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on its own. The collected data was analyzed with the open-
source software R, extracting patterns in design choices. 
This analysis was complemented and contextualized by a 
qualitative description of case study authors� experiences.

RESULTS

This section is divided into three subsections: literature 
review outcomes, the elaborated instrument, and the 
results of the analysis of case studies.

LITERATURE REVIEW OUTCOMES
This section summarizes the literature review outcomes, in 
addition to the �ve identi�ed dimensions that collectively 
characterize CS projects.

Context
The dimension of context is relevant given the geographic 
imbalance of case studies, characterized by the 
underrepresentation of Africa, Asia, Latin America, and 
Oceania (Cunha et al. 2017; Vasiliades et al. 2021), as well 
as the in�uence of resource limitations on CS practices, 
including the lack of national funding schemes (Cunha et 
al. 2017; Vasiliades et al. 2021), limited internet access 
(Cunha et al. 2017), and socio-political factors (Stevens et 
al. 2014; Vasiliades et al. 2021). As such, the link between 
implementation location and other dimensions, as de�ned 
in Figure 1, are investigated in this study. In addition, the 

(co)authors� country af�liations were analyzed because 
despite the relevance of investigating heterogeneity 
among scientists (Sauermann et al. 2020), research on co-
authorship networks in the CS �eld is still limited (Pelacho 
et al. 2021). In this �eld, Cunha et al. (2017) expose a 
link between project initiators and goal formulation, 
and Pelacho et al. (2021) analyze collaboration network 
evolution, but heterogeneity of the co-author team 
af�liation in relation to implications on project methods and 
results remains unexplored. This deserves attention in order 
to understand how collaborative research brings diverse 
knowledge together, considering the inherent complexities 
of multidisciplinary research groups (Wray 2006).

Goal
The design of CS projects is inspired by project goals, and 
these tend to focus on data collection or on democratization 
aspects such as education and empowerment. Although 
the combination of both goals is possible (and desirable in 
addressing complex issues), trade-offs between goals must 
often be made (Shirk et al. 2012; Chase and Levine 2016). 
Overall, the selected goals re�ect addressed interests, 
and in this regard, accommodating the participants and 
the scienti�c community interests is essential (Shirk et al. 
2012). The analysis of alignment between goal setting and 
methods-speci�c design is elaborated below.

Methods
The methods dimension encompasses the different degrees 
of participation, the type of participant contribution, 
and participant pro�le as well as the methodological 
implications of such decisions. The degrees of participation 
include: 1) contributory projects, whereby participants 
collect data; 2) collaborative projects, in which participant 
contributions go beyond data collection, for example, 
analyzing data, and/or disseminating results; and 3) co-
created projects, designed collaboratively by scientists 
and participants (Shirk et al. 2012; Sauermann et al. 2020; 
Vasiliades et al. 2021).

The degree of participation can be closely linked to 
project goals, for example, contributory projects that rely 
on volunteers as �data collectors� without necessarily 
considering democratization aspects (Vasiliades et al. 2021). 
In turn, the link between goals and degree of participation 
is expected to translate into speci�c participant pro�les. 
While some projects require speci�c physical or technical 
skills to achieve their goals (Chase and Levine 2016; Cunha 
et al. 2017), others target participant diversity or inclusion 
of underrepresented groups (Pateman, Dyke, and West 
2021).

Overall, implemented methods are likely to re�ect on 
the outcomes. For example, co-created projects have been 

Figure 1 Visualization of citizen science (CS) dimensions (context, 
goal(s), methods, outcome, and contribution to the SDGs), and 
their relationships.
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Figure 3 Case studies linked to SDGs according to implementation location and goals. GS: Global South, GN: Global North. SDG 17 is not 
included in this study.

Figure 2 Instrument representing the �ve dimensions, the subdivisions and their respective classi�ers. a) Cunha et al. 2017; Vasiliades et 
al. 2021. b) Shirk et al. 2012; Chase and Levine 2016; Cunha et al. 2017; Sauermann et al. 2020. c) Inspired by Kullenberg and Kasperowski 
2016; TurbØ et al. 2019; De-Groot et al. 2022 with modi�cations based on identi�ed themes. d) and e) Based on Shirk et al. 2012; 
Sauermann et al. 2020; Vasiliades et al. 2021, with additions to category �contribution� based on case studies. f) Keywords summarize 
the content provided by Gillett et al. 2012; Chase and Levine 2016; Cunha et al. 2017; Pateman, Dyke, and West 2021. g) Category based 
on the identi�ed case studies outcomes. h) West and Pateman 2017; Fraisl et al. 2020; Pateman, Tuhkanen, and Cinderby 2021; Parkinson 
et al. 2022. i) United Nations Statistics Division 2023.
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countries through projects with mixed goals. Following this, 
the most mapped indicators in the GS relate to health (SDG 
3), climate change (SDG 13) and sustainable cities (SDG 
11). Both in the GN and GS, education-related projects (SDG 
4) aim for productivity and democratization goals.

In general, productivity goals seem to be pursued in 
planetary health�related projects, and democratization or 
combined goals are mostly applied to projects related to social 
aspects (e.g., inclusiveness), human health, and education.

Linking context (authorship and implementation 
location) with methods
A noticeable difference between co-author teams in the 
GS and GN is evident (Figure 4). With regard to projects 
implemented in the GS, co-author partnerships are 
more diverse. Out of 26 analyzed case studies, 10 were 
conducted by a team solely from the GS, and 4 case studies 
with co-authors solely from the GN. By comparison, 28 out 
of 29 case studies in GN countries were composed by an 
exclusively GN author team. This also translates in the 
number of unique countries involved in publications on the 

basis of the authors� af�liations, with more than half of 
the projects in the GS including authors from two or more 
countries, while in the GN, most contributions (21 of 29) 
stem from authors within a single country (Figure 5a).

In contrast to the number of unique countries involved, 
there does not appear to be a signi�cant difference between 
the overall size of the co-author teams between projects in 
the GS (mean = 6.4) and GN (mean = 7) (Figure 5b).

However, the size of co-author teams does appear to 
be related to the degree of participation, with co-created 
projects characterized by larger co-author teams than 
collaborative and contributory case studies (Figure 5c; 
p < 0.05, Kruskal-Wallis test). This pattern remains visible 
regardless of implementation location and project goal 
although this further subdivision often leads to loss of 
signi�cance (Supplemental File 6: Appendix F, Figure 2).

Linking project goals and methods design
The linkage between project goals and methods design 
(relationship visualized by arrow 2 in Figure 1) as observed 
from the case studies� analysis is made through Figures 6 

Figure 4 Authorship based on 1st author and co-author af�liation location for implementations in the Global South (GS) and Global North (GN).

Figure 5 (a) the number of countries involved (according to co-author af�liation) for each implementation region (* = p < 0.05, Kruskal-
Wallis test), (b) the number of co-authors involved for each implementation region (p > 0.05, Kruskal-Wallis test), and (c) number of co-
authors according to degree of participation (* = p < 0.05, Kruskal-Wallis test).
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and 7. In the GN, there is a strong alignment between project 
goals and the recruitment method, with democratization 
goals or combined goals linked to deliberate democratization 
or deliberate democratization-productivity recruitment 
(Supplemental File 6: Appendix F, Figure 1a). For productivity 
goals, the most common recruitment methods are self-
selection or �not speci�ed.� In terms of participant pro�le, 
no majority groups were found in the GN, but distinct ties 
exist for general community members (most often self-
selection) and community members with particular pro�les 
(deliberate productivity) (Supplemental File 6: Appendix F, 
Figure 1a). This is somewhat contrasted with the patterns 
in the GS, where alignment between the goals and the 
recruitment method is more intricate, and where affected 
community members and community members with a 
particular pro�le or skill are most often the target audience 
(Supplemental File 6: Appendix F, Figure 1b).

Combining GN and GS case studies, it was observed that 
productivity projects follow predominantly contributory 
modes of participation, and democratization projects 

are mostly collaborative and co-created, while different 
types of participation were observed in projects combining 
productivity and democratization goals (Figure 6).

Linking project goals with outcomes
Identi�ed outcomes per proclaimed goals in the GN and GS 
(relationship visualized by arrow 3 in Figure 1) as observed 
from the case studies� analysis is presented in Figure 7. Data 
is the most common outcome for projects with productivity 
goals and for projects with combined goals in both the GN 
and GS (Figure 7). Outcomes such as empowerment and 
socio-environmental improvements are less reported and 
are linked mostly to cases in the GS. Learning outcomes are 
found in both contexts.

Combining GN and GS case studies, contributory projects 
tend to have a smaller number of unique outcomes (Figure 
8a). Regardless of the degree of participation, data is the most 
reported outcome (Figure 8b�d). The other most common 
outcomes are research protocols, learning outcomes, socio-
environmental improvement, and networks.

Figure 6 Goals� in�uence on the degree of participation.

Figure 7 Outcomes per goal in the Global North (GN) and Global South (GS).
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