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Statistically Sound Distribution Plots in Excel

Gaj Vidmar

Abstract

Excel is the most widespread and the most powegreral-purpose
spreadsheet software, but it is not popular witdtisticians. Nevertheless,
as a natural means for organising, displaying amalysing large amounts
of data, spreadsheets keep gaining importanceadtistical education and
practice. Aiming at improving such practice rathignan fruitlessly and
indiscriminately condemning it, the paper providgsneral considerations
on the topic, pointers to the huge body of releViderature and software,
and several concrete examples of data visualisatidexcel in the sense of
univariate, bivariate and multivariate distributigrotting. Original and
improved Excel solutions for producing dot-densipfots, dot plots,
stem-and-leaf plots, windowgrams, coplots and peraioordinates plots
are presented, as well as for performing the Box-Gmansformation.
Additionally, further possibilities opening with énforthcoming Excel 2007
version, use of various commercial and freeware-iaddand integration of
Excel with statistical software are discussed.

1 Background

Microsoft® Excel (henceforth referred to as Excel for brevity)by far the most
widespread and arguably the most powerful spreadshmg it is not a very
popular tool with statisticians. This is partly jistd (McCullough and Wilson,
1999, 2002), but to a large extent also based ajugdice and ignorance, as
demonstrated by the publications, software and exasngeferenced, discussed or
introduced in this paper.

As a natural means for organising, displaying andlysing large amounts of
data, spreadsheets have gradually but relentlesshdftheir way into the world of
mathematics and statistics. Their potential forerattive teaching was already
realised at the onset of widespread Internet usen({tand Tyrrell, 1995), and
nowadays high-profile introductory statistics textksoare being published that
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are either entirely based on Excel (e.g., Andersweeney and Williams, 2005)
or demonstrate its use in parallel with a majotistecal software package (e.g.,
Hawkes and Marsh, 2005). Though its limitations afbrtcomings, mainly in
terms of numerical algorithms and missing data haggd can take considerable
effort and expertise to overcome (Heiser, 2005)cdtxhas proven to be a
particularly valid tool for combining mathematicstasstics and engineering
education (de Levie, 2004; Liengme, 2002; Neuwatid Arganbright, 2004). In
the form of electronic or printed monographs witlsc@ampanying publicly
available add-ins, Excel is also becoming a prominéool for combining
statistical teaching and statistical practice (Pwp Werner and Yeater, 2001;
Myerson, 2005). Last but not least, the market nidiegeneral-purpose or
specialised statistical add-ins for Excel as lowicalternatives to stand-alone
statistical packages would not be flourishing assitif the producers were only
exploiting Excel's deficiencies and omissions, eatthan capitalising on Excel's
qualities and potential for storing, manipulatingnalysing and presenting
statistical data.

The field of applying Excel in statistics that isbgect to particularly harsh
criticism, but also witnessing particularly intensdevelopment, is data
visualisation. The large public knowledge base ¢tivgy of the usenet newsgroup
and websites of expeftss an enormous source of ready-made solutions, (fag.
bivariate density chars instructions for working around the limitationsf
Excel's charting facilities (e.g., to create boxplp and support for task
automation via macros and add-ins. At the same ,tipnefessional products are
covering the range from large-scale categoricaladatsualisatioh through
dynamic multivariate exploratidrio heat-maps for gene microarray data analysis

2 successful products include (tentatively ordere¢ klecreasing scope) XLSTAT-Pro
(http://www.kovcomp.co.uk/xIstat statistiXL (http://www.statistixl.com WIinSTAT
(http://www.winstat.corjy Simetaf (http://simetar.cory SPC XL (http://www.sigmazone.c9m
SigmaXL® (http://www.sigmaxl.cohand MegaSt&t (http://blue.butler.edu/~orris/megastat

3 especially recipients of the Micros8fMost Valuable Professional title, such as (in alpétical
order) F. Cinquegranihttp://www.prodomosua.eu/ppage02.hfml
T. Mehta (http://www.tushar-mehta.com/ J. Peltier (http:// peltiertech.cgmand A. Pope
(http://www.andypope.infp

* http://www.prodomosua.eu/zips/density.exe
http://www.|-walk.com/ss/excel/files/gradcontolutm

® http://www.mis.coventry.ac.uk/~nhunt/boxplot.htm
http://peltiertech.com/Excel/Charts/BoxWhisker.html

6e.g., Treemap freeware implementations (http:#aesh.microsoft.com/community/treemapper
and commercial extensions (http://www.panopticomyo

! e.g., commercial Miner3D (http://www.miner3d.comand freeware VisuLab
(http://www.inf.ethz.ch/personal/hinterbe/Visubab

8 e.g., BRB ArrayTools_(http://linus.nci.nih.gov/BR&rrayTools.htm)
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2 About the paper and the presented solutions

With the presented solutions, the author filled thain gaps left in the collection
of basic distribution plots available to an Exceleu aware of the above-named
resources. The examples are primarily intended daching and demonstrational
purposes, but they are also useful for producingipation-quality graphics. They
range from univariate through bivariate to multiade visualisations and related
procedures.

The remainder of the paper is organised as followsst, the univariate dot-
density plot is addressed together with simple amdtimvay dot plots, discussing
the existing resources and providing implementatbithe two possible solutions,
i.e., character-based cell-charts and modified tecqitlots (Section 3). Next, an
implementation of the stem-and-leaf plot with a mwacs presented (Section 4).
Automated histogram plotting and the use of Excbldlt-in Solver add-in for
optimisation are combined in the presented impletatgon of the modified Box-
Cox power transformation towards normal distribati@ection 5). Kernel density
estimation is introduced through windowgrams, whark implemented only with
conditional summing formulas (Section 6). In condiion with coplot
demonstration (scatter-plots conditioned on a thuariable) based on array
formulas (Section 7), the aim is to make advancedcepts and techniques
understandable and accessible to non-mathematichéace. Parallel coordinates
plot is implemented with a macro for quick prodectiof presentation graphics as
well as for exploratory purposes (Section 8). Adxhally, further possibilities for
data visualisation with the forthcoming Excel 20@atsion and the integration of
Excel with academically oriented statistical packagee discussed (Section 9).
Section 10 offers some concluding thoughts.

To emphasise the actual user experience and theutti®nal aspects of the
solutions, worksheet screenshots are presenteterfigures rather than just the
resulting plots. The aim of the text in the workstseis to make them sufficiently
self-explanatory while still stimulating the usesslf-discovery. Because of the
instructional purpose, some compromise had to belemaith respect to the
principles of good data visualisation, but elimioat of visual clutter (Tufte,
1983) and avoidance of unnecessary use of colouin®and Thissen, 1981) has
been pursued relatively strictly. Since random dadagenerated solely for
demonstrational purposes, Excel's built-in randoomhber generation function
(RAND) is used despite its known deficiencies (fauiarly in older versions; see
Heiser, 2005, for details).

All the presented solutions were developed on thierdsoft® Windows®
platform and tested with Excel versions from 97 apds. Those not using macros
should be completely compatible with the correspogdApple® Macintosh®
versions of Microsoft® Office, while those includiriVBA code could work with
Microsoft® Office for Mac® versions prior to the @0 edition. The workbooks
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can be downloaded from the webpage of the BiostasisCentre of the Institute
of Biomedical Informatics, Faculty of Medicine, Umirsity of Ljubljana
(http://www.mf.uni-lj.si/ibmi-english/biostat-centefollow the link to Software).
Some other statistical Excel workbooks can alséoled there.

The workbooks described in this paper are desigodue readily available for
use upon download. The combination of instructiocemments, plot and axis
titles, column headings and formatting elementsusthgrovide all the necessary
information for the interested instructor, studentpractitioner. The scope of four
workbooks is primarily instructional: the solutioftr dot-density plots, dot plots,
windowgrams and coplots require a small furtheogffrom the users who want to
transfer them into daily statistical practice. Thieerkbooks have dual scope: the
solutions for stem-and-leaf plots, modified Box-Ctransformation and parallel
coordinates plots can be used not only as instroati@aids, but also as "proper”
applications.

3 Dot-density plots and dot plots

Dot plots (Cleveland, 1985) have recently attraatetable attention in business
setting and in the context of management dashbo#s, 2006; Robbins, 2006).
As spreadsheets are particularly dominant in suttinge it is not surprising that
detailed step-by-step instructions for constructthgm were aptly published by
Excel experts (O'Day, 2006; Peltier, 2006).

Conceptually, dot plots can be considered as deeeldppm dot-density plots,
and the two methods are also technically relatedteinms of possible Excel
implementation. Dot-density plots can be simply afficiently implemented as
cell-charts with the REPT function. As explainedlarutomated by Peltier (2006),
the same principle can be used for constructing mlots, including additional
possibilities offered by conditional formatting (e.g different symbols
corresponding to the value of another variablehighlighting outliers). The other
main option for constructing dot plots in Excel alves workarounds for changing
the appearance of scatter-plots.

Below, each plot type is presented in a separateseution, whereby for
instructional purposes, dot-density plots are immatad as cell-charts, while the
scatter-plot based technique is used to constrmd¢tamiate and multi-way dot
plots.

3.1 Dot-density plots

Figure 1 shows the extremely simple procedure feattng a dot-density plot as a
character-based cell-chart. The worksheet alsauontt the user how to copy to
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clipboard a section of the worksheet exactly asppears on screen, which is a
basic and very useful, yet relatively little known Ekéeature.

f X
1 1|x =REPT("x";B2)
2 2|xx
3 3 xxx
5 4] XXXXX white cell fill colour
0 5
1 6% select the chart, SHIFT+Edit + Copy Picture...
2 T xx
3 8l xxx
9 O XXXXXXXXX
o] 10
[ d
[
[ 4
[
® [ 4
[ [
[ N J [ 2N J
e o o o & o
o o o o & o o
Xx[1 2 3 45 6 7 8 9 10
f 1235012 390
=REPT("I";B2) ...

Wingdings Font

Figure 1: Excel solution for dot-density plots with a chaexebased cell-chart
(horizontally oriented above, vertically orientedldw).

label value see Note 1 see Note 2 Note 1: 1 ... no. of data points

one 1 1 1 Note 2: second series for displaying labels
two 2 2 1

three 3 3 1 The chartis based on simple tricks:

five 5 4 1 I axes have neither lines nor tickmarks

I major gridiines are white so thatthey hide every second minor gridline

| dafa labels of second series are positioned to the left of data points

five ——---------------—~ -o . .
(to assign them, use one of the excellent freeware add-ins:
XY Chart Labeler by R. Bovey, or J-Walk Chart Tools by J. Wiakenbach)

three - - ----- - -~ ®* - —---—-—---
two - -- -~ -
one ® — — — — - - — —— - ——
1 2 3 4 5

Figure 2: Excel solution for constructing a dot plot.
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Data For charting purposes
4 A - Audi N 4 A - Mercedes N ADDTIVECAR DRIVERIR
Pro - — — - ——————_ . _ _ PO - — PR A Audi Novice 21| 1 10 A - Audi
A Audi Hobby 20| 2 10
A Audi Expert 26| 3 10
Expert — - - - - ------- - - Expert - - - ——--—-—-—--—-— & —- A Audi Pro 25| 4 10
A Mercedes Novice 20 A - Mercedes
Hobby - - - - - - - .- - - —— - —- Hobby - - - ----—-—-- - — — — — - A Mercedes Hobby 23
A Mercedes Expert 27
Novice o Novice ° A Mer(I:edes Pro. A _
10%  15%  20%  25%  30% 10%  15%  20%  25%  30% |0 e Nese 2y [B=/uEl
o / \_ J B Audi Hobby 21
B Audi Expert 27
(" B- Audi N (" B- Mercedes N 3 Audi Bro 28
PO — - - — e _ PO — - — - - — -_ B Mercedes Novice 21 B - Mercedes
B Mercedes Hobby 20
B Mercedes Expert 27
Brpert === - - - - - oo ¢ - Brpert — == - - - m - oo & B Mercedes Pro 27
C Audi Novice 13 C- Audi
Hobby — = — - - - — - - —————- Hobby - — - ———-— - - ————— - C Audi Hobby 16
C Audi Expert 15
Novice — —————— - — - — == Novice - - - —-—-—-—-— .- —————- € o] 70 1
C Mercedes Novice 12 C - Mercedes
N J _ J C Mercedes Hobby 18
C Mercedes Expert 17
4 C - Audi N 4 C - Mercedes N € Mercedes Pro a8
PO — — — — @ Pro — — — — — — P D Audi Novice 14 D - Audi
D Audi Hobby 16
D Audi Expert 19
Expert — — - @ - — - - —— - ——— - Expert - - - - - - === D Audi Pro 19
D Mercedes Novice 15 D - Mercedes
Hobby — - — — @— — — — — — — — — — - Hobby - - - — - — * - ———————- D Mercedes Hobby 20
D Mercedes Expert 20
Novice — — @ — — — — — — — — — — — — - Novice — @— — — — — — — — — — — — — - 2 MercedesuETQ L8
N J _ J see previous worksheet for explanation
4 D- Audi N [ D- Mercedes N
Po ———-—-—--- * - ——————- Po - ----- * - ——————-
Expert — — — — - — — - - ——————- Expert — — — — — — — .- ————— -
Hobby - - - - - - - - - - - ——— - Hobby - ——-—-—-—-— - ———-
Novice — — —@ — — — — — — — — — — — - Novice — — — @ — — — — — — — — — — -
10% 15% 20% 25% 30%) 10% 15% 20% 25% 30%
/ o /

Figure 3: Excel worksheet demonstrating multi-way dot plaith designed-experiment
data.

3.2 Dot plots

For dissemination purposes, the presented solufimma single dot plot and multi-
way dot plots are stored together in one workboothwwo worksheets (named
"Single" and "Multi-way", respectively).

Construction of dot plot in Excel from a scatteofpby hiding axes and major
gridlines and introducing a series with data lalielseplace the categorical axis is
displayed in Figure 2. It requires the installatioh an add-in for linking data
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labels to cell contents, which is in any case a ma#ony tool for serious data
visualisation with Excel.

In Figure 3, multi-way dot plots are illustrated wia realistically constructed
dataset from the field of experimental design. TWsible mechanics of the
solution does not harm the presentation-quality ldigpwhich is obtained by
setting the Print Area (indicated by the dashed)liteeinclude just the plots and
setting the Header (e.g., to "Complete block desexperiment with single
observation per cell") and the Footer (e.g., toféEf of car, driver experience, and
fuel additive on emission reduction") in the Paggup dialog to the appropriate
explanation.

4 Stem-and-leaf plot

Although stem-and-leaf plot epitomises the besttloé pre-computer era of
statistical graphics (Tukey, 1977), it should neithee under-estimated nor
excluded from introductory statistics curricula. &ddition to serving teaching
purposes, it can replace tables of raw data (nwoitéid to whole numbers) in
publications. Like dot-density plot, it is a perfezandidate for construction with
proper formatting of spreadsheet cells.

Count Stem Leaves |Number of cases each digit represents: 1
5 0 123399
2 1|56
1 219

3|

2 415

6 5 |035788
3 6 048

3 7 1355

6 8 |013559
1 916

1 10 4

Figure 4: Sample output of the steam-and-leaf macro forndafive presentation.

The basic algorithm is straight-forward enough f@d-hoc manual
implementation, whereby the amount of help from cateps calculation would
depend on the user's proficiency with the spreadsqgelication. For routine use,
especially with larger amounts of data and largembers, macro automation is
required. It was programmed by Maxwell (2006), bomg debugging was needed
and workbook design had to be added to make itlfaegplanatory instructional
tool that can also be used for producing publicaimality plots. Instructions for
the user to run the macro either via menu or udiagboard shortcut, and to
specify which column contains the data, are placethe first worksheet. Output
is produced in a separate worksheet, which alsoviges instructions for



90 Gaj Vidmar

formatting the plot (Figure 4 presents the resaitthe sample data) and copying it
to the clipboard as a picture.

5 Box-cox transformation

The implementation of the modified Box-Cox transf@tion towards normal
distribution is shown in Figure 5. The modificati¢subtraction of instead of 1;
equation 5.1) of the originally proposed transforimat(Box and Cox, 1964) is
clearly displayed in the worksheet. The referencetfm Excel implementation
(Swanson, Tayman and Barr, 2000) is also providegether with the correction
of the formula for the maximume-likelihood estimatiof the parametet.

TX:{(XA “A)A A ¢o} (5.1)

In(x) ;A=0

X Tx TX-MTx In x N MTx ssd slnx L
1,305647 2,76 0,35 0,27 51 3,35 48,11 34,62 -23,199

1,203121 2,68 0,46 0,18

1,079289 2,56 0,62 0,08 Original distribution 18
2,460413 3,51 0,03 0,90
4,881052 4,49 131 1,59 min 0,14
3,578878 4,03 0,45 1,28 bin_width 1,03
4,384206 4,33 0,95 1,48 UL f -
2,93886 3,75 0,16 1,08 0,65 4 §
0,685625 2,13 1,49 -0,38 1,68 16 E
0,36412 1,61 3,03 -1,01 2,71 10 £
0,769149 2,23 1,25 -0,26 3,74 8
3,05205 3,80 0,20 1,12 4,77 6
2,663747 3,62 0,07 0,98 5,81 3
0,867819 2,35 1,01 -0,14 6,84 1
2,027755 3,27 0,01 0,71 7,87 2
0,9949 2,48 0,76 -0,01 max 1
1,160278 2,64 0,51 0,15
2,890844 3,73 0,14 1,06 Transformed distribution
2,658033 3,61 0,07 0,98
0,524934 1,90 2,11 -0,64 min 0,96
0,931626 2,42 0,87 -0,07 bin_width 0,56
2,330271 3,44 0,01 0,85 UL f .
0,609102 2,02 1,76 -0,50 1,24 1 2
8,382877 5,41 4,26 2,13 1,80 1 %
1,398655 2,84 0,26 0,34 2,35 5 £
1,773059 3,11 0,06 0,57 2,91 13
3,71418 4,08 0,53 1,31 3,47 6
4,060207 4,21 0,74 1,40 4,02 10
4,18903 4,26 0,82 1,43 4,58 11
5,013684 4,54 1,40 1,61 514 3 124 180 235 291 347 402 458 514 max
1,320288 2,77 0,33 0,28 max 1 i

0,889462 2,37 09 012
0,135212 0,96 570 2,00
1,211183 2,68 045 0,19
1,829431 3,15 0,04 0,60 TN P
1,089243 2,57 0,61 0,09 e o (x* = f a0
2,40821 3,49 0,02 0,88

In(x) (A=0

3,840979 4,13 0,60 1,35
4,861809 4,49 1,29 1,58
3,410325 3,96 0,37 1,23

5,82018 4,78 2,04 1,76 Reference
3,533266 4,01 0,43 1,26
1,812653 3,13 0,05 0,59 Swanson, D.A., J. Tayman, and C.F. Barr. 2000. "A Note on the Measurement of Accuracy for the ional Demographic Esfimates." D phy 37:193-201.
7,012216 5,09 3,04 1,95 Note, though, that their formula ml(,’o\_) =—(n/2) (In[(1/m)Z(y, — y)’] + (?L — 1) (ZIn(x))) has a mistake !
1,711201 3,07 0,08 0,54 The parentheses are wrong -- the correct formula is mI(\) = (-n/2)(In(Var(y))) + (A-1)(Sum(In(x))) !

7,096034 5,12 3,11 1,96
0,950625 2,44 0,84 -0,05!
1,056819 2,54 0,65 0,06
4,159933 4,25 0,80 1,43

3,82705 4,12 0,60 1,34
3,477401 3,98 0,40 1,25

Figure 5: Worksheet for modified Box-Cox transformation.
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Automated histogram binning (based on the FREQUENMy function) and
updating is particularly instructive if the user utp various values of manually
and observes the effect on the transformed didiobu At the same time, the
implementation can be used to introduce the usermaximum-likelihood
estimation and the Solver add-in. Although the ®olis far from an ideal and
universal optimisation tool, it is very useful forvade array of applications in
statistics, probability, operation research, econwite and related fields, such as
teaching generalised linear models (Graham, 2000) performing robust
regression (Barreto and Maharry, 2006).

[Cenbrdii 7
rectingular ke o d=15 triangular kerngl i rectangular ke rre| [d=15]
-~ N30, 15 aridl 7 P 1 A el e

3 0 i 0% 0 %
&0 2 i 0% i PR
0 i i 0% 0 %
a2 [ 2 0% 0 % L%
39 : 3 0% 0 1,9
13 10 3 0% 0 % 0%
6 2 3 0% 03 1%
&1 T 3 0% i % bt
9 ia i % 03 %
1 18 G 1% 03 1% 0% |
a8 m & 1% i 1%
51 = 9 1% { 1% )
3 2t " 1% i 1% pa% 5
5z =% 13 % 03 1%
14 & 15 % 025 %
3z = 15 % 175 bt i
2 vy ] % 375 " A% 1
T 3 b1l % 3715 " B
20 F3 i) i 25 T 0%
I = 2t % 3 i
54 Il 6 5% i5 % BO% 1
5 2 = i 375 " s
2 m 3 19 35 "
36 i ) 4 L35 a4 H0% 1
57 I a 5% 35 " 50%
65 El 5 a% 3z T )
51 sz = 5% 6 6% PO
35 5t = % & % 10% -
&1 = 3 " & % - . .
55 = 5 19 65 I
- o = - - b 0 o 40 &0 &0 100
31 G2 = I 3 s
39 ai z 0% 0 %
13 3 2 0% 0 %
57 @ i 0% 0 %

100 i 0% i %

115 100% 100 00%

Figure 6: Worksheet for demonstrating windowgrams usingaegtilar and triangular
kernel (15 rows of data cut out).

The essential feature of the presented solution mhakes it useful for data
analysis practice is that the value Mfis based on counting the cells with the
data, and that all the vector quantities involvadthe calculations are addressed
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via named ranges that refer to the OFFSET fundbiased orN. Hence, input data
of practically any length can be entered, importegpasted into the column.

6 Windowgram

Smoothing is one of the simplest examples of a lgieg method that can
substantially facilitate understanding of a givemldem, or even enable insight
that is far superior to what students can infemfrparametric statistical models
they are familiar with (Weldon, 2005). Windowgram®yide the most gentle and
the least mathematically oriented introduction tankd density estimation; the
latter has long been an essential part of statistyet it is too seldom taught in
introductory statistics courses (Weldon, 2004).

The instructional spreadsheet, which features nreptr kernel (with
adjustable window width) and triangular kernel (wit-point window, as shown in
the plot title) is presented in Figure 6. Both womeyrams are implemented only
with conditional summing formulas. In-cell commermisovide further guidance
and explanation: pointing the cursor to the celt Bntering the kernel width
displays the message>3 (larger value produces more smoothing)", while th
comment of the cell with the headifdor rectangular kernel gives an excerpt from
the Excel's help on some commonly used array formuising the SUMIF,
COUNTIF, SUM and IF functions. As shown in the wshleet, the data are 50
values sampled from a normal distribution with=50 and ¢ = 15. As an
exercise, the user can find the smalldghat produces a completely flat density
estimate with rectangular kernel.

7 Coplot

Coplots — short for conditional plots — are a amothame for what is usually
called panel plots, trellis display (Becker, Clevelaand Shyu, 1996) or lattice
graphics. Like windowgrams, they are arguably undsxdu in introductory
statistics courses (Weldon, 2004). Similarly, theeractive Excel solution (Figure
7) demonstrates that they can be implemented in seasgheet without
programming and hence more likely understood by namhematicians.

The comments in the headers of the colurarendb explain how the data is
generated (7.1). Excel's Data Validation featureded to guide break-point entry
upon selecting the input cells: sinceranges from 1 to 50, the lower value is
limited to the interval [1, 46] and thus the validnge for the upper value is
between the lower value +1 and 48. To emphasis¢ tion-linearity should
regularly be considered when studying relations betwa pair of quantities,
quadratic trend is fitted to the points in each gla(using Excel's convenient
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routine built into the scatter-plot). The scattéotpof the total sample below the
panels allows clear visual comparison with the ¢badal plots.

a~uU 0D
0 ;c <lower
b~U (01) +{2a?
4a°

(7.1)

;lower < ¢ < upper
;C>upper

As with multi-way dot plots, print area is limited the plots of interest so that

a display for presentation is readily available fempng or export (the later is
easily achieved by printing to a file with appropelgt set-up printer driver).
Conditional cell formatting is used to highlightetldata points displayed on the
first and the second pair of adjacent panels.

0,21
0,68
0,07
0,01
0,10
0,61
0,95
0,89
0,07
0,25
0,42
0,45
0,67
0,54
0,21
0,17
0,25
0,19
0,41
0,75
0,24
0,89
0,87
0,09
0,19
0,60
0,87
0,37
0,07
0,09
043
076
0,14
0,84
0,21

0,98
0,47
0,81
1,00
0,71
0,25
0,62
0,08
0,70
0,82
1,31
0,59
1,73
1,25
0,82
0,98
0,76
0,14
0,81
1,20
0,64
2,41
2,03
0,41
0,47
1,00
2,01
0,46
0,20
097
0388
2,76
0,45
3,22
0,92

Figure 7: Worksheet for coplot demonstration (bottom 15 rafslata cropped).

enter ¢ break-points:
lower = 8
upper = 30

red and blue data points overlap
between adjacent panels;
quadratic trend ftted

o see the "logic",
widen columns D fo | and change
their font colour from white

a a
*
*
*
*
*
. ¢
X4
$ o N
> MR
% "t X4 .
Peed’ o *
* o ¢ .
00 02 o4 08 08 10 total sample
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i1 #2 %3 etc Select the data {two or more columns) and run the macro {from the menu, or press CTRL+SHIFT+P)!
| 0872562 0377B55) 0724187 0,093585 Empty cells (i.e., missing data) are allowed, but make sure that there are no completely empty rows!

| 0,160465 0,731002) 0574199 0,438534

| 01406885 001553) 0315818 0,13952 The plot is placed on the same worksheet as the data. The width of the plot is proportional to the number of
| D&7716 0,750209) 0883424 0751245 variables (i.e., columns of the selection). The plot is drawn in black-and white with care for high data-ink ratio.
| 0798468 D,186594| 0052813 0,046079

| 0964605 0843516 0703466 0359657 If you adjust some properties of the vertical axis, make sure you apply the same changes to the right-hand

| 0557806 0088571 0057457 0708373 side of the plot (i.e., to the secondary value axis, which applies only to the first data-point, i.e., to the first

| 0.315575 D 420207 0445867 0534956 series). The easiest way for that is Edit—=Repeat (make the change to the primary axis, select the secondary
| 0474247 00504231 0514341 0702131 axis and press CTRL+Y). If you add a title to the vertical axis, there is, of course, no need to do that.

| 079045 0B8973| 0423104 0458557

| 0221867 D E95284| 0,13626 0315879

| 0216896 0 907636| 09658733 05353041

| 0,343077 D,440352| 0,005427 0,3662589

| 0570123 0,022833) 0714774 0919678

| 0393155 0983895) 0220593 0351666

| 0380486 0,42753) 0,000103 0,167513

| 0275702 0,869384] 0741858 0716521

| 0879767 D B06125| 0530435 0972763

| 0402041 D,380847 0729355 0236713

| 0658159 0,954288) 0104217 0,394362

| 0/992494 0 861425] 0419193 0864391

| 00496892 0748462| 0707353 05271

0184875 04486851 0 232206 0B2227

1,2 - 1.2 1,2 4 1.2
0,8 0,8 0,8 4 - 0,8
0,6 - - 0,6 0,6 F 0,6
0,4 1 - 0,4 0,4 1 - 0,4
0,2 r0,2 0,2 F0,2
0 0 0 T T 0
x1 X2 x1 x2 x3 etc

Figure 8: Instructions and sample data for producing paralb®rdinates plots (top), and
the resulting plot of two (bottom left) and fourri@bles (bottom right).

8 Parallel coordinates plot

Parallel coordinates plot (Inselberg, 1985), somes also classified as a type of
profile plot (Harris, 2000), has become very populmr dynamic visual
exploration or large datasets with the developmentglata mining, information
visualisation and related fields. Its traditionagrsion is an essential tool for
analysis of repeated measurements, which are fregqundmomedical research.

The presented implementation (see Figure 8 forrucsions to the user and
two examples of produced plots) is static and ainmegdquickly producing
presentation graphics. Considering how tediouss itoi manually produce such a
plot in Excel, the macro gives Excel users the pokty to routinely accompany
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paired-samples comparisons, method-agreement studiesimilar analyses with
useful graphics. Given the ease of data reordeamd transformations within a
spreadsheet, the macro also provides possibiliies parallel-coordinates
exploration of larger datasets with more varialjd®gman, 1990).

9 Excel 2007 and beyond

The characteristics of the new, 2007 edition of Maoff® Office, which includes
the new Excel 2007, have been revealed in detathe extensive official blog
(Gainer, 2006). The improvements to the basic ktins are drastic and
constitute a major leap of Excel into the preseay-avorld of vast amounts of
rapidly accumulating information. It is also a letgy beyond the capabilities of
any other competing software. First and foremostrksbbeet size has been
increased from 65536 rows by 256 columns (i.€°x2°=2?* cells) to 1048576
rows by 16384 columns {%2'=23* cells, i.e., 1024-fold). Furthermore, the
maximum number of worksheets in a workbook is laditonly by available
memory, and total usable memory has been increas@&GB (i.e., doubled from
the 2003 version). Excel's capabilities regarditayage capacity of a single cell,
various aspects of formulas, conditional formattipginting, searching, filtering
and Pivot Tables (which now have the same sizet lasithe new worksheets) have
also been vastly increased (see Gainer, 2006, faildpe

On the other hand, the changes to the data visialrs facilities can be
labelled as mainly cosmetic. Although the chartimgpiee has been completely
rewritten to improve its organisation, consistenog appearance, no really new or
statistically sounder chart types have been introdudespite plenty of qualified
requests and suggestions over more than a decalgcel's popularity. The only
segment where a real break-through has been madsualisation associated with
conditional cell formatting. Versatile in-cell bargradient-coloured backgrounds,
ordered icons sets, top-down rules and cell hidtiigg rules have been
introduced, and in conjunction with the abovememid capability increases these
features can be used for visualisation of largeegatical datasets, large-scale
business reporting, or a variety of hierarchical pxel-oriented information
visualisation techniques (cf. Keim, 2000).

As far as statistical profession is concerned,itteal expansion of Excel is its
integration with statistical software packages. datnly the most advanced two,
i.e., R (R Development Core Team, 2004) and XploRérdle, Klinke, and
Mdaller, 1999) have been successfully connected \Eitkcel using the Component
Object Model (COM) technology (an overview is givey Aydinh, Hardle and
Neuwirth, 2003). Most notably, the R (D)COM Servardathe RExcel add-in
(Baier and Neuwirth, 2006), which can be furthermbined with the R
Commander (Fox, 2005) package to allow interfacimgh R via menus and
dialogs, are opening up real possibilities for nmakthe learning curve for R less
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steep. Focusing on visualisation, this connectioak@s a variety of R’s plots
readily available to the Excel user. It can alsoused to combine Excel’s user
interface (including controls, such as sliders) amdrting capabilities with R’s
computational power to create dynamic visualisatiang illustrated simulations.

10 Conclusion

The starting point of this paper has been pinpairiig one of the most prominent
statisticians of today: Let's not kid ourselves: the most widely used piete
software for statistics is Exce{Ripley, 2002). And it is enough to open just abou
any newspaper to realise that the observation giptiess to graphical presentation
of statistical data.

Since Excel's default settings and ready-made pruoesdfor charting compare
even less favourably to statistical software thanitdodata analysis capabilities,
this is undoubtedly a problem. However, the stanfcéhe author of this paper is
that like any other problem, it is actually an oppoity for finding a solution. In
this case, there are various valid solutions atousr levels, and it is reasonable to
consider the presented Excel techniques among saicitions at the level of basic
statistics education, as well as at the level gfl@pg statistics in research and
business practice.
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