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How to Read a Visualization Research Paper:
Extracting the Essentials

Robert S. Laramée

lvisual and Interactive Computing Group,
Computer Science Department,
Swansea, Wales, UK
r.s.laramee@swansea.ac.uk

Abstract

PhD students or researchers starting a new research project or initiatioik in an unfamiliar research direction
often undertake a scientific literature search in order to inform themselvesragfiect to a chosen topic. This
start-up phase involves wading through and reading scores, if nadrieds, of research papers that have already
been published in the area of interest. Reading a large quantity of scierdifierp and capturing the essential
information from them is a very challenging task. Furthermore, this difficuity increases with the passage of
time as the complexity of literature increases as well as the quantity of pubtisatio

This paper aims to instruct a starting PhD candidate or researcher on twvead a visualization research
paper. By “read” we mean extracting the essential, most important infibion from a (previously) published
scientific conference or journal paper. During the course of a PhDcHralidate will read many research papers
containing a vast amount of information. However, it is not possible temsber all of the details presented, nor
is it necessary. Here we identify and describe the essential knowledge Hest extracted and summarized when
reading a visualization paper.

1. Introduction and Motivation in a new direction must wade through scores, if not hun-

When undertaking an unfamiliar research direction, the re- dreds, of such research papers. This is a very challenging

searcher, possibly a PhD candidate is required undertake a@"d €ven daunting task. Keeping up with the explosion of lit-
literature search. A literature search is performed to dis- Erature was identified by Jim Blinn as a top future research
cover what work has already been carried out in a given field challenge Bli99, LKO7]. However, gaining a complete un-

(solved problems) and likewise what work has not yet been derstanding of every published research paper including all
undertaken, i.e., unsolved problems of its details is neither possible nor necessary.

However, in visualization and computer graphics, reading ~ Here we describe an educational approach to extracting
a refereed conference or journal paper can be very challeng- the essential information when reading a visualization (or
ing due to the high level of specialization, complexity, and computer graphics) paper. The aim is to describe how to
detail contained in an individual paper. A scientific paper read a visualization research paper in order perform a litera-
often presents a detailed mathematical framework accom- ture review, e.g., to write a state-of-the-art (STAR) report. A
panied by algorithms and data structures to carry them out STAR report, a.k.a. a survey paper, is a very helpful way to
and are usually written by (or with the aid of) experts in the 9et an overview of previously published work in a sub-field
field with many years of experience. This complexity does ©f visualization and computer graphics.
not come as a great surprise since a single paper is often the

result of multiple (combined) man-years of work. Here we build on both our experience of writ-

ing surveys LHD*04, LKO7, LHZP0O7, MLP*09, MLP*10,
Furthermore, a new PhD candidate or researcher starting PVH*02, PL0O9, PVH*03] and in the classroom. This guide
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is given to both undergraduate, masters, and PhD studentswe call The PhD in Visualization Starter Kit (PVSKRead-

taking our Data Visualization class as part of a coursework
assignment that requires them to summarize a scientific vi-
sualization paper, extracting and capturing the most impor-
tant concepts and information. For many students, this is
the first time they have been given this task. These guide-
lines have demonstrated themselves to be very useful for
this task. They can be given out directly in the classroom

and discussed. These guidelines have formed the basis for

several successful survey papers as part of PhD student de
grees [HD*04,LK07,LHZP0O7,MLP*09, MLP*10,PLO9

The rest of the manuscript is organized as follows: Sec-
tion 2 describes related work on this topic. Secti®lis-
cusses the importance of separating a concept from its im-
plementation, including examples. Sectiérthen presents
the strategy by which the essentials are extracted from a vi-
sualization research paper, supported by further examples.
A discussion of breadth vs depth with respect to reading a
paper is given in Sectiob. Section6 wraps up with a sum-
mary and conclusions. The length of this manuscript reflects
its goals, i.e., to extract a concise summary of a visualization
paper’s essential elements.

2. Related Work

There are several online resources available for writing a lit-
erature review. Taylor provides guidance on how to write a
literature review with a focus on the health sciendes/Dg.

A general how-to guide has been written on writing a lit-
erature reviewgme09. Lie has written a literature review
guide with a focus on psychologlip09]. Several other on-
line guidelines can be found by searching for “literature sur-
vey” or “literature review” online. What we present here is
not a how-to guide on writing a literature survey however.
The viewpoint offered here focuses on a very specific com-
ponent of the literature review process, namely, given one
scientific paper, how to extract the vital, most important in-
formation. It is meant to compliment and facilitate the liter-
ature review process. It's also duals with previous literature
on how to write a visualization papekdr09a Lar09. To

our knowledge, it's the only one of its kind with a focus on
visualization. Although, we believe it can be generalized and
adapted to other topics, especially computer graphics.

Smith describes how a manuscript should be read from a
referee’s point of view$mioqg. Lee presents another inter-

ing a research paper and extracting the essentials is one of
the essential skills we've identified for PhD candidates and
researchers in general. The other key skills are (1) how to
write a visualization research papeaf09aLar094, (2) ba-

sic implementationlfar104d, and (3) how to debug visual-
ization software[Lar104.

3. Concept versus I mplementation

Before going into the details of how to extract the essential
information from a research paper it is important to under-
stand the difference betweercanceptand itsimplementa-
tion. Looking up the words concept and implementation in
the dictionary yields:

Concept: “1. a general notion or idea; conception. 2. an
idea of something formed by mentally combining all its
characteristics or particulars; a construct. 3. a directly con-
ceived or intuited object of thought.LLC09]

Implementation: “1. the act of accomplishing some aim or
executing some order; 2. the act of implementing (provid-
ing a practical means for accomplishing something); carry-
ing into effect “ LLCOQ9]

In other words, a concept is an idea or thougBvery
revolution was first a thought in one man’s mingtRalph
Waldo Emerson.

The same can be said not only about revolutions, but about
every man-made object. A concept is abstract. Itis not some-
thing with mass that can weighed on a scale (if that helps).

An implementation is the actualization, or realization of
a concept (or idea). In other words, an implementation is a
concept that has been brought into reality. Most implemen-
tations are actual objects with mass that can be weighed on
a scale. (This is true about implementations in the real world
although software does not have mass.) A concept usually
starts out as idea in someone’s mind. A concept is then often
written down on paper perhaps as a hypothesis or a specifi-
cation. (It's better to write it down than simply communicate
it verbally.) Lastly a concept is implemented.

The concept behind a paper can be mapped taahéri-
butionof a paper in terms of a literature review.

esting paper on how read a research paper in order to conduct

areview Lee94. The goal of the current paperi®t how to
read a paper from the point of view of a referee—a different
process.

Globus and Raible have written a great how-to-
cheat when writing a visualization papeGR94. Mun-
zner Mun0§ provides a nice overview of ways to prevent
an information visualization paper from being rejected from
the review process.

The current manuscript is the fourth installment in what

An Example:

e Concept: a writing utensil. A writing utensil is a concept.

It is a tool that can be used to communicate with others
using symbols that are drawn by a person (or animal).

e Implementation: a pencil. A pencil is a writing utensil,
or more specifically, it is the implementation of a writing
utensil. With a pencil, graphite is used to write down on a
piece of paper.

Furthermore, there amanydifferent implementations of a
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writing utensil. There are also pens, markers, palm pilots, 3. Related WorkThis work builds upon and improves the
etc. There are essentially an unlimited variety of different original LIC algorithm [CL93].

implementations of a writing utensil. Think of how many 4. Data Characteristics:

different pens and pencils you have seen in your lifetime.
There are many different varieties of pencils alone, e.g.,
those made out of plastic, wood, or metal and so on.

spatial dimensionality: 2D

temporal dimensionality: steady (static)
resolution: uniform

grid structure: uniform resolution, regular
data type: vector

It is important to note that for a given concept, there may
be many different implementations. This is an important dis-
tinction when reading or writing a research paper, as well as
in most other areas of life that require critical thinking.

These essential attributes of a visualization paper are also
attributes that can be used to categorize them. This is not
With respect to this manuscript, its concept is described a comprehensive list of characteristics that can be used for
in Section1 whereas its implementation is described in Sec- classification. Some other characteristics that could be used
tion 4. Conceptually, the ideas expressed here act as a filter. and summarized include:
An entire research paper is the filter input, whereas the es-

o L ) Visualization TechniquediVhat basic visualization tech-
sential information is what passes through the filter. ¢ g

nigues are used? For example, volume rendering, ray trac-
ing, geometric or texture-based flow visualization, infor-
mation visualization techniques such as parallel coordi-
nates or treemaps.

e Application Domain:What application domain are the
When reading a research paper, the following is the essential - yjsyalization techniques being applied to? For example,
information that is focused on and written down: physics, earth sciences, astronomy, chemistry, biology,

1. The ConceptWhat, conceptually, are the authors trying etc.

to achieve? What is the goal of the work? This can also  The essential information in a visualization paper can be
be reformulated as: What is the contribution of the paper? extracted in a concise Way. The above pieces of informa-
(What's new here?) tion can be used as a template to fashion the foundation of
2. The Implementationtiow is the concept realized? How g survey paper which gives an overview of research already
do the authors support their hypothesis? How do they im- performed in a given area. Ultimately, a group of papers can
plement the concept? be classified in many different ways. A good classification
3. Related WorkWhat previous work does this paper build  highlights both mature areas of research as well as unsolved
upon? Almost all research papers build heavily upon the problems. Extracting the essential information facilitates the
work of one or two previous papers. What are these? construction of an appropriate classification scheme.
4. Data CharacteristicsWhat are the characteristics of the
data analyzed and visualized in the paper? What is the Example 2: As an additional illustration, we can summa-

spatial dimensionality? (2D, surfaces, or 3D) What is rjze a paper everyone is familiar with, including the addi-
the temporal dimensionality? (static or time-dependent) tjonal attributes:

What is the resolution and size of the data set? Is the . ) . ) )
dataset multi-resolution or adaptive resolution? Are the _ 1itl& Marching Cubes: A High Resolution 3D Surface
data samples given on a structured or unstructured grid? Construction Algorithmby W.E. Lorensen and H.E. Cline

Is it scalar, vector, or tensor data? Is it multi-variate data? [LC87:

1. The ConceptThis paper describes a novel algorithm for
the construction of isosurfaces. The isosurfaces produced
from the algorithm stem from maintaining the inter-slice
connectivity of the original data.

2. The ImplementationThe basic implementation consists

4. Extracting the Essentials of a Visualization Research
Paper

Example 1. To help illustrate this. here we provide an ex-
ample of the essential information extracted from a sample
research paper:

Title Fast and Resolution Independent Line Integral

Convolutionby D. Stalling and H.-C. HegeSH99:

1. The ConceptThis paper presents a faster version of the
Line Integral Convolution (LIC) algorithm. This work
brings the original LIC algorithm by Cabral and Lee-
dom [CL93] towards interactive frame rates.

2. The ImplementationThey achieve this by reducing the
number of redundant streamline computations. They also
use an improved streamline integrator with adaptive step-
size control.
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of the following steps: (1) examine a cube, (2) clas-
sify each cube vertex as inside or outside the isosurface,
(3) build an index into the case table of all possible sur-
face topologies through the cube, (4) get an edge list from
the case table, (5) interpolate to find the edge locations,
(6) compute gradients, and (7) go to the next next cell.

. Related Work:The marching cubes algorithm builds

on and improves the algorithms presented by Chen et
al. [CHRU8Y and Herman and Udup&U83].

4, Data Characteristics:
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e spatial dimensionality: 3D experience in this regard has generally been quite positive.
e temporal dimensionality: steady (static) Authors are often happy do discuss and answer questions
e resolution: uniform regarding their previously published work. They may even
e grid structure: uniform resolution, regular be willing to share their implementation, or sub-sets of it.
e data type: scalar Alternatively, other experts in the field with closely related

o . . o . experience could be contacted.
5. Visualization Techniqueszolume visualization, isosur-

face rendering It is difficult to judge how fruitful a future research direc-

6. Application Domain: visualization of medical (MR) tion or project might be based on a single research paper,
data and Single-Photon Emission Computed Tomogra- unless the reader is already an expert in the field or has a
phy (SPECT) data good number of years experience. This is where the value of

a survey paper lies. A good survey paper identifies mature

areas where a lot of work has been done and newer direc-

tions where more unsolved problems lie. Luckily, a wealth
of surveys have already been written, such as those found in

ACM Computing SurveyandEurographics State-of-the-Art

(STAR) ReportsThe Computer Graphics Forum (CGRnd

IEEE Transaction on Visualization and Computer Graph-

ics (IEEE TVCG)ournals also publish survey papers. More

about the literature search process itself can be found in pre-
We also note that although this process may not seem dif- vious papersl{ar09aLar094.

ficult to the experienced researcher, it is a skill that takes

time and practice.

The biggest criticism given to survey papers by reviewers
is that the survey paper is simply a list of papers. This is why
the third item on the list is emphasized. It is very important
to know how a given paper relates to its predecessors and to
state this explicitly. This forms a piece of the overall puzzle
which can be built piece-by-piece as in Figure 7 of Laramee
et al. LHD*04] or Table 1 of Laramee et alLHZPO07] or
McLoughlin et al. MLP*10].

Also, one way of finding out how easy or difficult it is to
implement a technique presented in a paper is to simply ask
the authors.

5. Breadth vs Depth

The subject addressed in this paper concerns breadth. In gen-6. Conclusions

eral, the breadth phase of a PhD, involves a literature searche jdentify and present our view of an essential skill needed
spanning many, perhaps even hundreds of research paperspy hoth PhD candidates and researchers in visualization,
Thus, we would like a way to facilitate and speed up this pro- namely, how to extract the essentials of a research paper.
cess. The implementation of this is described in Secfion  Gathering and summarizing the vital information of scores,
The breadth phase is followed by a depth phase. After a spe- even hundreds, of research papers is a very challenging task
cific research project has been identified, a greater under- that requires special methodology. The current manuscript
standing of a select few research papers is most likely re- gescribes an approach to achieving this goal. It serves as
quired. It is during the depth phase of study that more time 3 helpful aid to those reading visualization research papers
is spent on individual papers rather than, say, the 1-2 hours for the first time or to researchers carrying out a literature
time per paper in the breadth phase. During the depth phase,syrvey in the field. The methodology described above has
multiple passes through a paper are likely necessary. demonstrated its utility in both writing survey papers and in

Also, a complete understanding of the results presented in the classroom for students of data visualization. It can be
a research paper may require knowledge of a previous pa- brought directly into the classroom for educational use.
per. This previously published literature is identified as one
of the essential items to be extracted (in SectiprReading 7. Acknowledgements

and und_erstandlng this previous Ilterat_ure may not be NECES"\ve are indebted to Eugene Zhang of Oregon State Univer-
sary during the breadth phase of a project. However, reading _. f . . .
sity for very valuable discussions and suggestions on this

and understz_mdlng the key previous paper(s) IS hecessary i atopic. We would like to thank R. Daniel Bergeron from
given paper is used in the depth phase of a project, i.e., when R .
. . the University of New Hampshire, Durham, NH, for teach-
a researcher or PhD candidate has decided upon a researck . T
X . ing us the importance of a concept versus its implemen-
prototype they would like to implement.

tation. Thanks to Jiang Yang, a former PhD candidate at

If the goal of reading a paper is to actually implement the Swansea University, for providing the impetus behind this
presented approach, then a deeper understanding of the techpaper. We thank Tony McLoughlin, Ed Grundy, and Dan
nique is also required. Here, the model and the implemen- Lipsa of Swansea University for their careful proof-reading
tation constituents of the paper are re-read, possibly multi- and feedback. This research was support in part by EPSRC
ple times. If some aspect of the model or implementation Grant EP/F002335/1. Questions, comments, suggestions for
is not clear (this can happen often, since page limits pre- improvement, contributions to this paper, or any other feed-
vent inclusion of some details) then the authors of the pa- back is not only welcome but encouraged. Please contact the
per(s) themselves could be contacted with questions. Our first author.
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