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B VISUAL STATISTICAL ANALYSIS USING VISTA u
FORREST W. YOUNG & CARLA M. BANN

. ViSta'saudiencerangesfrom novicesto experts. It isbest suited to
teaching multivariate, computational and graphical statistics.

. ViStarunson M S-Windows, Macs, and under Unix. It isfree,
open and extensible. The code, documentation and referencesare
availableon line at_http://forrest.psych.unc.edu/.

. ViSta features a Structured Graphical I nterface including:
A) WorkMapsthat visually summarize your data analysis session
B) GuideM apsthat visually guide your data analysis

. ViSta features Statistical Visualization and Analysis, including
A) Univariate - T-tests (etc.), ANOVA, Regression (OLS, robust)
B) Multivariate - Regression, Principal ComponentsAnalysis,
Multidimensional Scaling, Correspondence Analysis

. ViSta has a Language | nterface including:
A) VIDAL, ViSta's Data Analysis L anguage (keyboard or scripts)
B) XLispStat: object-oriented statistical computing language
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1: ViSta’'sAudience

ViStaisbest for teaching. It isbeing used in:

multivariate data analysis classes.
computational and graphical statistics classes.

introductory statistics (asa supplemental system sinceViSta does
not yet have a complete selection of basic statistical capabilities).

ViStaisalso useful for research and development in
computational statistics and statistical graphics.

ViStaisdesigned for awiderangesof users:

ViSta provides seamlessly integrated data analysis environments
specifically tailored to the user'slevel of expertise.

Guidanceisavailable for students and novices.
A structured graphical user interfaceis available for all users.
A menu interfaceisavailable for userswho don't need guidance.

A command lineinterfaceisavailable for sophisticated usersand
those who don't like graphical interfaces.

GuideTools are available for teachersand other expertsto create
guidance for students and novices.

The complete Lisp-Stat (Tierney, 1990) programming
environment isavailable to researchers, graduate students and
programmer s who wish to extend ViSta's capabilities.
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2: ViStarunson M S-Windows, Macs & Unix.
It iIsFree, Open & Extensible

ViStarunsunder

e MSWindows(3.1& 95)
« MacOS (68040, Power PC)
o Unixwith X11

ViStaisfreefrom http://forrest.psych.unc.edu/.

» Code may befreely copied and redistributed, with certain
restrictions.

 Documentation is also available for free from the above site.

ViStais Open:
» All of the codeisavailableto the programmer. Thisincludesboth
the Lisp code for ViSta and the C and Lisp code for XLisp-Stat.

» Thiscode can be used asthe basisfor developing new code that
extends the system's capabilities.

ViStais Extensble:

 Programswrittenin Lisp, FORTRAN or C are accessible from
within ViSta.

* New ViSta model-objects can be written to extend the range of
desired “ prepackaged” statistical computations.

* New graphical-objectscan bewritten to implement new statistical
visualization ideas.
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3: VisSta's Structured Graphical Interface

Wor kM aps

 WorkMapsvisualizethestructureof an
on-going data analysis

 WorkMaps help you remember the
steps of your analysis

 WorkMapslet you return to earlier
stepsin the analysis

» WorkM aps help you communicate the
analysisto others

GuideM aps

» GuideMapsvisually guide userswith
no knowledge about statistical analysis
through the analysis process.

o GuideMaps provide structured
context-sensitive help, aswell as
guidance.

SpreadPlots:

* Dynamicvisualizationsthat reveal data
and model structure.

ViSta also has:
« DataSheetsto display & edit data.

Car-FPrefs

+-xE =

Scores-PCA-Car-Prefs

SeoresfiRatings

sl

&
o]

=[M== Euplore Your Data

EE|

»

Show Déaﬁheet

Vizualige Data

Surnrnarfze Data

Lizt Yariables

Creatg Data Return

GoTo Mew Data

]

 Text windowsthat show statistics, variable and observation

names, help, etc.

OVERHEAD NOTES PREPARED FOR

THE XVIII'th INTERNATIONAL BIOMETRIC CONFERENCE

AMSTERDAM, THE NETHERLANDS

JULY 1-5, 1996

50f21



ViSta's Desktop:
WorkMap, GuideM ap, Datasheet, Text Windows

lista WorkMap Explore Your Data Dbs
B Y carlac evdorade [17
Help AN A Coresp Factor & cheviralet chewetty
FEE cheviolet citation
I]""" Show DataSheet chewvrolet rmalibu
i H""" ford fairmont
Carkpling= ford rustang
" [refs Visualie Data Surnrnarjze Data .
I ford pinto
¥ honda accord
CarRatings Vinental
10 Vars rmpg reliabil | accelera | braking | handling bran fur
17 Ob= Murneric | Mumeric | Nurmeric | Mumeric | Mumeric L orizon E
cadillac eldorada .00 2.00 z.00 4.00 5.00 alare ||
chewvralet chevette 5.00 z.00 z.00 5.00 .00 %
chevrolet citation 4.00 1.00 S.00 S.00 S.00 LFS
chevrolet malibu Z.00 Z.00 Z.00 Z.00 4,00 ric) |17
ford fairmont Z.00 Z.00 2.00 4.00 Z.00 (Hurner
ford mustang .00 2.00 4.00 4.00 Z.00 pn (Hurn
ford pinto 4.00 1.00 z.00 4.00 Z.00 urneric )
CarBatin{henda accord 5.00 5.00 5.00 4.00 500 | ftumeric
- - - - honda civie 500 =00 A 00 =00 A 0 {!’pric)
Title: Conzumer Union HutthE{:jl |Eﬁ} t .
Oata: CarBatings Murneri
cornfort (Murneric
LUARIABLES Humeric ) MEAH S0 LUARIAHMCE SKEWMESS KURTOS|S H . .
t M
mpg 3.53 1.28 1.64  -0.38  -p.91  rp.p| |einess (humer
reliability 2.76 1.48 2.19 0.z0 -1.22 17.0 cargo-space (Murn
acceleration 3.88 1.11 1.24 -0.36 -1.33 17.0
brak ing 4. 06 0.73 0.56 -0.10 -1.03 17.0 E
handl ing 4 12 0.93 0.86 -0.26 -1.91 17.0 |— | |
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Morr-CqrRatings

&

Scores-PC4-Car-FPrefs

Scores&Ratings

<af |

ViSta sWorkM aps:

» visualizethe structure of an on-going data analysis session.
are created by ViSta asthe data analysis session progresses.
help you remember the data analysis steps you’ve taken.

let you return to earlier stepsfor new analyses

help you communicate your analysisto others
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B VISUAL STATISTICAL ANALYSIS USING VISTA u
FORREST W. YOUNG & CARLA M. BANN

lista WorkMap ==

t5=1 NI

In this examplethe analyst

1. Loaded in data named Car-Prefs

2. Did a principal component analysis (PrmCmp) of these data,
producing the model named PCA-Car-Prefs.

3. Created an output dataset of the component scores named
Scores-PCA-Car-Prefs

4. Loaded in the Car Ratings data.
5. Normalized these data.

6. Merged the normalized data with the component scores,
creating the Scores& Ratings data.
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3.2 GuideM aps

EEI=—— Data Analysis

FE|

ke

Link :Explore

Fodel

ViSta's GuideM aps.
 visually guide you through the steps of your data analysis session.

» buttons show analysis steps. Dark buttons show suggested steps.

» change after a step istaken. The button highlighting changes to
show you which actions can be taken next.

» show the step sequence by arrows connecting buttons.
et you make choices by clicking on highlighted buttons.

» buttonshavea!! ssidewhich makesa data analysis step happen, or
linksto another guidemap.

» buttons have a ?? side which gives you help about the step.
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3.2 The Data Analysis GuideM ap

=[I=—— Data Analysis FIE |
I
Link :Explore
lode]
(e

Thisguidemap, titled “ DataAnalysis’, isthefirst guidemap shown to
you. It presentsthe basic data analysis cycle. It guidesyou to

1. Explorethe data

2. Transform the data (this step may be skipped)

3. Analyzethe data

4. Look at the model created by the analysis.

These four steps may be cycled many times. Some buttons arelinks

to other guidemaps. Some are data analysisactions. In the*Data
Analysis’ guidemap all buttonsarelinksto other guidemaps.

« After clicking “Link:Explore” you see a new guidemap:

10 of 21

]
OVERHEAD NOTES PREPARED FOR
THE XVIII'th INTERNATIONAL BIOMETRIC CONFERENCE
AMSTERDAM, THE NETHERLANDS
JULY 1-5, 1996



I C A LYSIS USING VISTA u
. YOUNG & CARLA M. BANN

3.2 The Data Exploration GuideM ap

= Explore Your Data =015
Y
Show Déaﬁheet

Yizualige Data Sumrmarjze Data

GoTo :Mew [ata —

(]

After you click on the" Link:Explore" button in the“ Data
Analysis’ guidemap, you seethe “ExploreYour Data”’ guidemap.

The button highlighting in the new guidemap showsyou are to
use the“ Show Datasheet” button (or return to the“ Data

Analysis’ guidemap). When you do thisyou will seethe datasheet.

After closing the datasheet, the “ Show Datasheet” button turns
gray and the next two buttons highlight.

Both of these buttons must be used before the next two.

In thisway you are guided to take data analysis stepsin a specific
order.
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4 SpreadPlots for Statistical Visualization

ViSta features SpreadPlots, state-of-the art visualization

techniquesthat help you see and explorethe structure of data and
models:

SpreadPlots are multi-window, linked, dynamic statistical
graphics.

Linkage: A SpreadPlot'sindividual plotscan belinked by the
data's observationsor variables.

Dynamic Graphics: The spinplot spinsto communicate 3D
structure. All plots can be brushed.
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4.1 Statistical Visualization and Analysis:
Exploratory & Descriptive

Exploratory and Descriptive Data Analysis & Visualization

« Dynamic Exploratory SpreadPlotsinclude linked Histograms,
Boxplots, Diamond Plots, Dotplots, Scatter plots, Biplots,
Spinplots, Scatterplot Matrices. These plots support brushing and
labeling, and are dynamically linked.

* Intheexampleon the next dide, labelsin the Observations
window have been selected. These observations also appear in the
spinplot, scatterplot and histogram. Pointsin these three plots
may be brushed, labeled, colored, and given distinct symbols.
These plotsare linked with the other plots.

« VariableLinkage: Cellsof thescatterplot-matrix can beclicked on
to select variablesfor display in the other plots.

» Descriptive Statisticsincluding Means, Standard Deviations,
Variances, Ranges, Quartiles, Medians, Correlations,
Covariances, Distances.
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A SpreadPlot for Exploring Multivariate Data
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4.2 Statistical Visualization and Analysis:
Univariate

Univariate Analyses and Visualizations

» Univariate Testsincluding T- and Z-tests (and confidence
intervals) for single sample, paired samples and two independent
samples data, with Wilcoxon Signed-Rank and Mann-Whitney
testsin appropriate situations.

Univariate SpreadPlot -

« ANOVA - Univariate Analysis of Variance for orthogonal one- or
multi-way data. Model may or may not include two-way (but not
higher-way) interactions.

ANOVA SpreadPlot - The ANOVA visualization is a spreadplot
composed of a boxplot, diamond plot, quantile plot, quantile-
guantile plot and effects plot.

» Multiple Regression (univariate) - Univariate regression includes
simple, multiple, robust, and monotonic regression.
Regression SpreadPlot - Theregression spreadplot iscomprised of
aregression plot, influence plots, and residuals plots. Weight plots
arealsoincluded for robust and monotonic regression.
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A SpreadPlot for Analysisof Variance
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A SpreadPlot for Univariate Regression
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4.3 Statistical Visualization and Analysis:
Multivariate

Multivariate Analyses and Visualizations

« Multiple Regression (multivariate) - M ultivariate Multiple
Regression Analysis. The spreadplot consists of a biplot, spinplot,
histogram and scatter plot-matrix.

* Principal Component Analysis of correlationsor covariances. The
model visualization isa spreadplot composed of a biplot, spin-plot,
scree-plot and scatter plot-matrix.

» Multidimensional Scaling of one or more symmetric or
asymmetric matrices. The model visualization is a spreadplot
composed of a scatterplot, spin-plot, scree-plot and scatter plot-
matrix. The spreadplot supports graphical re-estimation of model
parameters.

» Correspondence Analysis (simple) of two-way contingency tables.
Themodel visualization isa spreadplot composed of a biplot,
spinplot, residuals plot and scree-plot. The spreadplot supports
graphical re-estimation of model parameters.
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A SpreadPlot for Multivariate Regression
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5. ViSta's Languages

VIDAL: ViSta's Data Analysis Language

* VIDAL consists of functions which correspond directly to menu
items. Every menu item is paralleled by an identically-named
function (except spaces arereplaced by dashes). The “ Show
Datasheet” menu item is paralleled by the (show-datasheet)
function.

* VIiDAL letsyou typeat the keyboard rather than use the point-
and-click graphical interface.

* VIDAL alsoletsyou define script files so that you can run analyses
automatically without requiring user interaction.

XLispStat: The Lisp language underlying ViSta

» XLisp-Stat isan object-oriented environment for statistical
computing and dynamic graphicsthat is open, extensible and
freely available.

o XLisp-Stat ismeant for high-level statistical programming and
data analysis by sophisticated statistical data analysts.

o XLisp-Stat isbased on XLisp, afreely available version of
Common Lisp, a functional object-oriented computing language.

o ViStaiswrittenin XLisp, using the XLisp-Stat system. ViStais
also an open and extensible system which providesall of the power
of XLisp and XLigp-Stat for the programmer who wishesto
extend ViSta's capabilities.
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6: Conclusions

* ViStaisdesigned for data analystsranging from noviceto expert,
presenting a structured graphical interface consisting of
GuideM aps, Wor kM aps and SpreadPlots, but including
traditional Menus, Command Linesand Scripts.

The audience for complex data analysis softwar e continuesto
become wider and more naive asthe price and availability of
softwar e and hardware improves.

Thus, ViSta addresses an important data analysis problem.

e Our guiding principal and our main hypothesisisthat data
analyses performed in an environment that visually guides and
structures analyses will be

* More accur ate
* more accessible
* mor e satisfying

than analyses performed in a unstructured environment,
especially for inexperienced data analysts.

» But even moreimportantly, it isour hypothesisthat the most
power ful data analysis environment will combine

* the visually guided and structured environment with
o traditional data analysistechniques proven useful over the years

* Weare planning on performing usability studiesto test this
hypothesis.
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