demand. One of our primary goals was to make
the tool accessible to a broader audience, including people
with no visualization expertise (G3). During our interviews,
the participants had no difficulty reading the Meeting
Breakdown and the Meeting Pressure, but the Periodicity
Analysis required significantly more time and additional
explanation from our side to let users interpret it effectively.
As part of the iteration process for this tool, we added a
vertical line spanning the periodicity range, which helped
users to recognize it as a distribution. We also included a
line of textual explanation above the plot and removed all
statistical terms replacing, for example, “Sort by: Variance”
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Q1: It was easy to understand the presented information Y] g Legend
Al answers (100%) 54 14 strongly
: disagree
Users i 1 mestngshueek (21%) as 19 “H
Managers or Executives (32%) % 33% 40% 20% 57 23 n
Q2: The tool could help me in analyzing past scheduling decisions retrospectively E
Al answers (100%) 46 14 B
Users with 11+ meetings/week (21%) 10% 10% 20% 20% 10% 30% 48 21 E
: 7
Managers or Executives (32%) 51 16
’ strongly
: ) agree
Q3: The tool could help me make sure meetings are scheduled more regularly
All answers (100%) 4% 4% 9% 32% 17% 19% 15% 47 16
Users with 11+ meetingsiweok (21%) 45 18
Managers or Executives (32%) 7% 33% 13% 27% 20% 52 13
Q4: Overall, the analytics features are usefull to me
Al ansas (100%) 48 20
Users with 1 mestigsiveek (21%) 47 21
Managers or Executives (32%) 7% 20% 20% 20% 33% 54 23
Q5: Overall, MineTime Insight is aesthetically pleasant
Al answers (100%) 60 1.1
Users with 11+ meetings/week (21%) 10% 10% 20% 20% 40% 57 14
Managers or Executives (32%) 61 07

Fig. 9. Results of the field study. Only the users who declared to use MineTime for their professional calendar has been considered (47 answers =
100%). We report the mean (n) and standard deviation (o) over all the answers, as well as for two relevant subsets for comparison.

with “Show first: More Regular”, a simple but quite important
usability expedient that had been overseen during the first
design iteration. At the same time, we realized that simpler
views, those adopting well-known plotting techniques and
able to provide quick insights like the Meeting Breakdown,
are particularly appreciated by most users, as they can learn
basic information with virtually no investment in time and
effort. Especially when dealing with the constraints of PVA,
we argue that the design of professional tools might require
extra care to balance attentional demand, aesthetic appeal
and accuracy, as discussed earlier, for instance, for the design
of the Meeting Pressure visualization.

Beyond actionable data. The majority of PVA designs
proposed in the literature aim at satisfying user curiosity,
reminiscing about past experiences or sharing them with
others [6]. An important takeaway from our study is that
our users wanted their visualizations to be actionable, i.e.
reveal possible time management problems and solutions
at a glance. While curiosity and social sharing might be a
initial motivation for use (in fact, we learned that two users
publicly shared a screenshot of their analytics dashboard
on social networks), we argue this is likely not sufficient
to promote long-term usage and behavioral change. Some
users suggested the tool could produce textual or visual
suggestions proactively and to place them in a prominent
position: “It would be nice to have some kind of visual alerts for
people that need to be scheduled”. Providing actionable metrics
was part of our goals (G2). However, this feedback suggests
that providing actionable insight might not be sufficient if
action recommendations are not pushed beyond the analytics
dashboard and integrated seamlessly into the tools that
people use everyday as part of their routine.

7.2 Reflection on the Scope of PVA

We argue that MineTime Insight qualifies as one the “infovis
edge cases” as defined by Pousman et al. [7]. Despite
targeting the professional context within a working en-
vironment, we note differences compared to traditional
infovis systems. In particular, using the taxonomy of Casual
Infovis [7]: 1) the user population includes a wide spectrum
of users, from experts to novices when it comes to data
analysis and data visualization; 2) the usage pattern, although
ultimately productivity-oriented, expands beyond the main
work-role expectations as users are not professional “meeting
analysts”; 3) the data type, coming from the user’s own
calendar, is typically considered personal for all but the
Personal Assistants; 4) the insight is meant to build awareness
about personal scheduling habits and interaction with other
employees, rather than crystallized analytical conclusions.
The taxonomy for Personal Visual Analytics by Huang
et al. [6] further characterizes these ideas, building around
the notion of personal context, “non-professional situations,
in which people may have quite different motivations,
priorities, role expectations, environments, or time and
resource budgets as compared to professional situations”
[6]. Strictly speaking, this definition does not apply to our
case, as we target professional situations. Yet, we have
previously discussed how all other characterizations are
well suited to describe our target users, their expertise and
motivations, as further supported by the user studies. For
example, as meeting analysis is normally not part of the
work-role expectations, average users might not find good
motivations to analyze past scheduling decisions or reflect on
their own habits, which is captured by some of the feedback
(“why do I care?”, “not sure what to do with it”). On the other
hand, we also recognize possible differences. For example,
some people may be requested to analyze their meeting



behavior without having an intrinsic curiosity in it, and it is
also more likely that the data analysis may need to be shared
with coworkers or managers.

Overall, our design inherits from the lessons learned by
others PVA applications, where the most effective factors
for adoption have been personal interest, curiosity, personal
challenges, control, fantasy, boredom, aesthetic appeal, and
novelty [6], [40]. Surely, MineTime Insight is not the only
application where the constraints and adoption mechanisms
mentioned above apply to the working environment. We
believe the fields of PVA and Casual Infovis would benefit
from a more systematic analysis of the professional environ-
ment, possibly generalizing the definition of personal context
to include professional situations where the objectives are
awareness and self-reflection. Further research is necessary
to assess when and how the mechanism of adoption in
the professional and non-professional contexts can be fully
assimilated. The former is likely to harden some constraints
(e.g., time budget) or add new ones (e.g., data protection
policies). How this affects the design, deployment, validation
and adoption of new tools are open research questions.

7.3 Limitations and Future Work

Despite the encouraging results, our design study might
not cover the vast variety of priorities, motivations and ex-
pectations of all corporate employees. A formal, methodical
analysis of the preliminary interviews, possibly involving a
larger user base, could have led to a more diversified set of
Design Goals. Regarding the validation, the feedback was
collected after a few minutes of interaction with MineTime
Insight, which limits its information to first impressions.
In order to quantitatively measure the overarching goal of
improving short and long-term scheduling decisions, an
analysis over year-long periods will be necessary, as well as
a larger number of participants. For this, we will continue
monitoring the engagement of the users worldwide.

This work focused on the specific goal of analyzing the
meeting time. There are a number of questions that might be
useful to improve time management practices that we did
not consider in this work. Among these, whether meetings
result to be productive or not, how the scheduled duration
is chosen appropriately, how often meetings are canceled
or rescheduled, how often meetings are organized by the
user compared to somebody else, how many participants
are usually involved and statistics about the location. In this
work, we focused on the tasks that seemed more relevant,
based on the literature and the interviews. Some metrics, like
the average meeting duration, were only provided in textual
form and might benefit from a visual encoding. We do not
exclude the possible utility of other metrics in a different
setting, which should be investigated in the future.

Besides meetings, the studies showed that some employ-
ees, including managers, are actually more interested in
analyzing the time invested in specific activities and/or
projects. This problem has been partially addressed in the
past [20] but a number of research questions remain open. In
particular, recording activities usually requires extra effort
from the user side. In order to minimize this additional work,
analytics solutions should likely be integrated as part of
existing software (e.g., calendars) in order to streamline the
process, which seems a natural extension to our work.
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8 CONCLUSION

We presented MineTime Insight, an information visualization
tool designed to fit in the daily workflow and targeting a
broader audience of users with little or no visualization
expertise. First, we discussed a novel characterization of
the problem of monitoring meeting time in the corporate
environment, showing how ideas from the realm of PVA
well extend to this context. Then, we discussed the design
choices with respect to our goals and showed how MineTime
Insight can be used to learn interesting information about
one’s meeting habits in a case study. Finally, we discussed
the results of the user studies and possible future extensions.
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