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1 Introduction

With over 120.000 items in the combined databases of the project it becomes necessary to
provide means to visualize the statistical properties of the conglomerate of paper watermarks.
Indeed statistics are as important for historians and experts as information on individual
items. At present, except a limited functionality in the WZMA database, none of the existing
resources gives statistics of the holdings.

The statistical functionality is one of the two fundamental ways in which users can apprehend
the data on paper history made available through Bernstein: either at the object level of
individual watermark descriptions, or at group level of selected watermarks according to the
user's criteria. A quantitative description of the user's selection provides an insight into the
structure of the data and allows its interpretation.

The task consists in implementing numerical and graphical statistics in the integrated
workspace which will be responsible of gathering raw information on quantities of data from
all the databases and process the data in such ways as to represent it in an unified form, given
the differences in content and format. Statistical information will be provided in a numerical
form and through powerful diagram visualizations.

Statistical capabilities are provided for “Simple Search” and “Advanced Search” results.
Statistics are only accessible through the simple and advanced search pages - there will be no
“statistics” page on the website menu.

In the following chapters the statistical functionalities of the integrated workspace are
described.

2 Reply formats to users' requests

There are three formats for representing the reply of the Bernstein workspace to a user's
request:

(1) list of objects in the integrated databases matching the request's criteria
(2) numerical and graphical statistics on the result set
(3) cartographic representation of the reply

For each request made, users can select successively any number of these representations.
Additionally users should have the option to download the statistical data for further
processing and correlation with own data.
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3 Navigation on the search pages
The details of the steps involved in the request/reply process are as follows:

X/

¢+ The user selects search criteria, either through the simple search input box or through the
input boxes and options of the advanced search.

+ If the total number of hits is below the limitation of hits, the user can select the mode for
displaying the results (if the total number of hits exceeds the limitation of hits the user has
to refine the query or increase the limitation of hits):

» “List” for list of items
» “Statistics” for numerical and graphical statistics
» “Map” for cartographic representation

+¢ If the chosen display mode is “list” or “statistics”, the results are displayed on the same
page. For “map” new pages are generated.

4 Functionalities on the statistics page

The statistics page has three elements: a summary, a choice section and a detailed statistics
section.

4.1 Summary statistics section

The summary gives basic statistics for each searchable and common criterion for the user's
data subset.

Criterion Summary statistics

Motif: quantity of types in selection (absolute values)
total number of types in the databases
percentage of types in selection out of the total number (relative values)
diagram (*)

quantity (of types in selection)

total number

percentage

diagram (*)

quantity (of types in selection)

total number

percentage

diagram (*)

quantity (of types in selection)

first date

last date

arithmetic mean

standard deviation

diagram (**)

quantity (of types in selection)
minimum

maximum

arithmetic mean

standard deviation

diagram (**)

Place of Use:

Depository:

Date:

Height:
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Distance of
Chainlines:

quantity (of types in selection)
minimum

maximum

arithmetic mean

standard deviation

diagram (**)

(*) For this diagram a pie chart will be generated because this allows visualizing also very
small percentage values (e.g. 0.10%) and therefore provides a better visual representation of
the numbers than a horizontal box would offer.

(**) For this diagram a bar chart will be generated which shows the position of the

(arithmetic) mean in regard to the minimum and maximum.

Note: If also the country is available for 'Place of Use' or 'Depository’ in the databases then
‘country" will be an additional criterion within the summary, choice and details section!

In the following example (“Example 1”) we assume the user searched for watermarks with
date “1330” and selected as database only POL. The first reply informs the user that there are
44 hits in total and she decides to see the statistics. After selecting the radio button
“Statistics” the user clicks to “Show Results” and gets the summary statistics (see Figure 1).
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German  Francais  Contact  Credits

Watermark Catalog

Simple Search

Search

Advanced Search
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Other Ressources (W

Browse Motif

Databases Hits ::;ﬁl; Combination-Matrix for statistical functions
0 ’ :
WIMA Place of Use  Depository Date Height E:ﬂ:—m't.e of
O woa Motif o e} (@) @] O O
O we Plare of Use @) [9) [@) [ O
POL 44 100% Depository [ 4] O
Date o o o)
TOTAL 44 100 Height O
Distance of Chainline O
continuous update the result [ |
List Statistics Map
O @ @)
[Date ~[1330 [ [y ~|

Add General Search || Add DB Specific Search || Help

[ searcH  |[  RESET

Basic statistics

Place of Uze

Depository

Number of types in selection: 15
Total number of types in the database: 2795
Percentage: 0,54%

Number of types m selection: 7
Total number of types in the database: 5491
Percentage: 0,13%

Number of types in selection: 7
Total number of types in the database: 123
Percentage: 5,69%

Height

Distance of Chainlines

1331 13301 1330

52 o7 112

41 30.3

Number of types in selection: 1
Fust date: 1330

Last date: 1330

Arithmetic mean: 1330,0
Standard deviation: 0,0

Number of types in selection: 24
First value: 52

Last value: 112

Anthmetic mean: 69,7

Standard deviation: 23,0

Numnber of types in selection: 14
Furst value: 41

Last value: 55

Arthmetic mean: 503

Standard deviation: 4,5

Figure 1: Summary statistics
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4.2 Choice statistics section

The choice section allows the user to get more detailed statistics on results. It consists of radio
buttons for selection of single and paired criteria.

Single Paired values
values
>
£ 8
s |g |8 |s | B | &
o < ) = ] 2
= o [a) [a) T [a)
1. | Motif X X X X X X
2. | Place of Use X X X
3. | Depository X X - -
4. | Date X X X
5. | Height X -
Distance of
6 Chainlines X

Table 1: Choice statistics section

Detailed statistics for motif, place, depository, date, height or distance are generated only if
there is more than one type in the selection.

For all detailed statistics there exists an upper limit for the number of types in the selection. If

this limit is exceeded no single chart is generated but the detailed statistics is broken down by
individual types and for each of them a separate chart is generated.
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4.3 Detailed statistics for single criteria
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If the user makes a choice in the detailed statistics section for single criteria, the results are

displayed on the same page and any previously generated statistics will be overwritten.

For date, height and distance the detailed statistics will be extended with values of
interquartile mean, range, standard deviation, skewness and kurtosis of the selected data.

An “Export” button allows the user to download the numerical data for further usages.

The following charts will be generated for the “Example 1” described above (search in POL

for date “13307).

1. Only Motif:

In the chart (see Figure 2) the number of occurrences of each motif is represented by the
horizontal bar (e.g. the motif “Bull's head - With eyes, nose and further face features -

Without additional motif” is the most frequently motif of the selection).

Detailed statistics: Only Moti

o 1 2 3 4 g [} 7 =] a 10 11 12 13 14

Bull's head - With eyes, nose and further face features - Without additional maotif

Tower - Column - Without additional motif

Figure 2: Detailed statistics: Only Motif
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2. Only Place of Use:

In the chart (see Figure 3) the number of occurrences of each place is represented by the
horizontal bar (e.g. the place “Lucca” can be found 8 times within the selection).

Detailed statistics: Only Place of Use

Bologna

Cividale

Lucca

Miinchen

0. 0.

Pisa

Treviso

Figure 3: Detailed statistics: Only Place of Use
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3. Only Depository:

Similar to the chart above the number of occurrences of each depository is represented by
the horizontal bar (e.g. the depository “StA Treviso” can be found 4 times within the

selection).

Detailed statistics: Only Depository

H5tA MU

SA MO

StA Bologna

StA Lucca

Sth Pisa

StA Treviso

StA Udine

Figure 4: Detailed statistics: Only Depository
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Only Date:

In the following example (“Example 2”) we assume the user searched for watermarks
with motif “bird crown” and selected POL, WILC and WZMA as databases. The user gets
122 hits in total and decides to see the detailed statistics for date.

In the graphical histogram (see Figure 5) the weighted number of occurrences (see chapter
5) of each date is represented by the vertical bar (e.g. the year 1491 has a weight of 5.25).

Detailed statistics: Only Date

525 1

5001

4751

450 |

426

400

3751

350

325 =

3004

2754

2504

2254

2004

175 1

150 1

125 1

1001

075 1+

0504

025 =

1420 1440 1480 1480 1500 1520 1540 1560 1580 1600 1620 1640 1680 1680 1700 1720 1740 17860 1780

Figure 5: Detailed statistics: Only Date

The charts which follow are generated for “Example 1” (search in POL for date “1330”).
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5. Only Height:

In the chart (see Figure 6) the number of occurrences of each height is represented by the
vertical bar (e.g. the height “55” can be found 3 times within the selection and there is no
height “85” within the result set).

Detailed statistics: Only Height

a0 85 80 85 70 758 20 =il =lu} o5 100 105 110 15

Figure 6: Detailed statistics: Only Height
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6. Only Distance:

Similar to the chart above the number of occurrences of each distance of chainlines is
represented by the vertical bar (e.g. the distance “49” can be found 4 times within the
selection and there is no distance “46” within the result set).

Detailed statistics: Only Distance

47 42 48 a0 a1 62 53 54 58 s}

Figure 7: Detailed statistics: Only Distance

-1

S

(8]

[

[=]

40
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4.4 Detailed statistics for paired criteria

If the user makes a choice in the summary statistics section for paired criteria, the results are
displayed on the same page.

If the user makes a paired selection between two statistical criteria, the results are displayed
on the same page in a diagram.

1. Motif & Place of Use:

In the “Bubble” chart (see Figure 8) the 15 different motifs of the result set can be found
on the x-axis and the places are represented by 7 different colours. (e.g. the motif “Bull's
head - With eyes, nose and further face features - Without additional motif” [1] can be
found most frequently in “Bologna” [dark blue] while in “Pisa” [magenta] you can find
only the motifs “Circle - Two circles on top of each other - Above latin cross” [11] and
“Bull's head - With eyes, nose and further face features - Without additional motif” [1]).

Detailed statistics: Motif & Place

Motifs:

. Bull's head - With eyes, nose and further face features - Without additional motif 2, Tower - Column - Without additional motif
. Key - One kay - Shaft consisting in one line - Without additional rmotif

. Tool/arm, weapon - Tool - Pincers, nippers - Consisting in ane line 5. Tool/arm, weapon - Arm, weapon - Flag

. Teaol/arm, weapon - Arm, weapon - Sword - Two swords

. Leafiflower/tree - Flower/leaf with stipe - Without additional motif - four-petalled

. Fruit - Other fruits - Cherry - Three cherries with straight stem

wom o W

. Circle - ©One circle - Ball with ribbon consisting in one line - Above latin cross consisting in one line
10, Circle - Two circles an top of each other - With rod or without additional rmotif
11, Circle - Two circles an top of each other - Abave latin crass 12, Letter - A - Above circle

13 Bell - Between two chainlines - Without additional metif - Clapper merged with outline of the brim

14, Bell - Between two chainlines - In belfry 15. Eagle - Eagle - Without additional motif - Without claws - Conventionalized form

® Bologna @ Cividale ® Lucca @ Manchen © o. O. @ Pisa © Treviso

Figure 8: Detailed statistics: Motif & Place of Use

2. Motif & Depository:

The diagram for the “Motif & Depository” detailed statistics will be a “Bubble” chart
similar to Figure 8.
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3. Motif & Date

In the following example (“Example 2”) we assume the user searched for watermarks
with motif “bird crown” and selected POL, WILC and WZMA as databases.

In the “MinMax* chart (see Figure 9) the different motifs can be found on the x-axis and
the first, interquartile mean and last date values for each motif are drawn on the y-axis
(e.g. the dates for the motif “Bird - Eagle - Two heads - Above crown” are between
“1512” and “1780™).

Detailed statistics: Motif & Date
1750

1700

1850 8
1600 4t g 8

1550

e
1500 g 2 I = © g
1450 z

[0}

Date

o]

uMoID pIIg

UMOID 3A00Y - PEAH - plIF
umols aaogy - ainBy anug - png
umioia J u| - 212012 up - 2By aigug - pug

UMBID 3AD0Y -Spealy om) - 3|Beg - pug

UMD 3ABEY - PlaIYs U - ainBy amug - piug
UMDl BA0EY - Plalys u| - 3|Beg - a|Beg - pug

auory ‘1z|pejaddog s inbi4 azuel jiapy ;1aBop,

umola A0qe 10 peay ay ug - 26eg - a16e3 - pug

coim BUR9ISIalU) SHIEWISIEM OM] - PI2IYS U| - PEAH
TTED - JHOW [EUOIPPE INOUYA - SPESY om) - 3|Beg

e Bunpoasiajul yIEULEIEM BUQ - PIRIYS U] - PEAY - pIF
TRSISUDD SWE|D - JROW [EUOIPPE oyl - 316e3 - 31Beg
THSISU0D SME|D - JROW [EUOIMPRE InoyUAY - 3|Be3 - ajfeq
sromtaddn ypm umiora peay ayp ug - 3|6eg - ajieg - pug

TURID - MIOW [BUOIIPPE INoYHAN, - SpEaY oML - ajfeq
auary 1aqniep 'siar ul finbl4 azueb jia|py J aBop
addepy uniapejaddog finfilg azuel jia|py ;abop,

Figure 9: Detailed statistics: Motif & Date

The charts which follow are generated for “Example 1” (search in POL for date “1330”).
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4.

Height

Motif & Height

In the “MinMax* chart (see Figure 10) the 15 different motifs of the selection can be
found on the x-axis and the minimum, interquartile mean and maximum height values for
each motif are drawn on the y-axis (e.g. the height values for the motif “Circle - Two
circles on top of each other — Above latin cross” are between “68” and “109” — the
interquartile mean is about “84.2”).

Detailed statistics: Motif & Height

S5012 UNE| anoqy - Y - 18RaT]

Aiyaq u| -s3ulUIEYD oM usaMIaE - 129

HIOW [BUORIPRE INQUHIAN - ULInjoD - 13m0 |
oypan - 3ul) auo ul Bulgsisuoa Yeys - Aay aug - A3
Gepq - uodeam "wiy - uodeam ‘wlefoo |

“UEBINEA) BOEYIAYHNY PUE asou 'sada Yl - pEay 5| ng

~ Bupsisuog -siaddiu 'siaaulg - oo - uodeasm ‘ulefoo |
SPIOME OM| - PIOMS - UodEam "Wy - uodeam "Wlefjoo ]
“Tuoippe noyyn - adus gy peajpamo) 4 - aaipamo|eaT
Cpol YHAA - J3ye yoea jo doj uo $3|0010 0M] - 3]9010
TUHOW [BUORIPPE IN0UHAR - S3ULUIEYD oM UaaMgag - [|13d
oY, - HRoW BuippE noyg - 3lBe - ajBeg - pug
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wWals JYBIENS ypum s311aY D 331y | - AUE Y7 - SHRL IR0 - Hnl g

Figure 10: Detailed statistics: Motif & Height
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5. Motif & Distance

In the “MinMax“ chart (see Figure 11) the different motifs can be found on the x-axis and
the minimum, interquartile mean and maximum distance values for each motif are drawn
on the y-axis (e.g. the distance values for the motif “Circle — Two circles on top of each
other — Above latin cross” are between “47” and “54”).

Detailed statistics: Motif & Distance
el

55 Q
54 Q Q

53 @ g Q
52 o] 0]

g1 0] I
a0

Distance
& &
———=
o]
—+

&
t
&

& £ & &
o]

SS019 UILR| 3A0GY - - 1apaT]

Aiplan u) -sauuiEy D oM U3aMgEE - |38

UsEINJEE, FDELIAYNNY PUE BS0U 'safa YUAN - PERY S|INg
Hpouw [BUDRIPPE INOYHAR - HWnje] - 13m0 |

CrOYRAN - Ul auo u) Bunsisuoo yeys - Aeyaup - Aay

o Bunpsisuoy -siaddiu 'siaould - oo - uodeam ‘waeyoo |
Be|4 -uodeam Wiy - uodeam 'wiegoo |

wags yBiens yum samaya aaiy ] - ANayD - SN IAYI0 - Wni4
SPIOMS OM] - PIOMS - Uodeam Wiy - uodeam ‘wiejoo |
TTUOIIPRE INOULAN - 3d1S UIM JES M| 4 - 3301 EME |41E ET)
1 aun ul Bunsisuoo uogqqu ypma B - BaN2 AUg - |30
ol YPan - 13y yaea o doj uo £330 oM - 3|30

S5010 URE| 3A0QY - 1330 yaea o doj uo sa|ong om] - 3909
TUHIOW [EUDIHPRE INOULAL - S3UIJUIEYD oM UBEMEEE - |38
COUMAN - 430 W [EUCIHPRE oy - 3|Be3 - ajBeg - pug

Figure 11: Detailed statistics: Motif & Distance

6. Place & Depository

The diagram for the “Place & Depository” detailed statistics will be a “Bubble” chart
similar to Figure 8.

7. Place & Date

The diagram for these detailed statistics will be a “MinMax” chart analogous to Figure 11.
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8. Place & Height

In the “MinMax* chart (see Figure 12) the different places of the selection can be found
on the x-axis and the minimum, interquartile mean and maximum height values for each
of the places are drawn on the y-axis (e.g. the height values for the place “Bologna” are
between “52” and “112” — the interquartile mean is about “70).

Detailed statistics: Place & Height

114
121
10|
108
1061

1021
100

Height

Bolagna Cividale Luzca Miinchen o. 0. Pisa Treviso

Figure 12: Detailed statistics: Place & Height
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9. Place & Distance

In the “MinMax“ chart (see Figure 13) the 7 different places of the result set can be found
on the x-axis and the minimum, interquartile mean and maximum distance values for each
of the places are drawn on the y-axis (e.g. the distance values for the place “Pisa” are
between “47” and “51” — the interquartile mean is about “48.8”).

Detailed statistics: Place & Distance

Distance

Bologna Cividale Lucca Miinchen o. 0., Fisa Treviso

Place

Figure 13: Detailed statistics: Place & Distance
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10. Depository & Date

In the following example (“Example 2”) we assume the user searched for watermarks
with motif “bird crown” and selected POL, WILC and WZMA as databases.

In the “MinMax* chart (see Figure 14) the 29 different depositories can be found on the x-
axis and the first, interquartile mean and last date values for each depository are drawn on
the y-axis (e.g. the dates for the depository “HStA” are between “1564” and “1609”).

Detailed statistics: Depository & Date
1780 Q
1760
1740
1720
1700
1880
1660
1640 ik
1620

1500 G O g
1580 e z o
1560 o o

1540

Date

1520 @

& ? %
1500 @
1480 © g @ p oo
1480
1440 ggg g o g
1420 Q

@ I I @& @«_ W o 0w o w w oW W o o w wu wu wu o w

5%%»}”}»}”55555555555

5 "2 f "TEd§EFTTge - T Eggecsh

: i £ -

E- 3 = =) ggg-m!’l.
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wnif|ag 's|assnig 'yg
spuepayay ‘anbey ayl ‘g
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uapams ‘elesddn ‘gn
Bhsuanayoygaaungsniing
AYDIEUBSIZON 5343140y 251q2Ig

Aueunag 'Braquaguan '(g11se|g uasneyploy) Wasg

Figure 14: Detailed statistics: Depository & Date

11. Date & Height

The diagram for the “Date & Height” detailed statistics will be a “MinMax” chart similar
to Figure 14.

12. Date & Distance

The diagram for these detailed statistics will be a “MinMax’ chart analogous to Figure 14.
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5 Handling of dates

Dates in the Bernstein databases either consist of a range with start and end year or can be
treated as a single year value (if start year is equal to end year or only a start year exists).

For the detailed statistics with dates the following rules are applied: Single years are weighted
with 1 and all years within a date range are weighted with 1/ (number of years in the date
range).

We will demonstrate the above named rules with an example and assume the following dates
were found:

1 x 1490 (weight = 1)
5x 1491 (weight = 1)
1 x 1491 — 1494 (weight = 1/4 = 0.25)
3x1492 (weight = 1)

6 x 1492 - 1493 (weight = 1/2 = 0.50)
In this case the following “weights” for the years from 1490 until 1494 will be calculated:

1490: 1.00 (1 x 1.00)

1491: 5.25 (5 X 1.00 + 1 X 0.25)

1492: 6.25 (1 x 0.25 + 3 x 1.00 + 6 x 0.50)
1493: 3.25 (1 X 0.25 + 6 X 0.50)

1494: 0.25 (1 x 0.25)
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