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1 Introduction
Statistical analysis with GNUMERIC spreadsheet.

The spreadsheet is a valuable tool for data scientist. This is what the annual KDnuggets polls
reveal during these last years where Excel spreadsheet is always well placed (2017, 2016,

2015, 2014, 2013, 2012, 2011, 2010, 2009). In France, this popularity is largely confirmed by its

almost systematic presence in job postings related to the data processing (statistics, data
mining, data science, big data/data analytics, etc.). Excel is specifically referred, but this
success must be viewed as an acknowledgment of the skills and capabilities of the

spreadsheet tools.

This is not surprising. The spreadsheet is very simple to use. It has multiple features, including
manipulating data tables of moderate size (e.g. 1,048,575 observations and 16,384 variables
for Excel). Everyone knows to use it, at least concerning the basic features. However,
computer scientists and statisticians sometimes consider it with suspicion. Some are

particularly bitter (e.g. « The Risks of Using Spreadsheets for Statistical Analysis », IBM SPSS

Statistics; as if by chance, the paper is written by an editor of statistical tool). This is
somewhat simplistic. It should not be forgotten that Excel was not specifically designed to
perform statistical calculations. It is not very fair to judge it exclusively in this point of view.

Simply, it is important to define clearly what it can do in our context.

Precisely, Excel is widely used, but rarely separately. As indicated by the KDNuggets polls, it is
operated in conjunction with specific data mining software that has the desired precision. The
sharing of roles is established from this perspective: the data preparation and pre-treatment
is carried out under spreadsheets; the statistical treatments are done using the specialized
tools. Thus, some software vendors propose extensions (add-ins, add-ons, packages) which
add additional menus and/or functions devoted to the statistical and data mining processing.
SAS provides this kind of feature, Microsoft also. It is also undeniable that the use of SIPINA
and TANAGRA has been largely favored by the add-ins facilitating the exchange of data with
Excel and Libre/Open Office Calc.

This tutorial is devoted to the Gnumeric Spreadsheet 1.12.12 (http://www.gnumeric.org/). It

has interesting features: Setup and installation programs are small because it is not part of an

office suite; It is fast and lightweight; It is dedicated to numerical computation and natively

T The French version of this tutorial was written in May 2014. There was a version available for Windows on that date. That

is no longer the case today (the last version with Windows binaries was 1.12.17, August 2014).
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incorporates a "statistics" menu with the common statistical procedures (parametric tests,
non-parametric tests, regression, principal component analysis, etc.); and, it seems more
accurate than some popular spreadsheets programs (McCullough, 2004; Keeling and Pavur,
2011). These last two points have caught my attention and have convinced me to study it in
more detail. In the following, we make a quick overview of Gnumeric's statistical procedures.

If it is possible, we compare the results with those of Tanagra 1.4.50.

We note that we use the version for Windows, but a version for Linux is also available (Figure

2). The GUI (graphical user interface) and the operating mode are the same.

" N n - - M
The “credit_approval.xlsx” data file described n = 30 loan applicants.
[@ credit_approvaladsx - Gnumenc T Pt P . w4 = | B |
e — e o —
File Edit wisw Insert Format Tools [Statist\cs] Data Help
— — Descriptive Statistics P o=
= ‘ = a | o Samp\ﬁm;m : - ‘ i 100% |z|
. Dependent Gbservations > =
e | foaA 4 | One Sample Tests » | = ‘ | | >4 v A~
= - Two Sample Tests 4
1 YR ¥ Multiple Sample Tests »
A E e 8] E F G H | J
1 acceptation -
2 Furniture yes yes 1235 1021 2289 2 1130 3 no
3 HiFi yes yes 2398 1740 4138 2 2063 43 yes
4 Furniture no yes 1941 1228 3169 2 1584 a4 YBS
5 Furniture ¥es yes 1740 1579 3319 4 430 30 yes
6 Furniture yes yes 1926 1426 3352 3 7 37 yes
7 HiFi yes yes 1378 1653 3031 2 1516 23 yes
8 Furniture yEes yes 2230 1316 3546 2 1773 a0 yes
HiFi YES yes 2307 1674 3981 5 G 41 YES

10 Furniture ¥es yes 2236 2154 4350 4 1098 45 yes
11 Furniture yes yes 3452 2085 5580 2 2790 44 yes
12 Furniture yes no 927 1600 p.ave 4 632 25 no
13 Furniture yEes yes 1566 1400 2966 4 742 35 yes
14 Furniture yes yes 1361 1571 2932 3 977 a3 yes
15 HiFi yes s 1500 =l 2396 a 479 46 yes
16 HiFi yes yes | 2500 3107 a707 4 1427 30 yes =

[ 17 | Hifi yes yes | 2600 26733 5433 4 1358 30 yes
18 HiFi yEes no 1799 1496 3295 5 B59 36 YBS
19 HouseHold ¥es yes 2540 1335 3575 4 969 40 yes
20 Furniture yes no 1909 178 3067 3 1029 47 no
21 Furniture yes yes 2976 1753 4729 4 1182 36 yes
22 HiFi yEes yes 947 1226 2173 2 1086 Fala) no
23 Furniture yes yes 1442 734 2176 3 725 27 yes
24 HouseHold ¥es yes G934 1398 2233 4 558 35 yes
25 Furniture yes yes 1063 1257 2320 2 1160 36 no
26 HiFi yes yes 2266 1499 765 2 1402 ata] yes
27 HiFi yEes yes 127 1EE1 2788 4 BS7 37 no
28 HiFi yes yes 1425 1001 2426 3 a09 26 na
29 HouszeHold yes no 77a 964 1742 2 a71 65 no
30 HiFi yes ng 459 450 939 2 470 34 no
31 HiFi yes yes 1229 2000 3229 4 aov? 43 yes -

< [ +
(Iataset| Sum =0

Figure 1 — Main window of Gnumeric, with the "Statistics” menu

We have p = 9 variables (5 quantitative, 4 categorical): reason, guarantee, insurance,
male.wage, female.wage, inc.household, family.size, inc.per.head, age, acceptation (decision of

the lending institution).
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Figure 2 - Gnumeric under Ubuntu

In the following sections, we describe several Gnumeric's statistical procedures, with the same
steps: how to organize the data to carry out the treatments; how to set the parameters; how

start the process; and how to read the results.
3 Statistical analysis with Gnumeric

3.1 Descriptive statistics

We want to calculate various descriptive statistics for numeric variables. We copy them into
the sheet named “ex.1 - desc. Stat”, then we select the data range, including the header
which corresponds to variable names (“Labels” in the Gnumeric terminology). We click on the

Statistics / Descriptive Statistics / Descriptive Statistics menu. A dialog setting appears:




Tanagra Ricco Rakotomalala
—— ™
credit_approval.xdsx - Gnumeric - - I —— lilﬂlg
File Edit Wiew Insert Format Tools [Statistics| Data Help
50| & &% G| gk B corsteen:
) Dependent Ohservations » Descriptive Statistics...
i ‘ o ialials | E Cne Sample Tests » Frequency Tables \ T i
- 5] Two Sample Tests » Ranks And Percentiles...
Fz1 * multiple Sample Tests » /
[ LA J B J ¢ J b J e J F [ JL v JL 1 T J T &/ L J
[ 1 ] -
2 1233 1021 2259 2 1130 il I
3 2398 1740 4138 2 2069 43
a2 -
:g ?I?jé :]é?g g;?g i 1853804 gg |@ Descriptive Statistics E@Iﬂ
6 1926 1426 3352 3 117 37 Input | Statistics | Output |
Z 1378 1653 3031 2 1516 28
T R Input range: 'ex.1 - desc. stat TPALAFHIL
10 2236 2154 43090 4 1098 45 Gr . @
11 3492 2088 5580 2 2790 44 Groupedby: @ Columns
[ 12 || @27 1500 2527 4 632 25 5 Rows
13 || 1566 1400 2566 4 742 35
14 1361 1571 2932 & 977 (&5 O Areas
15 1500 8956 2356 & 479 46
16 2600 3107 a707 4 1427 30 =
17 2600 2833 5433 4 1358 30 i
18 1799 1496 3295 & B54 38
19 2540 1335 3875 4 969 40
20 1909 1178 3087 3 1028 47
21 2976 1753 4729 4 1182 36
22 947 1226 2173 2 1086 56
23 1442 734 2176 & 725 27
24 834 1399 2233 4 558 35
25 1063 1287 2320 2 1160 36
26 2266 1499 3765 2 1832 55
27 127 1661 2788 4 BI7 ri "
28 1425 1001 2426 a3 809 26 l Cancel l I Ok [
29 77a 964 1742 2 a71 65
30 459 430 939 2 470 34 -
(31 1229 2000 3229 4 g7 43 1y
32 -

1

dataset |e><.1 - desc. stat.| |

Into the INPUT tab, the data range must be selected. The variables are organized by columns

in our case. We select the LABELS option to specify that the first row of the data range

corresponds to the variable names.

E Descriptive Statistics -

B

Output Placement

7 Mew sheet

o Mew workbook

Input | Statistics | Output

Clear output range

@ Output range: |'ex.1 - desc, stat.IH1

[ Retain output range formatting

[ Retain output range comments

Enter into cells:

[Formulae

Output Formatting

Autofit columns
|
|
|
|
|
|

| cancel ||

oK ]
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We do not change anything in the STATISTICS tab. In the OUTPUT tab, we specify the
coordinates for the output. We observe the "Enter into cells: Formulae” option. It means that
the results will be inserted as formulas. Thus, if the values into the data range are changed,
the results will be automatically updated. This property is particularly interesting. However,
Gnumeric does not automatically adapt to a change in the size of the data (additional rows

and columns).

We obtain, among others, the mean, the median, the standard deviation, etc. (the results are

formatted to make easy the reading).

[ & ~credit_approvalads =

File Edit Wiew Insert Format Tools Statistics Data Help

EElealé©O|s ¢~ |@E M k| v

candara|11 [(A] (A] (A | o |9 % - k2| EE| B~ &% v A ~
12 @ =3} 2 |~ = =sqrtlvari'ex.l - desc. stat 144325453 L)jcount('ex. 1 - desc. stat 1452 FA$3 L)) -
A E C D E F H I | K L il Il

1 male. wage |female.wage|inc householo| family.size | inc.per.head age -
1238 1021 2259 1130 ) Mean 1741.1333|  1508.9667 3250.1000 3.2000 1107.4022 39.8333
2398 1740 4138 2069 43 Standard Error 130.9361) 100.3394 206.2781 0.1942 94.6763 1.8514
1941 1228 3169 1584 a4 Median L mx € 1461 3128 3 1003.17 37
1740 1578 3319 830 30 Mode ] \ #N/A #N/A 1 #N/A 30
1926 1426 3352 1117 37 Standard Deviath 717.1668 X 49.5817 1129.8318 1.0635 518.5637 10.1407
1378 1653 3031 1516 28 Sample Yariance |514328.1885|302040.0333| 1276519.8862 1.1310| 268908.2783 102.8333
2230 1316 3545 1773 a0 Kurtosis -0.2380 2.1551 0.2216 -1.3870 1.6041 -0.2180
2307 1674 39581 795 41 Skewness 0.4127 1.0494 0.5449 0.1253 1.4493 0.5969
223k 2154 4350 1095 45 Range 3033 2627 4768 3 2320.5 40
3452 2038 5580 2750 44 Minimum 459 480 939 2 469.5 15

12 927 1600 2507 [ 25 Maximum 3492 3107 5707 5 1790 [
1566 1400 2965 742 35 Sum 52234 45269 97503 96 33222.007 195
1361 1571 2932 977 53 Count 30 30 30 30 30 30| =

2

2

2

4

3

2

2

5

4

2

4

4

3
1500 8596 23596 5 479 45
2600 3107 5707 4 1427 30
2600 2833 5433 4 1358 30
1799 1496 3295 5 659 36
2540 1335 3575 4 969 40
1909 1178 3087 3 1029 47
2076 1753 4729 4 1182 36
947 1226 2173 2 1086 a6
1442 734 2176 3 725 e
834 1399 2233 4 558 35
1063 1257 2320 2 1160 36
226k 1499 3765 2 18582 ]
1127 1661 2788 4 697 37
1425 1001 2428 3 809 25
778 564 1742 2 871 65
459 480 939 2 470 34

-

0| | [ pa | B | | [ | b | r | B 1= [ = [ i 2 | e ] = =g p

4 | I

dataset |e><.1 - desc. stat.| Sum = 1309361

=

Let us see the standard deviation for the variable "X : male.wage”. Into 13 cell, we see the

2
formulae sz = \/% = /% = 130.9361. The estimated variance s2 of X is into 17.

By comparison, we obtain the following results for "male wage" under Tanagra 1.4.50. The

results are consistent.
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-
E TAMAGRA 1.4.50 - [More Univariate cont stat 1]

m@g

Feature construction

|
|
i PLS |
|

Feature selection

|
|
Clustering |
|

E Eile Diagram Component Window Help |_ || 5‘" x|
I =
Delault e | R
=[] Dataset (credit_approval_dataset.xls) Attribute Stats L
%4 Define status 1 H
L More Univariate cont stat 1 S samtes
Average 1741.1333
Median 1653.0000
Std dev. [Coef of variation] T17.1668 [0.4119]
MAD [MAD/STDDEV] 589.6089 [0.8221]
Min * Max [Ful range] 459,00 * 3492.00 [3033.00]
B *
s 1st * 3rd guartile [Range] 1229.00 * 2266.00 [1037.00]
Skewness (std-dev) 0.4127 (0.4269)
Kurtosis (std-dev) -0.23380 (0.8327)
| b
Data visualization I Statistics Nonparametric statistics Instance selection |

Regression

|
|
Spv learning |
|

Factorial analysis |

{b Bartlett's test

4 T ]

%_T‘} Brown - Forsythe's test

Meta-spv learning |
| Spv learning assessment Scoring Association
|’|§| ANOVA Randomized Blocks Il_%,Bm(s M Test % Fisher's test EE Group explorati

[ Group characterization

|¢ Hotelling's T2

e

E e e = e

3.2 Correlation tool

We use the same numeric variables to calculate the matrix of pairwise correlations

coefficients. We duplicate the data range into a new worksheet “ex.2 — corr matrix”. After we

select the data range, we click on the Statistics / Descriptive Statistics / Correlation menu.

Grouped by:

Input range:  'ex.2 - corr matrix'!$AF1LIFF$E1

) Areas

Labels

@ Correlation ol & 3| [|@ corelation (=] B [
nput [ .np—utwgz

Output Placement

1 Mew sheet

1 Mew workbaolk

@ Cutput range:  'ex.2 - corr matrix'tHL

COutput Formatting

éAgtc-fit columns

Clear output range

[T Retain output range formatting

] Retain output range comments

lFormuIae

Enter into cells: vl
) o] ) ]

We check the input range and set the right parameters (variables grouped in columns, labels).

Into the OUTPUT tab, we set the output range.
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We note that the correlation coefficients are obtained with the CORREL function.

@ credit_approvaldsx - Gnumeric a -0 e - @M

File Edit Wiew Insert Format Tools Statistics Data Help
PES@ & CO[9> e~ |@T mi bl lsow v
Candara |10 Al A A | @ oes | QB - I EE WA -
14 =y} , Sl = Scorrel{'ex.2 - corr matrix 1 $EF2$EFIL ex.2 - carr matrix FCE2$CEIL)
[ H | ] K L I N o P |
( 1 Correlations | male.wage |female.wage [inc.househoic| family.size | inc.per.head age -
( 2 male.wage i
[ 3 female.wage a.5837 |
[ 4 inc.household 0.9187 a.8570 1 |
[ 5 family.size 01334 o.aﬁ' 0,240 i 3
[ & inc.per.head .6760 0.3 6211 -0.5507 1
[ ¥ age 0.0390 —a.|595\) -0.05: 8 -0.3193 a.2637 |
B v B
.
4 1n | b
<| ex.2 - corr matrix |) | Sum = 0.8570

3.3 Principal component analysis (PCA)

We create a third sheet “ex.3 — PCA” and we copy the numeric variables. We select the data
range, then we click on the Statistics / Dependent Observations / Principal Components
Analysis menu. We set the following parameters:

F B F B
& Principal C nts Analysi Lo o 4 Principal C nts Analysi (o 51
|5 Principal Compone alysis |5 Principal Compone alysis

et e input | output

Input range: - PCANFASLIFFE31 Output Placement
O Mew sheet

Grouped by: @ Columns
@ Mew workboolk
) Rows

) @ Output rangs:  'ex.3 - PCA'HL
) Areas
OQutput Formatting

Autofit colurmns

Clear output range
[[] Retain output range formatting

[[] Retain output range comments

Enter into cells: lFormuIse vl

l Cancel H oK | [ Cancel H oK |

We obtain the following results:
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credit_approval.xlsx - Gnumeric - = | B |
File Edit “iew Insert Format Tools Statistics Data Help
) E | = | @8 u | - - | Q E fix) I\:_'z ; | L
Candara|10 A (A A | Ees | B2 % .- ®3 5 | -
114 [==%] ( - = {=eigenll10/I10-1#2:MaHE,7I[O][0]
s oo Joog Joxk Joor Jfowm Jo N J
1 Principal Components Analysis -
2 Covariances | malewage |female.wage|ne.householo| family.size [inc.per.head age
3 male.wage 497183.92 112406.64 F19590.55 98.34 14301385 173.99
4 female.wage 131406.64 19197103 51437367 180.91 108756.98 —-d85g.07
= inc.househol F19590.55 514378.67| 1233969.22 17915 35178083 -535.08
5] family.size 93,34 130,91 179,25 1,09 -193.59 -3.43
7 |'nc.per,head' 243023585 108756.98 351780.35 -193.59 159944.67 134 0.43
g age 273.99 -859.07 -585.08 343 134043 99.41
2]
10 Count 30 30 30 30 30 30
11 Mean 174113 1508.97 325010 3.20 1107.40 39.83
12 Variance 51432819 302040.03| 1276519.89 113 268908.28 102,83
13
14 Eigenvalues |104q6|5.100 105859781 106338397 d6.819 0154 0.000
15 El'gen\.fectuﬂ a.46922 039587 -a.53832 -a.00080 - 0.00047 0.57735| |=
16 az1710 9.59935 0.45484 0,00295 -0.00013 2.57735
17 L 0.78631 0.2034 8 -0.08347 0.00215 —-0.00059 -0.57735
12 - 0.00013 0.00162 —-0.00195 000160 1,00000 0.00000
19 a.24697 -0.66527 0.70451 —-0.00855 0.00243 0.00000
20 —-0.00014 -0.00822 0.00443 0.99996 —-0.00157 0.00000
21
22 & & i3 i1 & &
23 male.wage 0.93663 —0.25045 —-0.24477 —-0.00001 0.00000 0.00000
24 female.wage 0.82603 0.49431 0.:169383 0.00005 0.00000 0.00000
25 inc.househol 0.99636 0.08171 —0.01409 0.00001 0.00000 0.00000
26 family.size Q7025 0.68961 -0.59901 0.01398 0.36937 0.00000
27 |'nc.per,head' .68134 -a.58208 Q44505 —0,00015 Q,00000 000000
28 age —-0.01944 -0.36701 a14246 091830 —0,00000 000000
29
30 Percent of Tr| 86.78%] 87:% 4.50%] 0.00%] 0.00%| a.00¥%| _
o l 1] »
4 ex3-pPca ) Sum = 2049615,200

We read successively:

e The covariance matrix. Ghumeric uses the covariance matrix for PCA.

e The number of observations per variables, the means and the variances.

e The eigenvalue for each factor (component).
e The eigenvectors.
e The correlations of the variable with the components.

e The proportion of the variance represented by each factor.

There is not an option to perform a PCA based on the correlation matrix. A simple solution is
to replace the values of the covariance by the correlation i.e. instead the COVAR function, we

use the CORREL function in 13:N8. The subsequent results are updated automatically. | find

this possibility quite exciting.

By comparing the results with those of Tanagra, | notice a slight difference about the

eigenvalues (below the Tanagra's results):
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Axis Eigen value | Difference Proportion | Cumulative
(%) (%)
1 1981294.694( 1782296.905 86.78% 86.78%
2 198997.789 96204.006 8.72% 95.49%
3 102793.782 102709.858 4.50% 100.00%
4 83.925 83.776 0.00% 100.00%
5 0.149 0.149 0.00% 100.00%
6 0 - 0.00% 100.00%
Tot. 2283170.339 = = =

We find the explanation of this difference in the formula used by Gnumeric (the cell and the

formulae are highlighted by arrows into the screenshot above). Gnumeric displays ﬁxll =

%x1981294.694 = 2049615.2 where n

= 30 is the number of instance, A; is the first

eigenvalue of the covariance matrix. The eigenvectors are weighted in the same way. The

. o . . n .
correction becomes negligible when n is large (= —1) But, nevertheless, the correlations

between the variables and the factors are not modified. This is the most important thing

when we want to interpret the results.

3.4 Linear regression

We want to explain the family size from the income and the age (I know that the example is

a bit crazy, the aim of the tutorial is to show how to use Gnumeric and not to perform a

relevant analysis). We copy the dataset into a new sheet “ex.4 — Linear reg”. We put in the

order the variables: “inc.household”,

noou

age” and “family.size".

We click on the Statistics / Dependent Observations / Regression menu. We set the

following parameters:

.
|i@5 Regression

.
|i@5 Regression

[SSX=)

.
|i@5 Regression

In|:-ut{‘=>ns | output |
A

@ Multiple linear r

0 Multiple 2-variable re

[ Multiple dependent (y) variables

¥ovariables:  'ex.d - Linear reg!$A$1$E$31
‘ex. 4 - Linear reg! $C$1$C$H21

W variable:

Labels

4
Input | options ¢t |
A
Confidence level 095

[7] Force intercept to be zero

0 alc ulate residuals

Input | Cptions | -i:-utput@

Output Placement
© MNew shest
© MNew workboaok

@ Output range: 'ex.d - Linearreg'E1l

Output Formatting

Autofit columns

=ar output range
[[] retain output range formatting

[[] Retain cutput range comments

Enter into cells: ’Formulee VI

[ Help ] [ Cancel H oK
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Y is the dependent variable (familiy.size), X is the range of the explanatory variables
(inc.household and age). Gnumeric uses the LINEST function. It reorganizes the results for a
presentation consistent with the standard statistical tools. It picks the different values in an

internal table with the INDEX function.

*credit_approval.xlsx - Gnumeric = | B e

File Edit wiew Insert Format Tools Statistics Data Help

BEle@le 90|l v e~ |@F M b v

Candara |10 A A A | B oesE | @ % - - FM B >4 v A~
F17 B b v = {=indexlinest('ex.4 - Linear reg $C$2:$CH3 1. ex 4 - Linear reg' $A4$2:$B$3 L, TRUE.TRUE), 1,3) 31, 1)[0][0]
[ e J F J &6 J H Lo ok o Jfm JonN o JLe J
SUMMARY OUTPUT Response Varia| family.size -
3 Regression Statistics
[ 4 Multiple R 0.397913
(. 5 Rz 0158335
[ G Standard Erro 1011171
[ 7 9.095990 =
[ = 30
[ 2 |
10 ANOVA
(. 11 df 55 Ms F ‘gnificance of F
[ 12 Regression 2 51934 2.5967 1.5396 0.0976
(. 13 Resicual 37 17, 6066 1.0115
[ 14 Total 1g 32.8
[ 15
(. 1a \ Coefficients | Standard Error | t-Statistics p-Value Lower g5% | Upper gs%
(. 17 3. 842254 0.956243 4013074 0.000422 1.380206 5804303
[ 18 Q000211 0.000166 i.164897 a, 116717 -0,000131 0,000552
[ 18 age —-0.033300 a.018542 -1.795865 0.083716 -0, 071345 0.004746
[ 20 i
< T b
{| ex,3 - PCA | ex.4 - Linear reg |) Sum = 3.842254

We observe: the overall results (coefficient of determination R2, standard error of residuals,
etc.); the analysis of variance (ANOVA) table, the F-Test for global significance of the
regression; and finally, the table of coefficients, with their standard error, the t statistic for the
testing that the population regression coefficient for each variable is equal to zero, the
observed significance level (p-value), the confidence interval for the coefficient at 95%

confidence level.

We obtain the same results with Tanagra. The organization is identical.

10
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-
E TANAGRA 1.4.50 - [Multiple linear regression 1] e é
E Eile Diagram Component Window Help
| %
Detault title Report (XX (-1) matrix
=-EEH] Dataset (credit_approval_dataset.xls) Global results
=% Define status 1
: ----- £ More Univariate cont stat 1 Endogenous attribute family.size
: e [}_{ Principal Component Analysis 1 Examples 30
Bf:i Define status 2 Rz 0.158335
[ Multiple linear regression 1 | ' Adjusted-R: 0.095990
Sigma error 1.011171
F-Test {2,27) 2.5396 (0.097584)
Analysis of variance
Source X558 d.f. *MS F p-value
Regression 5.1934 z 2.5967 2.5396 0.0976 | |
Residual 27.6066 7 1.0225
Total 32.3000 29
Coefficients
Attribute Coef. std t(27) p-value
Intercept 3.842254 0.956243 4.01807+ | E0REE
inc. household 0.000211 0.000166 1. 264897 0.216717
age -0.033300 0.013542 -1.795365 0.083716
4| 1M | 3
Components
Data visualization Statistics Monparametric statistics Instance selecton Feature construction
Feature selection | Regression Factorial analysis PLS Clustering
Spv learning Meta-spv learning Spv learning assessment Scoring Association
»'f?_ Backward Elimination Reg Lr‘_, DfBetas '!i Forward Entry Regression Iﬁ Mu SVR ?_v Regression Assessm
%1 C-RT Regression tree ]é, Espilon SYR Tz_’?,Mulﬁple linear regression Lr‘_, Outlier Detection -Q,Regres.sion tree
4| 1 |

3.5 One-sample t-test

We wonder whether the man and the woman in the same household have comparable
wages. For this purpose, we copy the two columns in a new sheet “ex.5 — One sample t-
test”. We create a new variable DIF which is calculated from the difference (male.wage -
female.wage). Under the null hypothesis, the wages are identical, this difference should be

equal to 0 on average. Thus, we perform a comparison to a nominal mean which is 0.

After we select the column DIF, we click on the Statistics / One Sample Tests / Claims

About a Mean menu. We set the following parameters into the dialog setting.
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—
|@5 Claims About a Mean

=[S |

—
|@5 Claims About a Mean

-
| Claims About a Mean

)

\nput{h Output Input | Test C-thputkh
N N
Input range:  one sample t-testSCELHCHI1 Predicted Mean: 0 Output Placement
. . Alpha: 0.05 = O Mew sheet
Grouped by: @ iColumins pha +
; : @ MNew waorkboaok
) Rows
) @ Output range: - One sample t-test'lE1
0 Areas
Output Formatting
Labels )
Autofit columns
Clear output range
[7] Retain output range formatting
[[] Retain output range comments
Enter into calls: ’Formulae VI
l Cancel ] [ QK l l Help ] l Cancel l [ QK } I Help ] l cancel ] [ oK l

h

&

At the 5%, we reject the null hypothesis®>. We see at the cell F6 the formulae (uo = 0 for our

example, this the Predicted Mean option into the TEST tab):

t

X —lyg

s?
n

The p-value is obtained with the TDIST function.

File Edit View Insert Format Tools Statistics Data Help

==

=
Candara| 12 A

A

-

&

>

ﬂlct

DO

Al |

O

b

B =

v @ I fw
@ %

{=(F2-F4)jsqri(F5/F2)} 1.1)[0][0]

".
'z

1233
2388
1941
1740
1926
1373
2230
2307

2236
3452
927

PR oot

—

-

L]
o ]
N
— 1= 1

.o

E

1021
1740
1225
1579
1426
1853
1316
1674

21584
2088
1600

A ame

Student-t Test

dif

N

S0

Chserved Mean

232.1667

Hypothesized Mean

O

Observed Variance

356216.5575

Test Statistic

2.1306]

df

19

(14

0.05

P(T<t) one-tailed

|

ex.5 - One sample t-test|)

Sum = 2,.1306

2 Another approach is to calculate the ratio of the male and female wages, and the compare the mean of the new variable

with 1. We obtain the same conclusion but the test scheme is different [ex.5 (bis) — One sample t-test].
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3.6 Comparison of two means — Paired samples

Another way to compare the male and female wages inside the household is to conduct a

comparison of means between paired samples3. We copy the two columns of wages into the

new sheet "ex.6 — Paired t-test”. We click on the Statistics / Two Sample Tests / Claims

About Two Means / Paired Samples menu.

(T B e B
|@ Claims About Twe Means E@ﬂ @5 Claims About Two Means E@Iﬂ
lnputghlations Test | Qutput Input Populationsg: Cutput
Variahble 1 range:  'ex.G - Paired t-test1$A$1:134331 Variables are: 0 Unpaired
Variable 2 range:  'ex.G - Paired t-test'13B$1:3E$31
) | (e ] (o]
A b
Ea y E y
|@ Claims About Two Means E@ﬂ @ Claims About Two Means E@ﬂ

Input | Populations Test@m

Input | Populations | Test | C-thputg

Hypothesized mean difference: 0

Alpha: fr.05

l Cancel ll QK

Output Placement

O Mew shest

O Mew workbook

@ Output rangs:  'ex.& - Paired t-testiD1
COutput Formatting

Autofit columns

Clear output range

[[] Retain output range formatting

[] Retain output range comments

Enterinto cells: ’Formulae

[ Cancel H

ok |

We select the data range into the INPUT tab, with the Labels option. The two columns of

data must have the same length, otherwise the comparison is not possible.

3 https://onlinecourses.science.psu.edu/stat500/node/51
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_— 1
credit_approvalxlsx - Gnumeric i— s @ [ S— E‘M

File Edit view Insert Format Tools Statistics Data Help

) | = @ | w O | v - | @ I v i L. | b 100% | v i

Candara |12 A] (A (A | B = @ % - 2| = E %
ELD D | v = =(E7-E&J(ES/(E9+1)1" 0.5
A E c 5 E F |
male.wage female.wage |
1235 1021 Mean 1741.1333 1508.9667 I
2393 1740 Variance 514328.1885 301040.0333
1941 1228 Observations 30 ECIE
1740 1579 Pearson Correlation 0.5837 |
E 1925 1426 Hypothesized Mean Difference o 1
1378 1653 Observed Mean Difference 2321667 —N
2230 1316 Variance of the Differences 356216.5575 |
2307 1674 df 29 |
223 2154 tStar >.1306
3492 2088 P (T<=t) one-tail 0.0109
527 1600 t Critical one-tail 1.6991
1566 1400 ([P (T<=t) two tail 0.0417])
1361 1571 t Critical two-tail 2.0452 i
. 4 | T T T | »

{| ex.6 - Paired t-test |T Sum = 2.1306

By a different process, we obtain exactly (the values and distributions of the test statistics are
identical) the same result as previously (section Erreur ! Source du renvoi introuvable.). Men
and women inside a household have not the same wages in average. It seems that men are

advantaged.
3.7 Non-parametric test — Paired samples

We can answer to this question - is the wages of the men and the women are equivalent
inside the household - by the means of a non-parametric test. We use Wilcoxon signed rank
test. The test statistic is based on the rank of the differences. We do not need that the

populations are assumed to be normally distributed.
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— N » B
@& Claims About Two Medians (Paired Samples) L =Nas ﬂ |@ Claims About Two Medians (Paired Samples) L =) B é] i@ Claims About Two Medians (Paired Samples)
g P

Input‘; Cutput Input | Test ut Input ‘Test ‘ C-utputb
] A

variable 1range:  'ex.7 - Paired wilcoxon 1 $AF1$A$31 © Sign Test Output Placement
_ : O Mew shest
- @ wilcoxon Signed Rank Test - w
variable 2 range:  'ex.7 - Paired wilcoxon''$EF LB 3L _
O New workbook

Hypothesized difference of medians: 0

Output Formatting
Autofit columns

Clear output range
[T Retain output ranges formatting

[] Retain output range camments

Alpha: 0.05 == @ Output range:  'ex.7 - Paired wilcoxon'iD1

Enterinto cells: [Formu\ae

x)

I Cancel H oK I I Help ] oK ok

We copy the two columns in a new sheet "ex.7 — Paired Wilcoxon”. We click on the

Statistics / Two Sample Tests / Claims About Two Medians / Wilcoxon Signed Rank Test

menu. After we set the needed settings (see screenshot above), we obtain:

Léaedit_appmvaladsx—ﬁnunm = B é
File Edit “iew Insert Format Tools Statistics Data Help
BEle@le 009~ |@FE ™ iu| oo v
Candara |12 (A] (A (4] | By @ =8 @‘ Tk EE ™ | @~ i~
EL0 =] ¥ &8~ = =if(ES<12,#MjA normdist(ES8+0.5, ESHES+1)/4,sqrtlESHES+11/4+{ Z¥ES+11/5), TRLIE))
A B cC D E F c [ H | 1
1 Wilcoxon Signed Rank Test  |male.wage female.wage =
2 1238 1021 Median 1653 1461
E 2398 1740 Observed Median Difference 191.5 e
i 4 1941 1226 Predicted Median Difference a
S 1740 1579 M 30 i
5 1926 1426 s- 144
7 1378 1653 5+ 321
8 2230 1316 Test Statistic 144
] 2307 1674 o 0.05
10 2236 2154 P{T<t) one-tailed 0.035147|
11 3492 2065 '|P(T<t) two-tailed 0.070294| !
12 927 1600 i
I% 4 ree e
o m b
<| 2x.6 - Paired t-test |e><.?r = Paired Wilcoxon |) Sum = 0.035147
I

The sample size being enough (n > 12), Gnumeric provides the p-value based on the normal

distribution by calculating the Z value. For a two-sided test, we have p-value = 0.070294. The

differences between the wages is less obvious with this procedure.

In comparison of the outputs of Tanagra, we observe a slight difference (Z = 1.820298,

value =0.068714).

p_
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Attribute_Y Attribute_X Statistical test
male.wage female.wage Measure Value
Avg 1741.133333| Avg 1508.966667 |Used examples 30
Std-dev 717.166779|Std-dev 549.581689|Sum ranks + (T+) 321
Sum ranks - (T-) 144
E(T+) 232.5
V(T+) 2363.75
Z 1.820298
Pr(>1Z]) 0.068714

The divergence relies on the Gnumeric's use of the continuity correction. It calculates Z'

IT* — E(T*)|— 0.5 [312—232.5| - 0.5

7' =

V(T

Using the cumulative distribution function ®(.) of the standardized normal distribution,

V2363.75

p.value = 2x[1 — ®(1.810014)] = 0.070294

This is the p-value provided by Gnumeric.

3.8 Comparison of means - Independent samples

=1.810014

Our aim is to compare the “income per head” of the household according to the

"acceptation” i.e. the decision of the lending institution. We have a partition of the dataset in

two independent samples. This kind of statistical test needs a specific formatting under

Gnumeric. We create a new sheet "ex.8 - indep parametric”. Instead of the usual

organization of the data, we need to create two columns for the values of "inc.per.head"

according to the values of "acceptation”, one for each modality (yes or no). These two

columns have not necessarily the same length.
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7

Lé credit_approval xdsx - Gnumeric E@lﬂ
|Fi|n Edit “iaw Insart Farmat Tanls Statistics Data He|p
Inc.perheadfor *@|+ ~ ¢« ~ | @ m -~

Inc.per.head for

ALz 2 X ¢ - .
. Acceptation = yes
[ Na | B | C - . .
1 no yes
2 470 479
] 632 558
4 B7 659
5 809 725
5 871 742
7 1029 756
8 | 1086 807
] 1130 830
10 1160 969
11 977
12 [ I 1095
13 117
| 14 1182
15 1358
16 1427
17 1516
1 18 1584
19 1773
20 18682
21 2069
22 2790
23
4| T L
indep parametric |} Sum =4

b

[

-

m

We see below the settings for the procedure Statistics / Two Sample Tests / Claims about

two means / Unpaired Samples, Unequal Variances. We assume that the two populations

have unequal variances.
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g—
@ Claims About Two Means

= | B ) |

—
|@5 Claims About Two Means

Input@lations | Test [ output |

Input | F‘opulations<‘=| Output
N

.

variable 1 range: & - indep parametric! $A$L$ASLO Variables are: 0 Paired
_ - - Population variances are: © Known @ Unknown
variable 2 range: .8 - indep parametric!$E$13E$22
Population variances are: @ Equal @ Unequal
| ]
o]

l Cancel H [s]4 ]

.

r -
@5 Claims About Two Means

= B [ |

r -
|@5 Claims About Two Means

= [ B[S |

Input | Populations |Test<‘=|ut |
N

Input | Fopulations |Iest | Qutput@

Hypothesized mean difference:  p

Alpha: 0.05

output Placement

o MNew sheet
= MNew workbook
@ COutput range:

Output Formatting
Autofit columns

Clear output ran
[ Retain output ra
[ Retain output ra

Enter into cells:

'ex.8 - indep parametrictD1

o]
nge formatting

nge comments

IFormuIse

l Cancel H ]

l Cancel H

QK

The procedure is based on the Welch's t-test (http://en.wikipedia.org/wiki/Welch's_t_test). The

test statistic is easy to calculate. The main issue is to calculate properly the degrees of

freedom of the Student distribution in this context.

Gnumeric provides the following results. The degree of freedom is not an integer value (d.f.

27.99). The observed p-value is equal to 0.035396 for a two-sided test.
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Lg"credit_approval.xlsx—Gnumeric — l "
File Edit View Insert Format Tools Statistics Data Help
B H & alew Q| v * | @ T fm L. L. | b 0%

Candara [12 A] (A A | EE&E | B2 on - T | .
E7 =y} - = =(E3/E44+F3/F4)~2/(E3/E4)™~ 2/(E4-1}+(F3/F4)™ 2/(F4-1])
[ la J B J. .C D E F
no yes no yes
470 479 Mean 875.87963 1206.62619
532 558 Variance 50267.18248| 331751.24499
B3V B39 Observations g 21
805 725 Hypothesized Mean Differe o
871 742 Observed Mean Difference -330.74656
1029 79 df 27.99 @7
1086 807 t Stat -1.210736 )
1130 830 B [T<=t) one-tail 0.01770
1160 8953 t Critical one-tail 1.70115
877 P (T<=t) two-tail 0.035396
1098 t Critical two-tail 1.04844
117
1182
1358
1427
1515
1584
1773
1962
2083

22 2750
I~ == 1 E
(| 4 I ¥
4 ex.8 -indep parametric |} Sum = 27.99

Compared with Tanagra, we have the same results except for the p-value.

Attribute_Y | Attribute_X Description Statistical test
-330.7466 / 149.6092 =
Value Examples Average Std-dev
-2.210736
inc.per.head |acceptation no 9 875.8796 243.4485]d.f. 27.99
yes 21 1206.6262 575.9785|p-value 0.035393
All 30 1107.4022 518.5637

This difference on the p-value is explained by the treatment of the degrees of freedom.
Tanagra truncates the value by dropping all decimal places (df = 28 for this example). The
TDIST function of Gnumeric seems to use a linear interpolation between the nearest integer
values (df between 27 and 28 for our example). But the gap between the p-value is very low

anyway.
3.9 Non-parametric test — Independent samples

We use the Wilcoxon-Mann-Whitney test in this section. The dataset (sheet “ex. 9 indep non

parametric”) must be organized such as previously (section Erreur ! Source du renvoi
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introuvable.). We click on the Statistics / Two Sample Tests / Claims About Two Medians /

Wilcoxon-Mann-Whitney test menu. We set the following settings.

3 | =
Wilcoxon-Mann-Whitney Test L A éj Wilcoxon-Mann-Whitney Test
ey ey

) ) S |

Input Lt

Inpuit | C-utput@

variable 1range:  parametric!$A$1LIFAS10

Output Placement

7 New sheet

O New workbaook

Wariahle 2 range:  parametric!$E$1:$E$22 }
@ Cutput range:  dep non parametrictD1

Output Formatting
O

[[] Retain output range comments

Autofit colurmins
Clear output range

Retain output range formatting

Enter into cells: lFormuIae

ok |

Help

oKk | [ Cancel H

| cancel ||

'S

The Z value used for the normal approximation is not displayed explicitly. But it is used for

the calculation of the p-value with the Gnumeric's NORMDIST function.

-

-
*credit_approval xlsx - Gnumeric . . E‘E&J

& -
File Edit ‘“iew Insert Format Tools Statistics Data Help
2P H|le alw a | % | @ T fw . V.| il =
Candara[10 A A A | EE‘ = |9 B - % N|EE v
EQ B 4 | = =2¥normdist(ES E4VFA/2, sqrt(EAVEIHEA+FA+1)/12) TRUE)
[ oA JooBo o b | E J F J & Ho o
1 no yes Wilcoxon-Mann-Whitney Test -

470 479 no yes Total I
B32 553 Rank-Sum 109 356 465

GI7 59 N 9 21 30

809 725 U 64 125 189

[ 6 ] 871 742 Ties o

1029 796 Statistic 109

1086 BO7 L-Statistic 64 A

[ 9 ] 1o 830 p-Valus a.16749] £

1160 59 N

977

1098 .
117

1182

1358

1427

1516

1584

1773

1882

2069

2790 L
— == 1

4| [T t

| ex.9 - indep non parametric |) Sum = 0.16749
|
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Tanagra provides the same results, but it presents them differently.

Value Examples | Average | Ranksum | Rankmean |yann-WhitneyU 64

no 9 875.8796 109 12.1111[E(U) 94.5

[inc.per.headlacceptation yes 21| 1206.6262 356 16.9524{V(U) 488.25
All 30| 1107.4022 465 15.5(1Z] 1.38032

P(>171) 0.16749

3.10 One-way Analysis of variance (One-way ANOVA)

We want to compare the age of the persons according to the “reason” of the loan. We create

a new sheet "ex.10 — Anova”. We have a list of 3 columns because "reason" has 3 distinct

possible values {furniture, hifi, household}. The number of observations can be different into

the columns. Here is the organization of the dataset into the new worksheet.

-

| credit_approval.xsx - Gnumeric

—

5] | e

-

File Edit “iew Insert Format Tools Statistics Data Help

m

Al * = Furniture
.. J a J B J c J o J E | F
I 1 |Furniture]l HiFi  HouseHold

2 25 2B 35
27 28 40
30 a0 65
31 30
'S 3
36 36
36 7
kT 41
W
P

12 47 F 15
50 55
53 56
54

4 L I

va 4 Sum =0

We click on the Statistics / Multiple Sample Tests / ANOVA / One Factor menu to launch

the analysis. Into the dialog setting, we select a rectangular data range. This is not matter if

some cells are empty.
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.
@ ANOVA - Single Factor

mﬁlg

-
i@ ANOVA - Single Factor

-
@ ANOVA - Single Factor

B

Input | Cptions LIt

Input | Options | Cutput g:

\nputkﬁns Output
Al

Input ranges: 'ex.10 - anova'l$ASLIFCHLS

Al
Alpha: p.os =k

Output Placement

) Mew sheet

Autofit columns
Clear output range
[7] Retain output range formatting

[7] Retain output range comments

Grouped by: @ ~
@ Mew workbook
@ Rows
@ Output range: 'ex.10 - anova'lEl
) Areas
Output Formatting
Labels

Enter into cells: [Formulae

QK l

| cancel ||

[ Help ]

A

l Cancel ][ QK

|

[ Help ] [CEncm H oK

4

Gnumeric displays first the conditional characteristics of the dependent variable, then it

provides the ANOVA table.

—_— il
[ credit approvalasr - Grumeric NIRR——— A (=] B )
File Edit Wiew Insert Format Tools Statistics Data Help
D EE|e@le @09~ ¢~ [@E ™ i is o |~
candara |10 A A A | =8 % - WA= A FARE B h Yy -
F14 =¥ :7 v = =devsql'ex.10 - anova'l$A$2:$4$15.'ex. 10 - anova'l$B$2:$E$15,'ex. 10 - anoval$C$2:$0$15)
||
( La JuB J c Jo E o F J& " J & Jog ok JoL oM
1 Furniture  HiFi  HouseHold Anova: Single Factor E
2 25 26 35 1
3 27 28 40 SLUMMARY
4 30 30 55 Groups Count Sum | Average | Variance
5 31 a0 Furniture 14 550| 392857  91.450%
& 32 34 HiFi 13 so5| 388462 933077
7 36 36 HouseHold 3 i4a| 466667 1583333
8 36 37 E
9 7 41
10 44 43 ANOVA
11 45 43 Source of Variation |58 df Ms F P-value  |F critical |
12 47 46 Between Groups 156.9505 1| 784753 0.74997:|0.481966 33541 |
13 A0 el Within Groups 2825.2161 17| 104.6376 i
14 53 o=t Total 19582.1667 29
15 a4 I\ e
 =se
L NAi | »
4| =x9-indep non parametric | ex.10 - anova |} | | Sum = 2982.1667 A

The function DEVSQ is essential in the calculations.

Attribute_Y Attribute_ X Description Statistical test
HiFi 13 38.8462 9.6596 BSS 156.9505 2
HouseHaold 3 466667 16.0728 WSS 2825.2161 27
age reason
All 30 39,8333 10,1407 TS5 2082.1667 29

Fisher's F 0.749972 0.481966

22



Tanagra Ricco Rakotomalala

The results are consistent with those of Tanagra.
3.11 Other statistical analysis

Gnumeric provides other statistical analysis. We have a description of the available

approaches on the online manual (see “Statistical Analysis").

4 Conclusion

A spreadsheet is not specifically a statistical and data mining tool. But nonetheless, because
of its skills and abilities, it is widely used in the context of statistical data processing. One
usual solution is to use add-ins (for Excel, Libre and Open Office). They allow to overcome the
poorness of its mathematical and statistical functions in this context. Some of them are free.

"XNUMBERS" package for instance is highly accurate (De Levie, 2008).

In this tutorial, we describe the Gnumeric spreadsheet. It is a viable alternative to “Excel /
LibreOffice / OpenOffice + Add-in" solution. It is a lightweight, multi-platform standalone tool
that has all the necessary skills in handling and preparing data. It incorporates various
statistical methods absent from the traditional spreadsheets. The Gnumeric's developers
cooperates with those of R Software in order to improve the accuracy of the procedures

(http://en.wikipedia.org/wiki/Gnumeric). We observe that the statistical functions are effective

and provide valid results. Definitely, the computational library will improve positively over the

years, Gnumeric is certainly a tool with potential for the future.
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