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ABSTRACT

Discerning relationships among entities in a large iconic chart can Figure 2: Our proposed visualization.

be a challenging task. As an alternative to traditional chart layout

schemes, we introduce an interactive radial query language for sim-

plifying the task of searching for and identifying subtle correlations Consider, for example, the “assignment chart” shown in Fig-
among data. Our approach allows the user to select which entitiesure 1. This chart depicts the current projects of a hypothetical small
to show relationships for, thereby decreasing the cognitive overload business, along with the names of the employees currently assigned
associated with static charts. We likewise present a compact visualto each project. While useful in some situations, charts such as this
representation for comparing the differences between two versionsare not well suited for answering queries lik&hich projects is a

of a chart. We have also implemented an intuitive gesture-basedparticular individual working onr, Given two employees, which
interface for creating and removing links between entities, thus en- projects do they work on togetheBuch queries are likely to come
abling users to edit data, not just view it. Our preliminary user up whenever a manager needs to evaluate the state of a project or
trial suggests that users can discover correlations significantly moreto reallocate resources among projects. Although this information
quickly and accurately with our method as compared to traditional is present on the chart, it is not displayed in an easily accessible
chart representations. format. The situation is further complicated if the manager wants
to view a dimension of the data that is not visible on the chart; for
example, a list of skill sets required to complete a certain project.

To address these issues, we propose a computer-based visual
Index Terms: K.6.1 [Management of Computing and Information query language for data sets typically rendered as static charts (Fig-
Systems]: Project and People Management—Staffing; 1.3.6 [Com- ure 2). Icons representing individual entities are placed around the
puter Graphics]: Methodology and Techniques—Interaction tech- circumference of a ring, and relationships among multiple entities

Keywords: Project management, resource allocation, situational
awareness, gestural interfaces, visual diffs, social networks.

nigues are shown when an icon is dragged into the ring’s interior. In this
manner, correlations in the data are displayed on demand, without

1 INTRODUCTION the need to manually search for them within a chart.

Locating specific information in a large iconic chart can be a chal- !N contrast to traditional chart rendering techniques, our method

lenging task. Traditional charts are batfatic andaccessibld48], only shows links for entities selected by the user, helping to reduce

meaning their complete state is visible to the viewer at all times. ViSual clutter. However, for each selected entity, every link between
Consequently, as a chart grows in size, certain tasks become in-hat entity and any others are displayed, thus allowing the user to
creasingly complex. For one thing, it is difficult to locate specific discover relatlopshlps that are not readily apparent.f.rom static di-
entities within the chart. Also, it is quite time-consuming to deter- 29rams. Our visual language also supports the ability to add and
mine relationships among entities in the chart, other than the rela- "€MOVe links between entities, as well as visually compare two ver-

tionship for which the chart was constructed. sions of a data set. o _ .
The concepts presented in this paper have applicability to a wide
*e-mail: draperg@cs.utah.edu range of problem domains. For the purposes of our initial proto-
Te-mail: yarden@sci.utah.edu type, however, we have chosen to focus on the specific problem of
*e-mail: rfr@cs.utah.edu helping project managers allocate their resources effectively. We

discuss other possible application domains in Section 5.

Although project managers have many variables to coordinate,
we have chosen to focus on three: the humesourceson his or
her team, therojectsor tasks assigned to the team, and skél



setsor proficiencies possessed by the team members, and requiredlatabase queries based on the ubiquitous filesystem browser inter-
by the projects. face. The VisTrails system [49] makes use of provenance data to
The remainder of the paper is organized as follows. We first maintain a history of past queries for creating visualizations.
summarize related work in the areas of project management visu- In the second category, there are many systems which offer a
alization, visual query languages, and radial visualization. We then direct-manipulation interface for browsing the results of a query.
present a detailed overview of our visual query language, including Furnas and Rauch [15] as well as Stonebraker [56] present canvas-
its syntax for both standard queries and difference queries. The nextbased visualizations that support zooming and panning. Xmdv-
section mentions some other application domains to which our vi- Tool [60] facilitates the creation of standard statistical graphs to
sualization could be adapted, suggesting the generality of our tech-display query results. Visage [47] by Roth et al. is a highly interac-
nique. We next describe our prototype software implementation, tive direct manipulation system that uses a variety of graphing tech-
with an emphasis on its editing features and level of detail controls. niques to communicate results to the user. In addition, Keim [27]
Finally, we report on the findings of our informal user study, and and de Oliveira and Levkowitz [8] present surveys of many database

conclude by proposing directions for future work. visualization techniques.
In contrast, the Polaris system [55] incorporates both a novel
2 RELATED WORK query interface mechanism and an integrated visualization. Based

Our work arises from the needs of a number of fields, namely, On the well-known metaphor of a pivot table in a spreadsheet, Po-
project management, visual query systems, and radial visualization_laris allows users to view correlations in the data with respect to

We briefly review some of the related work in each of these areas. any attribute in the data set. Our work is similar in that we also pro-
vide a streamlined interface for performing queries andriasitu

2.1 Project management visualization of the query results.

During th.e late 19803 and extending into the 19905, there was a5 3 Radial visualization
surge of interest in software-based tools for project management. ) . ) .
This led to the development of a number of systems [9, 36, 40, Our design metaphor is based on the radial layout, a charting tech-
44], with Microsoft Project eventually becomingde factostan- nlque_whose tradition spans back hundreds of_years, qnd is an in-
dard [37]. As Microsoft Project aims to be a general purpose sys- créasingly popular metaphor in contemporary information visual-
tem, other project management tools also exist as specialized soluiZation science. Pre-digital examples of radial information layouts
tions to niche problems [19, 25, 39]. include William _Playfalr's 1801 invention of the pie chart [45_, 52_],
There has also been a great deal of research incorporating aspect@nd Florence Nightingale’s rose diagrams [41] for communicating
of information visualization into project management. The most sanitary condl_tlons in _Brltlsh military hospitals during the Crimean
well-known visualizations for project management are the PERT War. In the mid-twentieth century, Northway used radial diagrams
chart and the Gantt chart. One of the earliest examples of computer-L0 track the social behaviors of gradeschool children [43].

generated visualizations for project management iptbgress di- Much of the recent work in radial user interfaces traces its lin-
agram[33] which displays some of the same information as a Gantt €age to research in graph layout algorithms for computer graph-
chart, but resembles a tree structure in appearance. ics [21]. These algorithms, in turn, have inspired techniques for

Szekely et al. [57] use the established visualization technique of Visualizing multivariate data. Many such designs involve position-
star fields[1] to assist in planning military missions. Wang and ng data points as nodes on the spokes on a wheel [20, 22]. In these

Lillehagen [59] employ a variety of known diagram typasvim visualizations, the center point of the canvas holds some semantic
lanes trees and others) in their system, but do not introduce any Meaning, and the distance of each node from the center shows a
new visualizations per se. Stamey and Honeycutt [53] applyeal relationship relative to it. A recent example of this is the DataRose

chartto the domain of project management. Kontio et al. [30] use a from [11]. _ o

form of directed acyclic graph (DAG) to visualize risks associated [N contrast, a second variety of radial visualization (catitial

with projects. TheSSD grapH32] is an attempt to visualize both ~ SPace fillingor RSF [54]), the data points are typically arranged in

the structure and the state of a project. compact concentric rings [29] or in a spiral [2, 4], and rendered so
Halin and Hanser [18] present a novel visualization system to @S to form a circle. Each ring contains a different category of dat_a.

show relationships between resources and tasks. Of all the sys-Examples include polar treemaps [24], fan charts [10], and Radial

tems reviewed herein, this one perhaps is most closely related to 1"affic Analyzer [28]. L

our work. However, we take a somewhat different approach, and Another general category of radial visualization arranges the

focus, in particular, on interactivity and ease of use. data points around the circumference of a ring, while reserving the
interior of the ring for other data. Correlations among data points

2.2 Visual query systems are often rendered as lines between nodes on the circumference and
nodes in the interior. Examples inclu@aisy [7], NetMap[16],

Making data analysis easier has been a subject of research for sev-

eral decades. Cammarano et al. [3] make the observation that mos?nd\ﬂsAIert[34].

user interfaces for data analysis take either one of two a|c_>proaches3 VISUALIZATION CONCEPTS

In the first case, the user interface simplifies the formulation of the

query; in the second case, the user interface helps to visualize theln our visualization metaphor, all available entities (projects, re-

results. sources, and their related skill sets) are arranged in a ring. This
Catarci et al. [5] provide a comprehensive, if slightly dated, sur- €galitarian approach places all variables on equal footing; none re-

vey of the literature in the first category. Of particular interest is Ceives greater emphasis than the others until it is selected by the

the problem of querying semistructured or unstructured data, suchuser. From a user interface perspective, this visualization has the

as websites or emails. Sinha and Karger [51] propose a system foradvantage that each entity is located within close proximity to its

aiding in navigation of semistructured data sets by suggesting navi- neighbors [13], rather than being distributed over a large area as in

gation hints to the user. Trigoni [58] lets the user refine a query over traditional charts.

time by gradually disclosing the underlying data one part at a time. . . S

Goldman and Widom [17] propose a method for exploiting simi- 3-1 Interactive relationship discovery

larities among pages in the same website to perform more effective The mode of interaction is perhaps best communicated by ex-

queries. Polyviou et al. [46] describe an interface for performing ample. We present a scenario of how a project manager
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Figure 3: Relations between a project and a required skill. Figure 5: Relations between a resource, the skills it possesses, and
its assigned projects.

Business Analyst

Ted @ o Froarammer with: Web Deployment, Server Farm, and GUI Updates (Fig-
@ ure 5).
. ‘ By examining the current commitments of Bob and others, Jane
Sys Admin can make an informed decision regarding whether to accept this
: new project, and how best to distribute the workload among her
] team members.

In addition to the basic interaction metaphor outlined above, our
visualization’s core strength is in allowing the user to uncover com-
NGRS plex relationships within the data, beyond what can be effectively
displayed in traditional charts. When multiple icons are placed in
the interior of the ring, all known relations between these entities
and the other entities are made visible. Whenever two or more ar-
rows converge on the same point on the circumference (Figures 2
and 14), that is a clear visual indicator that these entities have a
relationship in common.

For example, if two people consistently work on the same set of

Carol

GUI Updates

\

Web Deployment Server Farm

DataWarehouse projects together, that might signal to their manager a need for them

to collaborate more with others. Likewise, when multiple skills are
Figure 4: Relations between a skill, the projects requiring it, and the placed inside the ring at the same time, the user can immediately
resources possessing it. see the distribution of skills among the team, and whether there

are enough resources to fill the requirements of the team’s assigned
projects. Or, if multiple projects are selected, the relationships of
might use our visual query language to handle a typical task. skills and people to projects become visible. In each of these ex-
For a more visual example, we refer the reader to a demo amples, there is admittedly some overlap on the information being
video (in QuickTime format) which may be downloaded here: presented. The key is the flexibility of our approach — the user is
http://www.cs.utah.edu/ ~draperg/research/ . free to select the method that best lends itself to the question he or
Suppose that Jane, a team manager, receives a request for heghe is trying to answer.
team to take on a new project. The procedure described below out- i . L
lines the steps that Jane might take in choosing which resources to3-2 Space-saving visualization
allocate to this project, using our visualization. One advantage of our method is its conservative use of space. In
a standard assignment chart, every time an entity participates in a
Step 1 Jane selects the proposed project and brings it into the inte- relationship, a separate instance of that entity must be included in
rior of the ring to discern its staffing requirements. Jane sees the chart — thus linearly increasing its overall size. In our visual-
that this project requires a C++ programmer (Figure 3). ization, the size of the ring is constant, and each entity is shown at
most twice: once along the circumference, and once inside the ring
Step 2 Next, by introducing the skill labeled “C++ Programmer” if that entity is currently selected by the user.
into the ring’s interior, Jane recalls that there are three peo-  For example, consider the chart shown earlier in Figure 1. For
ple on her team who have this skill: Alice, Bob, and Carol each project to which Betty is assigned, a separate icon for Betty
(Figure 4). must be added to the chart. Contrast this with the visualization in
Figure 2: Betty’s multiple assignments are still clearly indicated;
Step 3 Jane decides to look further into Bob’s profile. Placing Bob however, Betty’s name appears only once in the ring’s interior. Per-
into the ring, she sees which projects he is currently involved haps more importantly, the overall “footprint” of the visualization
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does not change, regardless of how many relationships are shown.

3.3 Scalability and level of detail Python Programmer

One known weakness of our current approach is that the visualiza- S0 ?

tion does not scale well as the number of nodes exceeds about 50 or Sys Admin

60. This is due to the constraint of fitting all nodes within the lim-

ited space around the ring’s circumference. This is an issue shared (a) A composite skill. (b) Detailed view of skills.

by most radial visualization systems in general. Nonetheless, we
offer two suggestions for ameliorating the scalability problem in
our visual language. Figure 7: Composite and expanded entities.
First, any icons that are not of current interest to the user may be
dragged outside of the ring (Figure 6). This not only reduces crowd-
ing around the circumference of the ring, but reduces the number
of relations that are displayed for icons inside the ring, because  Howeverdiff s output, which uses* and ‘<’ symbols to sig-
no lines are drawn for nodes that are not currently on the circum- na| ditferences between files, is not obvious for beginning users.
ference. Whenever the user wishes to include this entity again, its Current versions ofliff  optionally support more intuitive sym-
icon can be dragged back onto the circumference of the ring. In this pols, such as+’ and ‘- *, to denote insertions and deletions within
manner, the amount of detail displayed about any resource, project,the text.
or skill is configurable on the fly — allowing the user to view as  Ajthough the algorithmic problem of isolating differences be-
much or as little information abogt agiven entity as nglr_ed. tween two text files is essentially solved, comparatively little work
A second way to address the visualization’s scalability is through has peen done on the problem of finding differences in other kinds
aggregating similar entities. For example, if a team contains people of data, e.g. graphs and charts, although there are important excep-
with skills in several different programming languages, all these tjons [12, 14, 31, 49].
skills could be aggregated into one composite skill, labeled *pro-  \ye propose two complementary visualizations for comparing
gramming” (Figure 7(a)). At the user's option, this skill could be  yigerent versions of a chart. The firstis based on a traditional chart-

expanded to reveal the individual skills (Figure 7(b)). Similarly, pageq representation, while the second uses an interactive radial ap-
individual resources could be aggregated into teams of reSOUrceSyaach, similar to the one presented above.

and projects could be grouped according to categories of related
rojects. Furthermore, these aggregate entities may be combined . L

ieltc: still more generalized entitigg urglltil a desired Ievgl of abstrac- 4-1 Chart Visualization
tion has been achieved. In this manner, scalability is not so much Qur visual diff metaphor is based on the observation that between
limited by the size of the circle, but by the level of detail the user any two versions of a chart, a link between two nodes can either be:
wishes to see [42].

In practical usage, a manager over a team of engineers would e present in both charts,
likely want to see his or her resources, projects, and skills at the
lowest level of granularity. A middle-tier manager or executive, on e present in the first chart and absent in the second awart
the other hand, might prefer a broader, less detailed overview of '
what the organization as a whole is doing.

Our prototype system, described in Section 6, currently supports
the first of these two proposed techniques. The second is an area
for future work.

e absent in the first chart and present in the second chart.

Our visualization is inspired by modern implementations of
diff that use the+' and ‘-’ characters to signal changes in the
data. Alink that is present in the first chart, but absent in the second
chart is shown by drawing a * in the icon adjacent to the link. A
Once one succeeds at visualizing a single data set, a logical nextink that is absent in the first chart, but present in the second chart,
step is to visualize the differences between two data sets. By far, is similarly depicted by a corresponding. Figure 8 shows an ex-
the most common domain for difference-finding is in text docu- ample of our representation. This visualization is significantly more
ments. Ade factotool for file comparison igliff , which has been compact than simply putting the two versions of the chart side by
included in the Unix operating system since 1974. side.

4 DIFFERENCE VISUALIZATION
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Figure 8: The leftmost chart represents Version 1 of a chart; the middle chart is Version 2. The chart on the right is a “Visual Diff” of the two
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Figure 9: Interactive radial representation of a “Visual Diff” chart.

4.2 Radial Visualization

Our second representation for finding differences is an interactive
visual language based on the radial query metaphor introduced in
Section 3. As before, icons representing the resources, tasks, and
skills are arranged in a ring. Icons shown in yellow highlight are
those that are new to the second version of the chart. Icons shown
in a muted gray color are those that appeared in the first version of
the chart, but were absent from the second. When the user drags
the node’s icon into the ring’s interior, links are rendered as lines
between the interior node and one or more nodes on the circumfer-
ence of the ring. Now, however, the line style indicates the status
of a link. An old link, that is, a link that existed in the first chart
but not the second chart, is rendered as a sequeneé frhbols.

A new link, one that is unique to the second chart, is rendered as a
line of '+’ signs. Predictably, a link that exists in both versions of a
chart is rendered as a solid line (Figure 9).

5

Although we have focused thus far on the application domain of
assignment charts, project management is not the only setting in
which charts like this may be used. An assignment chart is simply
a specific instance of a more general class of charts which we call
“one-to-many” charts. In an assignment chart, for example, each
(one) project is linked to all the (many) people who are assigned to
it.
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Figure 10: Graph showing skill distribution among team members
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_asers Do - oy on the visualization task, rather than having to perform a time-

consuming (and potentially distracting) “context switch” to find the
information elsewhere.

As such, Manager’s Dartboard supports multiple levels of in-
quiry:

Business Analyst

1. The icons themselves provide basic information about a par-
Sys Admin ticular entity at first glance.

2. More detailed information is available via a tooltip if the user
hovers the cursor over the icon.

3. The menu system provides access to dialog boxes allowing
the user to view and edit all of an entity’s attributes.

M @ ance between the opposing ideals of maintaining a clean user in-
GrrEgn terface, and providing detailed information on specific entities as
80% g ,

required by the user.

) | / We feel that thigletails on demandpproach [50] strikes a fair bal-

Web Deployment
Data Warehouse

Server Farm

6.1 Project Visualization

Figure 14: Screenshot of the prototype system, Manager's Dart- In our system, each project possesses aunique 4-tup|_e of attributes:

board. name end date percent completeandpriority. We designed the
project icon so that each of these attributes is immediately visible
without further inspection.

First and most simply, theameof the project is printed next to

e icon. Also, the expectezhd datefor each project is displayed

! ; : S L _ prominently in the icon’s interior. Furthermore, the icons are po-
showing which skills are possessed by individuals within an orga sitioned around the ring counterclockwise, sorted in order of the

nization (Figure 10). Or an “inverted assignment chart” might show [ i ;

the tasks( tc?which )a resource is assignegd as opposed tg which re_pro;ect_s en_d date. In addition, the icon also shows the_progress of
. ; ' . the project in terms ofercent completeThe percentage is shown

sources are assigned to a task (Figure 11). Stepping away from

our “project management” motif, one could imagine a chart that textually in bold type, and graphically as a curved progress bar.

h - . . Finally, the priority of a project is suggested by the icon’s radial
displays the names of atomic elements alongside which household d ST » ; P ;

: I .~ magnitude (i.e. its “length”) relative to the other project icons (Fig-
chemlcals_they are_found in (Figure 12), or a chart that shows which ure915) Wit(h higher p?iorit)y projects occupyingpmJCJre space(thgn
people enjoy certain types of food (Figure 13). the othérs

As the above examples show, this class of chart has a variety of .

s ! > > S In this manner, the user can quickly scan the list of projects to
applications. The interactive visual language presented in this papersqq \yhich projects are due first, their relative priority, and how far
could be easily adapted to any one of these domains. ’ '

they are from completion. This helps the project manager readily
discern which projects may be in need of further attention.

Although assignment charts are a common type of one-to-many th
chart, they are certainly not the only kind. Consider a “skill chart”,

6 MANAGER’S DARTBOARD

As a proof of concept of the visualization methodology presented 6-2 Resource Visualization

herein, we have implemented a prototype software system calledThe resource icons are designed to let the user quickly see both

Manager’s DartboardFigure 14). how many projects a resource is assigned to, and — perhaps more
In order to free the user from the burden of frequently referring significantly — what proportion of the resource’s time is allocated

to another part of the interface (or to another program entirely) for to each project. A resource’s assigned projects are represented as

supplementary information, we have tried to make the icons as in- a band of colored sectors along the radial exterior of the resource

formative as possible without making our interface overly busy. icon. We call this band thgroject previewebecause it provides the

One purpose for doing this is to allow the user to maintain focus user a hint of how busy each resource is, without needing to drag
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Figure 17: The size of the “project previewer” shows the comparative
capacity of resources.

drag and dropmetaphor.

This gesture is illustrated in Figure 18. Figure 18(a) shows the
the resource icon into the ring’s interior. The color of each sector in yser dragging the icon for a resource, Jeff, atop the icon for project
the project previewer corresponds to the color of the corresponding Server Farm. Alternatively, the icon representing the project could
project icon elsewhere on the ring’s circumference. Furthermore, have been dragged atop the icon representing the resource. When
the relative size of a sector as compared to its neighbors is a visualthe link is created, the dragged icon disappears and an arrow is ren-
indicator of how much of the resource’s time is devoted to the given dered between the icon inside the circle and the icon on the cir-
project. To reduce the amount of visual clutter in the display, we do cumference, as shown in Figure 18(b). The color of Jeff’s project
not print the names of the projects alongside the project previewer; previewer likewise changes to show that Jeff, who was not assigned
however, this information is available via a tooltip when the user to any projects, is now associated full-time with the Server Farm
hovers the cursor over the project previewer (Figure 16). project.

Even on a highly talented team, no two resources are likely to  The gestures for associating projects and resources with skills
have the same levels of experience or competency, even thoughare analogous — simply drag and drop the icons representing the

there may be overlap in their skill sets [26, 35]. For this reason, desired entities atop each other, and the system creates the underly-
our system allows resources to be assigned a “capacity” percentageng association.

to reflect their level of ability relative to other resources. Visually,
this is reflected by the length of the project previewer relative to the 6.3.1 Sketch-based Interface

resource’s icon. For example, if Ted is a newer employee, his ca- Motivated by the interface of [23], the gesture for removing a rela-
pacity might be 75% of Jeff's, who has more experience. Thus, his tion between two entities consists of drawing a straight line which
project previewer only takes up three-fourths the length of his re- intersects the arrow connecting two entities. For example, in Fig-
source icon, whereas Jeff's runs the full measure (Figure 17). Note yre 19(a), the user draws a line bisecting the arrow connecting the
that this does not prevent Ted from being assigned as many projectscons for resource Jeff and project Server Farm. In Figure 19(b),
as Jeff or anyone else; however, the smaller size of his project pre-notice how the color of the resource’s project previewer changes to
viewer serves as a visual reminder to managers that he has proporreflect the fact that Jeff is no longer assigned to any projects.
tionally less capacity to offer to his projects than do perhaps his  To reduce the chance of error, our system requires that the input

counterparts. gesture for removing an association between entities be an approx-
- imately straight line rather than a curved one. We do this by com-
6.3 In-place editing paring the total length of thiak strokewith the distance between its

In keeping with our goa| of g|v|ng the user maximum f|ex|b|||ty, we endpoin’[.s.. A g?sture iS. considered Straight if and Only if it satisfies
have also implemented a series of gestural interfaces to allow thethe conditions in Equation 1 below.

user to edit relationships among entities directly within the display. . .

The user may assign resources to projects, indicate skill require- Let p1_n be the vertices of the gesture as inputted by the
ments for projects, associate resources with their respective skills, user.

as well as unassign or dissociate any of the above relationships. The Let (i, j) be the Euclidean distance between vertjges
gesture for associating two entities is accomplished by the familiar andpj.
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Let 7 be the threshold above which the line is considered

straight. Figure 21: Alternate “Whiteboard” interface
nt be found in commercial diagram-drawing software like Microsoft
,25('7 i+1) Visio [38].
= Its convenience of use notwithstanding, Whiteboard was never
In our experience, setting= 0.8 is sufficient for determiningthe  intended to be especially innovative. Indeed, we implemented
straightness of a line. Whiteboard solely as a benchmark against which to compare Dart-
board, which is the actual focus of our work. For simplicity, the
6.4 Directed Relations Whiteboard is missing some features that are supported by the Dart-
Our system renders connections between icons as arrows instea{i’r?bir%'smerface; most noticeably, the ability to manipulate skill at-

of undirected line segments. This was a conscious design choice,
i_n_tended to _rr_1ake explicit the nature of the relationship betwgen eN-66 Implementation Notes
tities. Specifically, arrows are drawn from resources to projects to . . . .
show that resources work on projects, rather than the inverse. WeQUr Prototype is written in Java. We use the Swing API for the
render arrows from projects to skills to show a dependency rela- tr_adltlonal user interface elements (suc_h as the menu system and
tionship: projects require skills. Arrows are drawn from resources 9i2l0g boxes) and Java2D for the graphics. _
to skills to show that resources possess skills. These design deci- Having successfully tested Manager's Dartboard on Linux, So-
sions are somewhat subjective; other valid mappings could likewise 121, and Windows platforms, we believe it should run equally well
be employed. However, for consistency of presentation, we have " 8ny platform for which a Java 1.6-compliant virtual machine ex-
adhered to these guidelines for our prototype implementation. Ists.
For convenience, we draw a double-headed arrow between a USER EVALUATION
project and a skill whenever a resource possessing a certain skill . )
is allocated to a project requiring that skill (Figure 20). To gauge the effectiveness of our visual language, we conducted
In our system, we have opted to draw arrows only between an @n |r_1formal preliminary user trial con5|st_|ng of 22 participants, pri-
icon on the circumference of the ring and another icon inside the Marily graduate students in computer science. Our goal was to com-
interior of the ring. We do not draw arrows between two icons that Pare the speed and accuracy with which users are able to identify
both lie on the circumference of the ring. Contrast this to the ap- relationship information from both a traditional assignment chart
proach used by [7] and [16]. Similarly, we do not draw arrows from and our visualization. Our participants all perfo_rmed the test using
one icon in the interior of the ring to another icon also in the inte- the same computer, a 2.5GHz Pentium4 PC with 500MB of mem-
rior of the ring. These decisions were made in order to reduce the O, running Red Hat Linux 9. The screen resolution was set to
amount of *noise” in our visualization, and in light of the fact that 1600x1150 pixels. )
no additional information is conveyed by displaying an individual _ The trial was in two parts. During Part 1, we showed an as-

relation more than once. signment chart to the participants, and asked them seven questions
based on the chart. The chart was on-screen during the question-
6.5 Whiteboard answering period so that the participants could refer to it as needed.

For Part 2, we introduced them to the Manager’s Dartboard sys-

In addition to the “Dartboard” interface which demonstrates the tem and gave them time to familiarize themselves with its inter-

gﬁg?ﬁaﬂf ‘%ﬁiﬁéggzﬁ? Et;’e?iunrt:r?fatzvjrgag:éoxﬂi:i‘z%liﬂglrur?gt?oinface' We then presented the participants seven additional questions
. U . similar to those in Part 1, letting them use our software to explore
of an assignment chart. The user can switch between the two views

- . . ; the data. Manager’'s Dartboard displayed all the same resources
by selecting their respective tabs. Both the Whiteboard and the _ . . ; ; '
D);\rtboard siews opergte on the same data. albeit via a diﬂerentprolects, and skills as in the assignment chart from Part 1, although

user interface. When a chande to the data is made in either view V€ did scramble the project and skill assignments to prevent partic-
-~ - g : 'ipants from parroting back the same answers as in Part 1.
that change is automatically reflected in the other.

. S ; . The questions consisted of a combination of simple and com-
Whiteboard is little more than a computerized version of an as- : .
. . ' . ; 22" pound queries, namely:
signment chart that one might find on a typical manager’s white-
board (Figure 21). It allows the user to associate projects and re- 1. \Which projects is Cindy working on?
sources by dragging and dropping icons onto a blank panel. Placing
an icon near another icon associates the two; similar behavior can 2. Which projects are both Jeff and Daniel working on?



Who is assigned to the greatest number of projects?
Which people are assigned to work on exactly three projects?

Which one person is assigned to all of these projects: GUI
Updates, Web Page Update, Workshop?

6. Which people always work together on the same projects?
7. What skills does Alice have?

Although we initially hypothesized that our visualization’s chief

advantage would be speed, not accuracy, we were pleasantly sur-

prised to find that the participants not only answered the questions
13% faster on average using Manager's Dartboard, but that they
also made an average of 8G&tver mistakesWe interpret this as a
sign that our method for visual correlation offers a strategic advan-
tage over traditional charts — especially when applied to mission-
critical application domains where misinterpretations of data may
be costly.
Subjective feedback from users was likewise positive. Upon

completing the questions, the majority of participants commented

) - [2
on how much easier Manager’s Dartboard was to use than a static

chart, especially for determining working relationships among the
resources, projects, and skills. While the informal nature of our
study makes it difficult to draw definitive conclusions, we are

nonetheless encouraged by these preliminary results, and we would [3]

like to validate them with additional user studies in the future.

8 FURTHER WORK

In our prototype’s current state of development, all projects have
deadlines. However, some tasks, termextkflowsby Craven and
Mabhling [6], are ongoing, repetitive assignments and do not have
specified end dates. Examples of workflows could be maintenance,
technical support, or committee assignments. We would like to im-
plement support for workflows in the future.

We also plan to expand the ways in which entities can be related
to one another. Currently, only entities of different types may be
associated together: projects with resources, resources with skills,
etc. Additional semantic information could be conveyed by asso-
ciating entities of the same type. For example, affiliating one re-
source to another could perhaps express a mentor/trainee relation
ship, whereas linking one project to another project may designate
a chronological or dependency relationship.

Furthermore, we intend to incorporate additional gesture-based
commands into the user interface. For example, the proportion of a
resource’s time that is spent on a given project is currently editable
via the menu system and dialog boxes. In the ideal situation, this
attribute could be edited by direct manipulation within the visual-
ization canvas.

9 CONCLUSION

In this paper, we have presented a novel method for visualizing
and editing resource allocation data in the domain of project man-
agement. Our current prototype supports three types of entities;
namely projects, resources, and skills; however, our visualization
concept is general enough to accommodate many more.

The main contributions of this paper are:

e a highly interactive canvas for querying multivariate data,

e a gesture-based interface for adding and removing links be-
tween nodes, and

e two complementary visual schemes for comparing the differ-
ences between two versions of a data set.

-[8]

Our visual language aims to be a general-purpose strategy for
discovering relationships among disparate entities in a wide vari-
ety of data sets. Users report that this interface is satisfying to
use; furthermore we have found that complex relationships within a
set of data can be identified more quickly and accurately using our
method than with standard charting techniques.
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