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CITIZEN SCIENCE:
THEORY AND PRACTICE

REVIEW AND SYNTHESIS PAPER

Citizen Scientists’ Preferences for Communication of
Scientific Output: A Literature Review

Marjolein de Vries, Anne Land-Zandstra and lonica Smeets

Many citizen science developers agree that participants in citizen science projects need to receive feed-
back on project outputs and that they should be recognized in results and publications. However, lit-
tle research has thoroughly investigated the extent to which citizen scientists find communication of
scientific output to be important. Citizen science studies rarely investigate this topic as their main goal.
Therefore, we conducted a review on participants’ preferences for communication of data, findings, and
scientific publications in papers that focus on participant motivation but which also contain relevant
evidence about communication in parts of the results. We reviewed 32 peer-reviewed papers that con-
tained relevant evidence in quantitative analyses (e.g., Likert scale-type questions) or in qualitative
analyses (e.g., interviews with participants).

From this review, we conclude that participants value accessibility of their collected data, communica-
tion of project findings, and acknowledgement in publications. Taking this into account can pay off, as
sharing data and findings can enhance the motivation of participants to engage in the project, thereby
sustaining their participation, imparting the feeling that they spent their time well, and increasing a
project’s learning impact. Some practical and ethical issues such as privacy concerns, however, need to be
taken into account. This literature review is the first to provide an overview of citizen scientists’ pref-
erences for communication of scientific output, and is a starting point for further research that should
investigate the impact of different options for data sharing and communication of findings to participants.
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Introduction

Citizen science can be defined as “public participation in
organized research efforts” (Dickinson and Bonney 2012),
where participants are in most cases involved in data col-
lection or analysis (Bonney et al. 2009a). Citizen science
projects can benefit both researchers and participants,
as participants may learn or get excited about science
and researchers are given an opportunity to collect data
or conduct analyses with the help of many volunteers
(Bonney et al. 2009a; Riesch, Potter, and Davies 2013).
Citizen science projects have been developed within a
wide range of scientific disciplines, including projects for
which participants help with monitoring biodiversity (Bell
et al. 2008; Hobbs and White 2012), transcribing old docu-
ments (Causer and Wallace 2012; Eveleigh et al. 2014), or
classifying images (Raddick et al. 2013).

While many papers, statements, and guidelines empha-
size the importance of providing feedback and acknowl-
edgement to citizen science participants (Bowser et al.
2013; Domroese and Johnson 2017; Jennet et al. 2016),
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not many papers have examined the extent to which citi-
zen scientists themselves find feedback important. This
review gathers available evidence about citizen scientists’
preferences for communication of citizen science project
outputs.

Motivations of participants

Because the sustainability of citizen science projects is
dependent upon continued public participation, it is
important to take motivational factors of participants
into account when designing citizen science projects
(Nov, Arazy, and Anderson 2014). Participants often indi-
cate that they are motivated to engage in citizen science
because of an interest in a project’s topic (Causer and
Wallace 2012; Eveleigh et al. 2014; Hobbs and White 2012;
lacovides et al. 2013; Raddick et al. 2010; Raddick et al.
2013; Seeberger 2014) or in science in general (lacovides
et al. 2013; Jennet et al. 2016; Land-Zandstra et al. 2016a;
Land-Zandstra et al. 2016b; Raddick et al. 2010). Partici-
pants are also motivated to contribute because they want
to learn something new (Alender 2016; Martin et al. 2016;
Raddick et al. 2010; Rotman et al. 2014; Seeberger 2014).
One of the most often named motivations of participants
is to contribute to science or scientific knowledge (Alender
2016; Cappa et al. 2016; Cooper et al. 2010; Curtis 2015;
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Domroese and Johnson 2017; Evans et al. 2005; Martin
2017; Raddick et al. 2010; Raddick et al. 2013; Tinati et
al. 2017). Because contribution to science is such a widely
shared motivation for participants, satisfying this motiva-
tion is important.

Communication of scientific output

To align with their motivation to contribute to science,
participants find it important that the significance of
their contributions is clearly communicated (Bowser et al.
2013; Domroese and Johnson 2017; Jennet et al. 2016).
Participants’ contribution to research can be recognized
by communicating project output during the project as
well as at its conclusion. Such communication acknowl-
edges participants and treats them as collaborators with
professional scientists, not only as means to an end (Eitzel
et al. 2017; Fernandez, Kodish and Weijer 2003; Shalowitz
and Miller 2008).

In collaborative or co-created projects (Bonney et
al. 2009a), participants may already be engaged in
data analysis and thus aware of the project’s results.
Therefore, disseminating scientific output may be most
important for contributory projects, for which partici-
pants may not automatically have access to data and
findings.

Vroom’s Expectancy Theory

Participants’ need for communication of project output
can be explained by Vroom's Expectancy Theory (Vroom
1964), which has been applied to understand motiva-
tional factors for different types of behavior, includ-
ing engagement in volunteer tourism (Andereck et al.
2012) and alumni giving to their alma mater (Weerts and
Ronca 2007). The theory describes three components of
motivation: expectancy, instrumentality, and valence (see
Figure 1). Expectancy characterizes a person’s perceived
probability that a certain effort will lead to successful
performance, and is based on having the right resources,
skills, and support to perform the task at hand. Instru-
mentality construes a person's perceived probability that
successful performance will lead to an outcome, and is
concerned with receiving some reward as a result of per-
formance. Valence describes whether a person finds the
outcome desirable.

Vroom's Expectancy Theory also can be applied to
motivational factors for engaging in citizen science. If we
define performance as making a contribution to a project,
then expectancyrelates to a participant’s belief that he can
make such a contribution, and is based on self-efficacy for
participation, which can be ensured by having enough
knowledge to perform the task at hand, having a clear
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user interface, and providing sufficient information about
how to submit a contribution. There can be multiple out-
comes of this performance, but one of the most prominent
reasons to engage in citizen science has been to contrib-
ute to science, and if this is defined as the outcome, then
instrumentality means that a participant perceives that his
contribution will actually contribute to science. While the
desirability of this outcome (valence) can differ by person,
we can conclude that the valence of this outcome is gener-
ally positive.

Because instrumentality is one of the three key compo-
nents of motivation, it is important to take it into account
when designing a citizen science project. One way to
strengthen instrumentality is to communicate scientific
output to participants, which enables participants to per-
ceive that their contribution actually leads to a scientific
outcome.

Citizen Science principles

The “Ten principles of citizen science” defined by the
European Citizen Science Association (ECSA) also under-
line this need to communicate project findings and
acknowledge participants (ECSA 2015). One principle
states that project data should be made publicly available
and that results should be published in an open access
format. Another principle states that citizen scientists
need to receive feedback from the project, for example
by communicating how participants’ data are used and
what the findings are. A third principle states that citizen
scientists should be acknowledged in project results and
publications.

Three types of scientific output can be recognized in
these principles. The first is the data gathered in the pro-
ject, which should be shared and be accessible. The second
is project findings, meaning what project coordinators or
researchers have done with the collected data. The third
is recognition of project participants in (scientific) pub-
lications. Communicating these three types of scientific
output can lead to a higher value of Vroom's component
of instrumentality.

This review discusses these three types of output and
defines them together as “‘communication of scientific
output.” We use the term “preferences” to indicate what
citizen scientists think or find valuable regarding com-
munication of scientific output. Although the importance
of communication and feedback to participants is widely
accepted among project coordinators, not many academic
papers have specifically investigated this topic from the
participants’ point of view. Therefore, we provide a sys-
tematic literature review of all studies that include partici-
pants’ preferences for communication of citizen science

Expectancy:
effort —
performance

Motivation =

Valence:
desirability of
the outcome

Instrumentality:
performance —
outcome

Figure 1: Vroom'’s Expectancy Theory, based on Vroom (1964). Motivation can be described as being influenced by a
combination of three components: Expectancy, instrumentality, and valence.
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project output. This review can serve as a starting point
for future research.

Methods

We used the Web of Science database to search for relevant
literature on citizen scientists’ views on scientific output.
Because citizen science projects are organized in various
scientific disciplines, we could not use a domain-specific
database. Instead, we followed the approach of West and
Pateman (2016) and Kullenberg and Kasperowski (2016)
to use the multidisciplinary Web of Science database to
search specifically for academic papers (as opposed to
Google Scholar, which has more noise). Little research has
focused specifically on citizen scientists’ preferences for
communication of data, findings, and publications, but
we found relevant information in papers studying citizen
scientists’ motivations, which generally incorporate citi-
zen scientists’ preferences for different aspects of the pro-
ject. Therefore, the search term “citizen science” motivat*
was used to search within “topics.” This approach retrieved
92 papers (see Figure 2 for the literature inclusion pro-
cess), of which 16 included information on participants’
preferences for communication of citizen science project
output. We then examined each paper to see whether it
referred to relevant literature beyond the scope of the Web
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of Science database, resulting in 16 additional papers. See
Table 1 for an overview of all included studies.

The 32 academic papers that were selected via this pro-
cess concerned participants’ experiences with engaging
in citizen science projects in a wide range of application
areas (biodiversity, environmental, astronomy, geogra-
phy, health). All papers contained results or remarks on
participants’ preferences for communication of scientific
output. In four papers, relevant information was found
in quantitative analyses with either Likert scales or with
percentages of participants agreeing with certain state-
ments. In 23 papers, relevant information was found in
interviews with participants, open questions in surveys,
or in the discussion. In five papers, relevant information
was found in both quantitative and qualitative analyses.
Many names have been used to refer to those who engage
in citizen science projects, for example ‘citizen scientists”,
“volunteers,” or “participants.” For the sake of clarity, we
use “participants” for the remainder of this review.

Results

Our findings are structured into three parts concerning
participants’ preferences for communication of data, find-
ings, and scientific publications. The first part evaluates
participants’ preferences for accessibility of data. The

Web of Science
(n =92)

Relevant
records
(n = 16)

Extra records
in literature
sections
(n = 16)

Studies
included in this
SVE
(n = 32)

Qualitative
results
(n = 23)

Quantitative
results
(n=4)

Records
excluded
(n =76)

Qualitative and
quantitative
results
(n =15)

Figure 2: Inclusion diagram of studies used in this literature review.
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Table 1: Overview of studies included in this literature review.

Author(s) Year  Scientific Type of communication Practical  Relevant information
Discipline and ethical for this review found
Data Findings Publica- Issues in quantitative or
tions qualitative analysis?
Alender, B. 2016  Environ- X X X Quantitative: Likert scale
mental Qualitative: Discussion
Baruch, A., May, A. and Yu, D. 2016 Astronomy X Quantitative: Agreement
Qualitative: Interviews or
open questions
Bell, S., Marzano, M., Cent, 2008  Biology X Qualitative: Discussion
J., Kobierska, H., Podjed, D.,
Vandzinskaite, D. et al.
Bonney, R., Ballard, H., 2009a Multiple X Qualitative: Discussion
Jordan, R., McCallie, E., Philips,
T, Shirk, J. et al.
Bonney, R., Cooper, C. B., 2009b  Biology X X Quantitative: Observa-
Dickinson, J., Kelling, S., tional data Qualitative:
Phillips, T., Rosenberg, K. V. Discussion
etal.
Bowser, A, Hansen, D., He, Y., 2013 Biology X X Qualitative: Discussion,
Boston, C., Reid, M., Gunnell, Interviews or open ques-
L.etal. tions
Brossard, D., Lewenstein, B. 2005  Biology X Qualitative: Discussion
and Bonney, R.
Bruyere, B. and Rappe, S. 2007  Environ- X Qualitative: Discussion
mental
Budhathoki, N. R. and 2012  Geography X X Quantitative: Likert scale
Haythornthwaite, C.
Carballo-Cérdenas, E. C. and 2016  Biology X X Qualitative: Interviews or
Tobi, H. open questions
Curtis, V. 2015  Biochem- X Qualitative: Discussion
istry
Dickinson, J. L., Shirk, J., 2012 Environ- X X Qualitative: Discussion
Bonter, D., Bonney, R., Crain, mental
R. L., Martin, J. et al.
Domroese, M. C. and Johnson, 2017  Biology X X Qualitative: Discus-
E A sion, Interviews or open
questions
Druschke, C. G. and Seltzer, 2012 Environ- X Qualitative: Discussion
C.E mental
Eveleigh, A, Jennet, C., 2014  Environ- X Qualitative: Discus-
Blandford, A., Brohan, P. and mental sion, Interviews or open
Cox, A. L. questions
Ferster, C. J., Coops, N. C., 2013 Environ- X X Quantitative: Likert scale,
Harshaw, H. W, Kozak, R. A. mental Agreement Qualitative:
and Meitner, M. J. Interviews or open ques-
tions
Franzoni, C. and Sauermann, 2014  Multiple X X Qualitative: Discussion
H.
Ganzevoort, W.and Born, R.J. 2016  Biology X X Qualitative: Interviews or
G.van den open questions
Ganzevoort, W,, Born, R. ]. G. 2017 Biology X X X X Quantitative: Agreement

van den, Halffman, W. and
Turnhout, S.

Qualitative: Interviews or
open questions

(Contd.)
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Author(s) Year  Scientific Type of communication Practical  Relevant information
Discipline ..~ Findings Publica- and ethical for this review found
tions Issues in quantitative or
qualitative analysis?
Haywood, B. K. 2016 Biology X X Qualitative: Discus-
sion, Interviews or open
questions
Hobbs, S. J. and White, P.C. L. 2012 Biology Quantitative: Agreement
lacovides, 1., Jennet, C. 2013 Biochem- X Qualitative: Interviews or
Cornish-Trestrail, C. and Cox, istry open questions
A. L
Jordan, R. C,, Gray, S. A, 2011 Environ- X Quantitative: Likert scale
Howe, D. V., Brooks, R. W. and mental
Ehrenfeld, J. G.
Krebs, V. 2010 Health X Qualitative: Interviews or
open questions
Land-Zandstra, A. M., Beuse- 2016a Health X X Qualitative: Discussion
kom, M. M. van, Koppeschaar,
C. E. and Broek, J. M. van den
Land-Zandstra, A. M., Devilee, ~ 2016b  Environ- X Quantitative: Agreement
J. L. A, Snik, F,, Buurmeijer, F. mental,
and Broek, J. M. van den Health
Martin, V., Smith, L., Bowling, 2016  Biology X Qualitative: Discussion
A., Christidis, L., Lloyd, D. and
Pecl, G.
Price, C. A. and Lee, H. 2013 Astronomy Qualitative: Discussion
Rotman, D., Preece, J., 2012 Biology X Qualitative: Interviews or
Hammock, J., Procita, K., open questions
Hansen, D., Parr, C. et al.
Rotman, D., Hammock, J., 2014  Multiple X Qualitative: Discus-
Preece, J., Hansen, D., Boston, sion, Interviews or open
C., Bowser, A. et al. questions
See, L., Mooney, P, Foody, G., 2016  Geography X Qualitative: Discussion
Bastin, L., Comber, A., Estima,
J.etal.
Tulloch, A. . T, Possingham, H. 2013 Biology X Qualitative: Discussion
P, Joseph, L. N., Szabo, J. and
Martin, T. G.
Total 12 20 11 7

second part discusses communication of citizen science
project findings to participants, i.e., what researchers or
project leaders have done with the data. The third part
consists of an evaluation of participants’ preferences
for recognition in scientific publications. Table 1 shows
which type of communication every paper touched upon.
In total, 12 papers discussed accessibility of data, 20
papers discussed communicating findings, and 11 papers
discussed acknowledgment of participants in publications.
Papers were generally positive toward communicating sci-
entific output, although 7 papers mentioned practical and
ethical issues to take into account when doing so.

Accessibility of data

Sharing data with participants

In several of the reviewed studies, participants noted
that they would like to get some insights into the data
that they collected. According to See et al. (2016), partici-

pants can become motivated because they get something
in return such as access to the data for participating in
the citizen science project. Likewise, most of the partici-
pants in the study of Ferster et al. (2013) on a project that
monitored forest fuels agreed with the statement “Data
collected by volunteers should be shared with the volun-
teers who collected them.” Correspondingly, the number
of participants in the eBird project on monitoring birds
nearly tripled after supplying participants with the ability
to track their own observations and compare them with
those of others (Bonney et al. 2009b).

Land-Zandstra et al. (2016a) argue that making data-
sets available for project participants could also foster the
learning impact of engaging in citizen science, thereby
addressing participants’ motivations to learn something
new. In addition, participants can be supplied with data
visualization and analysis tools (Bonney et al. 2009a),
which may increase a project’s learning impact (Dickinson
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et al. 2012). Providing opportunities for participants in
which they can manipulate and study project data may
be one of the most educational aspects of citizen science
(Bonney et al. 2009b). Additionally, Druschke and Seltzer
(2012) remark that by creating ways for participants to
view the data points they have contributed, projects can
lead to real engagement among participants in addition
to educational impact.

Sharing data with the world

Data collected through citizen science projects also may be
shared with other individuals and organizations beyond
participants and the project team. Some participants are
positive about sharing their collected data not only among
themselves, but also with others. Most participants in the
study of Ferster et al. (2013) agreed that the data collected
by participants should be shared with the general public.
Participants in the study of Jordan et al. (2011) on a citi-
zen science project for monitoring invasive plants scored
an average 1.7 on a scale from 1 (great extent) to 5 (no
extent) on the question “To what extent should scientists
share data with the public?” Additionally, participants in
the research of Budhathoki and Haythornthwaite (2012)
who participated in the OpenStreetMap project on col-
lection of geographic data agreed that their digital map
data should be available for free with an average score of
6.45 (out of 7). In the study of Ganzevoort et al. (2017)
on several citizen science projects for monitoring biodi-
versity, 49% of participants felt that the data from their
citizen science project are part of the public good. How-
ever, 27% felt that the data are owned by the organiza-
tion running the project, 18% felt that the collected data
are private property, and 6% did not know. Participants in
the research of Alender (2016) even find public data more
important than scientific publications.

Practical and ethical issues

Some authors of the reviewed studies note that sharing
data with the public can have some disadvantages. For
example, sharing data collected on biodiversity could
evoke a rush on rare species, resulting in the disturbance
of the natural environment or in creating opportunities for
poaching (Ganzevoort and Van den Born 2016). Moreover,
sharing datasets with the public without professional
interpretation may result in data taken out of context,
possibly leading to incorrect public understanding of the
findings (Ferster et al. 2013).

Another issue is whether to make data accessible for
commercial organizations, which may use them to make
profit. In the study of Ganzevoort et al. (2017), 37% of
participants indicated that their data should not be used
for financial gain. Another 26% felt that this issue should
be left to the person managing the data, and 16% found
sharing data acceptable if the volunteers or the organi-
zation are acknowledged. Only 12% were in favor of
completely unconditional use of their data (2% had no
opinion). In open questions, participants mentioned that
project data should be used for the “right” purpose and
that volunteer data should not be used by private consul-
tancies (Ganzevoort et al. 2017). Most participants in the
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research of Ferster et al. (2013) were opposed to selling
data collected via citizen science projects to private com-
panies. Participants in the research of Budhathoki and
Haythornthwaite (2012) indicated that they were hesitant
about sharing their data with commercial organizations
for free.

Privacy concerns are also present among citizen science
participants. In the study of Ferster et al. (2013), 58% of
participants expressed an objection to sharing data being
collected on personal private property with the pub-
lic due to privacy concerns. Participants in the study of
Ganzevoort et al. 2017 also mentioned that they were con-
cerned about volunteer privacy.

Communication of findings

Some participants mention that they would like to
know how their collected data are used in scientific
research and what their data are showing (Domroese
and Johnson 2017). In the study of Baruch, May, and
Yu (2016) on a project aiming at identifying objects
and places in satellite images, 28% of the participants
noted that they would like to have a follow-up on how
the data they collected were used. In the research of
Ganzevoort et al. (2017), 69% of the participants were
interested in getting insight into how others use their
data. Research performed by Land-Zandstra et al.
(2016b) indicated that 87% of their participants, who
engaged in a citizen science project for measuring aero-
sols with their smartphone, wanted to know more about
what happened with their data. In the study of Alender
(2016) on a citizen science project for water quality
monitoring, more than 90% of the participants agreed
or strongly agreed with the statement “I feel good when
data and/or results are shared with me.” Price and Lee
(2013) therefore advise to clearly illustrate the partici-
pants’ contribution in the overall research project. The
following subsections focus on different aspects of
communicating findings.

Communicating the value of participants’ contributions
According to Bruyere and Rappe (2007), people are often
motivated to contribute to a project when they feel that
their invested time is well spent. Participants feel satis-
fied when their observations are useful (Haywood 2016).
Participants often engage in projects with the intention
that their contributions directly affect the issue at hand
(Alender 2016). Correspondingly, participants want to
know in what way their contribution has made an impact
(Alender 2016; Baruch, May, and Yu 2016; Bowser et al.
2013). Some participants stop contributing because of a
perceived lack of value of their data (Carballo-Cardenas
and Tobi 2016). Hence, communicating to participants
the “usefulness” and value of their data is important (Bell
et al. 2008; Land-Zandstra et al. 2016a). This idea was also
expressed by participants in interviews:

“It's not about spending time or money. It's more
about the constant feedback to the volunteers
that what we're doing is useful and being used.”
(Rotman et al. 2012: 221)
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“If you feel like you've done something that
they [scientists] couldn’t possibly do because they
don't have enough hours in the day, but you've
done it, and you've helped, then you do really
feel part of it. It's very rewarding.” (lacovides et al.
2013: 1104)

Learning impact of communicating findings

Another effect of sharing findings with participants may
be an increased learning impact (Land-Zandstra et al.
2016a), thereby responding to participants’ motivations
to learn something new. In the study of Hobbs and White
(2012), 29% of participants in the Leeds Garden project
and 11% of participants in the BirdWatch project stated
that the results helped them learn about a bigger pic-
ture. Participants in the study of Haywood (2016) on a
citizen science project for documenting seabird popula-
tion health also indicated that they would like to learn
about the “big picture” in which their collected data are
situated. Haywood (2016) mentions that communicating
information on the project as a whole and the position of
participants’ data in the project can increase the learning
and knowledge gains that participants associate with the
project. Citizen science projects aiming for an increased
understanding of how science works among participants
need to make participants aware of the scientific process
and the ways that participants are involved in it (Brossard,
Lewenstein, and Bonney 2005).

Effect of communicating findings on initial and sustained
participation

Feedback on a project also can be a prominent moti-
vational factor (Rotman et al. 2012). Interviewed par-
ticipants in the study of lacovides et al. (2013) on Foldit
and Eyewire felt encouraged to contribute to the project
when they were given evidence of project progress. Addi-
tionally, according to Bell et al. (2008), communicating
information on the project can enhance participants’
satisfaction associated with their participation. Martin et
al. (2016) mention that clarifying a project’s findings also
can confirm and strengthen the motivation of potential
new participants. Correspondingly, demonstrating project
findings in a public space may motivate other citizens to
participate (Bonney et al. 2009b).

Demonstrating a project’s findings also may impact
sustained participation. Communicating to participants
the extent to which their data are used and valued by sci-
entists or policy makers can be considered a key strategy
for participant retention (Bell et al. 2008). Additionally,
publicizing findings to non-active participants also may
have positive effects. In the study of Eveleigh et al. (2014)
on the Old Weather project focusing on transcription of
old documents such as weather observations, many non-
active participants expressed an ongoing interest in the
project even when they stop contributing. One participant
also mentioned this during interviews:

“I mean, I get all the emails, you know, so I'll read
them and see, you know, what has Old Weather's
community discovered thus far [..] the community,
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as it is, is contributing to science.” (Eveleigh et al.
2014:2991)

When communicating project findings to non-active par-
ticipants, some may regain their motivation to contribute.
Others may remain non-active but still interested in the
project, and are possibly great advocates for the project
who spread enthusiasm to potential new participants
(Eveleigh et al. 2014).

When findings are not clearly communicated, partici-
pants can become dissatisfied and demotivated (Krebs
2010; Rotman et al. 2012). A lack of clarity on how partici-
pants’ data are used is also mentioned by participants as a
reason to be less active in the project or even to stop con-
tributing completely (Baruch, May, and Yu 2016; Rotman
et al. 2012). Dissatisfaction when findings are not commu-
nicated also was expressed during interviews:

“There was no feedback and it made me feel as
though what I was doing wasn't even for real.”
(Baruch, May, and Yu 2016: 927)

“People won't come back if there isn't that loop
of credibility and things that they can see that are
being accomplished as a result of the data that they
are collecting.” (Rotman et al. 2012: 223)

Practical and ethical issues

Even though the overall consensus of the literature is
that more communication of findings is better, we also
specifically searched for possible negative effects of com-
municating findings to prevent bias in our findings. As a
result, we found two cases in which may have dampened
motivation. In the study of Domroese and Johnson (2017)
on participants’ motivations for engaging in the Great
Pollinator Project on monitoring bees, the researchers
note two participants who indicated that their motivation
changed after they received project results. The authors do
not, however, elaborate upon this finding. In the study of
Carballo-Cardenas and Tobi (2016) on a project to moni-
tor lionfish, participants also decided to stop participating
because they did not see the importance of monitoring
after they learned about initial results. Both cases show
that communicating findings can possibly have a negative
effect on participation.

Participants’ recognition in scientific publications
Participants also have opinions regarding scientific pub-
lications that result from their citizen science projects. In
the research of Alender (2016), slightly more than half of
the participants agreed or strongly agreed with the state-
ment “It is important for me that our data are used for
scientific publications.” Many participants who strongly
agreed that one of their motivations was to contribute to
science also agreed that using the data for scientific publi-
cations is very important (Alender 2016).

Most importantly, participants would like to be
acknowledged in scientific publications, understand-
ing that the data are available only due to their commit-
ment (Haywood 2016). Accordingly, in the research of
Ganzevoort et al. (2017), 41% of participants indicated
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that they like to be cited by name when their data are
used. Similarly, approximately 40% of the participants
in the study of Alender (2016) found “Name recognition
in a scientific publication” meaningful. Participants also
reported that they were disappointed upon learning they
were not acknowledged in scientific publications (Rotman
et al. 2014). Likewise, participants in the study of Rotman
et al. (2012) expressed the importance of acknowledg-
ing them when scientists use their data for publications.
Participants also expressed this during interviews:

“If a name ends up in the acknowledgments, the
name ends up in a poster, it's a measurable thing ..
I can show the family members and make it more
of a positive experience.” (Rotman et al. 2012: 221)

“Just a name and this X and that Y was contrib-
uted by this or that person. Something simple .. is
like a big thing for a normal person, this kind of
thing makes it a very personal thing, and that way
we encourage all to do it more ..” (Rotman et al.
2014: 116)

Participants also have an opinion on the type of journal
that a publication in which they are acknowledged gets
published in. The participants in the study of lacovides et
al. (2013) point out that they would like to be credited in
journals such as Nature. For participants in the study of
Rotman et al. (2012), it did not matter whether the result-
ing publication was peer-reviewed.

In the study of Alender (2016), the youngest age group
(age 21-29) scored higher on the meaningfulness of name
recognition in scientific publications than all other age
groups, with an average agreement score of 4.62 out of 5.
Alender (2016) notes that younger participants are usually
more motivated by advancing their reputation and career
than older participants, which may explain this finding.
Franzoni and Sauermann (2014) also argue that recogni-
tion in publications is most important for those that seek
peer recognition.

Tulloch et al. (2013) have also expressed that the con-
tribution of participants should be clearly acknowledged,
for example by being recognized in papers or even being
named as co-authors in a scientific paper (Curtis 2015).
Both participants and project coordinators of citizen sci-
ence projects should be recognized in the acknowledge-
ments section of a resulting paper (Dickinson et al. 2012).

Practical and ethical issues

Granting all contributing participants authorship in a
scientific paper may dilute the value of being an author
(Franzoni and Sauermann 2014), but other ways to recog-
nize the contributions of participants in scientific publica-
tions exist. One option is to reward participants who have
contributed with a badge and to communicate a list of
publications which have used the dataset to participants
(Bowser et al. 2013). Another method is to use a group
pseudonym as (co-)author in order to acknowledge the
efforts of the whole group of participants without giving
individual credit (Franzoni and Sauermann 2014).
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Discussion

This literature review shows a consensus that communica-
tion of scientific output is appreciated by citizen science
participants, even though some practical and ethical issues
are mentioned. In the papers studying agreement of par-
ticipants with statements on the importance of commu-
nicating scientific output, not all participants (100%) ever
agreed. However, it is important to take notice of those
participants that do value communication of scientific
output. Next we will discuss our findings with regard to
Vroom's Expectancy Theory; consider ethical issues; and
provide some advice on how to include communication
about scientific output in a project.

Vroom’s Expectancy Theory

In the introduction, we discussed Vroom's Expectancy
Theory to understand factors that motivate citizen science
participants. Our review emphasizes the importance of
the second component instrumentality, which is based on
a participant’s perceived probability that their contribu-
tion is actually valuable and will lead to scientific output.
Throughout the review, participants have indicated that
they like seeing how their contribution has led to an out-
come, whether it is a collected dataset, important or inter-
esting findings, or an acknowledgement in a publication.
In the case that they do not perceive what happened with
their efforts, participants also indicate that their motiva-
tion may decrease, leading to a negative effect on sus-
tained participation. This effect is perfectly illustrated by
the following quote:

“I've done other stuff and you know you don't get
feedback, like “here is what we did with the work
you did,” and so you don't feel like it's being used
well and you don't feel like you want to continue to
contribute.” (Rotman et al. 2012: 221)

Hence, by communicating a project’s output, partici-
pants can perceive that they contribute to science, which
enhances their level of instrumentality and thereby moti-
vation and sustained participation. In addition to the
instrumentality component of motivation, project organ-
izers also need to take the first component expectancy
into account by making sure that sufficient information is
provided and that the interface or activity is clear. Organ-
izers can also have an effect on the valence component, by
clearly communicating the importance of the project and
its outcomes, for example the importance for monitoring
the environment or advancing scientific knowledge. By
taking all three components of motivation into account,
citizen science projects can strengthen participants’ moti-
vation and thereby participation.

Ethical considerations

The results of our review also suggest some ethical consid-
erations. On the one hand, ethical guidelines agree with
participants that communication of output is vital. Accord-
ing to the British Psychological Society (2014), researchers
should consider making the results of their research avail-
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able to participants. Sales and Folkman (2014) also under-
line this in their book “Ethics in Research with Human
Participants.” They write that participants should be seen
as respected partners in the research, and that respect
should be communicated toward participants. Addition-
ally, researchers should consider providing information
about the nature of the research and available results to
participants after their contribution, in order to enhance
the educational value of their participation. Moreover,
Sales and Folkman (2014) write that researchers should
share the collected data whenever possible.

On the other hand, sharing data also may introduce eth-
ical issues in itself. As the 58% of the participants in the
study of Ferster et al. (2013) indicated, privacy concerns
emerge when data collected on personal private prop-
erty is shared with the public. The British Psychological
Society (2014) also states that privacy of participants
should be respected. Sales and Folkman (2014) also note
that researchers should not share private information
with others and that data should be anonymous with-
out any personal identifiers. Taking privacy into account
is especially important because of the new General Data
Protection Regulation for EU and EEA citizens (European
Commission n.d.).

Because these guidelines hold for participants in
research in general, they also should hold for partici-
pants in citizen science, as they should be seen as fellow
scientists in the project. To conclude, it is considered ethi-
cal to make scientific output as accessible as possible, but
personal privacy has to be taken into account at all times.

How to communicate feedback

Because the general consensus of this review is that
communicating citizen science output is important for
participants, considering how to do this also is important.
However, no study in our review has evaluated different
ways to communicate project output. Rather, studies have
focused on either the method currently used or the pos-
sibility of communicating data and output in general. We
propose that future research should focus on communica-
tion of output to maximize the impact of citizen science
projects, including evaluating different data sharing and
data comparison options and studying preferred methods
of communication.

Based on studies from the gamification field, which is
similar to (online) citizen science, one guideline can be
to give individual feedback to participants about their
own contributions to monitor their own performance
(Goh and Lee 2011; Jung, Schneider, and Valacich 2010).
Individual performance feedback can enhance their
motivation to continue, because it communicates the
performance as a result of a participant’s efforts (Jung,
Schneider, and Valacich 2010). If we translate this back
to the citizen science field, an example of feedback in a
bird monitoring project could be to generate a visually
appealing overview of the different types of birds and
their frequencies monitored by an individual participant,
preferably with an additional comparison of one’s indi-
vidual contributions to the findings on a more general
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(e.g., regional or national) level. Providing individual feed-
back also can strengthen the instrumentality component
of motivation in Vroom's theory, by clearly showing how
one's individual performance leads to a contribution to
science. One direction of future research could be to study
the effect of individual versus more general feedback in
different types of projects.

Limitations

We have aimed at finding all relevant papers for this review
with a systematic approach of searching through Web of
Science and literature review sections. Still, some relevant
papers may have been left out. We believe, however, that
the content of the current review is dense enough to draw
conclusions for future research and to make recommen-
dations for project coordinators.

Because not many papers have focused on communica-
tion of scientific output, we also have included comments
from discussion sections next to information from results
and interview sections. We note that the information from
discussion sections may be positively biased, because the
general consensus in the citizen science field is that com-
munication about scientific output is important.

Conclusion

Guidelines such as the “Ten principles of citizen science”
defined by the European Citizen Science Association
(ECSA) emphasize the importance of communicating
feedback on the output of a project to participants and
recognizing them in results and publications. However,
little empirical evidence supports this guideline. From the
evidence we could find, we conclude that participants find
it important that scientific output of citizen science pro-
jects is communicated to them, if ethical issues are taken
into account.

The key recommendations for project organizers are dis-
played in Figure 3. The main recommendation for those
designing and executing citizen science projects is to be
aware that participants value communication of their
collected data, findings of the project, and publications.
This preference is supported and explained by Vroom's
Expectancy Theory. Taking this preference into account
can pay off, as sharing data and findings may increase the
learning impact of a project. It also may enhance partici-
pants’ motivation to engage in the project, sustain their
participation, and give participants the feeling that their
time was well-spent. Moreover, many participants indicate
a desire for being acknowledged in publications. Some
practical and ethical issues, however, need to be taken
into account when developing tools for sharing scientific
output, especially in the case of sharing data.

More research on this topic is strongly needed. Most
of the papers in our literature review only evaluate com-
munication of scientific output in their discussion section
based on miscellaneous data, rather than incorporating
the topic into their questionnaires or interviews. Only a
few authors have focused on the topic during interviews,
with open questions in surveys or with quantitative analy-
ses. No study in our literature review has evaluated how
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the data

Findings

project

Communicate to citizen scientists:

¢ Create opportunities to see and compare contributions

¢ Think about and clearly communicate who is able to use the
collected data, especially when it concerns monitoring rare
species or when commercial organizations may benefit from

* Take privacy concerns into account

* Communicate (preliminary) findings to participants in order to
sustain participation, and to the publicin order to motivate
prospective participants

¢ Acknowledge the value and usefulness of participants’data

¢ Think about communication design

* Acknowledge participants in scientific publications either in the
acknowledgements section or as a co-author by means of a
group pseudonym

* Provide a list with scientific publications using data from the

Figure 3: Key recommendations for citizen science project organizers based on our literature review.

to communicate scientific output to participants. Because
the desire of participants for communication of scientific
output is evident from the literature and shared among
project coordinators, future research should study differ-
ent methods for communicating citizen science datasets,
findings, and publications to maximize the impact of
these projects.
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