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Abstract
Citizen Science initiatives often collect the data in an unsystematic way and dependent on the voluntary participation of interested 
citizens. The visualization of such data must present this incompleteness in a way that is understandable and comprehensible even 
to scientific laypersons if the correct conclusions are to be drawn. Using the project “Experiencing Biodiversity” as an example, 
this article shows how these requirements can be taken into account in the development of an online portal. Thereby, we discuss 
how data gaps can be pointed out by means of maps in order to be able to better interpret the significance of crowd-based data. 
We use empirical user studies to show the extent to which this was successful in the “Experiencing Biodiversity” project and the 
role of additional interpretation aids. Finally, we discuss how the findings of this project could be transferred to other use cases.
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Zusammenfassung
Citizen Science-Initiativen sammeln Daten häufig unsystematisch und anhängig von der freiwilligen Beteiligung interessierter 
Bürgerinnen und Bürger. Die Visualisierung solcher Daten muss diese Lückenhaftigkeit auch für wissenschaftliche Laien 
verständlich und nachvollziehbar darstellen, wenn die korrekten Schlüsse gezogen werden sollen. Der Beitrag stellt beispiel-
haft anhand des Projekts „Artenvielfalt erleben“ dar, wie bei der Entwicklung eines Online-Portals diesen Anforderungen 
Rechnung getragen werden kann. Dabei wird erörtert, wie Datenlücken anhand von Karten aufgezeigt werden können, um 
die Aussagekraft crowdbasiert gewonnener Daten besser einordnen zu können. Inwieweit dies im Projekt „Artenvielfalt 
erleben“ gelang und welche Rolle zusätzliche Interpretationshilfen spielen, wird anhand empirischer Nutzerstudien gezeigt. 
Schließlich wird diskutiert, wie die Erkenntnisse dieses Projekts auf andere Anwendungsfälle übertragen werden könnten.

1 Introduction

1.1  What is Meant by Citizen Science?

The topic of Citizen Science (CS) has received increasing 
attention in recent years. The basic idea of this research 
approach is the interaction of scientific and civil society 
actors to jointly address scientific questions (Bonn et al. 
2016). From the perspective of institutionally integrated 
researchers and experts, Citizen Science offers the potential 
to communicate approaches, methods and findings beyond 

the specialist public and to place the acquisition of data on 
a broader basis through participatory approaches. A com-
mon orientation of Citizen Science is the broad and decen-
tralized collection of data and information (Pettibone et al. 
2017). This is done, for example, by collecting and analyzing 
observations of native flora and fauna, changes in the envi-
ronment, or developing social perspectives on sustainability 
issues. With the help of interested Citizen Scientists, many 
more places can be studied at many more times than the 
resources of a small full-time research team would allow.

From the perspective of the citizens involved, Citizen Sci-
ence offers the opportunity to participate in scientific processes, 
to contribute their own questions, to exchange ideas with other 
interested parties, to learn new things, and to help shape the 
basis for decisions. The range of topics is diverse. The central 
platform for Citizen Science in Germany (www. buerg ersch affen 
wissen. de, Fig. 1) currently features around 120 Citizen Science 
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projects, ranging from nature and environmental topics to tech-
nology research and social issues. There is often a direct call 
to participate in research, with digital tools such as apps and 
reporting platforms playing a central role.

The topic of Citizen Science is viewed critically if citizens 
are exclusively assigned the role of free data collectors (Lave 
2012). In this case, the idea of Citizen Science would be instru-
mentalized and hobby and amateur researchers would be denied 
the opportunity to experience scientific working methods. 
Moreover, science would not do itself any favors by unilater-
ally reducing Citizen Science to the free acquisition of data, 
if this would encourage the undermining of science funding.

Accordingly, basic concepts and funding guidelines for 
Citizen Science call for a broad-based involvement of Citi-
zen Scientists that goes beyond the collection of data (ESCA 

2015; Bonn et al. 2016). Instead, participants should be given 
the opportunity to contribute their own questions, learn about 
methods and participate in the evaluation and use of results.

1.2  Quality and Scope of Crowdsourced Collected 
Data

The size and scope of Citizen Science projects can vary 
greatly. On the one hand, there are often regionally based 
initiatives, but there are also large-scale initiatives for the 
investigation of questions from the immediate living envi-
ronment. At the same time, digital tools and communica-
tion channels make it possible for many participants to work 

Fig. 1  Website of Bürgerschaffenwissen.de with a selection of projects, including “Experiencing biodiversity” (Artenvielfalt erleben) https:// 
www. buerg ersch affen wissen. de/ index. php/ proje kte (5. March 2021)

https://www.buergerschaffenwissen.de/index.php/projekte
https://www.buergerschaffenwissen.de/index.php/projekte
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together, gather information and link the findings of different 
participants, regardless of location and time.

Regardless of the popularity and reach of specific Citi-
zen Science projects, they usually face the challenge of 
unsystematic data collection (Wahl et al. 2014). For exam-
ple, information about the local flora and fauna is collected 
when and where volunteers have the time and inclination 
to do so. This may be more likely to happen on weekends 
in local recreation areas than at consistent intervals at 
specific points in urban areas. In contrast to standardized 
measurements, Citizen Science research often involves 
unsystematically collected data that cannot be compared 
with at least standardized and regularly repeated monitor-
ing surveys.

Initiatives with explorative questions without claims 
of generalization have it easier to emphasize the context 
dependency of their findings. However, when it comes to 
the area-based recording of biodiversity, crowdsourced 
information at first glance resembles data that has been 
measured in a highly standardized manner. However, they 
do not necessarily meet the high demands of standardiza-
tion. Challenges with regard to data quality and general-
izability exist, for example, in guiding Citizen Scientists 
to record information as precisely as possible (Ratnieks 
et al. 2016). However, the meaningfulness and scope of the 
results must always be reflected against the background of 
selective participation (in terms of content, space and time), 
among other things because only bird species known are (or 
can be) reported.

With regard to the quality of reported data, good train-
ing of the recorders as well as algorithm-based plausibility 
checks and evaluations of statistical outliers by experts help 
in the first instance (Jacobs and Resch 2013). Furthermore, 
it can be helpful for the data quality if users can classify 
their own contribution to a data collection and thus gain an 
awareness of the significance of their observation. When 
using and interpreting observation data, users must be made 
aware of the origin of the data basis and the corresponding 
scope. This applies in particular to frequently used carto-
graphic visualizations. It is important to differentiate that 
data gaps or empty fields on distribution maps can indicate 
either selective participation or the absence of a studied spe-
cies. So far, this differentiation has hardly been possible for 
most maps created in the context of Citizen Science projects 
(Fig. 2).

2  The Research Project „Artenvielfalt 
erleben“

We have taken up these considerations as part of the research 
project “Experiencing biodiversity. How nature research on 
your own doorstep benefits from interactive web maps” and 

translated into a practical solution proposal 1. The research 
project aimed to make the collaboratively collected data of 
the bird observation portal ornitho.de accessible to the public 
with the help of web maps and by taking data interpretation 
into account. Ornitho.de is Germany’s largest platform for 
reporting bird observations. Since 2011, 32,000 registered 
users have reported their observations to the portal, which 
reached the 50 million entry mark in 2020. For the general 
public, the data has so far only been displayed on static maps 
of Germany. Only particularly active observers had access to 
the database for their own queries and analyses.

Based on this initial situation, the two primary project goals 
were (1) to involve the community of data-collecting Citizen 
Scientists in the sense of a comprehensive definition of Citizen 
Science (see above) in the further development of ornitho.de 
by developing interactive web maps. On this basis (2) to design 
a web map together with the ornithologists that makes the huge 
data treasure available to a broad public in the form of visual 
and scalable evaluations, the “Ornitho-Regioportal”. Both 
regionalization and visualization are intended to motivate Citi-
zen Scientists to report more regularly and thoughtfully, and 
in particular to prepare observation lists (Moser et al. 2020).

To achieve these goals, we implemented several elements 
of a user-centered design approach (e.g., Roth et al. 2015). 
For example, we actively involved the ornitho community in 
the development in several workshops (Moser et al. 2020). 
In addition to content-related and functional requirements 
for a web map, we discussed different visualization variants 
together. Thereby, it was necessary to balance between the 
participants’ experiential knowledge, i.e., known forms of car-
tographic visualizations, the cartographic-technical demands, 
but also the most diverse protection demands on the part of 
the participants as well as on the part of nature conservation 
(see e.g., Moser 2018). The result were different conditions 
that had to be considered in the design of the visualization 
solutions. Based on the previous experience of the Citizen 
Scientists with raster maps and the necessary protection of 
the data of both the reporters and sensitive bird species, it was 
already decided at the first workshop that the data would be 
presented as a raster representation, which, however, should 
have a much better resolution than previous services.

Furthermore, accompanying research was conceived 
to support the development of the web maps with regard 
to usability. In contrast to basic research, the research and 
investigation questions were strongly related to the respec-
tive project phase and also depended on the developments 
in the project. The goal was to use empirical research to find 

1 The project was carried out in cooperation with the Leibniz Insti-
tute for Regional Geography, the Leibniz Institute for Knowledge 
Media and the Dachverband Deutscher Avifaunisten (umbrella organ-
isation of German avifaunists) from January 2018 to December 2020 
and was funded by the Federal Ministry of Education and Research in 
the priority area of Citizen Science.
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Fig. 2  The presentation of 
all observations of Bewick's 
Swans between October 2020 
and March 2021 allows an 
impression of the distribution 
of the population in autumn and 
winter. However, in order to be 
able to interpret the visualized 
data, especially data gaps, more 
precisely, important information 
is missing, such as information 
on migration behaviour but also 
on the reporting behaviour of 
birds as a whole (https:// www. 
ornit ho. de/; 18. March 2021)

https://www.ornitho.de/
https://www.ornitho.de/
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solutions for certain parts of the visualizations that could 
best be understood and interpreted by the target group, the 
large group of dedicated birdwatchers.

3  Visualization Options of CS‑Based 
Datasets

3.1  Cartographic Visualization of Data Gaps

Numerous topics in the context of Citizen Science have 
spatial aspects and generate georeferenced data accord-
ingly. These can be locations of animal and plant species, 
information on the condition of water bodies or soil types, 
hotspots of environmental pollution or danger spots in road 
traffic. The data is collected via smartphone apps with 
directly recorded locations or via browser-based input masks 
that query the discovery or reporting locations. These are 
always data sets that, due to their collaborative creation, can 
be defined as neither complete nor certain.

The representation and consideration of uncertainty in 
the visualization of data has been intensively discussed 
in cartography for many years. Since any spatial datasets 
can have uncertainties, not only visualization possibilities 
are in the focus of research (e.g., Kinkeldey and Schiewe 
2012) but also impacts on decision-making processes and 
trust in results if the (in)certainty of data is ignored (Zhang 
and Goodchild 2002; Kinkeldey et al. 2017). In addition 
to appropriate typologies, the development of visual meth-
ods for representing uncertainty has been a focus of inter-
est (MacEachren et al. 2005; Kinkeldey and Schiewe 2012, 
among others). Digital and web applications, in particular, 
can promote the representation of uncertainty through a 
variety of visualization options. Approaches to uncertainty 
representation have been designed and also evaluated for 
various projects. According to Kinkeldey et al. (2014), five 
approaches to uncertainty visualization can be distinguished:

• Explicit or implicit: uncertainties are represented directly 
or indirectly by combining several visualizations show-
ing different possible outcomes.

• Intrinsic or extrinsic: existing objects are, for example, 
changed in their color value to represent uncertainty or 
new objects are introduced on the map for this purpose

• Visually integrated or separated: uncertainty representa-
tion may or may not be perceptually separated from the 
data

• Simultaneous or side by side/consecutive: data and 
uncertainty representation are displayed together in one 
view or separately, side by side or consecutively

• Static or dynamic: it is a static map or interactive or ani-
mated visualizations.

A crucial factor for further development was the easy 
readability and interpretability of the data also for popula-
tion groups that are less intensively engaged with the data 
and its contents.

3.2  Examples from the Biodiversity Domain

Interactive or static web maps are often used to evaluate and 
visualize jointly collected spatial data. However, it can be 
observed that especially—but not only—projects organized 
by citizens continue to struggle to deal with the uncertainty 
of their data base and, above all, to make it transparent. This 
may be due to a lack of contact with visualization experts, a 
lack of programming skills, or even a lack of resources. On 
the other hand, we did not find a lack of interest in or disre-
gard for the problems of uncertain data and their evaluation 
during our interviews. People who are intensively involved 
with the data are aware of the challenges of evaluation and 
therefore use maps only as one element of evaluation among 
several. However, this becomes critical with the claim and 
goal of also making the jointly collected data available to a 
broader public, as envisioned by the basic CS idea of joint 
work on scientific questions (Bonn et al. 2016). In this case, 
it can no longer be assumed that appropriate background 
knowledge is available or that visualizations are classified 
and critically scrutinized. At the same time, the designed 
visualizations should be as simple, understandable and intui-
tively usable as possible.

Biodiversity data are often presented either on a raster 
basis in the form of points (Fig. 3) or raster areas, on an 
administrative level such as counties (Fig. 4) or as point data 
of individual observations (Fig. 5). The type of presentation 
depends, among other things, on conservation interests, be 
it species protection or protection of the reporters. For this 
reason, the point-based and precisely localizable representa-
tion of individual observations is often avoided, especially 
in the case of highly endangered species, preferring a grid 
representation of various scales. The representation of data 
on the basis of administrative boundaries, i.e., in the form 
of an area cartogram, can be easily implemented, but in our 
opinion does not meet the objectives of such a map. Espe-
cially large administrative units distort the perception, espe-
cially if observations are only made in small areas, but are 
transferred to a larger area (cf. Fig. 4).

Other projects, such as the Atlas of Living Australia, offer 
extensive display options including colors and display meth-
ods that can be changed by the user. Figure 6, for example, 
shows two different animal species together, using different 
methods (point display, grid display). Such portals must be 
described as expert versions, since on the one hand scien-
tific genus names are used and on the other hand the condi-
tions, differences and possible interpretations of the display 
options are hardly explained.
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Fig. 3  Section of a grid-based 
distribution map of the House 
Sparrow for the year 2020 
(TK25). In addition to the 
information on whether the 
House Sparrow was observed 
and reported as a species in a 
grid cell, the colour indicates 
the number of reported observa-
tions. However, empty grid cells 
can hardly be interpreted, as the 
data situation there is com-
pletely unclear. The additional 
note above the map that the 
representation is based on the 
casual observations and not on 
systematically collected data is 
considered positive. This map 
display is only available for reg-
istered users (https:// www. ornit 
ho. de/; 18. March 2021)

https://www.ornitho.de/
https://www.ornitho.de/
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For some applications, heat maps are also used to visu-
alize point clusters (Fig. 7) or interpolations. Like in the 
present example, areas requiring protection can be visually 
highlighted. However, for each heat map and especially 
for collaboratively collected data, the underlying database 
should be known and verifiable. Other graphical representa-
tions of spatial data are also used, depending on the appli-
cation. However, most of these representations are difficult 
to read and can only be interpreted reliably with extensive 
prior knowledge.

All exemplary maps visualize observation data of vol-
untarily engaged Citizen Scientists. The locations as well 
as the density of findings depend significantly on the activ-
ity of the participants, both in the sense of the spatial and 
temporal distribution of observation data as well as in the 

sense of the content level. In addition to the factors that flora 
observation objects usually move around and that observa-
tions vary in intensity spatially and temporally due to their 
voluntary nature, it must also be considered that reports can 
only be submitted for species that can be recognized and 
named. Even though there are now numerous identification 
apps, observation lists on which, for example, all detected 
bird species/birds in a certain area during a certain time are 
recorded are rather rare. Such data differs from standardized 
measurements in that locations without reports do not pro-
vide any information about whether the respective species 
does not occur there, or whether no observers were active 
there. This fact has to be taken into account when interpret-
ing the maps. In order to differentiate between data gaps and 
the absence of certain species in an area, it is helpful (and a 

Fig. 4  Distribution map of the Blue Tit based on the administrative 
units from the project “Stunde der Gartenvögel”. The darker the indi-
vidual districts are shown, the more birds were reported per garden. 
However, the map does not show how many gardens were observed 

per unit, nor what area of the total municipal area these gardens cor-
respond to (https:// www. nabu. de/ tiere- und- pflan zen/ aktio nen- und- 
proje kte/ stunde- der- garte nvoeg el/ ergeb nisse/ 15767. html; 6. Novem-
ber 2020)

https://www.nabu.de/tiere-und-pflanzen/aktionen-und-projekte/stunde-der-gartenvoegel/ergebnisse/15767.html
https://www.nabu.de/tiere-und-pflanzen/aktionen-und-projekte/stunde-der-gartenvoegel/ergebnisse/15767.html
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task of cartographic design) to be able to include informa-
tion about the activity areas of the reporters.

3.3  Support of Data Interpretation 
in the Ornitho‑Regioportal

The ornithologists involved in the development process (see 
2) discussed various cartographic elements that can support 
the interpretation of the data. In addition to the essential 
innovation of displaying the reporting activity (see 3.4), sev-
eral switchable background layers were integrated. In addi-
tion to standard maps such as OSM and satellite imagery, 
layers on land cover, precipitation, air temperature and relief, 
but also administrative boundaries, water bodies and bird 
sanctuaries were integrated. These layers contain informa-
tion, either individually or in combination, which enables 
trained ornithologists in particular to better classify the 
observation data displayed.

Furthermore, there were detailed discussions about the 
display of further contents of the observation data as well as 
about further display methods. The main focus was on the 
presentation of a reporter’s own observations. Proposals were 
developed for this, but these were initially put on hold in order 
to design a functional portal for the broad interested public 
within the framework of the project. For the participating 
community in particular, however, the precise presentation of 
one's own reports has a great added value: on the one hand, for 
the motivation to recognize one’s own contribution, but on the 
other hand, also with regard to the quality of data collection, 
in order to be able to assess and reflect on the value of one's 
own reports. In addition, the observation data offer a variety 

of possibilities for cartographic presentation. These include 
information such as the number of different species per grid, 
the number of observers per grid, the maximum number of 
individuals per grid. Such information can support interpreta-
tions, but it can also lead to misleading conclusions if used 
incorrectly, as randomness, multiple observations by different 
people and other effects have to be taken into account. Before 
implementation, an evaluation must be carried out to deter-
mine the extent to which the presentation of such content may 
also affect conservation interests, e.g., if the number of species 
and/or observers can implicitly be used to draw conclusions 
about protected species. For a similar reason, other methods 
of representation such as heat maps or interpolations were 
not used. The former was considered for the representation 
of species density and implemented on a test basis. However, 
due to the unsystematic collection of the underlying data, we 
had to conclude that the heat map showed less “hotspots of 
species diversity” than “hotspots of observation intensity”, 
since in areas with a high observation density, more species 
are apparently reported overall. While such a presentation also 
brings new insights, especially for experts; in the context of 
a portal for the general public, however, it must be weighed 
more carefully which impressions the map's image causes, 
which in most cases are difficult to catch and classify through 
additional explanations.

3.4  Visualization of Reporting Activity 
in the Ornitho‑Regioportal

The innovation in the development of the map-based analy-
sis platform within the framework of the research project 

Fig. 5  Distribution map of the Long-tailed Tit as individual obser-
vation points (light blue dots) in the Senckenberg Species Database 
Main-Kinzig-Kreis. In the case of endangered species, this type of 

representation is not recommended, as, for example, nests can be 
recognised and plundered (https:// rmo. senck enberg. de/ search/ search. 
php; 6. November 2020)

https://rmo.senckenberg.de/search/search.php
https://rmo.senckenberg.de/search/search.php
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lies in the implementation of a map layer that depicts the 
reporting activity of the participants. This reporting activ-
ity represents all reports of all types over a certain period of 
time on a grid basis (for all scale levels TK50 to half-minute 
fields). It thus provides information about the site-specific 
activity of the reporters, but not about the occurrence of 
a species. Reporting activity is represented by transparent 
shades of blue (Fig. 8). The occurrence of the selected spe-
cies (Kingfisher in the example) is indicated by the red dots 
also grid-based.

From the combination of the occurrence and reporting 
activity layers, the reliability of the display of the species 
occurrence in a grid field can now be concluded. If the 
reporting activity is high (dark blue grid field), it is very 
likely that the actual occurrence of the selected species in 
this grid field and in the given period is shown. In the case 
of low reporting activity (light blue grid), on the other hand, 
a missing red dot may mean that the selected species is not 
present there or that the selected species occurs there but 

has not yet been reported due to the small number of observ-
ers. This representation identifies data gaps in unsystematic 
surveys. This should enable users to reflect on the fact of 
selective data collection when interpreting the maps and to 
indicate “white spots” on the map accordingly (cf. Fig. 9).

One advantage of the grid-based representation of the 
reporting activity and the bird data is that, in addition to 
providing the information, it also takes data protection into 
account. For example, it would have been inconceivable to 
display the precise data of the observations together with the 
time stamp, as this would have made it possible to analyze 
movement data and possibly even draw conclusions about 
individual Citizen Scientists. The protection of rare or sen-
sitive bird species can also be guaranteed far better with a 
grid-based representation than is possible with other, mainly 
point-based forms of visualization. For example, the level of 
detail can also be varied depending on the protection status 
of bird species by limiting the zoomability. In addition, the 

Fig. 6  Comparative representation of two species in the “Atlas of 
Living Australia”. Apart from the use of subject-specific species 
names, the map contains no indication of whether a comparison of 
these species is advisable or not, i.e., whether the selected species 

interact with each other, are dependent on each other or possibly dis-
place each other. This form of map portal is particularly suitable for 
experts with the corresponding prior knowledge (https:// spati al. ala. 
org. au/; 5. March 2021)

https://spatial.ala.org.au/
https://spatial.ala.org.au/
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point-based representation would suggest an accuracy that 
does not apply to migrating animals.

The depiction of reporting activity as the “sum of all 
observations of all bird species in the relevant grid field 
in the selected time period” (Moser et al. 2020: 35) is one 
way to support users in interpreting observation data. With 
regard to the five approaches to visualizing uncertainty by 
Kinkeldey et al. (2014), the representation of reporting 
activity can be classified as explicit and extrinsic, as uncer-
tainty is directly represented in the form of the new map 
layer “Meldeaktivität”. Furthermore, it is visually separated 
from the occurrence information and can be shown and hid-
den simultaneously and interactively.

4  Empirical Evaluation of the Presentation 
of Data Gaps

4.1  Gradation of Reporting Activity

In the actual implementation of the representation of report-
ing activity, the question arose as to a meaningful number 
of gradations. Since there has been little experience with 
similar types of representations, this question could not 
be answered based on prior knowledge or literature, so we 
conducted empirical studies on this issue. This experiment 
investigated whether a three-level or five-level gradation of 
reporting activity is better suited to help the relevant target 
group interpret the dissemination data. We differentiated 

Fig. 7  Forest nature conservation in the Spessart: “Heatmap” of the 
focal points “old forests” and species. Yellow to orange-red areas 
show the highest density of forest bird species, supported here by the 
dotted representation of observation data. In this case, areas with a 

high need for protection become visible https:// www. lbv. de/ natur 
schutz/ stand punkte/ wald- und- forst wirts chaft/ spess art/; 5. March 
2021)

https://www.lbv.de/naturschutz/standpunkte/wald-und-forstwirtschaft/spessart/
https://www.lbv.de/naturschutz/standpunkte/wald-und-forstwirtschaft/spessart/
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between individuals registered with ornitho.de who report 
less than ten observations on a monthly average and indi-
viduals who report ten or more observations on a monthly 
average and thus also have access to the database search. The 
background of this distinction was our assumption that per-
sons with more reports are also more experienced in the use 
of ornithological data and their visualization. That experi-
ence has an influence on the use of available information has 
been shown in numerous studies (e.g., Egan and Schwartz 
1979; Soloway and Ehrlich 1984). Thus, it was shown that 
experts coped worse with more supporting information, 
while less experienced persons benefited from supporting 
information (“Expertise Reversal Effect”; Kalyuga 2007). 
With regard to the abundance of information, on the other 
hand, it could be shown that experts are better able to organ-
ize this information and to integrate it into a coherent overall 
picture, so that they were able to cope with more information 
than persons with less prior knowledge (Chase and Simon 
1973). Since the five-level classification of reporting activity 
provides additional information but no further support, we 
hypothesized that more experienced users would cope bet-
ter with the five-level version than less experienced users. 
The latter should perform better with the reduced three-level 
representation than with the five-level representation. We 
tested the extent to which this works from the user's per-
spective and which classification provides the best support 
in two studies.

4.1.1  Methods

The two representations differed only in the number of gra-
dations of reporting activity. In the five-level representa-
tion, the levels consisted of “none (0 reports),” “low (1–40 
reports),” “moderate (> 41 reports),” “high (201–1000 
reports)” and “very high (> 1000 reports)”. The three-level 
map did not distinguish between the last three levels, so 
“moderate” included all values greater than 40. The level 
thresholds were determined by comparing empirical data 
from ornitho.de with the Breeding Bird Atlas (“Brutvogelat-
las” Gedeon et al. 2014) by calculating how many reports are 
needed to record a certain proportion of bird species on aver-
age (for derivation of the class thresholds, see Moser et al. 
2020: 36 f.). Quartiles were defined as threshold limits for 
the five-level map. For TK25 quartiles, values were obtained 
that, when rounded, resulted in the above-mentioned limits.

The participants were given two different tasks. In the 
first task, they were asked to evaluate the truth of statements 
on the basis of the maps. They had four different answer 
options: “true,” “not true,” “information not available on 
map,” and “don't know” (example in Fig. 10). All partici-
pants were presented with three maps, each with five state-
ments, which they were asked to rate. In a second task, three 
grid fields were to be marked on each of two maps, in which 
a given bird species could most likely be observed or not 

Fig. 8  Reporting activity (blue grid fields) and species occurrences (red dots) in the ornitho-Regioportal
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observed. The corresponding information was to be read 
from the maps (see Fig. 11).

A total of N = 173 individuals (128 male, 45 female) 
with an average age of M = 51.78 years (range: 18 a–83 a) 

participated in the study, two-thirds of whom reported hav-
ing at least a college degree. 84 individuals contributed an 
average of less than 10 reports per month and were classified 
as low activity, while 89 individuals with at least 10 reports 

Fig. 9  Reporting activity as a tool for interpretation: Distribution of 
Robin observations in the south-west of Münster for the years 2018 
to 2020 based on the half-minute fields. From the upper map, it could 
be concluded that Robins mainly occur in settlement areas. By adding 

the reporting activity, it becomes clear that the birds mainly “occur” 
where there are also many observation reports. In this way, the report-
ing activity can contribute to a better interpretation of the distribution 
pattern shown
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per month were classified as very active. One half of each 
group was presented with the three-level maps and the other 
half of the groups with the five-level maps, so that both pres-
entation variants could be tested with both more active and 
less active individuals.

4.1.2  Results

An analysis of the proportion of correct responses (Table 1) 
showed that neither membership in one of the user groups 
( �2 (1) = 0.03; p = 0.862) nor presentation ( �2 (1) = 0.95; 
p = 0.331) had an isolated influence. We also found no 
evidence of an interaction between these two factors, �2 
(1) = 0.47; p = 0.495. Thus, both variants turned out to be 
equally suitable for mapping and interpreting bird spe-
cies dispersal and reporting activity for both user groups. 
However, we found an unexpected difference between the 
statements. Participants had greater difficulty with state-
ments when information relevant to their response was not 
mapped (M = 38.4% correct responses, SD = 25.2%). In com-
parison, statements that could be unambiguously assessed as 
“true” or “not true” resulted in M = 77.9% correct responses 
(SD = 20.2%), �2 (1) = 9.86; p = 0.002). It should be noted 
here that participants were not asked to know information 

that was not depicted but were simply asked to indicate when 
the required information was not depicted.

In the second task, in which grid fields were to be marked, 
there were also no differences between the gradations2 (both 
|z|≤ 0.81; both p ≥ 0.420). Also, more active participants 
did not perform better than less active participants (both 
|z|≤ 1.02; both p ≥ 0.307). Similarly, there was no interaction 
between user group and representation (both |z|≤ 0.42; both 
p ≥ 0.673). In the subjective evaluation of the tasks in terms 
of mental and temporal demand, performance, effort and 
frustration (recorded in the NASA TLX3; Hart & Staveland 
1988), there were also no influences of representation and 
user group (all F ≤ 1.50; all p ≥ 0.218).

4.1.3  Interpreting

The study made clear that both representations were equally 
difficult to interpret and that there was no difference between 

Fig. 10  Example of a map with a statement from task 1 of the representation study. Participants should use the map to evaluate whether the 
statement is true. In this example, the correct answer is 'True' („Stimmt“)

2 The two maps in the second task were evaluated in separate logistic 
regressions.
3 The NASA Task Load Index (NASA-TLX; Hart & Staveland, 
1988) is a widely used, subjective, multidimensional assessment 
instrument to capture perceived task workload.
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more active and less active reporters. Thus, the hypothesis 
of dependence between activity and number of gradations 
could be rejected. Since the representation of the reporting 
activity can basically be seen as supporting information for 
the interpretation, it could be that the active participants did 
not need this information and therefore did not pay atten-
tion to it. This could be a reason why they did not benefit 
from the differentiated representation. On the other hand, the 

proportion of correct answers was rather low in both groups. 
Thus, it remains open why there were no differences between 
more active and less active Citizen Scientists and why both 
representations seem to be equally suitable.

The only difference was that the answer “information 
not available on map” was more difficult than the specific 
answers “true” or “not true”. For individual statements, the 
rate of correct answers dropped to about 10%, which was 
even below guessing level. In a second study, we therefore 
tested the hypothesis that additional instructions explain-
ing the representation could facilitate the processing of 
the tasks. We selected a video tutorial as the format of the 
instructions. On the one hand, support services should be 
offered in a low-threshold and entertaining way due to the 
open character of the online platform. On the other hand, 
against the background of research, we assumed that with 
the help of a videotutorial comprehension could be promoted 
(Brecht 2012; van der Meij and van der Meij 2014). In the 
study, we systematically varied whether or not participants 
were shown a tutorial prior to completing the task.

4.2  Video Tutorial Support

4.2.1  Methods

The tutorial was implemented as a video. It lasted 3:24 min 
and consisted of a screen recording with an accompany-
ing explanatory audio track. The tutorial focused on spe-
cies occurrence, i.e., whether a particular bird species was 
reported in the specified time period and reporting activity, 
i.e., how often bird observations were generally reported 
in this area in the specified time period. Both the presen-
tation of the information and its meaning were explained. 
Participants were also informed that a missing dark red dot 
marking the presence of a bird species in a grid field does 
not automatically indicate that the bird species under con-
sideration was not present there during the relevant period.

Fig. 11  The first of the two maps from task 2 of the representation 
study. The participants could click on individual grid fields to mark 
them

Table 1  Proportion of correct 
responses for tasks 1 and 2 of 
the representation study, broken 
down by experimental condition

Task Representation User group Mean (%) Standard 
deviation

1: Assessment of statements Three level Little active 54.1 20.1%
Highly active 51.7 19.7%

Five level Little active 49.4 14.8%
Highly active 50.9 17.9%

2: Selection of grid field I Three level Little active 48.8 –
Highly active 52.2 –

Five level Little active 44.2 –
Highly active 51.2 –

2: Selection of grid field II Three level Little active 81.4 –
Highly active 89.1 –

Five level Little active 88.4 –
Highly active 100.0 –
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The tasks were identical to those previously completed by 
the participants in the representation study. A total of N = 90 
individuals (71 male, 18 female, 1 no information) with a 
mean age of M = 52.52 years (range: 21a–80 a) participated 
in this second study. Also in this group, over 60 percent of 
respondents reported having at least a college degree. Since 
based on the results of the representation study the aver-
age reporting frequency had no influence on the correctness 
of the responses, we decided not to differentiate between 
more active and less active ornitho reporters. For reasons of 
practicability, we therefore only invited more active ornitho 
reporters to participate.

4.2.2  Results

Similar to the representation study, the assessment of the 
15 statements showed no difference in correctness between 
the group with a tutorial and the group without a tutorial 
�
2 (1) = 0.29; p = 0.590 (Table 2). As in the representation 

study, there was a difference in the proportion of correct 
responses between questions that could be answered unam-
biguously with “True” or “Not true” and those for which the 
relevant information was not presented, so that “Information 
not available on map” was the correct response option. The 
former were answered correctly in M = 80.0% (SD = 17.8%) 
of cases, the latter only in M = 40.4% (SD = 24.3%) of cases.

However, in the first map of the second task (see Fig. 11), 
in which the participants were asked to mark grid squares 
on the map themselves, there was an effect of the tutorial, 
�
2 (1) = 5.69; p = 0.017. The group that had previously seen 

the tutorial marked grid squares more often correctly than 
the group without tutorial (see Table 2). However, this dif-
ference was no longer significantly pronounced in the sec-
ond map of this type, which asked to mark the grid patches 
where a particular bird species was most likely to be found, 
�
2 (1) = 0.43; p = 0.512, although in both groups the task 

was solved correctly very frequently, with over 90% cor-
rect answers. Another result that suggests at least a small 

advantage of the group with tutorial are the data on subjec-
tive stress, collected by the NASA-TLX (Table 3). Thus, 
the participants with tutorial indicated a significantly lower 
mental demand (F(1, 80) = 6.14; p = 0.015) and a lower nec-
essary effort (F(1, 74) = 4.42; p = 0.039) than the partici-
pants* without tutorial, while time demand (F(1, 84) = 3.93; 
p = 0.051), estimation on own performance (F(1, 79) = 1.47; 
p = 0.230) and frustration (F(1, 79) = 1.66; p = 0.201) were 
reported at a comparable level. Thus, in summary, the tuto-
rial showed an advantage on the first map of Task 2 and 
partly on the subjective evaluation of the task, whereas on 
answering the questions of Task 1 and part of the subjective 
evaluation, the tutorial did not make a difference.

4.2.3  Interpreting

In this second study, the difficulties associated with the cor-
rect response “Information not available on map” were also 
evident. Obviously, the subjects found it particularly dif-
ficult to identify where the limits of validity of the mapped 
data lay. Contrary to our hypothesis, we were not able to 
significantly reduce these difficulties even with the tutorial, 
although care was taken to explain all the information pre-
sented. Therefore, in future tutorials and supporting mate-
rials, special care should be taken to explain not only the 
content, but also where the limits of validity of the data 
depicted lie.

4.3  Discussion

In order to make the visualization as comprehensible as pos-
sible for many target groups, the gradation by means of dif-
ferent numbers of levels and a tutorial as a support service 
were empirically investigated. The first study examined the 

Table 2  Proportion of correct responses for tasks 1 and 2 of the tuto-
rial study, broken down by experimental condition

Tasks Tutorial Mean (%) Standard 
deviation

1: Assessment of statements With 52.5 18.9%
Without 54.6 17.4%

2: Selection of grid field I With 70.7 –
Without 45.8 –

2: Selection of grid field II With 95.1 –
Without 91.7 –

Table 3  Mean rating in the NASA-TLX of the tutorial study, divided 
according to experimental conditions

On the scales marked with an asterisk, there was a significant differ-
ence between the groups with and without tutorial

Question Tutorial Mean Standard 
deviation

Mental demand* With 8.19 4.89
Without 10.82 4.71

Temporal demand With 4.15 3.71
Without 5.91 4.47

Performance With 4.70 4.25
Without 5.86 4.34

Effort* With 5.54 4.74
Without 7.88 4.90

Frustration With 4.03 4.46
Without 5.42 5.17



170 KN - Journal of Cartography and Geographic Information (2021) 71:155–172

1 3

influence of the number of gradation levels used to visualize 
the data density on comprehension: no measurable effect 
was found. Rather, participants had difficulty recognizing 
when the information presented was insufficient to make 
a specific point. This difficulty could not be remedied by 
additional instruction in the form of a video tutorial, as we 
were able to show in the second study. This finding could 
be an artifact of the study situation. Since participants were 
presented with a map for each statement, their expectation 
might have been that the information presented on the map 
was also suitable for answering the question. This could be 
counteracted by explicitly pointing out before the start of the 
tasks that not all required information is always available. On 
the other hand, this finding could show how difficult it is for 
users to recognize the limits of the validity of the informa-
tion presented. This should be taken into account when data 
is made available in the context of Citizen Science projects 
or when Citizen Scientists are involved in the evaluation and 
interpretation of data. Thus, explicit examples could be used 
to clarify which statements can or cannot be made based on 
the available and presented data. In the tutorial study, we 
were able to show that an interpretation aid in the form of 
a video improved performance on at least one of the tasks. 
Respondents also indicated that they found the tasks less 
mentally demanding and that they had to exert less effort. 
These results provide at least some indication that additional 
interpretive aids can reduce the difficulty of understanding 
maps that combine multiple layers of information.

The results of the representation study also indicate that 
the activity of the reporters had no influence on whether 
the maps could be correctly assessed. However, this also 
means that the active participation of a person in reporting 
observations does not indicate their expertise in interpret-
ing the observation data. This insight is also important for 
coordinators of Citizen Science projects when it comes to 
evaluating contributions in terms of their reliability. Hence, 
a good reporting performance is not the same as a good 
performance in evaluation and interpretation, which is why 
separate quality and review criteria should also be developed 
for evaluation and interpretation. Similar to already avail-
able trainings for reporters, trainings for evaluators should 
be offered as well. Due to the novelty of our map presenta-
tion, it remains to be seen and to be investigated in further 
studies whether a more intensive engagement with the maps 
will build up an expertise among those Citizen Scientists 
who are more engaged with the data provided. In any case, 
we were unable to show that more active reporting behav-
ior automatically led to a more correct interpretation of the 
dispersal data.

Another aspect of reporting activity representation that 
has not been addressed here so far is the highlighting of 
“under-monitored” areas. This creates transparency so that 
Citizen Scientists can decide for themselves, based on this 

data, when to monitor and where. In this way, this informa-
tion could also contribute to making under-observed areas 
more interesting for observers and thus also ensure a more 
even coverage of the area with observations and, above all, 
with reports. This more even coverage would allow for spa-
tial comparisons and interpretation of changes in a species 
population over longer periods of time. Since the two stud-
ies reported here did not investigate reporting behavior, but 
rather the interpretation of the data presented, no statement 
can be made in the context of this paper as to whether this 
additional layer of information can also influence observa-
tion and reporting behavior. For this, further studies are 
needed that observe the reporting behavior and ask Citi-
zen Scientists about the criteria on which their selection of 
observation areas is based.

5  Conclusion

This article emphasizes in the first part the importance of 
presenting not only dissemination data but also reporting 
activity in the context of Citizen Science projects. The 
presentation of the data basis is particularly important for a 
correct interpretation, since, on the one hand, the data col-
lection by Citizen Scientists is often spatially unsystematic 
and, on the other hand, Citizen Scientists do not necessarily 
have an academic-scientific training regarding the handling 
of data. In the paper, possibilities of visualizing the data 
density were discussed and the approach used in the project 
“Artenvielfalt erleben” was presented, including two empiri-
cal studies.

This article shows that the publication and visualization 
of data collected in Citizen Science projects alone is not 
sufficient to generate surplus value for the Citizen Scien-
tists involved and to bring science closer to them. Rather, 
it shows that efforts must be made to adequately present 
and explain the data base. Thus, it is especially important 
to communicate where the limits of the validity of the col-
lected data lie. It is important to convey to interested persons 
that a missing presence report (in our example the missing 
red dot in a grid field on the map) does not mean that the 
bird species is not common there, but it can just as well 
be that there were simply no reporters around who could 
have observed the bird species. This interpretation can be 
facilitated in the case of dissemination maps by the addi-
tional representation of the reporting activity. In this layer 
all observations of all species are summarized. Similar rep-
resentations could provide additional value in other subject 
areas as well, and whenever large data sets with many obser-
vations are available and when the full information on data 
density is not apparent from the data presented itself. Based 
on the way, the reporting activity is obtained, it is also clear 
that this approach can only be used when multiple pieces of 
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information are collected, such as the distribution of all bird 
species in our example, which when combined can provide 
an indication of data density. Thus, the approach presented 
here is most suitable for projects that have large amounts of 
data and whose analysis usually only considers individual 
subcategories of these data, such as the distribution of indi-
vidual species.

In summary, the involvement of Citizen Scientists beyond 
the collection of data, as is often called for (e.g., ESCA 
2015; Bonn et al. 2016), requires additional support services 
in the form of interpretation aids and expanded representa-
tion options. The unsystematic collection of data in particu-
lar means that they are not self-explanatory and can be used 
by anyone at any time. Using the example of the dissemina-
tion of bird species, a map-based visualization option was 
presented, and its comprehensibility was examined in two 
empirical studies. It turned out that the participants found 
it particularly difficult to recognize the limits of the validity 
of the map representations. For Citizen Science projects this 
means that help for the interpretation of the data should be 
offered in order to enable the participants to examine the 
data independently with regard to their own questions and 
to process the results accordingly. Hence, it seems worth-
while for similar projects to take up the approach presented 
here for the visualization of data gaps and to pay even more 
attention to the development of suitable interpretation aids.
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