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ABSTRACT. In order to deal with the current, dramatic decline in biodiversity, the public at large needs to be aware of and participate
in biodiversity research activities. One way to do this is citizen science projects, in which researchers collaborate with volunteering
citizens in scientific research. However, it remains unclear whether engaging in such projects has an impact on the learning outcomes
of volunteers. Previous research has so far presented mixed results on the improvement of citizens’ attitudes and knowledge, mostly
because such research has focused only on single aspects of citizen science projects in case studies. To address these limitations, we
investigated the impact of an urban bat ecology project on citizens’ attitudes and knowledge about bats, and on their engagement with
citizen science. We also examined whether the degree of citizen participation (i.e., collecting data vs. collecting and analyzing data) had
an influence on the outcomes. We conducted four field studies and used a survey-based, experimental, pre-/post-measurement design.
To vary the degree of participation, we assessed the post measurement in one group directly after data collection, whereas, in a second
group, we assessed it after data collection and analysis, at the end of the project. Across all studies, the results demonstrated that citizens’
content knowledge of urban bat ecology increased, and their attitudes toward bats and toward their engagement in citizen science
improved during their participation. Citizens’ degrees of participation did not influence these outcomes. Thus, our research illustrates
that citizen science can increase awareness of urban bat conservation, independently of citizens’ degree of participation. We discuss
the implications of our findings for the citizen science community.
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INTRODUCTION
Projects for public participation in scientific research have the
potential to address scientific and societal issues (Shirk et al.
2012), such as the conservation of biodiversity. One way citizens
can participate in such research is to volunteer for citizen science
projects, in which professional scientists collaborate with
volunteers in scientific research (Heigl et al. 2019). For examples
of citizen science see https://www.birds.cornell.edu/citizenscience
(Bonney et al.2009), https://www.ispotnature.org (Silvertown et
al. 2015), and https://www.zooniverse.org (Cox et al. 2015).
Previous research has highlighted the potential benefits of citizen
science projects for citizens’ individual learning outcomes, among
other outcome categories (Shirk et al. 2012, Phillips et al. 2018).
In particular, it has been suggested that citizens might gain
knowledge and skills, or change their attitudes or behavior (Bela
et al. 2016). It has also been assumed that such projects increase
citizens’ feelings of psychological ownership for the citizen science
project (Pierce et al. 2001, 2003) and feelings of pride in their
participation (Rotman et al. 2014, Jordan et al. 2015, Haywood
et al. 2016, Lewis 2016).
However, the potential of citizen science to increase such learning
outcomes is not well understood, because robust scientific
evidence is lacking (Toomey and Domroese 2013, Jordan et al.
2015, Phillips et al. 2018). Even though most citizen science
researchers agree that such projects should increase citizens’
content knowledge of the project topic and improve their attitudes
toward the topic and toward citizen science and science in general
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(see also Bruckermann et al. 2021a), research results are mixed.
Although some research has demonstrated increases in content
knowledge (Brossard et al. 2005, Trumbull et al. 2005, Jordan et
al. 2011), other research has found little or no improvement in
scientific understanding or attitudes (Trumbull et al. 2000, Crall
et al. 2013), or has not systematically investigated outcomes such
as ownership and pride (for an exception see Greving et al. 2020).
There may be two reasons for these mixed findings. First, they
may be caused by a lack of clearly conceptualized measures of
learning outcomes (Becker-Klein et al. 2016, Phillips et al. 2018,
Peter et al. 2019). For example, instruments consisting of several
questions were used that were based on participants’ self-reports,
but these instruments had low internal consistencies (Brossard et
al. 2005, Crall et al. 2013). Other research used only indicator
variables, e.g., interest for motivation (Rotman et al. 2014), and
relied on subjective assessments of knowledge and attitude
changes (Toomey and Domroese 2013). Second, the mixed
findings may have been caused by a lack of rigorous study designs,
e.g., experimental studies (Phillips et al. 2018, Dickinson and
Crain 2019, Aristeidou and Herodotou 2020, Kloetzer et al.
2021). Indeed, many previous studies only described citizen
science projects without using any statistical tests (FernandezGimenez et al. 2008, Toomey and Domroese 2013). If using
statistics, these studies were mostly pre-/post-test studies
(Druschke and Seltzer 2012, Sickler et al. 2014, Peter et al. 2019).
Such methods may have prevented previous researchers from
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Fig. 1. Schematic overview of the pre-/post-measurement design with additional
experimental manipulation of degree of participation (data collection only group vs. data
collection and analysis group).

drawing more general conclusions concerning the extent to which
citizens’ participation can improve their individual learning
outcomes (Masters et al. 2016).
According to models of public participation in scientific research
(PPSR; Shirk et al. 2012), the degree of citizens’ participation is
the extent to which they are involved in different steps of the
scientific research process. These models of PPSR represent
different project models that vary in the possible degree of
citizens’ participation. In contributory project models, citizens
only collect and contribute data to scientific research, whereas in
collaborative projects, they additionally engage in data analysis
to interpret the research findings (Shirk et al. 2012). There is,
however, a lack of systematic investigation of whether the degree
of participation influences the outcomes of citizen science
projects. One experimental study focused on the effects of projects
on individual learning outcomes, and used a rigorous
experimental design (Dickinson and Crain 2019), comparable to
before-after control-impact designs (Christie et al. 2019).
Although this study found no difference between a participant
and a control group, it also did not consider the different degrees
of participation.
In the research presented here, we used an experimental design
and rigorous measures in order to analyze data from four field
studies of a citizen science project about urban bat ecology. We
investigated whether participating in the project increased
citizens’ content knowledge of urban bat ecology, and improved
their attitudes toward bats and engagement in citizen science, and
their feelings of psychological ownership and pride. To answer
these research questions, we used an experimental pre-/postmeasurement design, and varied the point in time of the post
measurement between two groups to which participants were
randomly assigned (Fig. 1). In the data collection only group,
participants engaged in data collection and, directly afterwards,
completed the post measure. In the data collection and analysis
group, we assessed the post measure after both data collection
and data analysis were completed. Although we expected, overall,
that participation in the project would have a positive effect on
citizens’ attitudes and knowledge, we also assumed that a higher
degree of participation (i.e., participating in both data collection
and analysis) should be even more beneficial for improving
citizens’ learning outcomes (Lawrence 2006, Bonney et al. 2009).

Therefore, we stated the following hypotheses:
. Attitudes toward bats improve during participation
(hypothesis 1a); this improvement is stronger for the data
collection and analysis group than for the data collection
only group (hypothesis 1b).
. Content knowledge for bat ecology increases during
participation (hypothesis 2a); this increase is stronger for the
data collection and analysis group than for the data
collection only group (hypothesis 2b).
. Attitudes toward engagement in citizen science improve
during participation (hypothesis 3a); this improvement is
stronger for the data collection and analysis group than for
the data collection only group (hypothesis 3b).
We exploratively tested the effects of participation and degree of
participation on psychological ownership and pride.
METHODS
In order to test our hypotheses, we conducted four field studies
using identical procedures (Table 1). These studies were part of a
citizen science project about urban bat ecology called “Bat
Researchers” that took place in a German metropolitan city. The
biological aim of the project was to investigate the presence of
bats in the urban ecosystem. The citizens’ task was to walk along
a pre-defined route on two evenings during a two-week period
and record the echolocation calls of flying bats with a bat detector
capable of detecting and recording ultrasonic frequencies. After
the data collection only group had completed their walks, they
returned the bat detectors to the project scientists. Then, the data
collection and analysis group did their evening walks and after
completion handed over the bat detectors to the project scientists.
Based on the ultrasonic recordings on the bat detectors, the
scientists identified the bat species and provided the data to both
groups for further analysis and discussion of the results.
We used an online platform for all the other activities that
participants could perform in the project besides data collection
with the bat detector. In particular, the platform provided tutorials
for the identification of bat species and information about urban
bat ecology to support participants in data collection and analysis.
On this platform, participants uploaded their collected data and
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Table 1. Descriptives for each field study and across all field studies including conduction period, N, gender, age, education, and mother
tongue
Field study
Conduction period
N
Gender

Age: M (SD),
range
Education: Top 3

Mother tongue

Field study 1

Field study 2

Field study 3

Field study 4

All field studies

April/May 2019
37
24 female
13 male

Sept./Oct. 2019
38
20 female
18 male

May/June 2020
34
15 female
19 male

46.65 (12.90), 18-66

43.53 (11.74), 24-78

41.00 (11.56), 19-62

Sept./Oct. 2020
30
20 female
9 male
1 diverse
44.87 (12.70), 20-70

April 2019-Oct. 2020
139
79 male
59 female
1 diverse
44.03 (12.27), 18-78

56.8% university
68.4% university
64.7% university
63.3% university
degree
degree
degree
degree
16.2% general
7.9% doctoral/
14.7% general
10.0% doctoral/
qualification for
postdoctoral degree
qualification for
postdoctoral degree
university entrance 7.9% qualification university entrance
10.0% general
8.1% doctoral/
for advanced
8.8% doctoral/
qualification for
postdoctoral degree
technical college
postdoctoral degree university entrance
entrance
37 German
36 German
34 German
26 German
2 other
4 other

63.3% university
degree
11.5% general
qualification for
university entrance
8.6% doctoral/
postdoctoral degree
133 German
6 other

Note: We tested for differences between the field studies concerning the dependent variables and the explorative variables. But the
field studies mostly did not differ from each other on each of these variables: attitude toward bats: T1: F(3, 135) < 1, ns, T2: F(3,
135) = 2.28, p = 0.082; content knowledge: T1: F(3, 135) < 1, ns, T2: F(3, 135) < 1, ns; attitudes toward engagement in CS:
attitudes: T1: F(3, 135) = 1.45, p = 0.233, T2: F(3, 135) < 1, ns; intentions: T1: F(3, 135) < 1, ns, T2: F(3, 135) < 1, ns; behavioral
beliefs: T1: F(3, 135) < 1, ns, T2: F(3, 135) < 1, ns; control beliefs: T1: F(3, 135) < 1, ns, T2: F(3, 135) = 1.05, p = 0.372; normative
beliefs: T1: F(3, 135) < 1, ns, T2: F(3, 135) = 1.28, p = 0.283; psychological ownership: T1: F(3, 135) < 1, ns, T2: F(3, 135) < 1, ns;
pride: T1: F(3, 135) < 1, ns, T2: F(3, 135) = 2.94, p = 0.035. At T2, participants of the second field study were prouder of their
participation (M = 3.97, SD = 0.99) than participants of the fourth field study (M = 3.31, SD = 0.78), Mdiff = 0.66, SE = 0.23, p =
0.005.

downloaded the species identifications provided by the scientists.
They had the opportunity to analyze their own data as well as the
complete dataset of all routes on which participants collected
data. They could, for example, examine the correlations between
bat activity and environmental features, such as proximity to
water or tree cover. To analyze the data, participants followed a
structured analysis process comparable to the usual scientific
analysis process, i.e., formulate the research question, formulate
hypotheses, specify the independent and dependent variables as
well as their relationship, run tests for differences or for
associations, and inspect, visualize, and interpret the findings.
Citizens could discuss their findings and questions concerning the
project and the topic with other citizens and with the project
scientists in a forum.
Via this platform, participants also filled out questionnaires. After
filling out the pre-measure questionnaire (T1), participants in the
data collection only group (N = 64) filled out the post-measure
questionnaire (T2) after data collection was completed.
Participants in the data collection and analysis group (N = 75)
filled out the post-measure questionnaire (T2) after both data
collection and data analysis were completed (Fig. 1). All of the
measures (Table 2) at T1 and T2 were identical in all four field
studies. Other measures not reported here were emotions toward
bats, attitudes toward science, epistemological beliefs, and
motivation. Demographic data were only assessed at T1. An
institutional ethics committee approved both questionnaires
(ethics approval number: LEK 2018/062).

Dropout analysis and participants
We recruited participants via public outreach campaigns targeted
at the general public. These participants themselves chose to
participate in the project, were very likely quite interested in bats,
and were willing to invest their leisure time in participating in the
project. Each recruited participant could only participate once in
one of the field studies, and each participant recorded the bats’
echolocation calls with the bat detector. Across all four field
studies, 224 participants filled out the pre-measure questionnaire,
and 139 participants also completed the post-measure
questionnaire. This was a dropout rate of 37.9% of those filling
out the questionnaire. However, these participants did not drop
out of the project. Participants who dropped out did not differ
from those participants who completed both questionnaires in
their gender, χ²(2) = 0.78, p = 0.678. Participants who completed
both questionnaires were older, t(222) = -2.88, p = 0.004, and had
a higher level of education, t(222) = -0.29, p = 0.023, than those
participants who only filled out the pre-measure questionnaire.
Thus, we included 139 participants in our analyses; see Table 1
for demographics.
Measures
The details of each measure are presented in Table 2. We assessed
participants’ attitudes toward bats with 12 rating-scale items
based on general attitude approaches (Bohner and Dickel 2011,
Albarracin and Shavitt 2018). To measure citizens’ content
knowledge of urban bat ecology, we pre-identified the most
relevant topics from the perspective of citizens and scientists
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Table 2. Measures used in the field studies with their number of items, example items, Cronbach’s alphas, means, standard deviations,
and references
Variable

N items Example

αT1

αT2

MT1 (SDT1)

MT2 (SDT2)

References

Attitudes toward
bats
Content knowledge

12 (RS) “Bats are fascinating animals.”

0.67

0.61

4.68 (0.28)

4.73 (0.24)

29 (SC/ “Which statement about bat
MC) reproduction is correct?”

0.47

0.47

55.38%
(9.10%)

59.32%
(8.43%)

Albarracin and
Shavitt 2018
Bruckermann et al.
2022

Attitudes toward engagement in citizen science:

0.88

0.87

3.68 (0.58)

3.81 (0.55)

Attitude

3 (RS)

0.82

0.80

4.39 (0.59)

4.49 (0.57)

Intentions

3 (RS)

0.94

0.92

4.16 (0.82)

4.30 (0.75)

Behavioral beliefs

3 (RS)

0.76

0.77

3.70 (0.80)

3.70 (0.80)

Control beliefs

3 (RS)

0.76

0.64

3.69 (0.70)

3.98 (0.65)

Normative beliefs

3 (RS)

0.83

0.81

2.45 (1.06)

2.61 (1.08)

Psychological
ownership
Pride

3 (RS)

0.82

0.85

1.96 (0.86)

2.02 (0.94)

0.79

0.82

3.72 (0.98)

3.61 (0.97)

3 (RS)

“Citizen science projects make
sense.”
“I will engage in citizen science
projects in the future.”
“Citizen science projects help me
understand the world around
me.”
“Participating in citizen science
projects is easy for me.”
“Some of my peers engage in
citizen science projects.”
“The ‘Bat Researchers’ project
feels like it is mine.”
“When I think about my
participation in the ‘Bat
Researchers’ project, I am proud
of myself.”

Summers and Abd‐
El‐Khalick 2018
Summers and Abd‐
El‐Khalick 2018
Summers and Abd‐
El‐Khalick 2018
Summers and Abd‐
El‐Khalick 2018
Summers and Abd‐
El‐Khalick 2018
Summers and Abd‐
El‐Khalick 2018
Peck and Shu 2009,
Pierce et al. 2001
Lewis 2016,
Lewis and Sullivan
2005

Note: RS = rating scale on a 5-point scale ranging from 1 (does not apply at all) to 5 (completely applies), SC = single-choice
questions, MC = multiple-choice questions.

(Bruckermann et al. 2022) by means of a Delphi approach (e.g.,
Blanco-López et al. 2015). Using these topics as a basis, we then
constructed 29 single- and multiple-choice questions. Finally, we
divided participants’ correct answers by the total number of
questions and assessed their content knowledge as the percentage
of correct answers.
We assessed participants’ attitudes toward engagement in citizen
science with five underlying dimensions (Summers and Abd‐El‐
Khalick 2018) following the theory of planned behavior (Ajzen
1991, Fishbein and Ajzen 2010). With three rating-scale items
each, we measured attitudes toward citizen science, intentions to
engage in citizen science projects, behavioral beliefs, control
beliefs, and normative beliefs. Similarly, we measured
psychological ownership (Pierce et al. 2001, 2003, Peck and Shu
2009) as well as pride (Lewis and Sullivan 2005, Lewis 2016) with
three rating-scale items each.
Statistical analysis
To test our hypotheses, we conducted mixed analyses of variance
(ANOVAs) with degree of participation (data collection only
group vs. data collection and analysis group) as between-group
factor and participation (between the measurement points T1 vs.
T2) as within-group factor in all analyses. We used SPSS Version
22.0 for this purpose (IBM Corporation 2013). We set the level
of significance < 0.05 and used two-tailed tests throughout all
analyses.

RESULTS
All test statistics are presented in Table 3. Compared with T1, all
participants had a more positive attitude toward bats and more
content knowledge of urban bat ecology at T2 (Table 2, Fig. 2),
which supported hypotheses 1a and 2a. There were no further
effects, which did not support hypotheses 1b and 2b.
Fig. 2. Means and standard errors for the dependent variables
attitudes toward bats and content knowledge about bats, and for
the explorative variables ownership and pride for the data
collection only group (N = 64) and the data collection and
analysis group (N = 75) for the first (T1) and second
measurement point (T2).

For the five underlying dimensions of attitudes toward engagement
in citizen science, there were similar results. Compared with T1,
participants in both groups had a more positive attitude, higher
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Table 3. Test statistics for the main effect of participation, the main effect of degree of participation, and the interaction effect between
participation and degree of participation for the dependent variables attitude toward bats, content knowledge, attitude toward engagement
in citizen science (CS) with its attitudinal domains attitudes, intentions, behavioral beliefs, control beliefs, and normative beliefs, and the
explorative variables psychological ownership and pride
Dependent variable

Attitude toward bats
Content knowledge
Attitude toward engagement in
CS
Attitudes
Intentions
Behavioral beliefs
Control beliefs
Normative beliefs
Psychological ownership
Pride

Participation

Degree of participation

Participation × degree of
participation

F(1, 137)

p

ηp²

F(1, 137)

p

ηp²

F(1, 137)

p

ηp²

8.82
30.65
12.17

0.004
< 0.001
0.001

0.061
0.183
0.082

<1
<1
<1

ns
ns
ns

-

<1
1.79
<1

ns
0.184
ns

-

5.58
5.40
<1
24.65
4.38
<1
1.14

0.020
0.022
ns
< 0.001
0.038
ns
0.287

0.039
0.038
0.152
0.031
-

<1
1.11
<1
<1
<1
3.02
7.41

ns
0.294
ns
ns
ns
0.084
0.007

0.051

1.11
2.27
<1
<1
5.03
1.07
<1

0.293
0.134
ns
ns
0.027
0.303
ns

0.035
-

Note: Test statistics for the difference between the two degree of participation groups at the two measurement points for the
participation × degree of participation interaction for the dependent variable normative beliefs: T1: F(1, 137) = 2.07, p = 0.152; T2:
F(1, 137) < 1, ns.

intentions, stronger control beliefs, and stronger normative beliefs
at T2 (Table 2, Fig. 3), which supported hypothesis 3a. None of the
other effects was significant, with the exception of the interaction
effect between participation and degree of participation for
normative beliefs (Table 3). However, the degree of participation
groups did not differ at each of the measurement points. Thus,
overall, there was no support for hypothesis 3b. Finally, when we
included the five underlying dimensions of attitudes as an
additional within-group factor into the mixed ANOVA, this
analysis also found that all participants had a more positive attitude
toward engagement in citizen science in general at T2 than at T1
(Table 2).
Fig. 3. Means and standard errors for the dependent variables
attitudes toward citizen science (CS), intentions to engage in CS,
control beliefs, and normative beliefs (all belonging to attitudes
toward engagement in CS) for the data collection only group (N
= 64) and the data collection and analysis group (N = 75) for the
first (T1) and second measurement point (T2).

With respect to psychological ownership, we did not find any
significant differences. The data collection only group experienced
more pride than the data collection and analysis group, but the
other effects were not significant (Fig. 2).

DISCUSSION
The research presented here investigated the impact of a citizen
science project about urban bat ecology on citizens’ content
knowledge about bats, and attitudes toward bats and toward
engagement in citizen science. Our findings demonstrated that
knowledge increased and attitudes improved during citizens’
participation in the research process. In particular, the increase in
citizens’ content knowledge about urban bat ecology was more
pronounced than the improvement in their attitudes, which is in
line with previous research (Peter et al. 2019). Most previous
studies agree that citizen science projects enhance citizens’ content
knowledge (Druschke and Seltzer 2012, Bela et al. 2016, Haywood
et al. 2016). Findings on citizens’ attitudes have been less
conclusive and revealed small to negative changes in attitudes
(Brossard et al. 2005, Druschke and Seltzer 2012). Our study adds
to the picture by showing significant and medium-sized changes
for both attitudes toward bats and toward engagement in citizen
science. Moreover, our findings extend previous studies by not
only distinguishing between attitudes toward bats and sciencerelated attitudes (e.g., Peter et al. 2019), but also differentiating
among various attitudinal domains, which we captured using
multi-items measures. Based on the theory of planned behavior
(Ajzen 1991, Fishbein and Ajzen 2010), our findings showed
different changes in the attitudinal domains. They revealed
stronger changes in citizens’ beliefs about their ability to
participate in citizen science, along with no changes in their beliefs
about its usefulness for their personal lives. Thus, our research
has demonstrated that “Bat Researchers” project had the
potential to improve citizens’ learning outcomes.
Furthermore, this research set out to investigate whether the
degree of citizens’ participation in the research process has an
impact on their learning outcomes. Inquiry-based learning
opportunities combine citizens’ participation in the different steps
of the research process and in scaffolding structures that support
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their understanding (Aristeidou et al. 2020). If citizens participate
in the data collection and are supported with a tutorial to record
bats’ echolocation calls, they could increase their knowledge of
distinguishing among bat species. For instance, Prather et al. 2013
demonstrated the influence of identifying galaxies on citizens’
knowledge about galaxy morphology. If citizens participate in
data analyses and are provided with the data and a tool to test
their assumptions on the influence of environmental features on
bat species, they may develop their knowledge in a different way
and increase their understanding of urban bat ecology. Our
findings demonstrated that these degrees of citizens’ participation
did not seem to have an influence on the outcomes. This means
that citizens’ additional engagement in data analysis did not affect
any improvements in attitudes toward bats or toward engagement
in citizen science, or any increase in knowledge acquisition about
bats. Our findings extend previous research on the relationship
between degree of participation and learning outcomes by using
the exact same citizen science project and research context (i.e.,
bat ecology) in both conditions and by directly comparing
learning outcomes of citizens who could participate on a
contributory level (i.e., providing data) with those learning
outcomes of citizens who could participate on a collaborative
level (i.e., analyzing data and discussing findings with citizens and
scientists).
Our findings may also contradict previous assumptions that were
derived from the so-called “Arnstein’s ladder” (Arnstein 1969; see
Haklay 2013 for an overview). These assumptions postulated that
the higher the degree of participation, the better for citizen science
outcomes. On the one hand, participating in the offered activities
of the project was in our study enough to increase learning
outcomes, independently of the degree of participation. This
finding may be good news for the citizen science community,
because learning from participation in projects does not seem to
be limited to higher degrees of participation but may depend on
the offered activities. On the other hand, it could also be that
citizens did not engage in the data analysis sufficiently enough (T.
Bruckermann, H. Greving, M. Stillfried, A. Schumann, M.
Brandt, and U. Harms, unpublished manuscript) to have any
additional effect on the outcome measures. In line with previous
research, learning outcomes may indeed be more closely related
to the prerequisites in projects, such as citizens’ goals and abilities
for participation, e.g., motivation (Phillips et al. 2019) and
scientific reasoning skills (Stylinski et al. 2020), than to the degree
of participation (Shirk et al. 2012). Behavioral data from future
research on how citizens actually participate in different scientific
activities may help explain why engaging in the data analysis had
no additional effects. Future research may also need to specify
either the prerequisites of the participants, e.g., scientific
reasoning skills (Bruckermann et al. 2021b), or the prerequisites
of the project, e.g., training on data analyses (Gray et al. 2017),
under which citizens’ opportunities to analyze data have beneficial
effects for outcome measures in similar projects.
Finally, the findings of the explorative measures were informative.
We found that the data collection only group experienced more
pride in their participation. Here, the assumption that a higher
degree of participation would benefit outcomes also did not hold
(Shirk et al. 2012). In contrast, asking citizens directly after their
evening walks and data collection could have activated their
feelings of pride more readily. These feelings might have already

faded away for those citizens in the data analysis group who
answered the post measurement at the end of the project. Apart
from this, citizens could have seen their contribution as just
collecting data, not analyzing it (Phillips et al. 2019). This
suggestion is also in line with recent research that analyzed activity
patterns of citizens who used an online platform during a citizen
science project (T. Bruckermann, H. Greving, M. Stillfried, A.
Schumann, M. Brandt, and U. Harms, unpublished manuscript).
These data showed that citizens were mainly active during data
collection and more passive during data analysis. But more
research needs to be conducted about the conditions under which
the engagement in data analysis has beneficial effects on citizen
science outcomes.
The strengths of the studies were their standardized and rigorous
approaches. We conducted externally valid studies and used
samples of participants that were representative of typical citizen
science volunteers. The sample size was also large enough to
generate sufficient statistical power. We used established and
objective measures that, overall, had sufficient internal
consistencies. Moreover, by employing both a data collection only
group and a data collection and analysis group, the long-debated
construct of degree of participation (Shirk et al. 2012) was
successfully implemented and experimentally tested, a relevant
step forward for the citizen science community.
There were also some limitations. First, the results revealed that
citizens’ attitudes toward bats and toward engagement in citizen
science improved. On the one hand, these are merely attitudes and
it is unclear whether citizens would also act in accordance with
their attitudes. Thus, there may be a gap between attitude and
behavior in the areas of bat conservation and engagement in
citizen science. On the other hand, there is a solid body of research
and several frameworks that clearly indicate that attitudes are
highly relevant predictors of behavioral intentions and actual
behavior, e.g., theory of planned behavior (Ajzen 1991, Fishbein
and Ajzen 2010; for other models see Sheeran et al. 1999, Webb
and Sheeran 2006, Albarracin and Shavitt 2018). This means that,
although we did not assess actual behavior, the changes that we
found in attitudes have the potential to initiate behavioral changes
in citizens. Second, we developed our questionnaire on content
knowledge based on questions that citizens frequently ask about
bats living in the city. The changes in knowledge might have been
different if we had asked citizens for their formal scientific
knowledge of bat ecology instead of their specific local knowledge
(Stocklmayer and Bryant 2012).
Third, our project about urban bat ecology was open to and
directed at the public, and citizens could apply for it if they were
interested in participating. Thus, we did not analyze a sample that
was representative of the general population, but rather a selfselected sample of citizens who showed a general interest in bats,
meaning the findings of our studies may be limited to people who
are already enthusiastic about bats. We also had a high dropout
rate of citizens who did not fill out the post measurement,
although they continued participating in the project itself. This
dropout may have been caused by the fact that participation in
the whole project and the questionnaires was completely
voluntary; we did not give citizens any incentives for their
participation. Researchers could possibly pay monetary
incentives to their participants for completing questionnaires in
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future studies. This could help address both concerns, i.e., create
a more diverse and representative sample, and decrease dropout
across the points of measurement.

Institut für Wissensmedien, Tübingen, Germany, ethics approval
number LEK 2018/062.

Finally, the sample size of the participating citizens across the
field studies created enough statistical power to conduct mixed
ANOVAs. But with an even larger sample size, we could have
calculated larger path models with latent variables to test our
hypotheses (Bruckermann et al. 2021a). Because of the expected
sample size, we also implemented the variation in degree of
participation with two groups. With a larger sample size, we
could have also measured citizens’ actual level of participation
in the different scientific tasks and could have used those
measurements as predictors in the models. On the other hand,
such an approach could have produced subsamples with totally
different sample sizes, because citizens might have rather engaged
in data collection than data analysis (T. Bruckermann, H.
Greving, M. Stillfried, A. Schumann, M. Brandt, and U. Harms,
unpublished manuscript).
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Appendix 1. Items of all reported measures.
Pride
When I think about my participation in the “Bat Researchers” project, …
1. … I am proud of myself.
2. … I am very satisfied with myself.
3. … I feel confident.
Attitudes toward bats
1. Bats are impressive animals.
2. Bats need to be protected.
3. I get excited about having bats near my house/flat (e.g., below the roof top).
4. Bats are intelligent animals.
5. We need to promote the protection of bats.
6. Bats are dangerous animals.
7. Habitats of bats near my house/flat (e.g., old houses, dead trees) should be kept.
8. Bats carry severe germs.
9. Bats are fascinating animals.
10. Bats are threatening animals.
11. Bats do not belong to people’s close surroundings.
12. It is important to better protect bats.
Attitudes toward engagement in CS
1. I think that citizen science projects make sense.
2. I want to participate in further citizen science projects.
3. Participating in citizen science projects is easy for me.
4. I want to engage in future citizen science projects.
5. Citizen science projects help me understand the world around me.
6. I consider citizen science projects a good cause.
7. I want to continue to learn something in further citizen science projects.
8. I can manage even difficult situations in citizen science projects.
9. Citizen science projects help me protect the environment.
10. People in my direct surroundings engage in citizen science projects.
11. Citizen science projects help me make better choices about my health.
12. I think that citizen science projects get us somewhere.
13. It is normal for people in my direct surroundings to talk about citizen science projects.
14. It is easy for me to try to understand new topics of citizen science projects.
15. Other people in my direct surroundings are also enthusiastic about citizen science projects.
Attitudes: 1., 6., 12.; Intentions: 2., 4., 7.; Behavioral beliefs: 5., 9., 11.; Control beliefs: 3., 8.,
14.; Normative beliefs: 10., 13., 15.
Psychological ownership
1. The “Bat Researchers” project feels like it is mine.
2. I feel like I personally own the “Bat Researchers” project.
3. I feel like I possess the “Bat Researchers” project.

Topic-specific knowledge about bats
1. Which statement about reproduction in bats is correct? (one answer is correct)
A.
Fertilization occurs immediately after mating in bats.
B.
The female bat moves into roosts alone after mating.
C.
Bats have 1-2 young per year.
D.
Bats mate in spring.
2. Which statement about raising young in bats is correct? (one answer is correct)
A.
Bats build nests for their young.
B.
Bats feed insects to their young.
C.
Bats lay eggs.
D.
Bats lactate their young.
3. What is the risk of being bitten by a bat? (one answer is correct)
A.
Bats can bite, but their small teeth cannot hurt human skin.
B.
Bats can bite, but thick gloves protect you.
C.
Bats will bite if you enter an attic or basement where bats are present.
D.
Bats will bite if you enter the territory of a bat roost in the woods.
E.
Bats will bite when they mistake a human finger for prey.
4. What possible danger could bats pose to/in your building? (one answer is correct)
A.
The acid in bat droppings could damage the masonry.
B.
A bat roost could expand largely in a building.
C.
Bats can bite if you touch them.
D.
Dropped young bats may behave aggressively.
E.
Young bat may accidentally get lost into living rooms in the spring.
5. Assign the habitats of bats to their respective functions (one assignment per habitat).
(1) Tree holes and cracks
Hunting and drinking
Foraging and orientation
Foraging and migration
Day roosts
(2) Open area
Hunting and drinking
Foraging and orientation
Foraging and migration
Day roosts
(3) Waterbodies
Hunting and drinking
Foraging and orientation
Foraging and migration
Day roosts
(4) Caves and rock cracks
Hunting and drinking
Foraging and orientation
Foraging and migration
Day roosts
(5) Vegetation edges
Hunting and drinking

Foraging and orientation
Foraging and migration
Day roosts
6. Which statements about the impact of urban growth on bats are CORRECT or FALSE?
A.
Building development in cities has an impact on bats because bats find roosts in and at
buildings at all times of the year.
B.
Tall buildings have an impact on bats because bats hunt in open areas.
C.
Artificial light in cities does not affect bats because it does not affect their
echolocation.
D.
Roads have no effect on bats because bats can fly over them.
7. In what types of roosts can bats live in the city?
A.
Tree cracks
B.
Burrows
C.
Buildings
D.
Nesting boxes
E.
Home-made nests
8. Which statements about the respective habitat of the four bat groups can be derived from
the diagram? Complete the sentences (one bat group per statement).
[Figure available upon request by the authors.]
(1) Bats of group a
have advantages from man-made structures (e.g., light sources), but also use
natural habitats (peri-urban specialists).
cope only in rural areas and not in urban areas (urban sensitive/avoidant bats).
cope in rural as well as urban and peri-urban areas (urban-tolerant bat species).
benefit more from urban than from rural habitats (urban specialists).
(2) Bats of group b
have advantages from man-made structures (e.g., light sources), but also use
natural habitats (peri-urban specialists).
cope only in rural areas and not in urban areas (urban sensitive/avoidant bats).
cope in rural as well as urban and peri-urban areas (urban-tolerant bat species).
benefit more from urban than from rural habitats (urban specialists).
(3) Bats of group c
have advantages from man-made structures (e.g., light sources), but also use
natural habitats (peri-urban specialists).
cope only in rural areas and not in urban areas (urban sensitive/avoidant bats).
cope in rural as well as urban and peri-urban areas (urban-tolerant bat species).
benefit more from urban than from rural habitats (urban specialists).
(4) Bats of group d
have advantages from man-made structures (e.g., light sources), but also use
natural habitats (peri-urban specialists).
cope only in rural areas and not in urban areas (urban sensitive/avoidant bats).
cope in rural as well as urban and peri-urban areas (urban-tolerant bat species).
benefit more from urban than from rural habitats (urban specialists).
9. Which TWO characteristics do winter roosts for bats in the city definitely require? (TWO
answers are correct)
A.
Roosts must be rather dry, like rooms with heating systems.

B.
C.
D.
E.

Roosts must be frost-free, like basements.
Roosts must provide enclosed hanging places, such as narrow crevices.
Roosts must be quiet.
Roosts must be able to warm up easily, such as attics.

10. Bats inhabit different roosts, which differ in their function. Which statement about roosts
of bats is true? (one answer is correct)
A.
After mating, summer roosts are used by both female and male bats.
B.
Roosts where females raise young are called nurseries.
C.
Summer roosts are often also used as winter roosts.
D.
Winter roosts are used by female and male bats.
11. Which of the following does NOT have a direct impact on bats using roosts? (one answer
is correct).
A.
Protect tree cavities
B.
Put up feeding places
C.
Create diversity in the garden
D.
Avoid pesticides
12. What is the most LIKELY consequence bats can have in a building? (one answer is
correct)
A.
Bats bring nesting material into their roost.
B.
Bats leave droppings in their roost.
C.
Bats nibble on house insulation.
D.
Bats spread parasites such as lice and ticks.
E.
Bats enlarge existing cracks in house facades.
13. Why do bats benefit from a near-natural garden with many different plant species? (one
answer is correct)
A.
A semi-natural garden with many different plant species provides more hiding places.
B.
A semi-natural garden leaves more fruit from many different types of plants.
C.
In a semi-natural garden, the flowering times of the different plant species attract more
insects.
D.
In a near-natural garden with many different plant species, there is less chemical
exposure to pesticides.
14. Why can putting up bat boxes be helpful for bats? (one answer is correct)
A.
Bat boxes provide opportunities to bats to explore new hunting areas.
B.
Bats settle in new areas because of bat boxes.
C.
Bat boxes create additional roosts.
D.
Bat boxes facilitate nest building for raising young.
15. Which TWO factors do you need to consider when putting up a bat box? (two answers are
correct)
Putting up a bat box is done ...
A.
... protected behind trees.
B.
... in larger numbers.
C.
... in northern orientation.
D.
... with different types of boxes.
E.
... like a bird box.

F.

... for cleaning purposes at chest level.

16. Bats are endangered throughout Germany and need our help and protection in cities as
well. Which of the following does NOT help protect bats? (one answer is correct)
A.
Increasing plant diversity in allotments enhances the foraging habitat of bats.
B.
Avoiding the use of wood preservatives reduces the risk of bats becoming ill in their
roosts.
C.
Avoiding insecticides maintains the food base of bats.
D.
Supplementary feeding with mealworms bridges the winter period for bats.
17. Which of these factors influences whether or not a bat will accept a bat box? (one answer
is correct)
A.
Bats will only accept bat boxes if they are placed at least 10 m above the ground.
B.
Bats prefer different boxes depending on the species.
C.
Depending on their origin, bats prefer different boxes.
D.
Depending on their age, bats prefer different boxes.
E.
Female and male bats prefer different bat boxes.

18. Why do wind turbines pose a threat to bats? (one answer is correct)
A.
Wind turbines and the pressure of the rotor blades push bats to the ground.
B.
Wind turbines are especially dangerous to young bats.
C.
Wind turbines injure the internal organs of bats.
D.
Wind turbines injure male bats during hunting.
E.
Only bat species that migrate between summer and winter roosts are injured by wind
turbines.
19. Which statement about the protection of bat roosts in buildings is true? (one answer is
correct)
A.
If a bat roost is in and at the façade of a building, the entire building is protected.
B.
Protection applies to buildings with consistently occupied bat roosts.
C.
Bat roost protection is based on population size.
D.
Bats in and on the building are subject to a year-round disturbance ban.
E.
Bat roosts shall be protected in buildings only for the duration of hibernation.
20. Which of these statements is a CORRECT or FALSE justification for the need to protect
bat roosts?
A.
Bats have few offspring, so disturbance is particularly severe.
B.
Summer roosts are visited only once by the same bat, but regularly by different bats.
C.
If bats are disturbed in their winter roosts, they will not mate in the spring.
D.
When bats are disturbed in the maternity roost, there is a risk that young will be left
behind.
21. Which legal basis must you consider if you encounter bats on your property? (one answer
is correct)
A.
Dead animals are excluded from the law.
B.
Abandoned roosts may be sealed.
C.
Injured, helpless, or sick animals must be reported.
D.
Violations of shelter regulations are punishable only as misdemeanors.

22. On average, what percentage of their own body weight do bats ingest in food each night?
(one answer is correct)
A.
5%
B.
15%
C.
20%
D.
30%
E.
50%
23. How many species of bats are found in the city of [blinded for review]? (one answer is
correct)
A.
3
B.
9
C.
12
D.
18
E.
20
24. Which bat species are native to Germany and which are not?
[Figure available upon request by the authors.]
A.
Fringed-lipped bat
B.
Grey long-eared bat
C.
Common noctule
D.
Short-tailed leaf-nosed bat
E.
Barbastelle bat
F.
Vampire bat
G.
White bat
H.
Pipistrelle bat
25. Name the body parts of the bat by matching the numbers with the appropriate label from
the list.
[Figure available upon request by the authors.]
(1) 1
2nd finger
Thumb claw
Flight skin
Hind foot
Ear
Tragus
Forearm
(2) 2
2nd finger
Thumb claw
Flight skin
Hind foot
Ear
Tragus
Forearm
(3) 3
2nd finger
Thumb claw
Flight skin
Hind foot

Ear
Tragus
Forearm
(4) 4
2nd finger
Thumb claw
Flight skin
Hind foot
Ear
Tragus
Forearm
(5) 5
2nd finger
Thumb claw
Flight skin
Hind foot
Ear
Tragus
Forearm
(6) 6
2nd finger
Thumb claw
Flight skin
Hind foot
Ear
Tragus
Forearm
(7) 7
2nd finger
Thumb claw
Flight skin
Hind foot
Ear
Tragus
Forearm
26. Which behavior is the CORRECT thing to do when you want to protect bats in your
home? (one answer is correct)
A.
Feed bats insects.
B.
Do not disturb bats.
C.
Pay no further attention to bats.
D.
Check bat roosts regularly.
E.
Keep bat roosts warm and dry.
27. How can bats be supported during hibernation? (one answer is correct)
A.
Bats build nests for hibernation and therefore should be supported by bat boxes.
B.
Bats need protected winter roosts and should therefore be translocated to such roosts.
C.
Bats find little food in winter and therefore should be given supplementary feeding.
D.
Bats require energy when waking from hibernation and therefore should not be
disturbed.

28. What measures for living harmoniously together with bats in buildings are
ACCEPTABLE or NOT ACCEPTABLE for all citizens?
A.
Seal entrance and exit openings
B.
Install droppings boards
C.
Contact conservation authority
D.
Relocate non-protected species
E.
Scaring away by, for example, aluminum strips
29. Which of these statements about bats are CORRECT or FALSE?
A.
During their fast flight maneuvers, bats can get caught in people's hair.
B.
The saliva of some bat species prevents blood clotting.
C.
Bats always fly out of their roosts to the left.
D.
Bats can locate obstacles no thicker than a human hair.
E.
Bats have similar vision to other mammals.
F.
Bats are rodents.
G.
Bats rely only on their echolocation when flying.
H.
Some bat species feed on human blood.
I.
Vampire legends derive from vampire bats.

