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The use of web-GIS and crowdsourcing in the acquisition
of historical data on the example of Polegli1939 project

Abstract. The historical Polegli1939 geoportal is probably the first thematic portal using spatial-temporal
databases to present information on people killed during the World War Il. In this study, we address the pro-
blem of capturing, processing and sharing historical information by supplementing it with a spatial attributes. The
aim of the study is to determine the role of crowdsourcing data and the use of web-GIS applications in the
process of obtaining and verifying historical information. The study was carried out as part of the implementa-
tion of the “Spatial database of soldiers killed in warfare” project, which is also known as Polegli1939. In order
to achieve this goal, we acquired information using three methods: manual, automated and Volunteered Geo-
graphic Information (VGI). Making spatial data available through the Polegli1939 geoportal enables users to
popularize and verify it. The method includes a geospatial web platform (GeoWeb) as well as a VGI applica-
tion with an integrated process for verifying submitted information. As a result of the project, nearly 35,000
records were obtained. Making the project available to a wider audience opens up the possibility of extending
the presented research or replicating it in other countries, taking into account a wider chronological range than
just World War II.
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1. Introduction

A constant element of historians and histori-
cal geographers contemporary research is the
use of IT solutions, including GIS technology.
The literature on this subject describes the
extensive research carried out on the construc-
tion of historical databases, geographical infor-
mation systems, and the use of both in research
(Burleson & Giordano, 2015; Fleming et al.,
2009; Gregory, 2003; Gregory & Ell, 2007; Hu
etal., 2018; Lesniak et al., 2017; Szady, 2016).

Moreover, geographic-historical research has
largely revolved around technology-oriented
GIS projects, spatial analysis, and the latter’s
relevance to ongoing processes and events.
Increasingly, a new approach is being used
that focuses on the study of "human-land” rela-
tionships based on the four elements of history:
time, place, person and event (Hu et al., 2018;
Kuna & Kowalski, 2020). The study of the rela-
tionship between a person involved in an event
and the environment can be conducted on
geographical and historical levels. Research
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on past military actions and their social conse-
quences also fits into this framework (Juhasz,
2007, 2014). The development and implemen-
tation of this research in the spatial dimension
requires the development and construction of
databases, which are crucial for the collection
of geohistorical data. The data collected in
such databases enables temporal and spatial
analyses to be performed. In addition, these
analyses will allow new research questions to
be asked and, perhaps, e.g., many previously
unknown aspects of past military actions and
their socio-economic impacts to be discovered.

The acquisition of big data, especially histo-
rical data, presents challenges due to its spe-
cificity and limited availability (Manning, 2013).
Participatory GIS solutions can be particularly
useful in this context, as implementing an appli-
cation that allows for user participation can
facilitate the data gathering process (Lafreniere
et al., 2019; Larrain & McCall, 2019). Moreover,
concept development and the implementation
of such a solution requires the use of quality-
-assurance systems (Ali & Schmid, 2014;
Goodchild & Li, 2012; Samulowska et al., 2021).

The use of Volunteered Geographic Infor-
mation (VGI) as a solution for mass data ac-
quisition in scientific research, is not new but
has recently gained increasing popularity (Fin-
nane et al., 2018; Jiang & Thill, 2015). This is
undoubtedly influenced by the growth of digital
humanities, which integrates new technologies
into research. Crowdsourcing allows for the
engagement of a broader community in tasks
that traditionally fell under the responsibilities
of scientists (Dunn & Hedges, 2013; Terras,
2015). Within the humanities, these solutions
have been successfully applied in areas such
as archaeology (Sylaiou et al., 2013), history
(Aucott et al., 2019; Ferreira et al., 2018), and
art history (Dossin et al., 2017).

This project was based on information about
soldiers killed during the Invasion of Poland in
1939. This period is extremely important from the
perspective of historical-geographical research
concerning military operations. It covers events
which marked the beginning of World War I
and warfare during this period. Moreover, it
was characterized by great dynamism and
scope, both in terms of space and the number
of people affected by the hostilities. It is also
worth adding that there is still no centralized
system for collecting spatial information on

battles, movements of military units, or the
locations of soldiers’ deaths. Existing solutions
typically provide information about burial places,
such as the location of cemeteries. Furthermore,
these projects often focus on specific areas,
such as the battlefields along the Bzura River
(Heroes of the Battle of the Bzura, 2021). In
the project carried out so far, data acquisition
covered the previous territory of Poland within
the borders of September 1939. Data related to
the eastern half of the Second Polish Republic
will be introduced in the next stage of the project.

The article discusses the process of acquiring
historical information, processing it, defining its
attributes, and assuring its quality. In addition,
a scheme for storing spatio-temporal objects
and relations between spatial and temporal
objects in a data model is presented. Volun-
teered Geographic Information (VGI), which is
an essential part of our solution, allowed the
introduction of new data (through the portal
provided by us) and provided the opportunity
to perform mass verification of data correctness.
Based on the proposed approach, the proposed
procedure for obtaining and verifying data on
historical figures was verified. Identifying con-
nections between people (their military unit,
participation in events [battles] and their place
of death [mass graves]) allows this information
to be linked to locations and dates. This makes
it possible to study the movement of military
units in space and to correlate the data with
natural and cultural factors.

2. Materials and methods

A search of the subject literature and internet
resources indicated the existence of publicly
available data collections on fallen soldiers
(Commonwealth War Graves, 2021; Heroes of
the Battle of the Bzura, 2021; Honor the fallen,
2021; Straty osobowe i ofiary represji pod
okupacjg niemieckg 1939-1945, 2021). These
collections are in both analog form (studies,
lexicons and lists) and in the form of digital
databases. The main problems diagnosed when
analyzing them were:

- lack of harmonization in the recording of
information,

- fragmented resources,

- information on a specific area (city, region
of military operations).

These observations influenced the selection
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Figure 1. A scan of a page from The Book of Buried Soldiers, illustrating the form of the source data record

of one primary input resource: The Book of
Buried Polish Soldiers Fallen in World War Il
(hereinafter: The Book of Buried Soldiers,
Affek-Bujalska & Kospath-Pawtowski, 1993),
which is a two-volume publication. This study
is a collection (available in an analog version)
of information concerning the burial places of
soldiers whose identities are known. The data
available in this lexicon-like publication comes
from the resources of the Polish Red Cross.

2.1. Data acquisition methods

The specificity of the input data influenced
the definition of the data extraction methods.
The Book of Buried Soldiers has the character
of a lexicon, and the special characters used in
the text (Figure 1) define the type of the attri-
bute information.

The lack of a tabular record hinders the pro-
cess of automatic text entry into the structured
database. Therefore, it was decided to process
the data from analog to database form in three
ways:

1) manual method,

2) automated data acquisition,

3) volunteered geographic information (VGI).

The implementation of the first and second
methods involved processing the content of
The Book of Buried Soldiers and required the

preparation of a digital copy of this book. For
this purpose, the two volumes of the study were
scanned (826 pages), then the prepared scan
files were organized and described with meta-
data. The scans were divided alphabetically
into two groups: the first group was processed
manually, while the second was processed
using an automated method. The subsequent
steps of methods 1 and 2 will be discussed in
detail (Figure 2) in sections 2.1.1 and 2.1.2.

The VGI method was intended to check the
data digitized by methods 1 and 2 and to obtain
data from other sources. Following the earlier
publication of preliminary project data, this
method was implemented in the second phase
of the project. It is described in section 2.1.3
and in section 3.

2.1.1. Manual method

The manual processing of data from analog to
digital form required the involvement of a team.
Each project participant had to process 40 pages
(approx. 1,500 records) from The Book of Buried
Soldiers. Each participant read the data and
inserted it into a structured table in MS Access.
The next stage was the initial verification of the
information. Each person from the digitization
team verified the content of another person’s
table against the scans (data source). In the
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Figure 2. Schematic workflow for preparing historical material for addition to the database

next stage, all the tables were merged into one,
which then also underwent data quality control.
After this two-step verification, the information
was added to the database.

2.1.2. Automated data acquisition

The automation of the data digitization pro-
cess required the development of a workflow
using multiple functions. One by one, these
functions were used to prepare the data for
subsequent processing stages while ensuring
their quality. The first stage involved the use of

an optical character recognition system OCR
(ABBYY FineReader software). The inconsistent
quality of the scans necessitated some pre-
-processing. The correction of errors was carried
out using the following functions: division of
adjacent pages, detection of page orientation,
correction of skewness, straightening of text
lines, improvement of trapezoidal distortions,
correction of image resolution. This was followed
by use of the training mode to improve OCR
accuracy (Support ABBYY, 2021). This func-
tion is necessary for symbols in the text that
are not included in the character coding system.
The use of the training option avoided a pro-
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blem related to recognition of the cross sign
(signifying death) as the number 1 or the letter f,
which was the case when using only the stand-
ard templates. The scanned cards were con-
verted into editable text in .txt format.

The information processed into text form
reflected the content of The Book of Buried
Soldiers. In many cases, data was missing
(e.g., dates of birth and death, first name),
which disturbed the fixed layout of the informa-
tion record and made it difficult to automatically
separate data into attributes. This necessitated
the creation of a script which, based on the
relevant characteristics of each data type, se-
parated the different types of information and
made records in the appropriate columns. The
pre-processing stage described in the previous
step did not eliminate all errors as it was not
possible to avoid errors such as:

- data for one person were in two rows,

- data for two people were in one row,

- missing source information (e.g., date of
birth).

To save the data correctly, an automated
script was used to split the data (initially the
data was saved as a string within a single co-
lumn) into the prepared schema. The script
recognized (based on the characteristics of
the data recording) the individual parts of the
text string and divided it into information cor-
responding to one person. The developed meth-
od allowed the identification of the following
elements:

- first and last name,

- date of birth,

- military rank and military unit,

- date of death,

- place of death,

- place of the burial.

After performing recognition operations on
all of the elements, the resulting values were
saved on a single line and then exported to
a working database.

o

2.1.3. Volunteered geographic information

The third method of obtaining information
was the use of a crowdsourcing application.
The development of this application followed
the dissemination (in the form of a geoportal)
of data acquired by the previously described
methods (Section 3). The project and the data
provided were positively received by users.
The research value of the data was indicated
and the novelty of the spatial data visualization
was appreciated. It was also pointed out that
the information collected and made available
contained errors, but these were not the result
of faulty data processing. Incorrect or incom-
plete information resulted from actual errors in
The Book of Buried Soldiers and concerns a wide
range of attributes (soldiers’ first or last names,
dates of birth and death, places of death).

The implementation of VGI solutions was
identified as a way of adding new records to
the database and verifying errors. An additio-
nal functionality of the application is the possi-
bility to contact the administrators of the portal
and enter data on the location of a deceased
person’s death or burial place (grave). Users
enter attribute information in accordance with
the structure of the database: first name or
names, surname, military rank, military unit
membership, date of birth, date of death, place
of death, cemetery location, cemetery section
number. In addition, in order to be accepted by
the administrator, each entry should have the
source of the information indicated and, option-
ally, the contact details of the author of the
entry so they can be contacted to clarify the
data. Additionally, it is possible to add attach-
ments (e.g., documents) confirming the infor-
mation entered.

The next stage is verification of the correct-
ness of the data by the system administrator.
Data are checked for correctness and possible
duplication. Moreover, the data validation step

Ny

Database

Administrator

Figure 3. Procedure for adding data using the VGI application
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also assesses the authenticity of the data.
After verification, data is added to the database
and made available in the public map applica-
tion (Figure 3). If the data is not valid, it is re-
moved from the database.

2.2. Evaluation of data-acquisition methods

The data-acquisition methods were evalu-
ated on the basis of the problems generated
by each method. The analysis of the advantages
and disadvantages showed that each of these
methods requires some degree of correction
at the level of data control. The results of the
analysis are presented in Table 1.

The manual method was the most imperfect
(due to the human factor). It generated a large
number of minor errors, such as imprecise
assignment of information to the database
structure, single inconsistent characters, and
misspellings of place names. Records of local
names required special verification. The spatial
dimension of the data requires attention to the
source record of place names. The source
record of a place name in the locative form
(e.g., “w Parzniewie”) often results in a mis-
reading of the nominative form: “Parzniewo”
instead of “Parzniew”. Such uncertain place
names were verified by searching for both
possible variants in the National Register of
Geographical Names (Polish registry — PRNG,
2021) and choosing the one correct name. In
the example given above, “Parzniewo” does
not exist in PRNG. Another example is the
existing villages of “Domanowo” and “Doma-
néw”, whose the locative is “w Domanowie”.
If the place of burial was the same as the place
of death, then a further search for the correct

record of the place of death was unnecessary
because the burial was always written in the
denominator in the source material. One more
example is the incorrect recording of military
ranks that were abbreviated in the source
material, so these were also verified and har-
monized (e.g., “wachmistrz” and “wachm”).
Other problems encountered when verifying
the database were duplicates or incorrect
formatting of date-storing cells, which often
changed the resulting data, e.g., the date record
changed. In addition, the efficiency of this
method was not sufficient.

The use of automation in the digitization pro-
cess made it possible to minimize problems
caused by the human factor. Diagnosis of the
problems that arose during testing of the manual
method made it possible to eliminate a signifi-
cant number of them. The only remaining pro-
blem was the correct reading of place names
in the dative form and their conversion to the
nominative version.

The last method used is VGI. Involving the
community in entering information eliminates
the previously described errors. The informa-
tion entered usually results from the user’s
research interests, thanks to which it is correct
in the vast majority of cases. The only draw-
back of this method is its low efficiency and the
constant need to promote the project and use
various forms of incentives to co-create the
database.

2.3. Data harmonization and geometrization

An important step in the project was data
harmonization and geometrization. Due to the
large discrepancies in the source data records

Table 1. The advantages and disadvantages of the methods used to digitize data

x —WRONG y  — CORRECT

Problem Manual me_thod OCR + automation VGI
(unsupervised)

Assi f h

ssignment of data to the x v v
database structure
Diaitizing i -

igitizing information x v
(e.g. place name)
Typo error v v
Efficiency X v X
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and their specificity (historical data), this pro-
cess required the development of a detailed
workflow (Figure 4). The data unification process
mainly related to the attributes that define the
location, i.e. place names. Geometricization
consisted in assigning geographical coordinates
to the places of death and burial. As a result of
the spatial range of the source data, the research
area adopted for the study was the contempo-
rary borders of Poland.

2.3.1. Data harmonization

The data harmonization stage included attrib-
utes such as place names, dates of birth and
death, military ranks and military units. Harmon-
ization turned out to be especially necessary
in the case of place names. This concerned
several recording variants, the first of which
was related to differences in the notation of
the same place of death in the source data
(e.g., “Plock, Radziwie”, which can also be
written as “Ptock, na Radziwiu”). The harmon-
ization of recording consisted in determining
the correct form of the nominative form of the
local name. Another case which was subject to
correction was records of locations which did
not clearly indicate the place of death and only
suggested that the soldier died in the vicinity of
a specific location, e.g., near Ciechanéw, near
Falenica, near Kock. In such cases, the place
of death was assigned as the place specified
in the record.

2.3.2. Geometrization

The geometrization process consisted in in-
dicating the location of each soldier’'s death.
As a spatial reference, the place of death of
a particular soldier was taken and was accurate
to the center of the location (centroid). For
geocoding, data from The National Register of
Geographical Names (PRNG, 2021) was used
in the form of a point vector layer that stores
information on all currently existing localities in
Poland. In the first stage, the database records
were assigned ID_PRNG numbers by per-
forming a join operation (column: name__ place_
of_death) on all matching place of death names
from the table and the names of locations from
the reference layer. The next step verified that

the correct ID numbers had been assigned
properly. It was not possible to automatically
join all the locations, therefore several paths
were taken to verify the information.

The verification of places of death using the
PRNG register was divided into several inter-
related stages and is presented in Figure 4.
Green color in the diagram refers to the cor-
rectness of the place name and its presence in
the register. If the place name was not present
in the register, its correct recording in the data-
base was checked, the name was corrected
as necessary, and the process was restarted.
However, if the record was correct, it was
possible that a settlement's name had been
changed since 1939. In such cases, the exist-
ence of the historical location was verified using
archival documents or literature. If the name
was identified, the location was assigned a con-
temporary name ID from the PRNG and the
process was restarted. Otherwise, its existence
was verified using old maps from 1930-1940
(WIG Maps) and the current name was indicated
on a modern map (TOPO, OSM). If this stage
was completed successfully, the process was
restarted; however, if the location was not cor-
rectly identified, the status “no spatial reference”
was entered in the database.

Another example of verification was the
establishment of the correct form of place names
that appear in the database in singular form
(e.g., Gostkow). This concerned settlements
which could not be verified at the harmoniza-
tion stage. The verification consisted in deter-
mining whether both possible Polish forms of
the nominative form of a name (e.g., Gostkow
and Gostkowo, which refer to two different
localities) existed in the register. Next, the veri-
fication process was restarted as in the case of
other single or multiple locations, i.e., death
locations were verified by burial place using the
Select By Attributes tool (ArcMap software).
The locations selected through the query were
evaluated in terms of distance: the closer the
places of death and burial were to each other,
the higher the probability of identifying the place
of death. Once the place of death had been
identified, it was assigned an ID number from
PRNG and given the status of “spatially refer-
enced”.

Results indicating a lack of correspondence
in the distance between the places of death
and burial also required verification. In such
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cases, another verification was carried out in
order to determine whether an exhumation
had been carried out at a later date, as a result
of which the corpse was transferred to another
location (usually much further away from the
place of death). If no exhumation had taken
place, the location was given the status of “no
spatial reference”. If exhumation had taken
place, the location of the death was assigned
ID_PRNG and the status “with spatial reference”.
If verification and identification of the place
of death according to the place of burial did not
allow the identification of the correct location,
cross-checking was carried out with reference
to information on the date of death, regimental
affiliation and any battles fought in the vicinity.
In the case of unclear records, information
common to a number of individuals was checked
(e.g., time of death and participation in the
same battle); this allowed the probable place
of death to be determined for individuals for
whom the information was incomplete. The
outcome of this stage was also decisive for
assigning a specific status to the location.

3. Results

The proper acquisition, collection and sharing
of data is crucial for conducting historical-
-military research, so the results focus mainly
on the data quality assurance solutions imple-
mented to map data to soldier death sites. We
first focused on the data extraction process
from the available studies, which provided us
with the input data for the analysis. Then, as
a result of information we received about in-
stances of erroneous and incomplete data, we
implemented a crowdsourcing solution to allow
user interaction. As a result, we created and
proposed a portal based on the ArcGIS plat-
form, which was configured and adapted to the
project requirements.

3.1. Description of the Web-GIS technologies
utilized

The technological basis of the project is the
GeoWeb platform available at https://polegli
1939.pl/mapa. It consists of a map application,
including dashboards (web mapping applica-
tions based on ArcGIS Online (AGOL) com-
ponents; see Figure 5) and a data collection

application based on customizable Survey123
for ArcGIS (Survey123; Esri Inc., Redlands,
CA, USA). The whole system is available to
users for free on a smartphone or through a web
browser in two language versions: Polish and
English.

The application framework was developed
based on the developer version of ArcGIS
Web AppBuilder (WAB) software, which is de-
dicated to geoportals and is based on the
JavaScript programming language and Esri
API. The Application Programming Interface
(API) to Esri extends the capabilities of the
JavaScript language with geospatial functionality
and enables faster implementation and com-
munication with these components in the appli-
cation being built. For the needs of https://
polegli1939.pl, a design template for the dash-
board was selected and functionalities used in
the application were adjusted: appropriate wid-
gets were chosen from the WAB library, most of
which are configurable from the application level.
Some of them required development work,
such as improving data reception via REST
(Representational State Transfer) or ensuring
that they display properly (reading of received
objects). The next step was to export the data
in the file geodatabase to ArcGIS Online and
then create Feature layers from them and
import them into the map. Here the use of
the Esri cloud solution proved to be effective
because it did not require a powerful dedicated
server to process thousands of records. The
map prepared in such a way was embedded
in the application framework; then, after the
development work was finished, it was placed
in a dedicated server space. WAB allows the
service to be launched quickly without additio-
nal compilation of files or building of applications.
The whole system was secured by appropriate
certificates and scripts for tracking traffic and
user behavior (without collecting personal data).

The VGI application includes a form for user
input. The collected data is sent to the vector
service via REST services. The quality of the
raw data is then checked in the database using
ArcGIS Desktop integrated with REST. Finally,
the administrator-checked data is returned to
the database and presented as results in the
map application.

The questions proposed in the form (sec-
tion 2.1.3.) were included in the VGI applica-
tion, which includes a short scrolling form to
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facilitate user input. The optimization of the
content scope made it possible to avoid dis-
couraging users, as is often the case with
complex forms, and to focus on the right part
of the form, namely indicating the location (place
of death or burial of the soldier). In order to
improve the quality of the collected data, ques-
tions about contact details were implemented
in order to prevent submissions that do not
comply with the rules of the project.

The interaction between the Survey123 ap-
plication and the web map module is based on
a typical WebGIS architecture. The mobile
application is based on Survey123 for ArcGIS
components and is accessible from the main
project website https://polegli1939.pl/ as well
as from the application https://polegli1939.pl/
mapa. The form consists of three parts: a sec-
tion for text input, a map and the option to add
attachments. It is available in two language
versions, Polish and English. The application
contains ten questions, which are supplemented
by the geolocation of the place of death or the
location of the soldier’'s grave. Additionally,
users can add attachments, such as digital
copies of documents (sources of information),
thereby authenticating the database entry (see
Figure 6). The user can also add additional
information relevant to the verification of the
submitted content and an email contact for
additional consultation. After completing the
survey, a “save” button is active at the bottom
and the submission is ready to be uploaded to
the geodatabase in the cloud.

3.2. Results of the project

During the two-year duration of the project,
34,898 records were collected in the data-base
(as of 10 September 2021). Using manual and
automated methods (first stage of the project),
29,713 records were entered into the database;
as a result of the geometric process, 29,113 lo-
cations of places of death were identified.
Using the VGI application (second stage of the
project), users submitted 5,185 new entries to
the database, and 2,379 requests concerned
the verification of existing information in the data-
base. The data sent by the form were verified
and the database was updated on a continuous
basis. The highest user activity was in the week
in which the project was made public; this high

level of activity lasted for another week and
then decreased. Another increase in data was
related to the inclusion of permanent project
collaborators who verify data and add new
content.

Professional historians, genealogists, amateur
historians and family members of fallen sol-
diers were identified among the recipients and
active participants of the project. These indivi-
duals submitted new data and verified the pro-
vided data as individuals or as representatives
of research and social institutions.

The verified data are made available in the
map application available at https://polegli1939.
pl/mapa/ (Figure 7). Users can display available
data in spatial and descriptive form. The plat-
form makes it possible to search for the fallen
through a form: by name, military affiliation of
the place of death, date of death or through
a spatial query. The results of the query are
displayed in attribute form in the left side panel
and highlighted locations on the main map.
The location of the place of death is generalized
to the location level, hence clicking on a selected
pin returns a value indicating the number of
people who died within that location (Figure 7c).

4. Discussion

The project introduced a social innovation in
the collection and verification of historical data,
where users (professional historians, local
historians, genealogists) work to improve the
quality of publicly available historical data.
Public perception of the data was enhanced
by its spatial context and the use of an interac-
tive map as a kind of layout for the database.
It was noted that users identify places associated
with local history, and an interactive map is
easier to perceive than, for example, a data
table record. For the most part, data verification
related to the area near the respondent’s resi-
dence or origin.

Providing data free of charge via an intuitive
and responsive map application expanded the
audience and users — especially mobile device
users. The growing popularity of the project
was probably also influenced by media interest
(information available on the project website
at: https://polegli1939.pl). Each presentation
of the project in the media resulted in increased
user activity. The activity was not limited only
to page views but especially concerned data
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Figure 6. Layout of Survey123: (a) the part of the form relating to the attributes describing the information
entered about the fallen soldier; (b) the part of the form specifying the type of location (place of death
or burial) of the soldier, and a map on which the user indicates the location (pointing on the map, entering
the address or indicating the location using the GPS receiver in the mobile device), the form for adding
attachments (e.g., documents), the form for entering additional information and contacting the respondent

verification, namely entering corrections to
existing data in the database.

The implementation of the project indicated
several problems in terms of obtaining infor-
mation and making it available. When working
on geohistorical data, special attention should
be paid to its specificity (Couper et al., 2001;
Gregory & Ell, 2007). The main problem con-
cerned the location of death and burial sites.

This especially manifested itself in the identifi-
cation of locations that appeared in the data
source but whose names have now changed
or which no longer exist. Reading and identifying
place names written in a form other than the
denominator was also problematic, making it
difficult to automatically link source data with
reference data (e.g., PRNG). As part of the
project development, a mechanism will be im-
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plemented to automatically recognize and
identify place names written in a different form.

Another problem was the use of generaliza-
tion in indicating places of death and burial
(in relation to locations outside cemeteries).
There were two reasons for adopting the centroid
of locations. Firstly, the identification and indi-
cation of even the approximate place of death
is a difficult and time-consuming process that
is sometimes impossible. The intensity of
combat during World War |l and the limited
precision of information sources sometimes
made it impossible to pinpoint the exact loca-
tion. For this reason, the applied unification (to
towns) seems to be the most optimal solution.

A new value in the research was the use of
VGI solutions. These resulted in more precise
localization of transmitted data and eliminated
the process of geometrization, which is neces-
sary when digitizing the content of historical
sources and studies. Although accurate loca-
tion data was obtained, a generalization pro-
cess is applied to these before they are made
available in a publicly accessible portal. In many
cases, indicating the exact locations of deaths,
especially in the case of new hitherto unknown
data, may contribute to attempts at illegal
exploration and searching for material remains
of armed activities.

The portal and data resource built as a result
of the project represent a contribution to in-depth
research in the field of military history. Until
now, there has been no spatial database that
collects data on fallen soldiers in Poland.
A change in the current approach is the pre-
sentation of locations of places of death. The
existing databases collect information resulting
from cemetery inventories. The new spatial
aspect makes it possible to ask new research
questions. It is already possible to ask whether
the collection of the fullest possible data on
specific persons in space and time, connected,
among other things, with military actions, will
make it possible to discover hitherto unknown
facts, such as marching routes, locations of
potential (hitherto unknown) places of death or
burial of soldiers. Moreover, the development
of a spatial database will allow for analyses
aimed at juxtaposing tactical issues and natural
conditions with the course of battles and their
demographic effects.

To this end, the GeoWeb application will be
extended with additional functionalities such

as spatial analysis, which will allow research at
the interface of history and geography to be
conducted in a more accessible form. Creating
a participatory approach to HGIS research can
increase its effectiveness. Taking research
beyond the walls of universities is already
being done in the form of new community ini-
tiatives (Lafreniere et al., 2019). Thus, involving
the public in data collection and verification
and providing immediate public access to
spatial-temporal data can contribute to this.
Creating a tool for making family histories
publicly available by contributing one’s own
historical spatial knowledge to the general
public can ensure the sustainability and suc-
cess of projects using VGI (Sui et al., 2013).

5. Conclusions

In the field of geographical-historical research,
there has not yet been a project in Poland that
presents information about soldiers killed in
warfare. Previous solutions focused on the pre-
sentation of graves (burial places). Information
on persons was assigned to a location (a grave
or cemetery site). The technological and me-
thodical solution developed within the project
enables a structured set of data to be collected,
verified and made available in one place. The
application of a crowdsourcing approach to data
acquisition and verification introduced a new
quality to the process of building geohistorical
data resources. The resulting spatial database
enabled the realization of several objectives.
The first of these is that a new dimension is
given to the study of military actions. Another
is the use of a new way of presenting data in
spatial terms, which contributes to an increase
in public interest in the project. The spatial di-
mension of the research means that users are
able to better identify with a place that is ex-
pressed in the form of a map (Hillier & Knowles,
2008; Stedman, 2002; Stuart, 2012).

The implementation of WebGIS and VGI
solutions for historical data acquisition has
yielded benefits in three dimensions: application,
education, and science (Figure 8). The dis-
semination of applications using data generated
from The Book of Buried Soldiers raised
awareness of the need for VGI applications.
This led to the activation of the online commu-
nity, which has much greater capabilities for
introducing new data and verifying it more effi-
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Technological
benefit

Educational benefit

Scientific
advantage

Implementation of Web
GIS and VGI applications

Activation and interestin
data acquisition

Revision of the database
- updating the current
state of knowledge

Figure 8. The scheme illustrating the benefits of sharing data about fallen soldiers using Web GIS
and VGI solutions

ciently than smaller project teams or groups of
scientists. By combining VGI solutions with
society’s enthusiasm for exploring the past,
there is an opportunity to acquire large data-
sets, as seen in other fields, such as the exact
sciences (Finnane et al., 2018). The engaged
group of individuals thus verified a significant
portion of the data, making corrections to those
records that contained errors. In this context,
we can speak of a scientific benefit, namely
the updating of the existing state of knowledge.

Experience to date with the promotion of
applied solutions has shown the potential of
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