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methodology



Industrial Engineer

Industrial engineering is a branch of engineering which deals with 
the optimization of complex processes or systems. Industrial 
engineers work to eliminate waste of time, money, materials, 
man-hours, machine time, energy and other resources that do 
not generate value.
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Nested model for vis design

Data/task abstraction

Visual encoding/interaction idiom

Algorithm

Domain situation What are people doing? 
What are their goals?
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Data/task abstraction

Visual encoding/interaction idiom

Algorithm

Domain situation

What are data/tasks to 
accomplish these goals?
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Data/task abstraction

Visual encoding/interaction idiom

Algorithm

Domain situation

How do I show/interact 
with the data?



Nested model for vis design

Data/task abstraction

Visual encoding/interaction idiom

Algorithm

Domain situation

How do I make 
this all work?



Nested model for vis design
Domain situation
You misunderstood their needs

You’re showing them the wrong thing

Visual encoding/interaction idiom
The way you show it doesn’t work

Algorithm
Your code is too slow

Data/task abstraction



Nested model for vis design
Domain situation
Observe target users using existing tools

Visual encoding/interaction idiom
Justify design with respect to alternatives

Algorithm
Measure system time/memory
Analyze computational complexity

Observe target users after deployment ( )

Measure adoption

Analyze results qualitatively
Measure human time with lab experiment (lab study)

Data/task abstraction



Nested model for vis design
Threat       Wrong problem

Threat   Wrong task/data abstraction

Threat       Ineffective encoding/interaction idiom

Threat       Slow algorithm

Validate   Observe and interview target users

Validate   Analyze computational complexity

Validate   Measure system time/memory

Validate   Observe adoption rates

Validate   Test on target users, collect anecdotal evidence of utility
Validate   Field study, document human usage of deployed system

Validate   Qualitative/quantitative result image analysis

Validate   Lab study, measure human time/errors for task

Validate   Justify encoding/interaction design

Implement system

 Test on any users, informal usability study



Workflow for designing 
a tool



Making the right tool

van Wijk:1999
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Figure 4. Calendar view of the number of employees

Several conclusions can be drawn from this image. We
see that:

• Office hours are followed strictly. Most people arrive
between 8:30 and 9:00 am, and leave between 4:00 and
5:00 pm. Furthermore, in the morning the number of
employees present is slightly higher than in the after-
noon.

• On Fridays and in the summer fewer people are present
(cluster 722);

• On Fridays in the summer even fewer people are
present (cluster 718);

• In the weekend and at holidays only very few people
are working (cluster 710): security and fire brigade;

• Holidays in the Netherlands in 1997 were January 1st,
March 28th,March 31st, April 30th,May 5th,May 8th,
May 19th, December 25th and 26th.

• School vacations are visible in Spring (May 3rd toMay
11th), in Autumn (October 11th to October 19th), and
in Winter (December 21th to December 31st);

• Many people take a day off after a holiday (cluster
721);

• On December 5th many people left at 4:00 PM. Dutch
peoplewill immediately know the explanation: On this
day we celebrate Santa Claus and are allowed to leave
earlier!

We see that for this distribution of patterns quite plausible
explanations exist. The advantage of clustering is that none
of these explanations have to be inserted a priori, such as
separating working days and holidays, and all effects are
elucidated automatically. The combined representation of
average graphs and clusters enables a user to quantify these
effects easily. Another strong point is that standard patterns
(cluster 719) as well as exceptional patterns (December 5th)
are detected automatically.

4.2 Interaction

For effective data exploration, user interaction is as im-
portant as presentation. The combination of cluster analysis
with a calendar representation provides good opportunities
for interaction. We have embeddedour presentation in an in-
teractive system for the analysis of time series data, such that
the user can interact with the image presented to him (such
as fig. 4) in many ways.
Selection of the data to be displayed can be done easily.

Initially, no days are selected for display. The user can tog-
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Figure 4. Calendar view of the number of employees

Several conclusions can be drawn from this image. We
see that:

• Office hours are followed strictly. Most people arrive
between 8:30 and 9:00 am, and leave between 4:00 and
5:00 pm. Furthermore, in the morning the number of
employees present is slightly higher than in the after-
noon.

• On Fridays and in the summer fewer people are present
(cluster 722);

• On Fridays in the summer even fewer people are
present (cluster 718);

• In the weekend and at holidays only very few people
are working (cluster 710): security and fire brigade;

• Holidays in the Netherlands in 1997 were January 1st,
March 28th,March 31st, April 30th,May 5th,May 8th,
May 19th, December 25th and 26th.

• School vacations are visible in Spring (May 3rd toMay
11th), in Autumn (October 11th to October 19th), and
in Winter (December 21th to December 31st);

• Many people take a day off after a holiday (cluster
721);

• On December 5th many people left at 4:00 PM. Dutch
peoplewill immediately know the explanation: On this
day we celebrate Santa Claus and are allowed to leave
earlier!

We see that for this distribution of patterns quite plausible
explanations exist. The advantage of clustering is that none
of these explanations have to be inserted a priori, such as
separating working days and holidays, and all effects are
elucidated automatically. The combined representation of
average graphs and clusters enables a user to quantify these
effects easily. Another strong point is that standard patterns
(cluster 719) as well as exceptional patterns (December 5th)
are detected automatically.

4.2 Interaction

For effective data exploration, user interaction is as im-
portant as presentation. The combination of cluster analysis
with a calendar representation provides good opportunities
for interaction. We have embeddedour presentation in an in-
teractive system for the analysis of time series data, such that
the user can interact with the image presented to him (such
as fig. 4) in many ways.
Selection of the data to be displayed can be done easily.

Initially, no days are selected for display. The user can tog-
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Fig. 2. Nine-stage design study methodology framework classified into three top-level categories. While outlined as a linear process, the overlapping

stages and gray arrows imply the iterative dynamics of this process.

kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next

2434 IEEE TRANSACTIONS ON VISUALIZATION AND COMPUTER GRAPHICS, VOL. 18, NO. 12, DECEMBER 2012
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Fig. 2. Nine-stage design study methodology framework classified into three top-level categories. While outlined as a linear process, the overlapping

stages and gray arrows imply the iterative dynamics of this process.

kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next
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Design study definition
Design study papers explore the choices made when applying 
infovis techniques in an application area, for example relating the 
visual encodings and interaction techniques to the requirements 
of the target task. Although a limited amount of application 
domain background information can be useful to provide a framing 
context in which to discuss the specifics of the target task, the 
primary focus of the case study must be the infovis content. 
Describing new techniques and algorithms developed to solve the 
target problem will strengthen a design study paper, but the 
requirements for novelty are less stringent than in a Technique 
paper. 

[InfoVis03 CFP, infovis.org/infovis2003/CFP] 
Munzner
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d3’s Pipeline Model [J. Heer, Prefuse]



d3’s Pipeline Model [J. Heer, Prefuse]

d3.csv('http://www.example.com/data.csv', /* callback */)
d3.tsv('http://www.example.com/data.tsv', /* callback */)
d3.json('http://www.example.com/data.json', /* callback */)



d3’s Pipeline Model [J. Heer, Prefuse]

d3.csv("f1.csv", function(error, data) {
  // Convert strings to numbers
  data.forEach(function(d) {
    d.year = +d.year;
    d.points = +d.points;
  });

  // Rest of vis code here
});

convert strings 
to numbers



d3’s Pipeline Model [J. Heer, Prefuse]

d3.csv("f1.csv", function(error, data) {
  // Convert strings to numbers
  data.forEach(function(d) {
    d.year = +d.year;
    d.points = +d.points;
  });

  // Rest of vis code here
});

data are arrays



d3’s Pipeline Model [J. Heer, Prefuse]

<circle class="dot" cx="599.9066147859922" cy="337.55364806866953" r="5"></circle>
<circle class="dot" cx="632.2645914396887" cy="372.9613733905579" r="5"></circle>
<circle class="dot" cx="588.2645914396887" cy="337.55364806866953" r="5"></circle>



d3’s Pipeline Model [J. Heer, Prefuse]

var circle = svg.selectAll("circle")
    .data(data);

circle.exit().remove();

circle.enter().append("circle")
    .attr("r", 5);

circle
    .attr("cx", function(d) { return d.x; })
    .attr("cy", function(d) { return d.y; });



d3’s Pipeline Model

[M. Bostock, d3]

var circle = svg.selectAll("circle")
    .data(data);

circle.exit().remove();

circle.enter().append("circle")
    .attr("r", 5);

circle
    .attr("cx", function(d) { return d.x; })
    .attr("cy", function(d) { return d.y; });

JavaScript CSS
var x = function(d, i) { return i * 25; },
    y = function(d, i) { return 160 - d * 80; };a

var svg = d3.select("body").append("svg:svg")
    .data([[1, 1.2, 1.7, 1.5, .7, .5, .2]]);b

svg.append("svg:path")
    .attr("class", "area")
    .attr("d", d3.svg.area().x(x).y0(160).y1(y));

c

svg.append("svg:path")
    .attr("class", "line")
    .attr("d", d3.svg.line().x(x).y(y));

d

var g = svg.selectAll("g")
    .data(d3.range(0, 2, .5))
  .enter().append("svg:g");

e

g.append("svg:line")
    .attr("class", function(d) { return d ? "minor rule" : "rule"; })
    .attr("x2", 160).attr("y1", y).attr("y2", y);

f

g.append("svg:text")
    .attr("x", 164).attr("y", y).attr("dy", ".3em")
    .text(d3.format(",.1"));

g

svg {
  width: 160px;
  height: 160px;
  font: 10px sans-serif;
  padding: 20px;
}

.area {
  fill: lightblue;
}

.line {
  fill: none;
  stroke: black;
  stroke-width: 1.5px;
}

.rule.minor {
  stroke: white;
}

.rule {
  stroke: black;
}

h

Fig. 5. Specification of the area chart shown in Figure 4. (a) Define scale functions for position encoding. (b) Add an SVG container to the document
body and bind data. (c) Add a path element for the area. (d) Add a path element to emphasize the top line. (e) Add containers for reference values.
(f) Add reference lines. (g) Add reference labels. (h) Assign colors and other aesthetics with CSS.

The global d3, also serving as a namespace, exports select and
selectAll methods for obtaining selections. These methods ac-
cept the selector mini-language; the former selects only the first el-
ement that matches the predicates, while the latter selects all match-
ing elements in document traversal order. These methods also accept
node references directly, for when nodes are accessed through external
means such as a third-party library or developer tool.

Any number of operators can be applied to selected elements.
These operators wrap the W3C DOM API, setting attributes (attr),
styles (style), properties (property), HTML (html) and text
(text) content. Operator values are specified either as constants or
functions; the latter are evaluated for each element. While the built-in
operators satisfy most needs, the each operator invokes an arbitrary
JavaScript callback for total generality. Since each selection is simply
an array, elements can also be accessed directly (e.g., [0]).

D3 supports method chaining for brevity when applying multiple
operators: the operator return value is the selection. (For example, the
pie chart in Figure 7 is a single statement.) The append and insert
operators add a new element for each element in the current selection,
returning the added nodes, thus allowing the convenient creation of
nested structures. The remove operator discards selected elements.

Whereas the top-level select methods query the entire document,
a selection’s select and selectAll operators restrict queries to
descendants of each selected element; we call this subselection. For
example, d3.selectAll("p").select("b") returns the first
bold (“b”) elements in every paragraph (“p”) element.

Subselecting via selectAll groups elements by ancestor. Thus,
d3.selectAll("p").selectAll("b") groups by paragraph,
while d3.selectAll("p b") returns a flat selection. Subselect-
ing via select is similar, but preserves groups and propagates data.
Grouping plays an important role in the data join (see §3.2), and func-
tional operators may depend on the numeric index of the current ele-
ment within its group (as in the x scale of Figure 5).

3.2 Data
The data operator binds input data to selected nodes. D3 uses for-
mat agnostic processing [13]: data is specified as an array of arbitrary
values, such as numbers, strings or objects. Once data is bound to el-
ements, it is passed to functional operators as the first argument (by

convention, d), along with the numeric index (i). These arguments
were chosen for parity with JavaScript’s built-in array methods, and
deviates from Protovis, which supplies extra arguments for any en-
closing panel data. This approach simplifies D3’s selection structure
(requiring only one level of grouping) and avoids variable arguments.

By default, data is joined to elements by index: the first element to
the first datum, and so on. For precise control over data-element cor-
respondence, a key function [13] can be passed to the data operator.
Matching key values preserve object constancy across transitions.

Data Nodes

Enter Update Exit

A B C D

KJIHGFE

E F G H

L

Fig. 6. When new data (blue) are joined with old nodes (orange), three
subselections result: enter, update and exit.

If data or elements are leftover after computing the data join, these
are available in the enter and exit subselections, respectively. The en-
tering data have no corresponding nodes; the exiting nodes have no
corresponding data. For example, if data is joined to the empty selec-
tion, the enter operator returns placeholder nodes for each incoming
datum; these nodes can then be instantiated via append or insert.
Similarly, if new data is joined to an existing selection, the exit op-
erator returns elements bound to outgoing data to allow removal. In
terms of relational algebra, given data D and nodes N, the enter selec-
tion is D .N (left), the exit selection is N .D (right), and the update
selection is D ./ N (inner). The updating nodes are simply returned by
the data operator, convenient for the common case where the enter
and exit selections are empty.

The delineation of enter, update and exit allows precise control of
the element lifecycle. Properties that are constant for the life of the el-
ement are set once on enter, while dynamic properties are recomputed
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d3’s Pipeline Model

[M. Bostock, d3]

var circle = svg.selectAll("circle")
    .data(data);

circle.exit().remove();

circle.enter().append("circle")
    .attr("r", 5);

circle
    .attr("cx", function(d) { return d.x; })
    .attr("cy", function(d) { return d.y; });

JavaScript CSS
var x = function(d, i) { return i * 25; },
    y = function(d, i) { return 160 - d * 80; };a

var svg = d3.select("body").append("svg:svg")
    .data([[1, 1.2, 1.7, 1.5, .7, .5, .2]]);b

svg.append("svg:path")
    .attr("class", "area")
    .attr("d", d3.svg.area().x(x).y0(160).y1(y));

c

svg.append("svg:path")
    .attr("class", "line")
    .attr("d", d3.svg.line().x(x).y(y));

d

var g = svg.selectAll("g")
    .data(d3.range(0, 2, .5))
  .enter().append("svg:g");

e

g.append("svg:line")
    .attr("class", function(d) { return d ? "minor rule" : "rule"; })
    .attr("x2", 160).attr("y1", y).attr("y2", y);

f

g.append("svg:text")
    .attr("x", 164).attr("y", y).attr("dy", ".3em")
    .text(d3.format(",.1"));

g

svg {
  width: 160px;
  height: 160px;
  font: 10px sans-serif;
  padding: 20px;
}

.area {
  fill: lightblue;
}

.line {
  fill: none;
  stroke: black;
  stroke-width: 1.5px;
}

.rule.minor {
  stroke: white;
}

.rule {
  stroke: black;
}

h

Fig. 5. Specification of the area chart shown in Figure 4. (a) Define scale functions for position encoding. (b) Add an SVG container to the document
body and bind data. (c) Add a path element for the area. (d) Add a path element to emphasize the top line. (e) Add containers for reference values.
(f) Add reference lines. (g) Add reference labels. (h) Assign colors and other aesthetics with CSS.

The global d3, also serving as a namespace, exports select and
selectAll methods for obtaining selections. These methods ac-
cept the selector mini-language; the former selects only the first el-
ement that matches the predicates, while the latter selects all match-
ing elements in document traversal order. These methods also accept
node references directly, for when nodes are accessed through external
means such as a third-party library or developer tool.

Any number of operators can be applied to selected elements.
These operators wrap the W3C DOM API, setting attributes (attr),
styles (style), properties (property), HTML (html) and text
(text) content. Operator values are specified either as constants or
functions; the latter are evaluated for each element. While the built-in
operators satisfy most needs, the each operator invokes an arbitrary
JavaScript callback for total generality. Since each selection is simply
an array, elements can also be accessed directly (e.g., [0]).

D3 supports method chaining for brevity when applying multiple
operators: the operator return value is the selection. (For example, the
pie chart in Figure 7 is a single statement.) The append and insert
operators add a new element for each element in the current selection,
returning the added nodes, thus allowing the convenient creation of
nested structures. The remove operator discards selected elements.

Whereas the top-level select methods query the entire document,
a selection’s select and selectAll operators restrict queries to
descendants of each selected element; we call this subselection. For
example, d3.selectAll("p").select("b") returns the first
bold (“b”) elements in every paragraph (“p”) element.

Subselecting via selectAll groups elements by ancestor. Thus,
d3.selectAll("p").selectAll("b") groups by paragraph,
while d3.selectAll("p b") returns a flat selection. Subselect-
ing via select is similar, but preserves groups and propagates data.
Grouping plays an important role in the data join (see §3.2), and func-
tional operators may depend on the numeric index of the current ele-
ment within its group (as in the x scale of Figure 5).

3.2 Data
The data operator binds input data to selected nodes. D3 uses for-
mat agnostic processing [13]: data is specified as an array of arbitrary
values, such as numbers, strings or objects. Once data is bound to el-
ements, it is passed to functional operators as the first argument (by

convention, d), along with the numeric index (i). These arguments
were chosen for parity with JavaScript’s built-in array methods, and
deviates from Protovis, which supplies extra arguments for any en-
closing panel data. This approach simplifies D3’s selection structure
(requiring only one level of grouping) and avoids variable arguments.

By default, data is joined to elements by index: the first element to
the first datum, and so on. For precise control over data-element cor-
respondence, a key function [13] can be passed to the data operator.
Matching key values preserve object constancy across transitions.

Data Nodes

Enter Update Exit

A B C D
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Fig. 6. When new data (blue) are joined with old nodes (orange), three
subselections result: enter, update and exit.

If data or elements are leftover after computing the data join, these
are available in the enter and exit subselections, respectively. The en-
tering data have no corresponding nodes; the exiting nodes have no
corresponding data. For example, if data is joined to the empty selec-
tion, the enter operator returns placeholder nodes for each incoming
datum; these nodes can then be instantiated via append or insert.
Similarly, if new data is joined to an existing selection, the exit op-
erator returns elements bound to outgoing data to allow removal. In
terms of relational algebra, given data D and nodes N, the enter selec-
tion is D .N (left), the exit selection is N .D (right), and the update
selection is D ./ N (inner). The updating nodes are simply returned by
the data operator, convenient for the common case where the enter
and exit selections are empty.

The delineation of enter, update and exit allows precise control of
the element lifecycle. Properties that are constant for the life of the el-
ement are set once on enter, while dynamic properties are recomputed
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d3’s Pipeline Model

[M. Bostock, d3]

var circle = svg.selectAll("circle")
    .data(data);

circle.exit().remove();

circle.enter().append("circle")
    .attr("r", 5);

circle
    .attr("cx", function(d) { return d.x; })
    .attr("cy", function(d) { return d.y; });

JavaScript CSS
var x = function(d, i) { return i * 25; },
    y = function(d, i) { return 160 - d * 80; };a

var svg = d3.select("body").append("svg:svg")
    .data([[1, 1.2, 1.7, 1.5, .7, .5, .2]]);b

svg.append("svg:path")
    .attr("class", "area")
    .attr("d", d3.svg.area().x(x).y0(160).y1(y));

c

svg.append("svg:path")
    .attr("class", "line")
    .attr("d", d3.svg.line().x(x).y(y));

d

var g = svg.selectAll("g")
    .data(d3.range(0, 2, .5))
  .enter().append("svg:g");

e

g.append("svg:line")
    .attr("class", function(d) { return d ? "minor rule" : "rule"; })
    .attr("x2", 160).attr("y1", y).attr("y2", y);

f

g.append("svg:text")
    .attr("x", 164).attr("y", y).attr("dy", ".3em")
    .text(d3.format(",.1"));

g

svg {
  width: 160px;
  height: 160px;
  font: 10px sans-serif;
  padding: 20px;
}

.area {
  fill: lightblue;
}

.line {
  fill: none;
  stroke: black;
  stroke-width: 1.5px;
}

.rule.minor {
  stroke: white;
}

.rule {
  stroke: black;
}

h

Fig. 5. Specification of the area chart shown in Figure 4. (a) Define scale functions for position encoding. (b) Add an SVG container to the document
body and bind data. (c) Add a path element for the area. (d) Add a path element to emphasize the top line. (e) Add containers for reference values.
(f) Add reference lines. (g) Add reference labels. (h) Assign colors and other aesthetics with CSS.

The global d3, also serving as a namespace, exports select and
selectAll methods for obtaining selections. These methods ac-
cept the selector mini-language; the former selects only the first el-
ement that matches the predicates, while the latter selects all match-
ing elements in document traversal order. These methods also accept
node references directly, for when nodes are accessed through external
means such as a third-party library or developer tool.

Any number of operators can be applied to selected elements.
These operators wrap the W3C DOM API, setting attributes (attr),
styles (style), properties (property), HTML (html) and text
(text) content. Operator values are specified either as constants or
functions; the latter are evaluated for each element. While the built-in
operators satisfy most needs, the each operator invokes an arbitrary
JavaScript callback for total generality. Since each selection is simply
an array, elements can also be accessed directly (e.g., [0]).

D3 supports method chaining for brevity when applying multiple
operators: the operator return value is the selection. (For example, the
pie chart in Figure 7 is a single statement.) The append and insert
operators add a new element for each element in the current selection,
returning the added nodes, thus allowing the convenient creation of
nested structures. The remove operator discards selected elements.

Whereas the top-level select methods query the entire document,
a selection’s select and selectAll operators restrict queries to
descendants of each selected element; we call this subselection. For
example, d3.selectAll("p").select("b") returns the first
bold (“b”) elements in every paragraph (“p”) element.

Subselecting via selectAll groups elements by ancestor. Thus,
d3.selectAll("p").selectAll("b") groups by paragraph,
while d3.selectAll("p b") returns a flat selection. Subselect-
ing via select is similar, but preserves groups and propagates data.
Grouping plays an important role in the data join (see §3.2), and func-
tional operators may depend on the numeric index of the current ele-
ment within its group (as in the x scale of Figure 5).

3.2 Data
The data operator binds input data to selected nodes. D3 uses for-
mat agnostic processing [13]: data is specified as an array of arbitrary
values, such as numbers, strings or objects. Once data is bound to el-
ements, it is passed to functional operators as the first argument (by

convention, d), along with the numeric index (i). These arguments
were chosen for parity with JavaScript’s built-in array methods, and
deviates from Protovis, which supplies extra arguments for any en-
closing panel data. This approach simplifies D3’s selection structure
(requiring only one level of grouping) and avoids variable arguments.

By default, data is joined to elements by index: the first element to
the first datum, and so on. For precise control over data-element cor-
respondence, a key function [13] can be passed to the data operator.
Matching key values preserve object constancy across transitions.

Data Nodes

Enter Update Exit
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Fig. 6. When new data (blue) are joined with old nodes (orange), three
subselections result: enter, update and exit.

If data or elements are leftover after computing the data join, these
are available in the enter and exit subselections, respectively. The en-
tering data have no corresponding nodes; the exiting nodes have no
corresponding data. For example, if data is joined to the empty selec-
tion, the enter operator returns placeholder nodes for each incoming
datum; these nodes can then be instantiated via append or insert.
Similarly, if new data is joined to an existing selection, the exit op-
erator returns elements bound to outgoing data to allow removal. In
terms of relational algebra, given data D and nodes N, the enter selec-
tion is D .N (left), the exit selection is N .D (right), and the update
selection is D ./ N (inner). The updating nodes are simply returned by
the data operator, convenient for the common case where the enter
and exit selections are empty.

The delineation of enter, update and exit allows precise control of
the element lifecycle. Properties that are constant for the life of the el-
ement are set once on enter, while dynamic properties are recomputed
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d3’s Pipeline Model

[M. Bostock, d3]

var circle = svg.selectAll("circle")
    .data(data);

circle.exit().remove();

circle.enter().append("circle")
    .attr("r", 5);

circle
    .attr("cx", function(d) { return d.x; })
    .attr("cy", function(d) { return d.y; });

JavaScript CSS
var x = function(d, i) { return i * 25; },
    y = function(d, i) { return 160 - d * 80; };a

var svg = d3.select("body").append("svg:svg")
    .data([[1, 1.2, 1.7, 1.5, .7, .5, .2]]);b

svg.append("svg:path")
    .attr("class", "area")
    .attr("d", d3.svg.area().x(x).y0(160).y1(y));

c

svg.append("svg:path")
    .attr("class", "line")
    .attr("d", d3.svg.line().x(x).y(y));

d

var g = svg.selectAll("g")
    .data(d3.range(0, 2, .5))
  .enter().append("svg:g");

e

g.append("svg:line")
    .attr("class", function(d) { return d ? "minor rule" : "rule"; })
    .attr("x2", 160).attr("y1", y).attr("y2", y);

f

g.append("svg:text")
    .attr("x", 164).attr("y", y).attr("dy", ".3em")
    .text(d3.format(",.1"));

g

svg {
  width: 160px;
  height: 160px;
  font: 10px sans-serif;
  padding: 20px;
}

.area {
  fill: lightblue;
}

.line {
  fill: none;
  stroke: black;
  stroke-width: 1.5px;
}

.rule.minor {
  stroke: white;
}

.rule {
  stroke: black;
}

h

Fig. 5. Specification of the area chart shown in Figure 4. (a) Define scale functions for position encoding. (b) Add an SVG container to the document
body and bind data. (c) Add a path element for the area. (d) Add a path element to emphasize the top line. (e) Add containers for reference values.
(f) Add reference lines. (g) Add reference labels. (h) Assign colors and other aesthetics with CSS.

The global d3, also serving as a namespace, exports select and
selectAll methods for obtaining selections. These methods ac-
cept the selector mini-language; the former selects only the first el-
ement that matches the predicates, while the latter selects all match-
ing elements in document traversal order. These methods also accept
node references directly, for when nodes are accessed through external
means such as a third-party library or developer tool.

Any number of operators can be applied to selected elements.
These operators wrap the W3C DOM API, setting attributes (attr),
styles (style), properties (property), HTML (html) and text
(text) content. Operator values are specified either as constants or
functions; the latter are evaluated for each element. While the built-in
operators satisfy most needs, the each operator invokes an arbitrary
JavaScript callback for total generality. Since each selection is simply
an array, elements can also be accessed directly (e.g., [0]).

D3 supports method chaining for brevity when applying multiple
operators: the operator return value is the selection. (For example, the
pie chart in Figure 7 is a single statement.) The append and insert
operators add a new element for each element in the current selection,
returning the added nodes, thus allowing the convenient creation of
nested structures. The remove operator discards selected elements.

Whereas the top-level select methods query the entire document,
a selection’s select and selectAll operators restrict queries to
descendants of each selected element; we call this subselection. For
example, d3.selectAll("p").select("b") returns the first
bold (“b”) elements in every paragraph (“p”) element.

Subselecting via selectAll groups elements by ancestor. Thus,
d3.selectAll("p").selectAll("b") groups by paragraph,
while d3.selectAll("p b") returns a flat selection. Subselect-
ing via select is similar, but preserves groups and propagates data.
Grouping plays an important role in the data join (see §3.2), and func-
tional operators may depend on the numeric index of the current ele-
ment within its group (as in the x scale of Figure 5).

3.2 Data
The data operator binds input data to selected nodes. D3 uses for-
mat agnostic processing [13]: data is specified as an array of arbitrary
values, such as numbers, strings or objects. Once data is bound to el-
ements, it is passed to functional operators as the first argument (by

convention, d), along with the numeric index (i). These arguments
were chosen for parity with JavaScript’s built-in array methods, and
deviates from Protovis, which supplies extra arguments for any en-
closing panel data. This approach simplifies D3’s selection structure
(requiring only one level of grouping) and avoids variable arguments.

By default, data is joined to elements by index: the first element to
the first datum, and so on. For precise control over data-element cor-
respondence, a key function [13] can be passed to the data operator.
Matching key values preserve object constancy across transitions.

Data Nodes
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Fig. 6. When new data (blue) are joined with old nodes (orange), three
subselections result: enter, update and exit.

If data or elements are leftover after computing the data join, these
are available in the enter and exit subselections, respectively. The en-
tering data have no corresponding nodes; the exiting nodes have no
corresponding data. For example, if data is joined to the empty selec-
tion, the enter operator returns placeholder nodes for each incoming
datum; these nodes can then be instantiated via append or insert.
Similarly, if new data is joined to an existing selection, the exit op-
erator returns elements bound to outgoing data to allow removal. In
terms of relational algebra, given data D and nodes N, the enter selec-
tion is D .N (left), the exit selection is N .D (right), and the update
selection is D ./ N (inner). The updating nodes are simply returned by
the data operator, convenient for the common case where the enter
and exit selections are empty.

The delineation of enter, update and exit allows precise control of
the element lifecycle. Properties that are constant for the life of the el-
ement are set once on enter, while dynamic properties are recomputed
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d3’s Pipeline Model [J. Heer, Prefuse]

var y = d3.scale.linear()
      .range([height, 0])
      .domain([minPoints, maxPoints]);



d3’s Pipeline Model

linear

log

ordinal

time

color

[J. Heer, Prefuse]



d3’s Pipeline Model
uses svg/html for visual elements

[J. Heer, Prefuse]

<svg>
  <rect/>    <!-- rectangles -->
  <circle/>  <!-- circles -->
  <text/>    <!-- text -->
  <ellipse/> <!-- ellipses -->
</svg>
<html>
  <p/>       <!-- paragraph text -->
  <div/>   
</html>



d3’s Pipeline Model
functions for axes, layouts, paths

[J. Heer, Prefuse]

var xAxis = d3.svg.axis()
      .scale(mainX)
      .orient("bottom");
chart.append("g")
       .attr("class", "x axis")
       .attr("transform", "translate(0," + height + ")")
       .call(xAxis);



d3’s Pipeline Model
functions for axes, layouts, paths

[J. Heer, Prefuse]

var xAxis = d3.svg.axis()
      .scale(mainX)
      .orient("bottom");
chart.append("g")
       .attr("class", "x axis")
       .attr("transform", "translate(0," + height + ")")
       .call(xAxis);

xAxis is a function!



d3’s Pipeline Model
functions for axes, layouts, paths

[J. Heer, Prefuse]

var layout = d3.layout.force()
    .linkDistance(50)
    .charge(-150)
    .size([width, height])
    .nodes(graph.nodes)
    .links(graph.links)
    .start();

// This gets updated every time the layout iterates
layout.on("tick", function() {
  node.attr("cx", function(d) {return d.x;})
      .attr("cy", function(d) {return d.y;});
  link.attr("x1", function(d) {return d.source.x;})
      .attr("y1", function(d) {return d.source.y;})
      .attr("x2", function(d) {return d.target.x;})
      .attr("y2", function(d) {return d.target.y;});
});



d3’s Pipeline Model

functions for axes, layouts, paths

[J. Heer, Prefuse]

<path d="M 100 100 L 300 100 L 200 300 z"
        fill="red" stroke="blue" stroke-width="3" />

http://www.w3.org/TR/SVG/paths.html#PathElement



d3’s Pipeline Model

functions for axes, layouts, paths

[J. Heer, Prefuse]

var lineFunction = d3.svg.line()
                     .x(function(d) { return d.x; })
                     .y(function(d) { return d.y; })
                     .interpolate("linear");
var lineGraph = svgContainer.append("path")
                            .attr("d", lineFunction(lineData))
                            .attr("stroke", "blue")
                            .attr("stroke-width", 2)
                            .attr("fill", "none");

https://www.dashingd3js.com/svg-paths-and-d3js



d3’s Pipeline Model
rendering done by browser engine

hardware-accelerated transitions

vis is part of the DOM
many items can cause issues

can view all vis elements

[J. Heer, Prefuse]

chart.selectAll(".group")
        .data(data)
        .transition().delay(100)
        .attr("transform", function(d) {
          return "translate("+mainX(d[mainKey])+",0)";
        }).selectAll("rect")
          .attr("width", subX.rangeBand())
          .attr("x", function(d) {return subX(d[subKey]);})
          .style("fill", function(d) {return colors(d[subKey]);});



d3’s Pipeline Model [J. Heer, Prefuse]

chart.selectAll(".group")
        .data(data)
        .transition().delay(100)
        .attr("transform", function(d) {
          return "translate("+mainX(d[mainKey])+",0)";
        }).selectAll("rect")
          .attr("width", subX.rangeBand())
          .attr("x", function(d) {return subX(d[subKey]);})
          .style("fill", function(d) {return colors(d[subKey]);});

everything from 
here is animated



d3’s Pipeline Model
rendering done by browser engine

hardware-accelerated transitions

vis is part of the DOM
many items can cause issues

can view all vis elements

[J. Heer, Prefuse]



Design Example



Time-series data: Case A naive
extruded curves: detailed comparisons impossible

[Cluster and Calendar based Visualization of Time Series Data. van Wijk and van Selow, Proc. InfoVis 99.]



Case A: Better Cluster-Calendar Solution
• derived data: cluster hierarchy 

• juxtapose multiple views: calendar, superimposed 2D curves

[Cluster and Calendar based Visualization of Time Series Data. van Wijk and van Selow, Proc. InfoVis 99.]
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kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next
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kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next
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kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next
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When can you do a design study?
straction, and a decent reflection on guidelines. On the other hand, a
very thorough design and evaluation might counterbalance a moder-
ate problem characterization or reflection. Our definitions imply that
a design study paper does not require a novel algorithm or technique
contribution. Instead, a proposed visualization design is often a well-
justified combination of existing techniques. While a design study
paper is the most common outcome of a design study, other types of
research papers are also possible such as technique or algorithm, eval-
uation, system, or even a pure problem characterization paper [50].

3.2 Task Clarity and Information Location Axes
We introduce two axes, task clarity and information location, as shown
in Figure 1. The two axes can be used as a way to think and reason
about problem characterization and abstraction contributions which,
although common in design studies, are often difficult to capture and
communicate.

The task clarity axis depicts how precisely a task is defined, with
fuzzy on the one side and crisp on the other. An example of a crisp
task is “buy a train ticket”. This task has a clearly defined goal with a
known set of steps. For such crisp tasks it is relatively straightforward
to design and evaluate solutions. Although similarly crisp low-level
visualization tasks exist, such as correlate, cluster or find outliers [2],
reducing a real-world problem to these tasks is challenging and time
consuming. Most often, visualization researchers are confronted with
complex and fuzzy domain tasks. Data analysts might, for instance,
be interested in understanding the evolutionary relationship between
genomes [45], comparing the jaw movement between pigs [34], or the
relationship between voting behavior and ballot design [94]. These
domain tasks are inherently ill-defined and exploratory in nature. The
challenge of evaluating solutions against such fuzzy tasks is well-
understood in the information visualization community [59].

Task clarity could be considered the combination of many other fac-
tors; we have identified two in particular. The scope of the task is one:
the goal in a design study is to decompose high-level domain tasks of
broad scope into a set of more narrow and low-level abstract tasks.
The stability of the task is another: the task might change over the
course of the design study collaboration. It is common, and in fact
a sign of success, for the tasks of the experts to change after the re-
searcher introduces visualization tools, or after new abstractions cause
them to re-conceptualize their work. Changes from external factors,
however, such as strategic priority changes in a company setting or
research focus changes in an academic setting, can be dangerous.

The second axis is the information location, characterizing how
much information is only available in the head of the expert versus
what has been made explicit in the computer. In other words, when
considering all the information required to carry out a specific task,
this axis characterizes how much of the information and context sur-
rounding the domain problem remains as implicit knowledge in the
expert’s head, versus how much data or metadata is available in a dig-
ital form that can be incorporated into the visualization.

We define moving forward along either of these axes as a design
study contribution. Note that movement along one axis often causes
movement along the other: increased task clarity can facilitate a bet-
ter understanding of derived data needs, while increased information
articulation can facilitate a better understanding of analysis needs [61].

3.3 Design Study Methodology Suitability
The two axes characterize the range of situations in which design study
methodology is a suitable choice. This rough characterization is not
intended to define precise boundaries, but rather for guiding the under-
standing of when, and when not, to use design studies for approaching
certain domain problems.

Figure 1 shows how design studies fall along a two-dimensional
space spanned by the task clarity and the information location axes.
The red and the blue areas at the periphery represent situations for
which design studies may be the wrong methodological choice. The
red vertical area on the left indicates situations where no or very lit-
tle data is available. This area is a dangerous territory because an
effective visualization design is not likely to be possible; we provide

INFORMATION LOCATION computerhead

TA
SK

 C
LA

RI
TY

fu
zz

y
cr
is
p

N
O

T 
EN

O
U

G
H

 D
AT

A

DESIGN STUDY 
METHODOLOGY 
SUITABLE

ALGORITHM 
AUTOMATION 

POSSIBLE

Fig. 1. The task clarity and information location axes as a way to analyze

the suitability of design study methodology. Red and blue areas mark

regions where design studies may be the wrong methodological choice.

ways to identify this region when winnowing potential collaborations
in Section 4.1.2.

The blue triangular area on the top right is also dangerous terri-
tory, but for the opposite reason. Visualization might be the wrong
approach here because the task is crisply defined and enough infor-
mation is computerized for the design of an automatic solution. Con-
versely, we can use this area to define when an automatic solution is
not possible; automatic algorithmic solutions such as machine learning
techniques make strong assumptions about crisp task clarity and avail-
ability of all necessary information. Because many real-world data
analysis problems have not yet progressed to the crisp/computer ends
of the axes, we argue that design studies can be a useful step towards
a final goal of a fully automatic solution.

The remaining white area indicates situations where design studies
are a good approach. This area is large, hinting that different design
studies will have different characteristics. For example, the regions
towards the top left at the beginning of both axes require significant
problem characterization and data abstraction before a visualization
can be designed—a paper about such a project is likely to have a sig-
nificant contribution of this type. Design studies that are farther along
both axes will have a stronger focus on visual encoding and design
aspects, with a more modest emphasis on the other contribution types.
These studies may also make use of combined automatic and visual
solutions, a common approach in visual analytics [84].

The axes can also associate visualization with, and differentiate it
from other fields. While research in some subfields of HCI, such as
human factors, deal with crisply defined tasks, several other subfields,
such as computer supported cooperative work and ubiquitous comput-
ing, face similar challenges in terms of ill-defined and fuzzy tasks.
They differ from visualization, however, because they do not require
significant data analysis on the part of the target users. Conversely,
fields such as machine learning and statistics focus on data analysis,
but assume crisply defined tasks.

4 NINE-STAGE FRAMEWORK

Figure 2 shows an overview of our nine-stage framework with the
stages organized into three categories: a precondition phase that de-
scribes what must be done before starting a design study; a core phase
presenting the main steps of conducting a design study; and an analy-

sis phase depicting the analytical reasoning at the end. For each stage
we provide practical advice based on our own experience, and out-
line pitfalls that point to common mistakes. Table 1 at the end of this
section summarizes all 32 pitfalls (PF).

The general layout of the framework is linear to suggest that one
stage follows another. Certain actions rely on artifacts from earlier
stages—deploying a system is, for instance, not possible without some

2433SEDLMAIR ET AL: DESIGN STUDY METHODOLOGY: REFLECTIONS FROM THE TRENCHES AND THE STACKS

Sedlmair:2012



Design study methodology

PRECONDITION
personal validation

CORE
inward-facing validation

ANALYSIS
outward-facing validation

learn implementwinnow cast discover design deploy reflect write

Fig. 2. Nine-stage design study methodology framework classified into three top-level categories. While outlined as a linear process, the overlapping

stages and gray arrows imply the iterative dynamics of this process.

kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next
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kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next
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Fig. 2. Nine-stage design study methodology framework classified into three top-level categories. While outlined as a linear process, the overlapping
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kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next

2434 IEEE TRANSACTIONS ON VISUALIZATION AND COMPUTER GRAPHICS, VOL. 18, NO. 12, DECEMBER 2012

Overall goal: are there temporal patterns in power consumption?

example: Cluster-Calendar, van Wijk and van Selow



Design study methodology

PRECONDITION
personal validation

CORE
inward-facing validation

ANALYSIS
outward-facing validation

learn implementwinnow cast discover design deploy reflect write
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kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next
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Fig. 2. Nine-stage design study methodology framework classified into three top-level categories. While outlined as a linear process, the overlapping

stages and gray arrows imply the iterative dynamics of this process.

kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next
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kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next

2434 IEEE TRANSACTIONS ON VISUALIZATION AND COMPUTER GRAPHICS, VOL. 18, NO. 12, DECEMBER 2012

What data transformations are needed?

What visual designs to use?

How to tie this together with interaction?

Don’t code!

Data abstraction, visual encoding, interaction



Design study methodology

PRECONDITION
personal validation

CORE
inward-facing validation

ANALYSIS
outward-facing validation

learn implementwinnow cast discover design deploy reflect write

Fig. 2. Nine-stage design study methodology framework classified into three top-level categories. While outlined as a linear process, the overlapping

stages and gray arrows imply the iterative dynamics of this process.

kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next
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kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next
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kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next
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kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next
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kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next
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[van Wijk and van Selow, Cluster and Calender based Visualization of Time Series
Data, InfoVis99, http://www.win.tue.nl/˜vanwijk/clv.pdf]

9 / 30

Shows hierarchical structure 
but not time distribution!

van Wijk:1999
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Figure 4. Calendar view of the number of employees

Several conclusions can be drawn from this image. We
see that:

• Office hours are followed strictly. Most people arrive
between 8:30 and 9:00 am, and leave between 4:00 and
5:00 pm. Furthermore, in the morning the number of
employees present is slightly higher than in the after-
noon.

• On Fridays and in the summer fewer people are present
(cluster 722);

• On Fridays in the summer even fewer people are
present (cluster 718);

• In the weekend and at holidays only very few people
are working (cluster 710): security and fire brigade;

• Holidays in the Netherlands in 1997 were January 1st,
March 28th,March 31st, April 30th,May 5th,May 8th,
May 19th, December 25th and 26th.

• School vacations are visible in Spring (May 3rd toMay
11th), in Autumn (October 11th to October 19th), and
in Winter (December 21th to December 31st);

• Many people take a day off after a holiday (cluster
721);

• On December 5th many people left at 4:00 PM. Dutch
peoplewill immediately know the explanation: On this
day we celebrate Santa Claus and are allowed to leave
earlier!

We see that for this distribution of patterns quite plausible
explanations exist. The advantage of clustering is that none
of these explanations have to be inserted a priori, such as
separating working days and holidays, and all effects are
elucidated automatically. The combined representation of
average graphs and clusters enables a user to quantify these
effects easily. Another strong point is that standard patterns
(cluster 719) as well as exceptional patterns (December 5th)
are detected automatically.

4.2 Interaction

For effective data exploration, user interaction is as im-
portant as presentation. The combination of cluster analysis
with a calendar representation provides good opportunities
for interaction. We have embeddedour presentation in an in-
teractive system for the analysis of time series data, such that
the user can interact with the image presented to him (such
as fig. 4) in many ways.
Selection of the data to be displayed can be done easily.

Initially, no days are selected for display. The user can tog-
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Fig. 2. Nine-stage design study methodology framework classified into three top-level categories. While outlined as a linear process, the overlapping

stages and gray arrows imply the iterative dynamics of this process.

kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next
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kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next

2434 IEEE TRANSACTIONS ON VISUALIZATION AND COMPUTER GRAPHICS, VOL. 18, NO. 12, DECEMBER 2012

Need to test design hypotheses

Rapid prototyping (will probably throw away alot of code)

Breaking bugs vs annoying bugs

Fast usability testing

Yay coding!



Design study methodology

PRECONDITION
personal validation

CORE
inward-facing validation

ANALYSIS
outward-facing validation

learn implementwinnow cast discover design deploy reflect write

Fig. 2. Nine-stage design study methodology framework classified into three top-level categories. While outlined as a linear process, the overlapping

stages and gray arrows imply the iterative dynamics of this process.

kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next
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Figure 5. Cluster analysis of power demand by ECN

model. Model parameters can subsequently be estimated by
a regression method, and a statistical analysis of the model
residuals will indicate the validity of the model. Adopting
this procedure in the study of ECN energy consumption, a
linear model was identified which could accurately predict
the power consumption from the sunlight intensity and the
number of employees [7]. We used different packages for
this, integration of such methods in a single tool would be
highly effective.
In conclusion, we think that our cluster and calendar

based analysis is a useful method to explore and visualize
large quantities of univariate time series data, and provides
a sound basis for a general analysis tool.
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kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next
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kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next
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Figure 4. Calendar view of the number of employees

Several conclusions can be drawn from this image. We
see that:

• Office hours are followed strictly. Most people arrive
between 8:30 and 9:00 am, and leave between 4:00 and
5:00 pm. Furthermore, in the morning the number of
employees present is slightly higher than in the after-
noon.

• On Fridays and in the summer fewer people are present
(cluster 722);

• On Fridays in the summer even fewer people are
present (cluster 718);

• In the weekend and at holidays only very few people
are working (cluster 710): security and fire brigade;

• Holidays in the Netherlands in 1997 were January 1st,
March 28th,March 31st, April 30th,May 5th,May 8th,
May 19th, December 25th and 26th.

• School vacations are visible in Spring (May 3rd toMay
11th), in Autumn (October 11th to October 19th), and
in Winter (December 21th to December 31st);

• Many people take a day off after a holiday (cluster
721);

• On December 5th many people left at 4:00 PM. Dutch
peoplewill immediately know the explanation: On this
day we celebrate Santa Claus and are allowed to leave
earlier!

We see that for this distribution of patterns quite plausible
explanations exist. The advantage of clustering is that none
of these explanations have to be inserted a priori, such as
separating working days and holidays, and all effects are
elucidated automatically. The combined representation of
average graphs and clusters enables a user to quantify these
effects easily. Another strong point is that standard patterns
(cluster 719) as well as exceptional patterns (December 5th)
are detected automatically.

4.2 Interaction

For effective data exploration, user interaction is as im-
portant as presentation. The combination of cluster analysis
with a calendar representation provides good opportunities
for interaction. We have embeddedour presentation in an in-
teractive system for the analysis of time series data, such that
the user can interact with the image presented to him (such
as fig. 4) in many ways.
Selection of the data to be displayed can be done easily.

Initially, no days are selected for display. The user can tog-
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Fig. 2. Nine-stage design study methodology framework classified into three top-level categories. While outlined as a linear process, the overlapping

stages and gray arrows imply the iterative dynamics of this process.

kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next
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Fig. 2. Nine-stage design study methodology framework classified into three top-level categories. While outlined as a linear process, the overlapping
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kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next
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kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next
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kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next
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kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next
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kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next
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kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next
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kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next
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Fig. 2. Nine-stage design study methodology framework classified into three top-level categories. While outlined as a linear process, the overlapping

stages and gray arrows imply the iterative dynamics of this process.

kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next
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Fig. 2. Nine-stage design study methodology framework classified into three top-level categories. While outlined as a linear process, the overlapping
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kind of implementation—and it is all too common to jump forward
over stages without even considering or starting them. This forward
jumping is the first pitfall that we identify (PF-1). A typical example
of this pitfall is to start implementing a system before talking to the
domain experts, usually resulting in a tool that does not meet their
specific needs. We have reviewed many papers that have fatal flaws
due to this pitfall.

The linearity of the diagram, however, does not mean that previous
stages must be fully completed before advancing to the next. Many
of the stages often overlap and the process is highly iterative. In fact,
jumping backwards to previous stages is the common case in order
to gradually refine preliminary ideas and understanding. For exam-
ple, we inevitably always find ourselves jumping backwards to refine
the abstractions while writing a design study paper. The overlapping
stages and gray arrows in Figure 2 imply these dynamics.

Validation crosscuts the framework; that is, validation is important
for every stage, but the appropriate validation is different for each. We
categorize validation following the three framework phases. In the pre-
condition stage, validation is personal: it hinges on the preparation of
the researcher for the project, including due diligence before commit-
ting to a collaboration. In the core phase, validation is inward-facing:
it emphasizes evaluating findings and artifacts with domain experts. In
the analysis phases, validation is outward-facing: it focuses on justi-
fying the results of a design study to the outside world, including the
readers and reviewers of a paper. Munzner’s nested model elaborates
further on how to choose appropriate methods at each stage [50].

4.1 Precondition Phase
The precondition stages of learn, winnow, and cast focus on prepar-
ing the visualization researcher for the work, and finding and filtering
synergistic collaborations with domain experts.

4.1.1 Learn: Visualization Literature

A crucial precondition for conducting an effective design study is a
solid knowledge of the visualization literature, including visual en-
coding and interaction techniques, design guidelines, and evaluation
methods. This visualization knowledge will inform all later stages: in
the winnow stage it guides the selection of collaborators with interest-
ing problems relevant to visualization; in the discover stage it focuses
the problem analysis and informs the data and task abstraction; in the
design stage it helps to broaden the consideration space of possible
solutions, and to select good solutions over bad ones; in the imple-
ment stage knowledge about visualization toolkits and algorithms al-
lows fast development of stable tool releases; in the deploy stage it
assists in knowing how to properly evaluate the tool in the field; in the
reflect stage, knowledge of the current state-of-the-art is crucial for
comparing and contrasting findings; and in the write stage, effective
framing of contributions relies on knowledge of previous work.

Of course, a researcher’s knowledge will gradually grow over time
and encyclopedic knowledge of the field is not a requirement before

conducting a first design study. Nevertheless, starting a design study
without enough prior knowledge of the visualization literature is a pit-
fall (PF-2). This pitfall is particularly common when researchers who
are expert in other fields make their first foray into visualization [37];
we have seen many examples of this as reviewers.

4.1.2 Winnow : Select Promising Collaborations

The goal of this stage is to identify the most promising collaborations.
We name this strategy winnowing, suggesting a lengthy process of sep-
arating the good from the bad and implying that careful selection is
necessary: not all potential collaborations are a good match. Prema-
ture commitment to a collaboration is a very common pitfall that can
result in much unprofitable time and effort (PF-3).

We suggest talking to a broad set of people in initial meetings, and
then gradually narrowing down this set to a small number of actual col-
laborations based on the considerations that we discuss in detail below.
Because this process takes considerable calendar time, it should begin
well before the intended start date of the implement stage. Initial meet-
ings last only a few hours, and thus can easily occur in parallel with
other projects. Only some of these initial meetings will lead to further
discussions, and only a fraction of these will continue with a closer
collaboration in the form of developing requirements in the discover
stage. Finally, these closer collaborations should only continue on into
the design stage if there is a clear match between the interests of the
domain experts and the visualization researcher. We recommend com-
mitting to a collaboration only after this due diligence is conducted; in
particular, decisions to seek grant funding for a collaborative project
after only a single meeting with a domain expert are often premature.
We also suggest maintaining a steady stream of initial meetings at all
times. In short, our strategy is: talk with many but stay with few, start
early, and always keep looking.

The questions to ask during the winnow stage are framed as rea-
sons to decide against, rather than for, a potential collaboration. We
choose this framing because continued investigation has a high time
cost for both parties, so the decision to pull out is best made as early as
possible. Two of our failure cases underline the cost of late decision-
making: the PowerSetViewer [54] design study lasted two years with
four researchers, and WikeVis [72] half a year with two researchers.
Both projects fell victim to several pitfalls in the winnow and cast
stages, as we describe below; if we had known what questions to con-
sider at these early stages we could have avoided much wasted effort.

The questions are categorized into practical, intellectual, and inter-
personal considerations. We use the pronouns I for the visualization
researcher, and they for the domain experts.

PRACTICAL CONSIDERATIONS: These questions can be easily
checked in initial meetings.
Data: Does real data exist, is it enough, and can I have it?
Some potential collaborators will try to initiate a project before real
data is available. They may promise to have the data “soon”, or “next
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