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Citizen science (CS) is attracting increasing interest and attention from multiple sectors of society. 
Educational impacts of participation, such as the development of scientific skills or increased 
awareness about biodiversity and conservation, are one of the most widely discussed aspects of CS. 
Whereas most existing studies investigate perceived or observed learning gains of citizen 
scientists, this paper takes an alternative perspective by examining learning-related aspects in 
textual self-representations of CS projects—namely project descriptions posted online. Project 
descriptions were chosen as objects of analysis both because they can easily be accessed and 
collected through automated web crawling, and because, as key elements of a CS project’s online 
presence, they play an important role in recruiting volunteers. We have thus conducted a 
qualitative content analysis of 94 project descriptions with the goal of examining what they tell us 
about learning dimensions associated with participation in these CS projects. Building on the 
model of individual learning outcomes developed by Phillips et al. in 2018 [1] as a 
theoretical framework, our analysis shows that some learning dimensions (such as data 
collection or using technology), are very prominently discussed in the project descriptions we 
studied, while others (e.g. experimenting, study design, community action) are clearly 
underrepresented. In other words, the project descriptions analyzed only partially reflect 
the educational potential of participation in CS. In the discussion section of this paper, we 
suggest possible explanations and ways in which this issue could be addressed on the level of 
both project design and project communication. 
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1. Introduction

While the main objective of citizen science (CS) projects is generally to answer a 
scientific question, CS projects also have many important educational benefits for
participants [2][3]. In fact, surveys show that the wish to acquire new skills and knowledge is 
one of the main reasons for people to join CS projects [4][5]. Since learning opportunities are an 
important motivational factor for participation in CS, and project descriptions posted on
web platforms play a key role in attracting volunteers, we decided to examine what these 
texts can tell us about the educational potential of CS projects. Aside from their relevance to 
volunteer recruitment, a major practical advantage of studying project descriptions is that they 
can easily be accessed and collected on a large scale through automated web crawling.  

The research question we wanted to answer through this study was "which dimensions
of learning are the most prominent in CS project descriptions?".

As a theoretical framework for our 
classification of learning dimensions we 
chose the “framework for articulating and 
measuring individual learning outcomes 
from participation in citizen science” [1] 
that was developed in 2018 by Tina Phillips 
et al. to capture the informal educational 
potential of CS. Their model suggests six 
main categories of learning outcomes in CS 
projects: Interest; Self-Efficacy; Motiva-
tion; Content, Process and Nature of 
Science Knowledge; Skills of Science 
Inquiry; and Behavior and Stewardship (cf. 
Fig. 1).  

This paper describes our process of qualitative content analysis (cf. Fig. 3), outlines our 
results and discusses the implications for CS practitioners and theorists. First, we introduce the 
project setting and explain points of entry for our analysis (this section). Second, we describe
the process and methodology for our analysis. In a third section, we summarize and discuss 
our results, before ending with a brief conclusion and outlook. 

2. Methods

The work presented here is part of CS Track (https://cstrack.eu), a Horizon 2020 project 
whose objective is to broaden our knowledge of CS by exploring its formats, demographics, 
impact and potential. The results will be best practice examples and policy recommendations 
approached from different perspectives such as learning, sustainability or citizens’ motivation. 
One of the cornerstones of the research undertaken by CS Track is a database currently containing 

https://cstrack.eu/
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information on 4947 CS projects that was automatically extracted from more than 56 online 
platforms using a web crawler. The criteria applied to select websites from which to extract CS 
projects information were: 1) the websites must contain European CS projects or projects that 
citizens can participate in online, 2) project information must be available in multiple languages, 
and 3) data extraction must be allowed. For the study at hand we randomly selected 94 English-
language project descriptions from this CS Track database and conducted a qualitative content 
analysis to identify different dimensions of learning. The categorization proposed by Phillips et 
al. (2018) [1] was chosen as a theoretical and methodological starting point for this study 
because it has become widely used, referenced and adapted—as evidenced by 113 citations 
in Google Scholar (as of 4 April 2022). Moreover, Phillips et al.’s model is broader and more 
multifaceted than many other recent approaches. 

Building on their categorization of learning outcomes, we conducted a structuring 
qualitative content analysis as described by Philipp Mayring [6][7] on the 94 project descriptions 
selected. During this process we adapted and adjusted the coding scheme to our source corpus by 
using two approaches combining inductive and deductive steps: First, we applied Phillips and 
colleagues’ classification scheme to our body of material. Second, where accumulations of 
relevant phrases suggested potential for additional structuring, we created new categories to 
accommodate the material that did not fit into 
the original system. In order to adequately 
reflect the entire range of information 
contained in our text corpus, we thus decided 
to include one additional learning dimension
—Attitude Change—and two aspects related 
to the deliberate design of learning 
opportunities for participants: i) Training and 
Didactic Materials (provided by the project), 
and ii) Access to Project Results. At the same 
time, we chose to exclude the category of 
Motivation proposed by Phillips et al. [1] 
because we were only able to identify one text 
snippet that unambiguously mentions 
motivation as a result of participation (cf. Fig. 
2). 

We then manually assigned phrases, sentences and short paragraphs to the resulting eight 
main categories (six learning dimensions and two categories relating to deliberate design of 
learning opportunities) and 21 subcategories. In order to reduce bias, coding of all project 
descriptions was performed independently by two members of the research team. Intercoder 
reliability was examined and the rate of agreement was found to be over 90% for six of the eight 
main categories (i.e. Skills of Science Inquiry, Self-Efficacy, Interest, Attitude Change, Training 
and Didactic Materials, Access to Project Results)—and between 70 and 80% for the remaining 
two categories (i.e. Content, Process, and Nature of Science Knowledge and Behavior 
and Stewardship). As a final step, distinctive and frequently occurring keywords were extracted 
from these text snippets, which can be used in future studies to train Natural Language 
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Processing (NLP) algorithms. This allows us to explore the option of automatically 
coding all project descriptions stored in the CS Track database. 

Fig. 3 - Process followed 

3. Findings and discussion

As described, our study aimed to identify which dimensions of learning are the most 
prominent in CS project descriptions by conducting a qualitative content analysis of a random 
sample of 94 such texts. 

This focus on science-related learning seems to be a common bias in CS, as several 
publications have pointed out [8][9]—a bias that may run counter to volunteers' actual
motivations and expectations. We should therefore attempt to broaden our understanding of 
learning to reflect all the benefits CS can have on both the individual and the societal level. This 
broader understanding needs to find expression in quality standards for CS, in projects' self-
presentation, evaluation practices, and in deliberate design of learning opportunities for  
volunteers. For instance, project coordinators could ask themselves which non-scientific 
activities volunteers could become involved in (e.g., outreach and PR, internal communication, 
etc.).

Our results show 
that most project 
descriptions focus 
strongly on science-
related learning di- 
mensions (such as 
data collection and 
analysis skills or 
knowledge gain) 
while disregarding 
other personal or 
interpersonal bene-
fits, such as self-
efficacy, attitude or 
behavioral changes, 
political engagement, 
etc. (cf. Fig 4). 

 Oesterheld et al.
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 Another interesting finding is the fact that references to Content, Process, and Nature of 
Science Knowledge play a minor role compared to statements relating to Skills of Science 
Inquiry, which clearly dominate most project descriptions. That being said, Content Knowledge 
features more prominently than the other two knowledge types, which is in line with the results 
of a recent review study [10]. Within the category of scientific skills, 'Data Collection and/or  
Submission' and 'Using 
Technology' far outstrip 
all other subcategories 
with 'Data Analysis and/
or Interpretation' a 
distant third (cf. Fig.  5). 
This implies that, at 
least judging from their 
self-descriptions, most 
of the projects we  
analyzed do not involve 
participants in anything 
related to study design, 

Of 42 project descriptions which 
contain information on training and didactic 
materials offered to participants, only 6 
(14,3%) mention interactive training formats 
(e.g. workshops, webinars, Q&A sessions etc., 
cf. Fig. 6). This is unfortunate, since recent 
publications argue that communication and 
social interaction within the project is key to 
both learning outcomes and long-term 
participation [13][14][15][16]. One step in 
the right direction might be to establish 
interactive volunteer training as a standard 
criterion in grant applications, project 
evaluations, etc. 

Overall, we learned in the course of this 
study that the quality of project descriptions 
varies considerably. Some are extremely short 

 Oesterheld et al.

synthesis, communica- 
tion of research results, 
etc. In other words, to 
borrow Muki Haklay’s 
typology  of  levels  of 
participation in citizen science projects [11], around 88% of the projects represented in our 
sample seem to fall into categories 1 and 2—Crowdsourcing and Distributed Intelligence. Or, 
to use the terminology coined by Bonney et al. in 2009 [12], these projects are contributory, 
rather than collaborative or co-created.  
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and contain hardly any information on the concrete tasks to be completed by the citizen scientists, 
others go into great detail regarding the project's scientific background while paying very little 
attention to societal impact. Ultimately, many project descriptions do not provide a convincing 
answer to the questions "what will volunteers get out of participating in this project?" or "how 
will they benefit?". It may therefore be advisable to define quality standards for CS project 
descriptions and produce guidelines for project coordinators. 

4. Conclusion and outlook

Our study revealed a very uneven representation of learning dimensions within CS project 
descriptions. This result suggests that project initiators and coordinators either do not devote 
enough attention and resources to creating the broadest possible range of learning opportunities 
for their volunteers or do not communicate the educational potential of their project clearly 
enough in their project descriptions. We therefore believe it would be helpful to design guidelines 
or templates for project descriptions, encourage project initiators to broaden their understanding 
of learning, and support them in creating interactive training formats for participants. At the same 
time, it is important to keep in mind that CS projects at the intersection of research, science 
communication, and non-formal education often have too little funding to fulfil all three tasks 
with equal success. 

It should also be noted that project descriptions do not always provide a comprehensive, 
detailed picture of what is happening in the respective projects. Moreover, this study was not 
aimed at capturing how citizen scientists experience the project and what their perceived 
learning gains are. In order to find answers to these questions, CS Track has conducted an online 
survey with more than 1000 participants, 610 of whom described themselves as "citizen  
scientists" (as opposed to project coordinators or professional scientists). The resulting data is 
now being triangulated with the analysis presented in this paper.  

Furthermore, the relatively modest sample size of this study does not support ambitious 
generalizations. In order to extrapolate the results obtained in this data sample to the whole CS 
Track database, we are currently exploring the option of applying automated data classification 
methods.  
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