
Introduction
Citizen science efforts involve the general public in vari-
ous aspects of the scientific process (Bonney et al. 2009a). 
However, there are different degrees to which volunteers 
can participate (Shirk et al. 2012). Citizens hire scientists 
to answer local questions in contractual projects, whereas 
volunteers collect or analyze data for professional scientists 
in contributory ones. In collaborative projects, volunteers 
and project managers work together on certain parts of the 
project, whereas co-created projects involve collaboration 
between volunteers and project managers throughout the 
entire project (from asking scientific questions to shar-
ing results). Finally, in collegial projects, citizen scientists 
perform research independent of professional scientists. 
While many papers have anecdotally noted that most 
projects tend to be top-down, contributory projects (e.g., 
Pocock et al. 2017), few have documented this through 
research (Bela et al. 2016; Groulx et al. 2017).

Volunteers have many diverse motives for participating 
in citizen science. Studies have investigated motivation for 
participation in individual projects (Raddick et al. 2013; 
Domroese and Johnson 2017) and across multiple pro-
jects (Alender 2016; Geoghegan et al. 2016). Both types of 

studies indicate participant motives that include contrib-
uting to science, to conservation efforts, or to the com-
munity; connecting with nature or with a specific place; 
socializing; furthering a career; exercising; having fun; and 
learning. The quality of overall volunteer participation in 
citizen science is defined by how well project outcomes 
align with volunteer needs and motives (Shirk et al. 2012).

Participating in citizen science programs can result in 
various outcomes, but one that has received attention in 
the literature is learning. Multiple citizen science stake-
holders, including volunteers, community members, and 
scientists, can learn about scientific inquiry and environ-
mental issues when engaging in citizen science projects 
(NASEM 2018). This paper focuses on learning outcomes 
of volunteers specifically. Participating in citizen science 
can increase volunteer scientific literacy (Bonney et al. 
2009b). Knowledge gains, engagement in inquiry-based 
reasoning, and changed conservation attitudes and envi-
ronmental behaviors are all documented learning out-
comes in citizen science (NRC 2000; Trumbull et al. 2000; 
Jordan et al. 2011; Toomey and Domroese 2013). Scientific 
literacy has important benefits for both individuals and 
society (Laugksch 2000). Here, we define the highest level 
of literacy as the ability to make an evidence-based deci-
sion that alters one’s behaviors (UNESCO 1978; Balgopal 
and Wallace 2009). Individuals empowered to engage 
in scientifically informed behaviors can make decisions 
in their personal lives that also result in economic or 
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environmental benefits to society (Laugksch 2000). While 
changed behaviors may be considered the idealistic epit-
ome of scientific literacy, the two are often not correlated 
(Nisbet and Scheufele 2009).

Although education research has focused on the dispar-
ity between scientific literacy and scientifically informed 
decision-making, this is an area that is under studied in 
the field of citizen science. A recent report by NASEM 
(2018) revealed that there was little to no research on how 
the design of citizen science projects may result in learn-
ing outcomes. In fact, there is little research on how sci-
entists and project managers generally choose to design 
projects. This prompted our inductive investigation of 
how project managers and scientists describe their pro-
jects on an online platform for citizen science. Our objec-
tives were to characterize 1) the tasks that volunteers were 
asked to perform and 2) who was described as benefitting 
from the tasks. Volunteer tasks are important because 
how citizen science volunteers are engaged in projects 
may affect opportunities for them to increase their own 
scientific literacy (Bonney et al. 2016). Furthermore, we 
analyzed described project outcomes because learning is 
more likely to occur when projects align with volunteer 
motivations and interests (NASEM 2018).

Theoretical Framework
Science literacy is a complex concept that describes peo-
ple’s understanding and applications of scientific knowl-
edge (Laugksch 2000). Although scientific literacy has 
historically been described as an endpoint of learning 
about and understanding scientific concepts, it is prob-
ably more accurately described as a continuum (Uno and 
Bybee 2016). A person becomes increasingly scientifically 
literate as they learn more about science content and the 
scientific process by which this information is generated 
(NRC 2012). The notion that scientific literacy is depend-
ent not only on content knowledge but also critical think-
ing and scientific skills has a long history in education 

research (Sanderson and Kratochvil 1971). These com-
ponents of scientific literacy have been classified as 
basic and integrated processes. Basic processes involve 
“observing, classifying, using numbers, measuring, using 
space/time relationships, communicating, predicting, 
inferring,” whereas integrated processes include “defin-
ing operationally, formulating hypotheses, interpreting 
data, controlling variables, experimenting” (Sanderson 
and Kratochvil 1971, p. 13). Engaging in basic processes 
has been linked to low-order thinking, and integrated pro-
cesses are associated with high-order thinking (Lewis and 
Smith 1993). More recently, communicating results and 
educating others have been associated with demonstrat-
ing high-order thinking because these skills involve criti-
cally understanding and thinking about science content 
knowledge (NASEM 2018). The classification of thinking 
as low and high has been expanded to include medium-
order thinking (Jensen et al. 2014).

Low-, medium-, and high-order thinking have been con-
nected to Bloom’s taxonomy of cognition, a psychological 
framework used by educators to classify levels of thinking 
or learning objectives (Miri, David, and Uri 2007; Jensen et 
al. 2014). Bloom’s taxonomy classifies different cognitive 
skills that support the development of scientific literacy. 
On one end of the continuum is the ability to remember 
or memorize information. As scientific literacy increases, 
individuals demonstrate abilities to understand, apply, 
analyze, evaluate, and create knowledge (Bloom, 1956). 
Jensen et al. (2014) defined low-order cognition as being 
able to remember and understand knowledge, medium-
order cognition as the ability to apply knowledge, and 
high-order cognition as the ability to analyze, evaluate, 
and create knowledge. Because Bloom’s taxonomy is 
most often used in educational settings and not in citi-
zen science contexts, we slightly modified the three levels, 
expanding the medium-order category to include under-
standing and analyzing because application of knowledge 
is uncommon in citizen science (Figure 1).

Figure 1: Bloom’s Taxonomy: an educational framework used to classify the depth of knowledge as low, medium, and 
high. The words and phrases above represent the tasks of the citizen science projects on CitSci.org (modified from 
Bloom 1956).

http://CitSci.org
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Methods
In this study, we sought to investigate how project man-
agers communicate about volunteer tasks on an open-
access digital platform for citizen science projects called 
CitSci.org. We conducted a content analysis of the differ-
ent tasks that volunteers are described as performing and 
considered how they are related to tasks associated with 
increased scientific literacy.

Positionality statements
Our team comprises three experts in environmental social 
science: a graduate student studying conservation social 
science, an ecologist who studies citizen science programs, 
and a social scientist who studies ecological and scientific 
literacy. Our team has collaborated for the past three years 
and knows that our individual perspectives have helped 
shape the analysis of this study. All three of us are for-
mally trained in ecology and have worked at some point 
in our lives as research assistants (or technicians) and as 
citizen science volunteers. Our research experience in dis-
course analysis varies, but we have worked collaboratively 
throughout the research process to ensure that we adhere 
to the standards of research practices.

Research setting
CitSci.org is an online platform that supports citizen sci-
ence projects (Newman et al. 2012). It is a free resource 
and therefore helps to alleviate some of the financial dif-
ficulties that citizen science projects often face by provid-
ing cost-effective data management, documentation, and 
sharing (Wang et al. 2015). It has been used by more than 
750 projects since it was first developed in 2007. Project 
managers create project pages where they provide a gen-
eral overview of the project and define goals and tasks. 
They can also add links to other webpages that often fur-
ther describe projects. Project managers can recruit and 
communicate with volunteers on CitSci.org. There is also 
a means by which data collection protocols can be devel-
oped and shared with other citizen science projects. Once 
a volunteer joins a project, they upload data to CitSci.org 
using the protocols developed by the project managers. 
Project managers and volunteers can also perform prelim-
inary analyses of their data on CitSci.org. Because CitSci.
org has these different functions and governance capabili-
ties, it can support a diverse array of projects (Lynn et al. 
2019) and in turn can collect metadata across projects to 
conduct informative meta-analyses (Newman et al. 2012). 
CitSci.org is an appropriate platform for such a study 
because it can support studies across an array of projects 
with different types of volunteer tasks.

Data collection
In this study we included environmental and ecologi-
cal projects on CitSci.org that were active between June 
2016 and June 2018. Any project that temporarily ceased 
activity between these dates but resumed after data were 
extracted for the study was excluded. This resulted in 
165 projects that were included in our analysis. Of these 
165 projects, some projects were created under the same 
umbrella organization and shared the same descriptions. 
In these instances, they were counted as a single project. 

This reduced our total number of unique project descrip-
tions to 152. Each project on CitSci.org has a profile 
page on which a primary project description is provided 
by the creators. Project managers also have the option 
to provide defined metadata attributes such as goals, 
tasks, external website, study extent, status, privacy, sam-
pling design, QA/QC (quality assurance/quality control), 
QA/QC description, and organization. Project descrip-
tions and described metadata attributes were extracted 
for analysis.

Some projects include hyperlinked external websites 
that further describe relevant metadata attributes of the 
project; these were included in our analysis. Only websites 
that were hyperlinked in the main project descriptions or 
within the metadata attribute fields described above were 
included. Websites often contain information other than 
what pertains to the project, so only information about 
the project within the hyperlinked domain was included. 
Although some websites provide links to other website 
domains with more information on the project, these 
were excluded from analysis. Within the website domain, 
specific data collection protocol documents and data por-
tals that require a login were also excluded. Of the 165 
projects in the study, 34 had website links that met the 
criteria for additional inclusion. Again, the projects that 
shared the same website were analyzed as a single project. 
This resulted in a total of 23 unique external websites that 
were included in our analysis.

Data analysis
We used an inductive coding process to identify emergent 
themes, while using Bloom’s taxonomy as a sensitizing 
concept (Bowen 2006; Charmaz 2006). In other words, we 
recognized that citizen science tasks could be classified by 
levels of cognition using Bloom’s taxonomy; however, we 
did not anticipate all the tasks that would be described, nor 
how often they would appear in our analysis. We started 
by identifying potential codes for random subsets of 10% 
of the project descriptions. As we considered these data, it 
became clear that tasks for volunteers varied across levels 
of cognitive expectations, warranting the use of Bloom’s 
taxonomy to inform further coding (Bloom 1956). Project 
descriptions on CitSci.org and text of hyperlinked web-
sites were analyzed through qualitative content analysis 
(Elo and Kyngäs 2008).

Volunteer tasks, as described by project managers, were 
coded by cognitive level as low-, medium-, and high-order 
tasks (Figure 1). High-order tasks were those that were 
intended to benefit or enact change on the environment 
(e.g., to take actions to reduce erosion or to help some-
thing). Medium-order tasks were those that intended to 
help volunteers understand the environment (e.g., under-
stand or question). Finally, low-order tasks were intended 
to ask volunteers to describe or otherwise measure 
aspects of the environment (e.g., upload a photo or meas-
ure the pH of water). Some projects asked for public opin-
ion only, rather than for any other task to be performed. 
We restricted our coding of each project description to 
a single code consisting of either low, medium, or high. 
If project descriptions described multiple levels of tasks, 
we coded them to be at their highest level of Bloom’s 
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taxonomy. Therefore, a project description that described 
both low and medium tasks was coded only as medium.

Coding also distinguished between an intended task 
and a performed task. Often, project descriptions included 
related actions for which the intended task had a larger 
scope with fewer explicit actions. The performed task was 
the means by which the intended task could be accom-
plished; this usually included specific action steps. In 
other words, the volunteer was expected to accomplish the 
intended task by doing the more specific performed task. 
For example, a volunteer might help by collecting water-
quality data. In this case, it is intended that the volunteer 
helps. The specific task that they are expected to perform 
to accomplish this is collecting water quality data. For our 
analysis, the intended task was labeled as helping, and the 
performed task was labeled as collecting. Although the 
distinctions between intended and performed tasks may 
at first appear to be subtle, they are important because 
some tasks are related to others. This coding process was 
necessary to distinguish between what project manag-
ers expect citizen science volunteers to accomplish (the 
intended task) and how they are expected to accomplish 
it (the performed task). This distinction is rooted in educa-
tional psychology research that considers both intended 
learning outcomes and performed tasks (Anderson and 
Krathwohl 2000).

Volunteer tasks are meant to help the project, but all 
projects differ in their intended outcomes. We therefore 
considered who or what was benefitting from the indi-
cated volunteer tasks. Each time a new beneficiary code 
was identified, all projects and website materials were 
re-coded. Benefits identified included: no described ben-
efit, the environment, social ecological systems, volun-
teer awareness or knowledge, volunteer empowerment, 
the citizen science project itself, the community, and the 
scientific community. The environment and social eco-
logical systems were considered separately because in 
the citizen science literature, the focus is often on man-
agement and policy outcomes rather than on direct envi-
ronmental benefits (e.g., Shirk et al. 2012; McKinley et al. 
2017). Furthermore, social ecological benefits related to 
management (Shirk et al. 2012) differ from community 
benefits that can increase local social capital (Conrad 
and Hilchey 2011) or promote community health (Den 
Broeder et al. 2017). By separating the benefits to volun-
teer awareness/knowledge from the benefits to volunteer 
empowerment, we sought to tease apart the degree of par-
ticipation described by volunteer tasks. This distinction is 
important in the environmental education literature in 
which empowerment through skills and meaningful par-
ticipation are viewed as the highest level of environmental 
education, whereas increasing awareness and knowledge 
constitute the lowest levels (UNESCO 1978).

To ensure trustworthiness of our analysis, we engaged 
in iterative coding and peer and expert debriefing 
(Creswell and Miller 2000; Nowell et al. 2017; O’Connor 
and Joffe 2020). The first author developed the initial 
codes and codebook, and engaged in inter-rater coding 
with the third author, who was trained in how to use the 
codebook, and independently coded a randomly selected 
20% of the extracted content (as suggested by O’Connor 

and Joffe [2020]). The initial inter-rater coding reliability 
was 89%, but after expert debriefing, the codebook was 
revised (Appendix 1), and 100% agreement was obtained 
between two coders. Three months after the initial round 
of coding took place, the first author re-coded the project 
descriptions and websites to ensure the reliability of the 
codes through intra-rater coding, and 93% agreement 
was found. Each discrepancy was double-checked and 
evaluated through peer debriefing until our team reached 
consensus.

Results
We found that most projects on the CitSci.org platform 
described volunteers as performing tasks that we clas-
sified as low order and described benefits to citizen sci-
ence projects. Our analysis suggests that project managers 
describe citizen science activities as those that engage vol-
unteers in limited participation in the scientific process.

Volunteer tasks
Descriptions of volunteer tasks were categorized as 
intended and performed and were calculated across 
tasks found in CitSci.org project descriptions (n = 152) 
and hyperlinked website materials (n = 23; Table 1; 
Figure 2). Low-, medium-, and high-order tasks were 
intended respectively in 74, 17, and 52 of the 152 pro-
jects on CitSci.org. Two projects described volunteer 
opinions. When performed tasks were considered, low-, 
medium-, and high-order tasks were found in 136, 1, 
and 5 projects of the 152 projects on CitSci.org. Two of 
the projects were coded as a solicitation of volunteers’ 
opinions. No intended tasks were found in seven of the 
projects, and no performed tasks were found in eight of 
the projects. One project suggested that volunteers could 
help the project, a high-order intended task, but did not 
explain how it should be done; hence the project was 
coded as having a high-order intended task but with no 
performed task.

Intended and performed tasks were also identified 
in websites that were hyperlinked on CitSci.org project 
pages. Low-, medium-, and high-order tasks were intended 
respectively in 5, 0, and 17 of the 23 project websites. 
No projects asked volunteers to record their opinions. 
However, 15, 0, and 7 of 23 project websites asked vol-
unteers to perform low-, medium-, and high-order tasks, 
respectively. None of the websites asked for an opinion. 
Of the 23 hyperlinked website materials, only one had no 
discernable task described.

We analyzed the breakdown of intended tasks by per-
formed tasks on CitSci.org and hyperlinked websites 
according to cognitive level, the solicitation of just an 
opinion, and no task expectation (Figure 3). On CitSci.
org, all the project descriptions that were coded as intend-
ing low- or medium-order tasks were coded as performing 
low-order tasks. Of the 52 intended high-order tasks, 45 
were coded as low-order performed tasks, 1 was coded a 
medium-order performed task, 5 were coded high-order 
performed tasks, and 1 had no performed task. The two 
projects that requested opinions from volunteers and the 
seven projects that had no intended task had alignment 
between intended and performed tasks.

http://CitSci.org
http://CitSci.org
http://CitSci.org
http://CitSci.org
http://CitSci.org
http://CitSci.org
http://CitSci.org
http://CitSci.org


Lin Hunter et al: Citizen Scientist or Citizen Technician Art. 17, page 5 of 13

Ta
bl

e 
1

: I
nt

en
de

d 
an

d 
pe

rf
or

m
ed

 ta
sk

 c
od

es
. T

he
 n

um
be

r 
of

 ti
m

es
 a

nd
 p

er
ce

nt
 th

at
 a

 ta
sk

 c
od

e 
w

as
 fo

un
d 

on
 C

it
Sc

i.o
rg

 (o
ut

 o
f 1

52
) a

nd
 o

n 
hy

pe
rl

in
ke

d 
w

eb
si

te
s 

(o
ut

 o
f 2

3)
 a

re
 

pr
es

en
te

d,
 a

lo
ng

 w
it

h 
te

xt
ua

l e
xa

m
pl

es
. I

de
nt

ify
in

g 
in

fo
rm

at
io

n 
w

as
 o

m
it

te
d 

to
 m

ai
nt

ai
n 

an
on

ym
it

y 
of

 th
e 

pr
oj

ec
t.

Ta
sk

 c
od

e
Ci

tS
ci

.o
rg

W
eb

si
te

Ex
am

pl
e

In
te

nd
ed

 
co

un
t

In
te

nd
ed

 
pe

rc
en

t
Pe

rf
or

m
ed

 
co

un
t

Pe
rf

or
m

ed
 

pe
rc

en
t

In
te

nd
ed

 
co

un
t

In
te

nd
ed

 
pe

rc
en

t
Pe

rf
or

m
ed

 
co

un
t

Pe
rf

or
m

ed
 

pe
rc

en
t

Lo
w

 o
rd

er
74

48
.7

%
13

6
89

.5
%

5
21

.7
%

15
65

.2
%

“O
bs

er
ve

 a
nd

 r
ec

or
d 

flo
ra

”
“T

ak
e 

a 
ph

ot
o 

of
 th

e 
la

nd
sc

ap
e”

“M
on

it
or

 lo
ca

l i
nt

er
m

it
te

nt
 s

tr
ea

m
 c

ha
nn

el
s”

M
ed

iu
m

 o
rd

er
17

11
.2

%
1

0.
7%

0
0.

0%
0

0.
0%

“E
va

lu
at

e 
th

e 
st

at
us

 o
f t

he
 s

pe
ci

es
”

“A
ss

es
s 

th
e 

su
cc

es
s 

of
 r

es
to

ra
ti

on
 e

ff
or

ts
”

“C
om

pa
re

 c
re

ek
 fl

ow
 s

ea
so

n 
to

 s
ea

so
n”

H
ig

h 
or

de
r

52
34

.2
%

5
3.

3%
17

73
.9

%
7

30
.4

%
“H

el
p 

in
fo

rm
 fu

tu
re

 tr
ee

 p
la

nt
in

g”
“T

o 
cl

ea
n 

up
 [l

oc
at

io
n]

 a
nd

 a
ll 

st
re

am
s 

th
at

 fl
ow

 th
ro

ug
h 

[lo
ca

ti
on

]”
“I

m
pr

ov
e 

se
ct

io
ns

 o
f w

et
la

nd
s,

 r
iv

er
s,

 la
ke

s,
 o

r 
es

tu
ar

ie
s”

O
pi

ni
on

2
1.

3%
2

1.
3%

0
0.

0%
0

0.
0%

“F
ill

 o
ut

 o
ur

 s
ur

ve
y”

“G
at

he
ri

ng
 c

it
iz

en
 s

ci
en

ce
 in

pu
ts

 o
n 

w
ha

t e
co

sy
st

em
 

at
tr

ib
ut

es
 a

re
 v

al
ue

d”

N
o 

ta
sk

7
4.

6%
8

5.
3%

1
4.

3%
1

4.
3%

“[
Pr

oj
ec

t n
am

e]
, [

lo
ca

ti
on

]”

http://CitSci.org
http://CitSci.org


Lin Hunter et al: Citizen Scientist or Citizen TechnicianArt. 17, page 6 of 13

We conducted a similar analysis on the text obtained 
from hyperlinked websites. All five of the project websites 
that intended low order tasks were also coded as hav-
ing low-order performed tasks. Of the 17 websites that 
intended high-order tasks, 10 were coded as having volun-
teers perform low-order tasks and 7 were coded as having 
volunteers perform high-order tasks. The one project that 
had no intended task was also coded as having no per-
formed task. There were no intended or performed tasks 
coded as medium order or asking for an opinion on the 
websites.

Beneficiary of the tasks
We recorded who or what benefitted from the tasks that 
volunteers performed for each project using one of eight 
codes: the citizen science project, the environment, the 
social ecological system, the scientific community, volun-
teer awareness or knowledge, volunteer empowerment, 
the local community, or no described benefit (Table 2; 
Figure 4). Of the 152 project descriptions on CitSci.org, 
80 are described as benefitting the citizen science project, 
25 as benefitting the environment, and 24 as benefitting 
social ecological systems. Benefits to the scientific com-

munity are described in 17 project descriptions. Volunteer 
awareness or knowledge and volunteer empowerment 
are described as benefits in 11 and 7 projects respectively. 
Benefits to communities are described in 7 projects, and 
16 projects have no described benefit.

Project beneficiaries were identified and coded from 
hyperlinked websites. Eight of the 23 websites describe 
benefits to the citizen science project, eight describe ben-
efits to the environment, and nine describe benefits to the 
social ecological systems. Seven websites describe the ben-
efits of the project to the scientific community. Volunteer 
awareness or knowledge is described as a benefit in five 
projects, while three websites describe volunteer empow-
erment as a benefit. Two websites describe benefits to 
the community, and on one of the websites there are no 
described benefits.

Discussion
Our content analysis revealed that only a small propor-
tion of the environmental and ecological projects on the 
CitSci.org platform expect volunteers to engage in higher-
order tasks. Instead, most of the projects we examined 
describe low-order tasks for their volunteers to perform. 

Figure 2: Intended and performed volunteer tasks. Presented according to cognitive level (low-, medium-, and high-
order tasks), the solicitation of an opinion, or no task expectations.

Figure 3: Breakdown of intended tasks by performed task order. Misalignment of intended and performed tasks 
expected of citizen science volunteers.
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We argue that our analysis provides an opportunity for 
citizen science managers and researchers to further exam-
ine claims about the value of participation on volunteer 
scientific literacy.

Characteristics of projects with higher-order tasks
On CitSci.org, five of the 152 total projects (3%) expect 
volunteers to perform high-order tasks compared with 
seven out of 23 websites (30%). Only one project is coded 
as describing high-order tasks on both their CitSci.org pro-
ject description and their website; this project asks volun-
teers to educate the public about what they learned. Our 
findings are corroborated by two recent studies. A survey 
of 77 citizen science project managers reported that vol-
unteers were mostly data collectors who rarely engaged 
in stewardship or communication activities (Wiggins and 
Crowston 2015). Another study of volunteers from six dif-
ferent citizen science projects revealed that while general 
communication about participating in the project was 
common, communication about findings of the research 
was uncommon (Phillips et al. 2019).

There were two noteworthy characteristics across the 
11 projects (4 from CitSci.org, 6 from websites, and 1 
from both) with expectations that volunteers perform a 
higher-order task. First, projects that engage volunteers 
in performing high-order tasks are more likely to describe 
volunteers as having a more direct sphere of influence 
on the discussed outcome. Eight describe benefits to the 
environment directly, four of which also describe ben-
efits to social ecological systems. Citizen science is often 
described as benefitting social ecological systems like 
management and policy as opposed to benefitting the 
environment directly (Shirk et al. 2012; McKinley et al. 
2017). When social ecological benefits are described, how-
ever, volunteers are described as one step removed from 
their actions benefitting the environment. Their actions 
might benefit (support) management or policy, which 
then goes on to benefit the environment, but are not 

described as engaging in actions that directly benefit the 
environment. That said, benefitting the environment is a 
common motive for volunteers in environmental citizen 
science (Alender 2016; Geoghegan et al. 2016).

Furthermore, none of the 11 projects suggest benefits 
to the citizen science project itself, the most commonly 
described benefit. Benefits to the citizen science project 
may have an eventual impact on other outcomes, but 
the language used to describe volunteer tasks does not 
directly suggest these outcomes. When projects describe 
volunteers as indirectly imparting outcomes, they main-
tain the primary discourse related to public participation 
in environmental issues: green governmentality (Lassen 
et al. 2011). Green governmentality maintains top-down 
structures in that the public provides help to experts, who 
then go on to enact change. However, civic environmen-
talism is a less common discourse in which members of 
the public drive decision-making and enact change on 
their own (Bäckstrand and Lövbrand 2006). Although pro-
ject managers assigning tasks for volunteers will naturally 
maintain top-down green governmentality, when direct 
benefits are described, discourse shifts toward civic envi-
ronmentalism because volunteers more directly impart 
project outcomes.

Second, these projects describe not only higher-order 
tasks, but also higher-level benefits to volunteers. Four of 
the eleven projects describe benefits to volunteer empow-
erment, while none of them describe increasing volunteer 
awareness or knowledge. This distinction is rooted in envi-
ronmental education literature. The Tbilisi Declaration 
was drafted at the first Intergovernmental Conference on 
Environmental Education to outline the role and impor-
tance of environmental education for sustainability. 
Increasing awareness and gaining knowledge were viewed 
as the lowest levels of environmental literacy. However, 
learning the skills to solve environmental problems and 
thorough participation in environmental problem solv-
ing have been, and still are, viewed as the highest level 

Figure 4: Coded benefits on CitSci.org and project websites. A comparison of who or what benefits from volunteer tasks 
according to project descriptions on CitSci.org and associated project websites.
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of environmental literacy (UNESCO 1978; McBride et al. 
2013). Therefore, several of the projects that engage vol-
unteers in higher-order tasks also, whether purposefully 
or inadvertently, describe activities that are in alignment 
with more holistic and comprehensive forms of environ-
mental education.

The 11 projects that ask volunteers to perform higher-
order tasks may intend to empower volunteers, yet this 
cannot be claimed without follow-up interviews with 
the project leaders. However, a cross-case analysis of five 
volunteer biological monitoring projects revealed that 
level of participation and empowerment were not con-
nected (Lawrence 2006). Volunteers participating in con-
tributory projects were empowered to collect data more 
independently and more rigorously, and participants in 
a contractual project were empowered to protect local 
economically and culturally important resources. While 
projects on CitSci.org that intend higher-order tasks may 
involve volunteers in diverse participation and use lan-
guage that more directly describes benefits, we cannot 
speculate about whether this is purposeful or if empow-
erment of volunteers actually occurs. Further research is 
needed to understand how language may affect volunteer 
empowerment.

Low-order tasks in citizen science
Low-order tasks are those that ask volunteers to describe or 
otherwise measure the environment, often through activi-
ties such as monitoring the presence or absence of a spe-
cies, collecting samples, or uploading a picture. Because 
each of these tasks involves collection, most of the pro-
jects on CitSci.org are considered contributory (Shirk et al. 
2012). These findings are supported by other studies that 
indicate that citizen science is primarily contributory (e.g., 
Bela et al. 2016; Pocock et al. 2017) and focuses on data 
collection (Phillips et al. 2019). It is important to note the 
distinction between task complexity and task order as per 
Bloom’s taxonomy (Wiggins and Crowston 2015; NASEM 
2018). Performed tasks may be complex (e.g., identifying 
hard-to-identify species or taxa, measuring transects or 
nested plots, and measuring and collecting verification 
samples for subsequent laboratory analysis) yet still be 
coded as low order, given that they require volunteers to 
describe or measure the environment rather than analyze 
data or otherwise critically reflect on the meanings or 
interpretations of results.

Previous research on contributory citizen science sug-
gests that these projects may not increase public scien-
tific literacy compared with those projects that engage 
volunteers in deeper degrees of participation (Bonney 
et al. 2016). In fact, a content analysis of 327 project 
websites revealed that if volunteer learning objectives 
were defined, they were usually low order (Phillips et al. 
2018). This is important because environmental educa-
tion research indicates that participation in low-order 
tasks alone is insufficient to motivate pro-environmental 
behaviors changes (Balgopal and Wallace 2009) that make 
up the highest level of scientific literacy (Bloom 1956; 
UNESCO 1978). Because many volunteers tend to be col-
lege educated, or even retired scientists (Geoghegan et al. 

2016), they exhibit high levels of scientific literacy prior 
to participating (Martin 2017). There are different types of 
scientific literacy that can be improved upon; for example, 
one can have high ornithology literacy but low watershed 
literacy (Uno and Bybee 1994). Therefore, individuals who 
are generally scientifically literate can still benefit from 
engaging in citizen science activities. Consideration of 
how project design affects scientific literacy is also impor-
tant because learning is another common motive for par-
ticipation (Domroese and Johnson 2017).

Contributory citizen science and engagement in low-
order tasks can result in positive outcomes for both vol-
unteers and the scientific community (Shirk et al. 2012). 
For example, volunteers often report high satisfaction and 
learning as a result of participation (e.g., Trumbull et al. 
2000; Wright et al. 2015). Volunteers sometimes do not 
want to engage in more than data collection, suggest-
ing that they are satisfied with engaging in low-order 
tasks (Martin, Christidis, and Pecl 2016; Lewandowski et 
al. 2017; Phillips et al. 2018). Furthermore, contributory 
citizen science has benefited the scientific community 
through expanded temporal and geographic sampling 
scale (Cooper et al., 2007), cost-effective data collection 
and analysis (Dickinson et al. 2010), and peer-reviewed 
publications, whether explicitly mentioned (Kullenberg 
and Kasperowski 2016) or not (Cooper, Shirk, and 
Zuckerberg 2014). We, by no means, intend to undervalue 
the contributions of contributory citizen science or its 
dedicated volunteers.

We do, however, wish to push the field of citizen science 
to consider two critiques that can be learned from politi-
cal theory and from participatory democracy. First, com-
mon discourse often serves to perpetuate current norms 
and values, meaning that how we communicate about a 
phenomenon today affects how the phenomenon will 
occur in the future (Young 2001). Therefore, it is possi-
ble that describing low-order tasks now might affect how 
future citizen science projects are planned and designed. 
We recognize that our analysis is limited in that we stud-
ied projects only on CitSci.org and therefore cannot gen-
eralize to the greater state of communication regarding 
citizen science. However, this serves as a first step toward 
interesting questions for future citizen science and com-
munication researchers to consider. Second, programs—
in this case, citizen science projects—should be designed 
with non-dominant groups in mind (Sanders 1997; 
Kadlec and Friedman 2007). Therefore, even if most citi-
zen science volunteers tend to be generally scientifically 
literate, project design should focus on how it can benefit 
and be accessible to individuals with lower or different 
types of scientific literacy (NASEM 2018). Only then can 
we expand the stakeholders who benefit from engaging 
in citizen science.

Project managers and volunteers work together in citi-
zen science communities of practice. There are different 
models to evaluate the degree to which they work together 
(Shirk et al. 2012). In more traditional scientific communi-
ties of practice, scientists ask and answer research ques-
tions, while technicians perform tasks that help answer 
the scientists’ research questions and accomplish the 
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scientists’ goals (Shapin 1989; Doing 2004). Hence, when 
the project managers describe low-order tasks for volun-
teers to perform in contributory projects and define pro-
ject benefits that may misalign with volunteer motives 
for participation, they are described as citizen technicians 
rather than citizen scientists.

Limitations
First, we did not confirm the findings of this research with 
project managers through interviews; we relied on con-
tent analysis only. It is possible that the citizen science pro-
jects in our analysis have volunteers perform higher-order 
tasks than were described. Second, although the coding in 
this content analysis was based on initial agreement using 
over 20% of the data, rather than 100%, as is suggested by 
Krippendorff (2004), we followed the protocols advocated 
by O’Connor and Joffe (2020). Third, our analysis was 
designed to assume that the person who created a CitSci.
org project page was the project manager; however, mem-
bers of the public may have developed their own collegial 
projects on CitSci.org, indicating that they are engaging 
in more parts of the scientific process than just data col-
lection, as our results may suggest. Fourth, CitSci.org does 
not vet projects, meaning that there are no minimum 
qualifications for people to create projects. While the 
lack of a vetting process is appealing to newcomers and is 
inclusive, especially to those involved in projects with few 
resources, it may also result in busy, time-constrained pro-
ject managers paying less attention to the ways in which 
they describe their projects. Fifth, project managers may 
spend very little time describing their projects on a plat-
form because they have already described their projects in 
detail elsewhere. Although we examined external website 
content descriptions to avoid this bias, detailed project 
descriptions external to CitSci.org descriptions may still 
exist that we were unable to obtain. Finally, we recognize 
that the citizen science projects used in our analysis may 
not be representative of all citizen science projects.

Conclusions
Despite some limitations, our findings suggest that the 
ways citizen science projects on CitSci.org communicate 
about the tasks their volunteers perform tend to describe 
citizen scientists as citizen technicians and tend to cat-
egorize most projects as contributory. Although those 
engaged in citizen science projects may informally discuss 
the limited role that volunteers play in scientific inquiry, 
we are unaware of other systematic analyses of online citi-
zen science materials. We reiterate that CitSci.org is just 
one citizen science platform and is not representative of 
the entire citizen science community. Yet, this study is a 
first step in understanding how people communicate 
about citizen science. Further research is necessary to 
understand the broader scope of communication about 
citizen science and to support or refute these findings by 
validating these results with project managers and volun-
teers. There is a need to better understand how described 
benefits affect volunteer recruitment, retention, or future 
project design modalities (e.g., citizen science projects 
remain focused on a contributory model). These find-
ings suggest that there may be a missed opportunity to 

increase volunteer scientific literacy in citizen science and 
that improved science communication skills among man-
agers describing these endeavors may play an important 
role in shaping the citizen science community of practice. 
We conclude that communication on CitSci.org is one 
that largely describes projects as contributory, describing 
low-order tasks for volunteers. How citizen science project 
managers communicate about their projects may have 
implications for current and future volunteer engage-
ment, volunteer agency to enact environmental change, 
and perceptions of citizen science broadly. These implica-
tions can hinder public scientific literacy and therefore 
public engagement in behaviors that would ultimately be 
beneficial to the environment.
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