VALIDATION OF

STATEL RESULTS

NIST (National Institute of Standards and Technology) and its laboratory ITL
(Information Technology Labolatory), located in USA, designed reference datasets
with certified computational results that enable the objective evaluation of statistical
software.

In order to certify users of StatEL about accuracy of its calculations, we confronted its
results to certified results of ITL.

You can visit website “Statistical Reference Datasets” of NIST on :
http://www.itl.nist.qov/div898/strd/

We used only datasets that are applicable with available tests of StatEL software,
that is :

e Univariate statistics :

o PiDiqgits (Lower level of difficulty)
Lottery (Lower level of difficulty)
NumAcc?2 (Average level of difficulty)
NumAcc3 (Average level of difficulty)
NumAcc4 (Higher level of difficulty)

O O0OO0OoOo

e One-Way Anova :

SiRstv (Lower level of difficulty)
SmLs01 (Lower level of difficulty)
AtmWtAg Average level of difficulty)
SmLs06 (Average level of difficulty)
SmLs07 (Higher level of difficulty)
SmLs08 (Higher level of difficulty)

@]

O O0OO0OO0OOo

e Simple and multiple linear regression
o Norris
o Longley

Following results are displayed through screenshots of NIST results and those
supplied by StatEL on Excel spreadsheet.
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http://www.itl.nist.gov/div898/strd/
http://www.itl.nist.gov/div898/strd/univ/pidigits.html
http://www.itl.nist.gov/div898/strd/univ/lottery.html
http://www.itl.nist.gov/div898/strd/univ/numacc2.html
http://www.itl.nist.gov/div898/strd/univ/numacc3.html
http://www.itl.nist.gov/div898/strd/univ/numacc4.html
http://www.itl.nist.gov/div898/strd/anova/SiRstv.html
http://www.itl.nist.gov/div898/strd/anova/SmLs01.html
http://www.itl.nist.gov/div898/strd/anova/AtmWtAg.html
http://www.itl.nist.gov/div898/strd/anova/SmLs06.html
http://www.itl.nist.gov/div898/strd/anova/SmLs07.html
http://www.itl.nist.gov/div898/strd/anova/SmLs08.html
http://www.itl.nist.gov/div898/strd/lls/data/Norris.shtml
http://www.itl.nist.gov/div898/strd/lls/data/Longley.shtml

UNIVARIATE STATISTICS

e Set PiDigits (Lower level of difficulty)

Certified Results : Results of StatEL :
Certified Values
Dataset Resulis
Name: Pilnatt
e s Nb of values| 5000
Procedure: Tlnivariate Summaty Statistics M,m_mum 0
Certification IMethod & Defintions Maximum 9
Range 9
Data: 1 Response Varable () Mean 4,535
5000 Observations Variation Col 0,632
Lower Level of Difficulty Standard E 0,0406
Chserved Data 4455 < m =< 4,674
2.867
Model: 3 Parameters (}, @, i) 8,222
5
Y=g+ 3
Sth Percent 7
Inter Percent 5
Certified
Parameter Fstimate s kewnf'.ss ['F 0,122
I 4,53480000000000 Kurtosis (Fis -1.453
o 2.867335906028871

Al -0.00355095 287257572
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http://www.itl.nist.gov/div898/strd/univ/pidigits.html

e Set Lottery (Lower level of difficulty)

Certified Results :
Certified Values

Dataset
Name: Lottery

Procedure: TUnivanate Summary Statistics
Certification Methed & Definttions

Data: 1 Eesponse Vanable ()
218 Obszervations
Lower Level of Difficulty
Observed Data

Model: 3 Parameters (&, @, 1)

Yi—=put &

Certified
Estunate
ol 318.858715596330
o 291.699727470969
1 -0.120948622967393

Parameter

Results of StatEL :

Results

Nb of values; 218
Minimum 4
Maximum 999
Range 995
Mean 519.0
Variation Cof 0,562
19,76

480,2 < m < 551.7
2917
7 §5089
522.5
272.8
Sth Percent| 779,3
Inter Percent 506,5
Skewness (H -0,0891
Kurtosis (Fis; -1.257
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http://www.itl.nist.gov/div898/strd/univ/lottery.html

e Set NumAcc?2 (Average level of difficulty)

Certified Results :
Certified Values

Dataset
Name: MNumbcec?
Proceduwre: Tnivariate Summary Statistics
Certification IMethod & Defimbions
Data: 1 Eesponse Vanable (v)
1001 Observations
Average Level of Difficulty
CGenerated Data
Model: 3 Parameters (f&, @, 1)

W=+ &
Parameter £ El.tﬁe f
Es
M 1.2
a 0.1 (exact)
o -0.999 (exact)

Results of StatEL :

Results
Nb of values; 1001
Minimum 1,1
Maximum 1.3
Range 0,2
Mean 1,200
Variation Co|_—" 0,0833
3.16E-03

1,794 < m < 1,206

0.1
Variance 0,0100
Madi 1,2
h Percent| 1.1
15th Percent| 1,3
Inter Parcent 0,2
Skewness (H 2,93E-13
Kurtosis (Fis 2,242
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http://www.itl.nist.gov/div898/strd/univ/numacc2.html

e Set NumAcc3 (Average level of difficulty)

Certified Results :
Certified Values

Results of StatEL :

Dataset
Name: Mumdbice3 Results
Nb of values; 1001
Procedure: Tnivarate Summary Statistics Minimum 10000000, 1
Certification Iethod & Defimbions Maximum 100000003
Range 0,200
Data: 1 Response Vanable (v) Mean 10000000,2
1001 Observations Variation Col L0E-08
Average Level of Difficulty 3.16E-03
Generated Data 10000000,79
0,100
Model: 3 Parameters (&, @, p) /lﬂﬂm
Median | -10000000,2
=gt 100000001
10000000,3
ter Percent 0,200
Parameter Certified Skewness (F|  -2,55E-06
Lidily: v Kurtosis (Fis| -2,242
[ 10000002 {exac
a 01 (exact)
fol -0.959 (exact)

< m < 10000000,21
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http://www.itl.nist.gov/div898/strd/univ/numacc3.html

Set NumAcc4 (Higher level of difficulty)

Certified Results :
Certified Values

Results of StatEL :

Dataset
Results
Name: MNumbced Nb of valnes 007
Procedure: Tlnivariate Summary Statistics M'm_mum 10000000,
Certification Iethod & Definitions Maximum 10000000,3
Range 0,200
Data: 1 Eesponse Variable () Mea:n . J 100000002
1001 Ohzervations Variation 1,00E-08
Higher Level of Difficulty 3,16E-03
Generated Data 10000000,19
0. 100
Model: 3 Parameters (M, &, 1) 20,0100
10000000,2
Y= M 10000000,1
10000000,3
0,200
Parameter Certified Skewness (F  -2,55E-06
Estima Kurtosis (Fis -2,242
M 10000000.2 {exact
o 0.1 (exact)
1 -0.999 {exzact)

< m < 10000000,21
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http://www.itl.nist.gov/div898/strd/univ/numacc4.html

ONE-WAY ANOVA

e Set SiRstv (Lower level of difficulty)

Certified Results :

Certified Values
Dataset
Name: SiR.stw

Procedure:  Analysis of Varjance
Certification MWethod & Definitions

Data: 1 Factor
5 Treatments
5 Replicates/Cell
25 Obzervations
3 Constant Leading Digits
Lower Level of Difficulty
Observed Data

Model: & Parameters ( Ms T1a - - -2 78)
Yy = L+ T+ &5

Certified Certified Certified

Source of Degrees of Sums of Mean
Variation Freedom Squares Squares
Between
Ihstrument 4 5. 114626 16000000E-02 1.27865654000000E-02
Within
Instrument 20 2.16636560000000301.1.08318280000000E—02

Certified R-Squared 1.90999035051129E-01

Certified Residual

Standard Deviation 1.040760683534656E-01

Results\of StatEL :

Resulis of [}le-wav Anova

Between-gre 0,0128
Within-grou|

F: 1,18
Flim: 2,866
p=< 0,35

Certified
F Statistic

1. 1804623744 0255E+00
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http://www.itl.nist.gov/div898/strd/anova/SiRstv.html

e Set SmLsO01 (Lower level of difficulty)

Certified Results :

Certified Values

Dataset

Name: =mls01
Procedure:  Analysis of Vanance

Data:

Model:

Source of
Vanation
Between
Treatment
TWithin
Treatment

Certfication Method & Defintions

1 Factor

9 Treatments

21 Eeplicates/Cell

189 Observations

1 Constant Leading Digit
Lower Level of Difficulty
Generated Data

10 Parameters (#s Tl - - -3 T8
Y = pt Tt ey

Certified Certified Certified
Degrees of Sums of MMean
Freedom Squares Squares

Certified
F Statistic

8 1.68000000000000E+0( 2.10000000000000E-01

2.10000000000000E+01

3

180 1.20000000000000EA+00 1.00000000000000E- 0

4

Certified R-Squared
Certified Residual

Standard Deviation

Results\of StatEL :

Results of ONe-way Anova

Between-gr«
Within-grouj
F

F lim:

p<

4.82758620685655E-01

1.00000000000000E-01
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http://www.itl.nist.gov/div898/strd/anova/SmLs01.html

o AtmWItAQ (Average level of difficulty)

Certified Values

Certified Results :

Dataset
Name: A Wiho
Procedure:  Analysis of Variance

Certification Methed & Defintions
Data: 1 Factor

2 Treatments

24 Eeplicates/Cell

48 Obzervations

T Constant Leading Digits

Awerage Level of Difficulty

Chserved Data
Model: 3 Parameters (4 T1a 72

Yy = B+ T+ ey

Certified Certified Certified
Source of Degrees of Sums of Mean
Variation Freedom Squares Squares
Between
Instrument 1 3 63834187500000E-09 3. 63334 187500000E-0%
Wthin
Instrument 46 1.04951729166667E-08 2. 2815593297 1014E-10)

Certified B-Squared

Certified Residual
Standard Deviation

2.57426544538321E-01

1.510483144464 10E-05

Results of StatEL :

Results\uf\ One-way Anova
Between-gx« 3,64E09
Within-groupy  2,26E-10

F: 15,95
Flim: 4,052
p= 0,00023

Certified
F Statistic

1.5946735567F7930E+01

|13
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http://www.itl.nist.gov/div898/strd/anova/AtmWtAg.html

e Set SmLs06 (Average level of difficulty)

Certified Results :

Certified Values

{'_;:[‘I:lﬁe i Certified
Joean F Statistic
Squares

2 2.00100000000000E401 2.00100000000000E+03

w

Dataset
Name: Smls06
Procedure: Analysis of Vanance
Certification Method & Definitions
Data: 1 Factor
9 Treatments
2001 Eeplicates/Cell
18002 Observations
T Constant Leading Digits
Awerage Level of Difficulty
Generated Data
Model: 10 Pararneters (M2 Tla == =279
Y = B+ T+ gy
Certified Certified
Sowrce of Degrees of Sums of
Variation Freedom Squares
Between
Treatment 8 1.60080000000000EA0
TWithin
Treattnent 15000

1.80000000000000EAD

% 1.00000000000000E-02

Certified R-Squared

Certified Residual
Standard Deviation

4. 70712773465067E-01

1.00000000000000E-01

Results\of StatEL :

Results of Dkwav Anova

Between-gre
Within-grou

F:
Flim:
p<

20,01

0,0100
2001

1,939
0,00001
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http://www.itl.nist.gov/div898/strd/anova/SmLs06.html

e Set SmLs07 (Higher level of difficulty)

Certified Results :

Certified Values

Dataset
Name: Smls07

Procedure: Analysis of Vanance
Certification Method & Definitions

Data: 1 Factor
9 Treatments
21 Eeplicates/Cell
18% Observations
13 Constant Leading Digits
Higher Level of Difficulty
Generated Data

Model: 10 Parameters (M2 Tz ---279)
Yy = B+ 7+ ey

Certified Certified Certified Clorti
Source of Degrees of Swums of Mean - -31-11:|1:i-3-:.1
. F Statistic
Variation Freedom Squares Squares
Eetween
Treatment ] 1.62000000000000EA+0 |2, 10000000000000E-07 2.10000000000000EA+01
TWithin L3
Treatment 180 1.20000000000000EA+00(1.00000000000000E-02
Certified R-Squared 4 B2THRE2068P655E-01
Certified Residual
Standard Deviation 1.00000000000000E-01
Results of StatEL :
Results}\lﬁllw
Between-g 0,209897513
Within-grou§ 0,010000547
F: 20,99
Flim: 1,99
p= 0,00001
Note :

There is a slight difference between both results on this dataset whose data are 13
digits numbers.
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http://www.itl.nist.gov/div898/strd/anova/SmLs07.html

e Set SmLs08 (Higher level of difficulty)

Certified Results :

Certified Values

Dataset
Name:

FProcedure:

Data:

Model:

Source of
Variation
EBetween
Treatment
W ithir
Treatment

Note :

SmlLs08

Analysis of Variance
Cettification Iethod & Defintions

1 Factor

9 Treatments

201 Eeplicates/Cell

180% Ohservations

13 Constant Leading Digits
Higher Level of Difficulty
Generated Data

10 Parameters (42 Tl - - =279
Yy = ptT Tt ey

Certified Certified
Degrees of Sums of
Freedom Squares

Certi )
';}Iuﬁﬂl Certified
Sean F Statistic
Squares

B 1.60800000000000EA+01|2.01000000000000EA+00 2.01000000000000E+02

L3

1800 1.80000000000000E+07 (1.00000000000000E-02

Certified R-Squared 4 718309859154%93E-01
Certified Residual

Standard Deviation

1.00000000000000E-01

Results\of StatEL :

Results of Oné-way Anova

Between-grc
Within-grouj
F:

F lim :

p=

2,009018674

[ 0.070000545]
200,9

1,944

0,00001

There is a slight difference between both results on this dataset whose data are 13
digits numbers.

ad Science Company - 46, Rue Marx Dormoy, 75018 PARIS, France - RCS Paris 482 007 895
www.adscience.eu
& : 133875232595

contact@adscience.eu

®:+33662227251

12


http://www.itl.nist.gov/div898/strd/anova/SmLs08.html

e Set SmLs09 (Higher level of difficulty)

Certified Results :

Certified Valuoes

Dataset

Name: SmlLs09
Procedure: Analysis of Variance

Data:

Model:

Source of
Variation
Between
Treatment
Within
Treatment

Note :

There is a slight difference between both results on this dataset whose data are 13

Certification Method & Defintions

1 Factor

9 Treatments

2001 Replicates/Cell
18009 Observations

13 Constant Leading Digits
Higher Level of Difficulty
Generated Data

10 Parameters (#: 715 - - -5 79)
Vi = pT Rt ey

Certified Certified
Degrees of Sums of
Freedom Squares

g 1.60080000000000E+02

18000 1.80000000000000E+0

Certified R-Squared

Certfified Residual
Standard Deviation

Certified
Mean
Squares

2.00100000000000E+01

Certified
F Statistic

2.00100000000000E+03
A

1.00000000000000E-02

4.70712773465067E-01

1.00000000000000E-01

Results of StatEL :

Results of Dke-wag Anova

Between-gre
Within-grou

F:
Flim:
p<

digits numbers.

20,02466590
0.010000545
2002

1,939
0,00001
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http://www.itl.nist.gov/div898/strd/anova/SmLs09.html

SIMPLE LINEAR REGRESSION

e Set Norris

Certified Values

Dataset

Certified Results :

Name: Morns

Procedure: Linear Least Squares Eegression

Certfication Method & Defimtions

Data: 1 Eesponse Vanable ()
1 Predictor Vanable (x)

36
Lo

Observations
wer Lewel of Difficulty

CObzerved Data

MModel: y=8+A=x+te

Ho
A

Certified Regression Statistics

Standard Deviation
Parameter Estinate of Estimate

Eesidual

Stand

ard Deviatioy 0.884726396144573

R-Squared 0.999593745853712

\-0.262323073774028 0.232515234301152
1.00211651802045 0.4259736848193937E-03

Results of StatEL :

Cunclusiuéu analysis of Simple Linear Reqgression :
Linear rdgres&un model:Y=aX + b

y = 1,002*x - 0,2623

R® (Coefficient of Determination) : 99,999375%

This coefficient expresses percentage of variability that is expl:

R*aj (Adjusted Coefficient of Determin 99,999336%
This coefficient allows to compare several linear models that d
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http://www.itl.nist.gov/div898/strd/lls/data/Norris.shtml

MULTIPLE LINEAR REGRESSION

e SetLongley

Certified Results :

Certified Values

Dataset
Name: Longley

Procedure: Linear Least Squares Regression
Certification Iethod & Definitions

Data: 1 Eesponse Variable ()
& Predictor Vanable I:.IJI, .:l:6)

16 Observations
Higher Level of Difficulty
Observed Data

Model: =451 8.2+ f. A+ A2, 4 B, 4 Jeg 1 €

Certified Regression Statistics
Standard Deviation

Parameter Estimate of Estimate
Ha -34B2258.63459582 B90420. 383607373
A 15.0618722713753 84 9145207747669
2 -0.358191782925910E-01  0.334910077722432E-01
s -2.02022980381683 0.486399681651699
B4 -1.03522686717359 0.214274163161675
Hs -0.511041056525807E-01  0.226073200069370
Ba 1829.15146461355 455 478499142212

Residual

Standard Deviation 304 854073561965

R-Squared 0.995479004577296
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http://www.itl.nist.gov/div898/strd/lls/data/Longley.shtml

Results of StatEL :

Model of linear multiple reqgression :

y=1506"x1-003582 " x2-202"x3- 1033 " x4 -005811 ™ x5 + 1828 * b - 3452268

Coefficient of multiple correlation (expresses intensity of the linear relation hetween the

r=

0,99774746

Test of rversus 0 : p < 0,00001

Coefficient of multiple determination (expresses percentage of variabhility that is explain

Re =

99,55%

Coefficient of adjusted multiple determination (allows to compare several linear models

Reaj =

99,25%

Tests on model parameters :

Hypotheses :
H0 = studied parameter is not significantly different from 0.

H1 = studied parameter is significantly different from 0.

Variable Parameter |Standard-De|t p Confidence Interval (95%)
Constant -3432258 890420 -39 00036 -5496529 ; -1467935 |

xT1 15 06 a4 91 01774 QB[ 177 ;207 2]

x2 -0,035582 003349 -1.07 031 ([ 01116 ; 0,03994

x3 -2 02 0.43584 -4 136 00025][-3,125 ; -0 9154 ]

xd -1,033 02143 -4 322 0,000941[ -1 518 ; -05485 ]

x5 00511 02261 00,2261 O83([ 05625 ; 04603 ]

x6 1829 455 5 4016 0003|7985 ; 2860 ]
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CONCLUSIONS

Except for data with more than 13 digits numbers, where Anova calculations
differ very slightly, results of StatEL software are identical to certified results
supplied by the NIST, on tested datasets.

Difference is due to the truncation error, the cancellation error, and/or the
accumulation error. Any typical numerical algorithm will introduce computational
inaccuracies, and will produce results which differ slightly from these certified values.

Consequently, if you need very precise and exact results for dataset whose values
have more than 13 digits numbers, we suggest not to use StatEL, except if you are in
a position to transform your data (see below).

One solution to avoid inaccuracies in calculation with such values is to subtract the
leading constant from all the observations in that dataset before analyzing it.

Ex : if your data look all like 1000000000000.1, you just need to subtract
1000000000000 in order to launch calculations with 0.1...
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