1 In tro duction

Summary

Keywords:

T o w ards Better Graphics for Multiv ariate Anal-

ysis: the In teractiv e F actor Map

Jean Thioulouse

Lab oratoire de Biom ´ etrie Ǵ eń etique et Biologie des Populations,

URA CNRS 2055, Universit ´ e Lyon 1, 69622 Villeurbanne Cedex,

F rance

The interpretation of the factors computed by multiv ariate analysis meth-

o ds is often a difficult task. The main difficulties come from the cluttering

of the factor map when the data set is large, and from the need to visualize

the data when interpreting the factors. An interactive metho d based on the

representation of the data on the factor maps is presented, with reference to

a computer program av ailable on the Internet network. Several techniques

offered by this program are demonstrated with the help of a real-size exam-

ple data set: searching, zo oming, and plotting of rows and columns of the

data table on the factor map.

Multiv ariate analysis, exploratory data analysis, interactive

graphics, factor map, principal comp onent analysis

Dynamic graphics are gaining more and more p opularity with the av ailabil-

ity of p owerfull micro computers and user-friendly graphical interfaces. Their

help in analysing numerical data sets has b een widely recognized, and the

b o ok by (Cleveland & McGill 1988) shows that there is a great v ariety of

techniques in this field. Among these techniques, several deal more particu-

larly with multiv ariate data. (Y oung, Kent & Kuhfeld 1988) present VEDA

(Visual Exploratory Data Analysis) and MEDA (Multiv ariate Exploratory

Data Analysis) as a way to explore multiv ariate data sets graphically with

the VISUALS software. Their pap er also provides a general overview of the

metho ds av ailable in this area, for example the grand tour (Asimov 1985),

pro jection pursuit (Hub er 1985), brushing and related metho ds (Becker &

Cleveland 1987), 3D rotations (Donoho, Donoho & Gasko 1986). More re-

2 Presen tation of the metho d cently

, (W eihs & Schmidli 1990) have presented the OMEGA system (Online

Multiv ariate Exploratory Graphical Analysis) as an alternative to VEDA and

MEDA in the context of industrial practice.

However, as p ointed out by (Thioulouse, Devillers, Chessel & Auda 1991),

purely graphical metho ds cannot overcome the main difficulty of multiv ariate

data analysis, namely the dimensionality reduction. Another problem, un-

derlined by (Gower & Digby 1981) for graphics like Chernoff faces (Chernoff

1973), is the fact that graphical metho ds intro duce sub jective criteria that

can b e misleading. This is also true for dynamic graphics: data manipula-

tion “by hand” on the computer screen is obviously sub jective, but has the

adv antage of freeing the user from the constraints of classical data analysis

metho ds. (Hurley & Buja 1990) show that user control is p ossible (and even

required) in high dimensional rotation metho ds.

(Y oung, F aldowski & McF arlane 1993) prop osed to use multiv ariate anal-

ysis (Principal Comp onents Analysis, PCA and Multidimensional Scaling,

MDS) in dynamic graphics. According to these authors, the problem in this

case is “to present hD [high-dimensional] data information in a 2D plane,

such that our 3D p erception can understand the hD geometry”. It may b e

argued however, that hD geometry is intrinsically out of reach of human un-

derstanding, and that 2D or 3D pro jections will only help in getting an insight

into some particular features of data geometry

. The principle of interactive

graphical mo deling in PCA prop osed by (Y oung et al. 1993) also presents

b oth an attractive side, b ecause it “lib erates an analysist from purely math-

ematical optimality criteria” ((Y oung et al. 1993), p. 985) and a drawback,

b ecause it intro duces also a large part of sub jectivity .

Multiv ariate analysis metho ds aim at summarizing high dimensional data

sets with low dimensional subspaces. W e do not intend to prop ose a new

metho d to explore the multi-dim ensional geometry of these data sets, but

we want to show that the factors obtained with multiv ariate analyses can

b e interpreted more easily by using an interactive graphical display of factor

maps. Moreover, these to ols can b e used without a thorough knowledge in

statistics or computer science. Our prop osal address mainly to those biol-

ogists who may have difficulties accessing more sophisticated metho ds like

dynamic and motion graphics.

F actor maps, obtained by plotting two factors of a multiv ariate analysis,

b enefit from the optimality prop erties of these factors (e.g., maximization of

the pro jected v ariance), but need to b e interpreted to b e really useful. The

meaning of the factors is sometimes hard to find out, and several problems

must b e tackled: when the numb er of observ ations (or of v ariables) is high,

the factor map is cluttered, and the user has difficulties in finding a particular

observ ation. It is also frequently interesting to fo cus the investigations on a α

−

√

, , n

p

λ

δ

1 2 1 2

1 2

1

1 2

X D D X

D

D D

D

X D XD D

D X D XD u u

u u u u

a D u

c XD u p n

n

p p

n

t

n p p

/

p t

n

/

p α α α

α β α t

β αβ

α

/

p α

α

λ

/

p α particular subset of observ ations instead of the whole set, or on a particular

zone on the factor map. Moreover, a go o d interpretation of factors forces the

user to go back to the data table to find out what features of the data set

have b een stresse d by the factors. This way back to the data is uneasy if the

user has to deal directly with the numerical data table, even with mo derate

size data sets (100 rows and 20 columns), and graphical displays reach their

limits with large tables (hundreds of elements).

The ADEScatters program was written to make easier the interpretation

of factor maps, by trying to overcome the ab ove difficulties. It is part of

the ADE (Analysis of Environmental Data) pack age for multiv ariate analysis

(Thioulouse, Devillers, Chessel & Olivier 1995), and can b e retrieved at the

following URL, with a complete do cumentation:

http://biomserv.univ-lyon1.fr/ADE-4.html

All the metho ds av ailable in this pack age cannot b e describ ed here, and

only a short summary of the underlying mathematical mo del will b e pre-

sented. This mo del is the duality diagram (Cailliez & Pages 1976); (Escoufier

1987), that is based on the concept of statistical triplet. A statistical triplet

( ) is made of three matrices: the data matrix (having rows

and columns, with p ossibly an appropriate transformation, like centering

or standardization), the matrix of row weights ( ), and the matrix of the

metric used to measure the distances b etween rows ( ). can also b e seen

as the matrix of column weights, and as the matrix of the metric used

to measure the distances b etween columns. The analysis of this statistical

triplet is based on the eigenvector analysis of matrix . If is not

prop ortional to the identity

, this matrix is not symmetric but the eigenequa-

tion can b e written as = , and solved without

problem. Eigenvectors and verify = , and the principal axes

and row scores in the analysis of the triplet are resp ectively =

and = .

This mo del allows a standardisation of the formal description of all the

metho ds of multiv ariate analysis based on eigenvector analysis (e.g., princi-

pal comp onents analysis, corresp ondenc e analysis, multiple corresp onden ce

analysis, discriminant analysis, canonical correlation analysis, canonical cor-

resp ondence analysis, analyses on intrumental v ariables, etc.)

ADE is written in ANSI-C and is av ailable for Apple Computer Macin-

tosh micro computers. Like the other graphical programs of the ADE pack age,

ADEScatters offers the p ossibility to build automatically collections of graph-

ics. These collections can b e made by the columns of the input table, or by

groups of rows selected by the user. ADEScatters presents a “Windows”

menu that can b e used to cho ose one of the three parameter windows that

allows an interactive definition of the graphic parameters (Figure 1). The

user can thus freely mo dify the v alues of all the graphic parameters and the

3 Examples of use

4 Discussion and conclusion

Figure 2 and 3 come from a molecular biology example by (Thioulouse &

Lobry 1995). The data table (20 rows and 402 columns) contains the v alues

of 402 physico-chemical and biological v ariables measured on the 20 natural

amino-acids o ccurring in proteins (Nak ai, Kidera & Kanehisa 1988). A PCA

was p erformed on the standardized v ariables. ADEScatters was used to in-

vestigate the factor maps, and particularly the map of v ariables (figures show

F1 x F2 maps). Zo oming and mouse selection of regions of the map (Figure

2) help ed us to analyse the first three principal comp onents, totaling 65%

of inertia. The first comp onent was interpreted as a hydrophobicity scale,

the second one was the amino-acid prop ensity to favour alpha helix or b eta

sheet structures in proteins, and the third one the weight and aromaticity of

amino-acids.

Figure 3 gives an example of the p ossibility to have access to the v alues

of the data set directly on the factor map. On the lower left part of the

figure, the user has clicked on the p oint corresp onding to v ariable 68 (the

consensus normalized hydrophobicity scale, (Eisenb erg 1984)). The resulting

bar chart shows the v alues of this v ariable for the 20 amino-acids, ordered

alphab etically as in the data table. By pressing simultaneously the option

key , the 20 amino-acids can b e sorted according to their factor score (the

user is asked to enter the factor to b e used). After sorting on the first or

second factor (lower part), the user can see which amino-acids contribute

to the definition of these factors. The right part of the figure shows what

happ ens when the user also presses the shift key while clicking on an item:

the dual factor map (i.e. that of the 20 amino-acids) is drawn in a small p op-

up window, with circles and squares prop ortional to the v alues of v ariable 111

(amino-acid p olarity

, (Grantham 1974)). This v ariable app ears to b e closely

linked to the first factor, since all the squares (except one) are in the left

part of the map, while circles are in the right part. The user has brought the

cursor on one of the circles, and the numb er of the amino-acid is displayed

(numb er 12, which corresp onds to Lysine).

Representing the v alues of a data set on the factor map has already b een

prop osed as an aid to the interpretation of factors (see Thioulouse et al. 1991

for a review in the field of ecological data analysis). The metho d prop osed

here allows us to solve the problem of cluttering the factor map when the

data table is large, and has the adv antage of interactivity: the user can fo cus

his attention on the elements his is interested in. The same technique could

b e used with three-dimensional factor representations, but the selection of

ob jects in a three-dimensional space through the two-dimensional display of

the computer screen is somewhat difficult, and it should b e coupled with

8

References

6

29

68

53

58

185

13

SIAM Journal of Scientific and Statistic al Computations

T e chnomet-

rics

Journal of the Americ an Statistic al Asso ciation

in

Annual R eview of Bio chemistry

Biometrika

in

Scienc e

Annals of Statistics rotation metho ds. Other means of data representation could b e investigated,

for example represe nting the mean (or v ariance) of the v alues computed on

groups of elements selected on the factor map. Brushing techniques on the

scatterplot matrix of factor scores combined to data representation could also

bring new insights into the structures of data tables.

Asimov, D. (1985), ‘The grand tour: A to ol for viewing multidimen-

sional data’,

(1), 128–143.

Becker, R.A. & Cleveland, W.S. (1987), ‘Brushing scatter plots’,

, 127–142.

Cailliez, F. & Pages, J.P

. (1976), ‘Intro duction ` a l’analyse des donń ees’.

SMASH, Paris.

Chernoff, H. (1973), ‘Using faces to represent p oints in k-dimensional space

graphically’, (1), 361–

368.

Cleveland, W.S. & McGill, M.E. (1988), ‘Dynamic graphics for statistics’,

W adsworth & Bro oks/Cole, Belmont.

Donoho, A.W., Donoho, D.L. & Gasko, M. (1986), ‘MACSPIN: A to ol for

dynamic display of multiv ariate data’, W adsworth & Bro oks/Cole, Mon-

terey .

Escoufier, Y. (1987), ‘The duality diagramm : a means of b etter practical

applications’, Legendre, P

. & Legendre, L. (eds.), ‘Development in

numerical ecology’, NA

TO adv anced Institute, Serie G, Springer V erlag,

Berlin. pp. 139-156.

Eisenb erg, D. (1984), ‘Three dimensional structure of membrane and surface

proteins’, , 595–623.

Gabriel, K.R. (1971), ‘The biplot-graphic display of matrices with application

to principal comp onent analysis’, , 453–467.

Gower,J.C. & Digby , P .G.N. (1981), ‘Expressing complex relationships in two

dimensions’, Barnett, V. (ed.), ‘Interpreting multiv ariate data’, John

Wiley & Sons, New Y ork.

Grantham, R. (1974), ‘Amino-acid difference formula to help explain protein

evolution’, (1), 862–864.

Hub er, P

.J. (1985), ‘Pro jection pursuit’, (2), 435–475.

9

11

2

11

2

SIAM Journal of Scientific and Statistic al Computing

Pr otein

Engine ering

in

in

Computer Applic ations in the Bioscienc es

Statistic al Scienc e

in

in

Hurley

, C. & Buja, A. (1990), ‘Analyzing high-dimensional data with mo-

tion graphics’,

, 1193–1211.

Nak ai, K., Kidera, A. & Kanehisa, M. (1988), ‘Cluster analysis of amino

acid indices for prediction of protein structure and function’,

, 93–100.

Thioulouse, J., Devillers, J., Chessel, D. & Auda, Y. (1991), ‘Graphical tech-

niques for multidimensional data analysis’, Devillers, J. & Karcher,

W. (eds.), ‘Applied multiv ariate analysis in SAR and Environmental

Studies’, Kluwer, Dordrecht, pp. 153-205.

Thioulouse, J., Doĺ edec, S., Chessel, D. & Olivier, J.M. (1995), ‘ADE soft-

ware: multiv ariate analysis and graphical display of environmental data’,

Guariso, G. & Rizzoli, A. (Eds), ‘Software p er l’ambiente’, P` atron ed-

itore, Bologne, pp. 57-62

Thioulouse, J. & Lobry

, J.R. (1995), ‘Co-inertia analysis of amino-acid

physico-chemical prop erties and protein comp osition with the ADE

pack age’, (3), 321–329.

W eihs, C. & Schmidli, H. (1990), ‘OMEGA (Online Multiv ariate Exploratory

Graphical Analysis): routine searching for structure’,

(3), 175–208.

Y oung, F.W., F aldowski, R.A. & McF arlane, M.M. (1993), ‘Multiv ariate Sta-

tistical Visualization’, Rao, C.R. (ed.), ‘Handb o ok of statistics’, V ol.

9, Elsevier, Amsterdam.

Y oung, F.W., Kent, D.P

. & Kuhfeld, W.F. (1988), ‘Dynamic graphics for

exploring multiv ariate data’, Cleveland, W.S. & McGill, M.E. (eds.),

‘Dynamic graphics for statistics’, W adsworth, Belmont. pp. 391-424.

10