
ASSESSMENT OF OPENSTREETMAP DATA QUALITY IN 
SELECTED POLISH COUNTIES 

Sylwia Borkowska, Krzysztof Pokoniczny 

Institute of Geospatial Engineering and Geodesy, Faculty of Civil Engineering and Geodesy, 
Military University of Technology (WAT), 00-908 Warsaw, Poland; 
krzysztof.pokonieczny@wat.edu.pl 
Correspondence: sylwia.borkowska@wat.edu.pl 

Abstract 
The aim of this paper was to evaluate the spatial data quality elements of OpenStreetMap in relation to the official data 
- the national database of topographic objects at a scale of 1:10 000 (BDOT10k). The main elements of spatial data 
quality such as geometric accuracy and data completeness were analyzed. In the OpenStreetMap data quality research, 
objects consisting of the basic elements of land cover with polygon geometry type were used, which included 3 classes: 
buildings, surface water and forests. The test area for OSM data quality was three counties in Poland, differentiated by 
land cover and urbanization development. The highest OSM data quality indices were obtained for objects of quite 
easily recognizable and interpretable character and shape. The best results of OSM spatial data quality were noted for 
highly urbanized areas with developed infrastructure.  
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INTRODUCTION 

The evaluation of spatial data quality has been the focus of research by many users and researchers. The importance 
of data quality in science is well recognized and widely described [1-3]. In ISO (the International Organization for 
Standardization) normative documents, quality is defined as a comprehensive set of characteristics and features of 
datasets and services that affect the ability to satisfy current and future user requirements [4]. The features and 
characteristics mentioned in the standard, with regard to spatial data sets, are defined by a dozen of quantitative and 
qualitative indicators. Whereby, the most commonly used and applicable, among others, also for INSPIRE 
(Infrastructure for Spatial Information in Europe) data sets include: 

• Geometric accuracy - this parameter describes the accuracy of determining the coordinates of the object. In 
practice, the preferred method of checking this parameter is comparison with an independent source of higher 
accuracy. 

• Thematic accuracy - describes the accuracy or certainty of the acquisition of an attribute value. Estimating the 
accuracy of a quantitative attribute is analogous to location accuracy (comparison to a more accurate data 
source). 

• Currentness - describes the point in time or moment in time when the contents of the database match reality.  

• Completeness - determines how exhaustive a set of objects is. It may refer to: ex-cess, missing objects, their 
attributes or the relationships between tchem. 

• Logical consistency - describes the consistency of the relationships recorded in the spatial database structure 
(conceptual, domain and topological). 

With regard to data collected voluntarily and free of charge by a very large number of volunteers, referred to as 
Volunteered Geographic Information (VGI) or crowdsourcing geodata, the application of the above mentioned 
indicators becomes problematic. The reason for this is the lack of detailed technical specifications, only providing rules 
and guidelines for providing data, and the frequent lack of formal verification of all data entered into the database. 
Volunteers are usually left with a lot of freedom in terms of the accuracy of the data entered and the detail of their 
descriptive characteristics. Data verification is generally performed by other users, potentially more familiar with the 
area or willing to use community data for specific tasks. The most studied and evaluated for data quality is 
OpenStreetMap (OSM). When analyzing the quality of OSM data, many researchers around the world mainly focus on 
the completeness and accuracy of the location of roads [5-7] or buildings [8-10]. These studies show that OSM 
information can be quite accurate, but its value depends on the areas for which it was acquired. The aforementioned 
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studies clearly show that the best spatial data quality results were achieved for urbanized areas and those of interest to 
OSM users. Based on the statistical results of the research, the authors have inferred that the experience levels of 
contributors determine the contribution type and level of object detail. 

The quality of OpenStreetMap data, and in particular its quantitative elements such as completeness and geometric 
accuracy, is of broad interest to potential users worldwide. The method of data collection used in OSM makes it 
impossible to apply directly the principles of geographic data evaluation contained in ISO 19157, which refers to the 
comparison of data with technical specifications. Goodchild [11] listed three alternative approaches to assessing the 
quality of geographic data acquired by projects such as OpenStreetMap: 

• crowd-sourcing approach – based on the assumption that redundant data will be detected and corrected by 
users. 

• social approach – assuming minimal data validity checks by administrators. 

• geographical approach – involving the use of GIS-type programs for data quality control by checking the 
correctness of topologies and logical rules. 

Such approaches to assessing the quality of VGI data are gaining popularity, although external assessment is still 
commonly used, requiring access to other, usually more accurate and reliable data. Such an approach was used in this 
research because it allows for a comprehensive assessment of data quality, which is crucial from the perspective of 
potential users. 

Taking into account the above fact, this paper presents a comprehensive quality assessment of volunteer 
OpenStreetMap data, paying attention to the aspect of imperfect findings and quality assumptions. The aim of the 
conducted research was to assess the completeness and accuracy of the location of the main land cover classes 
(buildings, forests, surface waters) of OSM objects in relation to the national official data, collected in the database of 
topographic objects, which was the reference base in the conducted research. Analyses were made for three selected 
counties in Poland, taking into consideration their diversity in terms of terrain and urbanization level, which allows 
them to be treated as representative samples. Reference data used for OSM analysis were official Polish data of 
BDOT10k (Polish National Database of Topographic Objects). The study complements the previous research results in 
the field of quantitative and qualitative analyses of OSM data, especially in relation to the Polish territory, taking into 
account the diversity of land cover of the test areas. 

MATERIALS AND METHODOLOGY 

Source Data 

Area of reasearch 

The study area consists of three counties located in the territory of Poland - Nowomiejski, Otwock and Ząbkowicki 
Counties. Counties were selected in such a way that they are diverse in terms of location, relief, area, degree of 
urbanization, and land cover, so that they can be representative samples. Location of the analysed test areas is shown in 
Fig. 1. 

 

Figure 1. Location of analysed counties. 
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Nowomiejski County is located in the northern part of Poland in Warmia and Mazury Province. The total area of the 
county is 694 km2 [12]. Population density is 64 people per km2. The degree of urbanization in Nowomiejski County is 
25.6%. The economy of the county is represented by agriculture and industry. The dominant branch of industry is wood 
industry, mainly furniture and woodworking products. The area of the county is characterized by a great diversity of 
terrain: hills, lakes, rivers and forests dominate here. Within the administrative borders there are two landscape parks: 
Brodnica and Wel, as well as areas of protected landscape and numerous nature reserves. The Drwęca River, the longest 
and largest right tributary of the Vistula in northern Poland, flows through the county. 

Otwocki County is located in Mazovia Province, in its central part, in the immediate vicinity of Warsaw. The total area 
of the county is 616 km2, and the population density is 202 people per km2 [12]. The degree of urbanization in the 
Otwocki County is 61.7%. It covers vast areas of the South Masovian Plain and its constituent regions: The Valley of 
the Central Vistula and the Garwolin and Wolomin Plains. Among the districts near Warsaw, Otwocki has high forest 
cover (40.5%). 

Ząbkowicki County is a county located in southwestern Poland, in Lower Silesia Province. It covers an area of 802 km2 
and has a population density of 81 people per km2 [12]. The degree of urbanization is 45%. The county lies between the 
Bardzkie, Sowie and Złote Mountains and the Niemczańsko-Strzelińskie Hills, crossed by the Nysa Kłodzka River. Its 
convenient location makes the county of Ząbkowice an important element in the system of European connections: the 
distance from Warsaw and Berlin is about 350 km, from Prague and Dresden about 280 km, from Brno and Krakow 
about 250 km. The geographical and historical region located in the Sudeten Foreland has a very rich history and is 
popular among tourists.  

OpenStreetMap Data  

OpenStreetMap (OSM) is an online community project to create a free, freely accessible map of the entire globe. It is 
editable by registered users. The maps are mainly created using data collected from portable satellite navigation 
receivers and other geographical data sources with a sufficiently free license. 

OpenStreetMap uses a data structure consisting of [13]: 

• Nodes - points with a geographical position. 

• Lines - lists of nodes that represent lines and polygons. 

• Relationships - groups of nodes, paths, and other relationships that can have certain values. 

• Tags - applied to nodes, roads or relationships and consist of key=value pairs. 
A label, also called a tag, consists of a pair of expressions: “key = value” which can be equated with an attribute. Most 
features can be described using only a small number of tags, such as a path with a classification tag such as 
highway=footway, and also a name using name=*. 

In the conducted study of OpenStreetMap data quality, 3 main land cover classes were used, which included polygon 
objects: buildings, surface water, forests. The OpenStreetMap data was obtained from the OSM Geofabrik service [14]. 
The validity of the OSM data studied is January 24, 2022. Table 1 presents a description of the data used. 

Table 1. Characteristics of the OSM data analysed with the distinguishing "tag" [13]. 

Object of 
land cover OSM Tag Description 

Buildings building=* Single building outline 

Water surface 
natural=water 

landuse=reservoir 
water=reservoir 

Unspecified bodies of water. Typically lakes, but can also be larger rivers, 
harbours, etc. 

Forest landuse=forest, 
natural=wood 

Forest or woodland. Sometimes considered to have the restricted meaning 
"Managed woodland or tree plantation maintained by humans to obtain forest 

products". 
 

OSM data are characterized by heterogeneous accuracy and level of detail, depending on the acquisition technique and 
object contour detailing, which, in turn, depend on the skill and experience of the observer. The means of obtaining 
OSM data are primarily measurements from handheld GPS receivers, aerial photographs and other available data 
sources. OSM data timeliness varies depending on volunteer activity. 
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BDOT10k Data 

In the conducted analyses of OSM data quality, the official spatial data of the Database of Topographic Objects 
(BDOT10k) was used as the reference dataset. BDOT10k is a vector database containing the spatial location of 
topographic objects along with their basic descriptive characteristics. The content and detail of the BDOT10k database 
corresponds, in simplification, to a traditional topographic map in a scale of 1:10 000. The detailed scope of information 
collected in BDOT10k, organization, mode and technical standards of creating, updating, verifying and making data 
available are specified in the legal act [15]. Updating of the BDOT10k database takes place on an ongoing basis after 
reliable data are obtained from the feeder sets. Data downloading is possible free of charge using the Geoportal Service 
[16]. The timeliness of available BDOT10k data used in this analysis is March 2020.  

Objects from the BDOT10k reference database, belonging to the same land cover classes as the OSM data, were used 
for the OSM data quality analysis (Table 2). 

Tabela 2. Charakterystyka analizowanych danych BDOT10k [15]. 

Object of land 
cover 

Designation 
BDOT10k Description 

Buildings BUBD Buildings permanently connected to the ground with foundations 
Water surface PTWP Areas occupied by the waters of rivers, canals, reservoirs 

Forest PTLZ Densely wooded areas: forests, wooded parks and other wooded 
areas 

 

BDOT10k data are acquired through: geodetic survey, land and building registry, orthophoto vectorization or other 
official state registers. BDTO10K quality control is performed in accordance with the control system for data submitted 
to the BDOT10k resource (topology and geometry checks, semantic, syntactic and attribute checks, etc.) and is carried 
out in significant detail. 

Methodology 

Analysis of geometric accuracy of OSM objects 

In order to obtain statistical information about the geometric accuracy of OSM surface objects in comparison to the 
reference database BDOT10k, homology points were used. Accuracy analysis was based on automatic measurement of 
corresponding corners of OSM surface objects against BDOT10k (Fig. 5). The analyses described were performed 
using GIS software - ArcGIS Pro. 

 

Figure 5. Homologous points semi-automatically detected between the OSM buildings (red) and the BDOT10k 
buildings (blue). 

The measurement was conducted for all analyzed counties, taking into account analyzed surface objects - buildings, 
forests and surface waters. Measurement of homologous points was performed by comparing X and Y coordinates of 
corresponding corners (vertices) in OSM and BDOT10k databases. In order to maintain the accuracy of the 
measurement, both sets of data were defined in the PUWG 1992 (Państwowy Układ Współrzędnych Geodezyjnych) 
rectangular coordinate system, which is a coordinate system based on the Gauss–Krüger mapping for the GRS80 
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ellipsoid in one ten-degree zone for Poland (EPSG: 2180). The PUWG 1992 is intended for maps with a scale of 
1:10,000 and smaller. 

The accuracy of the location of OSM surface objects is presented in terms of Root Mean Square Error (RMSE). RMSE 
is a commonly used measure of the difference between values (sample or population values) predicted by a model or 
estimator and observed values. RMSE is the standard deviation of the residuals (prediction errors). Residuals are a 
measure of how far from the regression line the data points are. RMSE is a measure of how spread out these residuals 
are. In other words, it tells you how concentrated the data are around the line of best fit. Root mean square error is 
commonly used in climatology, forecasting, and regression analysis to verify experimental results [17].  

The RMSE error value for the determined homology points in OSM and BDOT10k datasets was calculated according to 
the formula: 

 
 
(1) 

 

(2) 
 

 

(3) 

Where:  
,  - coordinates of a point from the OSM database. 

,  - coordinates of a point from the BDOT10k database. 
 - number of observations (homology points). 

Analysis of completeness of OSM objects 

The completeness of OSM surface objects was assessed using a method based on arearatio units, which calculates the 
completeness C as a percentage ratio between the total area of an OSM object and the total area of the corresponding 
object from the BDOT10k database within a certain spatial unit (e.g. administrative or geometric) [8]. For this purpose, 
the area of the analyzed counties was divided into sub-areas according to a regular grid of hexagons with an area equal 
to 1 km2. The area ratio method may introduce an overestimation of C due to the excess data available in OSM against 
BDOT10k data [18]. For this reason, further studies are recommended in which three additional indices are calculated: 
true positive (TP), false positive (FP) and false negative (FN) indicators. 

According to Figure 6, the TP indicator represents overlapping building areas between OSM and BDOT10k, i.e., 
common areas between datasets .The FP indicator represents OSM surface objects that do not exist in the BDOT10k 
dataset, and the FN indicator considers BDOT10k surface objects that do not exist in the OSM dataset. 

 

Figure 6. Characteristics of TP, FP and FN indicators. 
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To assess the completeness of OSM surface objects, C, TP, FN and FP values were calculated for each hexagonal grid 
cell. The obtained results were related to the total area of objects in the reference base, which is the BDOT10k 
collection.  

RESULTS  

Geometric accuracy of OSM objects 

Using the methods described in an earlier subsection, the accuracy of surface object locations was calculated separately 
for each of the 3 counties studied. The obtained results of the accuracy of the location of OSM objects based on 
homologous points are presented in Table 3. 

Tabela 3. Statistics on the homologous pairs detected in the considered test areas. 

County OSM object 
Number of 

homologous point 
pairs 

RMSEX [m] RMSEY [m] RMSE [m] 

Otwocki 
buildings 416,177 2.07 2.15 2.99 

forests 32,995 4.38 4.50 6.28 
surface waters 23,940 3.56 3.61 5.08 

Nowomiejski 
buildings 159,218 0.90 1.01 1.35 

forests 27,451 4.38 4.39 6.20 
surface waters 12,661 3.63 3.64 5.14 

Ząbkowicki 
buildings 164,473 1.46 1.52 2.10 

forests 30,630 4.23 4.25 5.99 
surface waters 10,309 3.64 3.56 5.09 

 

According to the results presented in Table 3, it can be noticed that the smallest values of the RMSE error were 
obtained in all the counties for objects of the building type. The smallest RMSE was noted in Nowomiejski County - 
1.35 m (159,218 homological points). On the other hand, the highest value of RMSE was obtained in Otwocki County - 
2.99 m (416,177 homological points). Objects of the forest and surface water types obtained significantly higher values 
of the RMSE error in the analyzed areas. The lowest RMSE values were obtained for objects of the forest type at quite a 
similar level (from 5.99 m for the Ząbkowicki County to 6.28 m for the Otwocki County). Similarly, the RMSE values 
for surface waters were slightly lower than those for forests - from 5.08 m for the Otwocki County to 5.14 m for the 
Nowomiejski County. 

Completeness of OSM objects 

The results of the analysis of the completeness of OSM surface objects in relation to BDOT10k data in the analysed 
counties in relation to buildings, forests and surface waters are presented below. The analyzed area was divided into 
basic fields in the form of a hexagonal grid with an area of 1 km2. Finally, 36 thematic maps were developed visualizing 
spatial distribution of C, TP, FP and FN indices in analyzed counties. Completeness results of OSM objects refer to 
Otwocki County (Fig. 7), Nowomiejski County (Fig. 8) and Ząbkowicki County (Fig. 9). 

A)   Buildings 

    

B) Forests 
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C) Surface waters 

    

Figure 7. Analysis of the completeness of OSM objects in Otwocki County, taking into account indicators C, TP, FP and 
FN. 

A) Buildings 

    

B) Forests 

    

C) Surface waters 
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Figure 8. Analysis of the completeness of OSM objects in Nowomiejski County, taking into account indicators C, TP, 
FP and FN. 

A) Buildings 

    

B) Forests 

    

C) Surface waters 

    

Figure 9. Analysis of the completeness of OSM objects in Ząbkowicki County, taking into account indicators C, TP, FP 
and FN. 

The set of maps presented in Fig. 7 - 9 presents the spatial distribution of the calculated completeness indices of OSM 
objects in comparison to the BDOT10k reference base in the three analyzed counties - Otwocki, Nowomiejski, and 
Ząbkowicki. The ranges of values for each indicator were determined according to the Natural Breaks algorithm. Jenks 
Natural Breaks Classification (or Optimization) system is a data classification method designed to optimize the 
distribution of a set of values into "natural" classes. The range of classes consists of elements with similar 
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characteristics that form a "natural" group in the data set [19]. This classification method aims to minimize the average 
deviation from the class mean while maximizing the deviation from the means of the other groups. This method reduces 
the variance within classes and maximizes the variance between classes. 

The average values of the anazilated C, TP, FP, and FN completeness indices of OSM surface objects for all analyzed 
counties with respect to the base field of the hexagonal grid are presented below in Table 4. 

Table 4. Average values of OSM objects completeness indices in the analyzed counties. 

OSM object class Index Average value of the indicator in a given county [%] 

Otwocki Nowomiejski Ząbkowicki 

building 

C 108.4 107.2 125.1 
TP 81.1 95.1 84.7 
FP 27.3 12.1 40.6 
FN 21.2 5.09 16.2 

forest 

C 102.9 84.5 119.1 
TP 79.6 77.4 83.0 
FP 24.7 8.1 42.2 
FN 28.2 39.9 26.8 

water surface 

C 170.0 81.7 121.8 
TP 67.6 61.3 81.8 
FP 108.5 24.5 46.3 
FN 57.6 70.3 37.4 

Index C in all analyzed counties reaches values above 100% for buildings obejcts. The highest average values of index 
C are seen in Ząbkowicki County - on average, index C here is 125%, and in some grid cells reaching values above 
500%. The lowest value of the C index for buildings was observed in Nowomiejski County - about 107%. The total area 
of the TP index for buildings (i.e. buildings found in both the BDOT10k and OSM datasets) is approximately 95% of 
the total area of BDOT10k buildings on average in Nowomiejski County with the highest index. The lowest value of TP 
index for buildings was recorded in Otwock County: 81%. In most cases, the highest TP values are achieved for 
urbanized areas, for which high C index values (close to 100%) were obtained. In the case of the FN index (i.e. 
buildings mapped in BDOT10k, but not in the OSM dataset), the highest value was obtained in Otwock County - on 
average 21% of the total BDOT10k area. The lowest value was obtained in Nowomiejski County: 5% of the total 
BDOT10k area. On the other hand, the total FP area (i.e. buildings mapped in OSM but not in the BDOT10k dataset) 
averaged 40% of the total BDOT10k area in Ząbkowicki County (the highest value) and 12% in Nowomiejski County 
(the lowest). 

For forests, the highest C index was recorded in Ząbkowicki County: 119%. A similarly high C index was calculated for 
Otwocki County: 103%. The lowest C index was obtained in Nowomiejski County: 84%. In all analyzed poviats the 
indicator TP was at a fairly similar level, but the highest value was obtained in Ząbkowicki County: 83%, and the 
lowest - in Nowomiejski County: 77%. The FP indicator reached the highest value for the county of Ząbkowicki: 42% 
A much lower value of FP indicator was achieved by Nowomiejski County: 8%. The highest value of FN was obtained 
by Nowomiejski County: 40%. On the other hand, the counties of Otwocki and Ząbkowice obtained a value at a 
relatively high level - 28% and 27% respectively. 

The completeness index C for surface waters obtained the highest value for Otwock County: 170%. The lowest value 
was achieved by Nowomiejski County: 82%. The TP index obtained the highest value for the county of Ząbkowicki: 
82%, while the lowest for the county of Otwocki 67% and Nowomiejski 61%. The value of the FP indicator was 
significantly differentiated for the analyzed districts - the highest value was obtained by the countyof Otwocki - 108%, 
while the lowest value was obtained by the Nowomiejski County - 24%. The indicator of FP for the Ząbkowicki County 
amounted to 46%. The FN index for the analyzed districts was also at a quite diverse level - the highest value was 
achieved in Nowomiejski County: 70% and the lowest for Ząbkowicki County: 37%. The FN index for the county of 
Otwocki was 57%. 

DISCUSS AND CONCLUSION 

In the conducted research on the quality of OSM data, the accuracy of location and completeness of OSM objects, 
which are the main elements of land cover - buildings, forests and surface waters in three selected counties in Poland: 
Otwock, Nowomiejski and Ząbkowicki, were analyzed.  
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Analysis of geometric accuracy of surface objects showed that the highest accuracy of location is achieved by buildings 
- on average in this group the value of RMSE was 2.15 m. The best results were achieved for Nowomiejski County 
(1.35 m). In case of Otwocki County achieved accuracy of RMSE of homological points in comparison with other 
results are lower, but it should be emphasized that number of investigated pairs of homological points in this county 
was the highest - more than twice bigger than in other counties, what could influence obtained results. The lowest 
accuracy results of OSM surface objects location were achieved for forests - on average value of RMSE was 6.16 m. 
The most accurate mapping was done for forests in Ząbkowice County(5.99 m). Surface waters were mapped in OSM 
with the average value of RMSE  equal to 4.72 (the smallest RMSE was obtained in Otwock and Ząbkowice counties - 
5.08 m and 5.09 m respectively).  

In case of OSM data completeness analysis, the obtained results were quite diverse and depended on the type of object 
and analyzed county. The spatial distribution of the completeness index C for buildings in the analyzed counties reaches 
the highest values in the built-up areas of the studied counties with a higher degree of urbanization. The lowest values 
of building completeness were recorded on the outskirts of the counties and in areas with a low degree of development. 
In case of buildings in built-up areas, over-completeness was often recorded - the number of OSM buildings 
significantly exceeded the number of BDOT10k buildings. Additionally, the calculated TP index, showing the degree of 
the overlapping of the area of the OSM and BDOT10k buildings, reached the highest values for the areas with the 
degree of completeness oscillating around 100%. The FP index, which informs about the OSM buildings that do not 
exist in the BDOT10k data set, reached the highest values for built-up areas, which directly resulted from the high over-
completeness of the OSM data. In contrast, the highest values of the FN index were achieved for areas with the lowest 
degree of data completeness. In these cells, the majority were objects existing in the BDOT10k database that were not 
present in the OSM database. In the case of forest and surface water completeness, the highest values of index C and TP 
were achieved in areas with large forest complexes and large water bodies, and in areas with additional buildings. The 
highest values for FP index were recorded on the outskirts of forest complexes and areas with small water bodies. For 
FN indicator the highest values for forests and water were observed mainly outside built-up areas. 

The obtained results confirm that the best quality indicators of OSM data were obtained for objects of quite easily 
recognizable and interpretable features and location - buildings. On the other hand, the lowest values were obtained for 
objects for which defining the range and type may be a problem for a non-professional user of spatial databases - these 
are mainly forests. Additionally, the results were influenced by the characteristics of the studied area. The best results of 
spatial OSM data quality were obtained for highly urbanized areas with developed infrastructure, and the least for urban 
outskirts and low urbanized areas. This is mainly due to the interest of users in a given area and the frequency of 
introducing new OSM spatial objects. It is also worth noting that in the case of highly urbanized counties, which include 
the county of Otwocki and Ząbkowicki (urbanization rate of these counties is 62% and 45%, respectively), there was 
often an over-completion of data (the number of OSM data significantly exceeded the number of BDOT10k data). In 
less urbanized areas and less "popular" among OSM users, there are gaps in the OSM database and "white spots" 
resulting from lack of objects entered there. 

This study complements the OSM data quality assessment conducted for counties in Poland. Obtained results of OSM 
data quality analysis indicate that OSM data can provide strong support for other spatial data, including official and 
state data. Additionally, OSM data are mapped by users and appear in the OSM database on an ongoing basis, which is 
not the case with the BDOT10k database, the updating of which is much more time-consuming and involves many 
additional units and institutions. Due to the voluntary character of the OSM data and the work of the OSM database 
users, it should be emphasized that the database requires systematic control and supplementation with new objects and 
information. 
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