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1. Why monitor water? 

Water monitoring refers to a comprehensive field of gathering information of the condition and 

details of a water system. Everyone can do it with their nose by smelling it or with eyes by visually 

inspecting the colour and consistency, for instance. One can observe clearly visible algae or detect 

other suspicious issues. There are many levels of monitoring, starting from the above and ending 

to highly professional methods that include very expensive hardware and extensively high level of 

knowledge. 

Unfortunately, superficial inspection based on human senses rarely tells us anything about the 

actual condition of water. Detecting contents of metals, particles and chemical substances always 

requires a specific hardware and knowledge. Also, it is typical that these contents rarely develop 

at short notice but over a longer period. 

The purpose of water monitoring is often to observe or verify that it is suitable for certain use. 

The most critical question is and always will be the following: is this water drinkable? People are 

also interested in knowing if the waters are safe to swim in or fish from. In addition, regular citi-

zens are being more aware of and interested in the state of their local environment. Water quality 

is amongst the most important concerns, especially if one lives near to a lake, stream or river. 

United States Environmental Protection Agency (EPA) has listed five major purposes for water 

monitoring, which are to51: 

 Characterise waters and identify changes or trends in water quality over time; 

 Identify specific existing or emerging water quality problems; 

 Gather information to design specific pollution prevention or remediation programs; 

 Determine whether program goals – such as compliance with pollution regulations or im-

plementation of effective pollution control actions – are being met; and 

 Respond to emergencies, such as spills or floods. 

However, beneficial monitoring of any water system, like a stream, does not happen by a single 

measurement of water but rather requires measurements from various places and time periods. 
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By observing the variation in water quality in various places over time will unveil the real state of 

water on a larger and valuable scale. Also, it enables drawing real conclusions of development of 

the state of water. This monitoring process is called continuous monitoring. 

Continuous monitoring amongst regular citizens is a rising trend especially considering human 

body. People can use their smart phones to monitor their heartbeat anytime they want, which 

has led to the development solutions that allow detecting various heart-based diseases by using 

consumer-grade devices and easily obtainable applications. Also, solutions for continuous meas-

urement of e.g. blood sugar are also being actively developed. Are there technologies available to 

be developed for regular citizens to use for continuous measurement of water? Can water moni-

toring generally be practiced by regular citizens who are interested in the state of their local wa-

ter systems? 

The questions above are yet to be completely answered, but the developed solutions are getting 

closer every day to the goal where any active citizens can participate in the water monitoring pro-

cess. Also, the issue is not simple, as water monitoring always requires a specific device and mul-

tiple measurement points over a period of time, which would sometimes be years. The hardware 

must be purchasable and usable by regular citizens who are prepared to become familiar with the 

monitoring process. When the technological issues are solved, the following questions are: would 

citizens use their time and resources to monitor their local water systems and if so, why? In addi-

tion, would the monitored data be of such quality with “low cost equipment” that the retrieved 

data would be valuable enough to contribute to the scientific tasks set-up? Can the data collected 

by non-experts be trusted? 

Monitoring the Baltic Sea 

Encircled by a mix of Nordic, Central and Eastern European countries, the Baltic Sea is at the mer-

cy of a diverse range of national as well as transnational practices and policies. The potential of 

public participation in research, environmental decision-making and conservation action to pro-

tect the Baltic Sea area has not yet been fully explored. By including citizens in the entire cycle of 

decision-making a continuous and desirable two-way exchange of knowledge between them and 

the authorities becomes possible. The involvement of members of the public in research increas-
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es general awareness of research but also the significance of research and its objectives. The Bal-

tic Sea will need all stakeholders to combine their forces and knowledge to enhance the living en-

vironment of the citizens as well as to maintain the ecological balance and enable economic activ-

ity around the Baltic Sea. Now is the time for authorities to answer the call for more open and 

empowering public participation. By opening the full cycle of decision-making to citizens, it is pos-

sible to create more sophisticated solutions to environmental problems and provide positive pos-

sibilities for active citizenship. 

The Baltic Sea is under attack by the cities, farms and industry situated on its shores. External nu-

trient loads seem to be strongly linked to the economic activity taking place in the countries situ-

ated on the shores of the sea. The suffering of the Baltic Sea causes economic losses as recrea-

tional values diminish49,93,123,127 the fisheries struggle85 and the value people place on the sea de-

creases128. 

There are plenty of people who hold the Baltic Sea dear to them, and use it for recreational pur-

poses. People live on the shores of the sea and alongside rivers flowing into the sea. People have 

the interest, but they lack effective means to participate. An individual may have difficulties in 

identifying the possibilities for and the impact of conservation activities. Additionally even though 

the poor state of the Baltic Sea is recognised, it may be challenging to identify what actions can be 

taken and what are the impacts. 

Neither authorities nor universities have been able to aid people and offer them pragmatic tools 

to link them with the environment. Academia has yet to fully understand the need and potential 

for co-operation and public participation. The state and possibilities of the Baltic Sea has intrigued 

researchers and scientists around the Baltic Sea region, but Academia has traditionally seen its 

responsibilities and roles in research, education and the dissemination of information which rises 

from the research, and not so much on activating, influencing and interacting with the wider pub-

lic. 

In a 2010 publication48, the European Environmental Bureau presented areas to be tackled ur-

gently. On their list, number one is transparent and publicly owned water management. Trans-

parency is essential for the public to understand and see the logic behind decisions regarding 
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their living environment. Granting better access to information and decision-making has for long 

been a goal for all societies trying to improve and encourage public participation. 

Emerging technologies and their potential effect on society and the environment tend to have 

uncertainties that might lead to controversy between scientists, policy-makers and the public. A 

viable solution to respond to the governance issue is to open up the debate and to early involve 

citizens and social scientists in the process to develop a new technology.114 

People care about their environment 

The importance of opportunities for citizen participation in environmental decision-making is 

widely emphasised in several international agreements, such as the 2002 World Summit on Sus-

tainable Development Implementation130 (Paragraph 119), the 1998 Aarhus Convention132, and 

the 1992 Rio Declaration on Environment and Development131 (Principle 10). One of the major 

observations noted in these documents is that environmental and livelihood concerns are closely 

linked together66. Petkova et al.108 (2002) note that public participation and citizen input tend to 

drive environmental decisions towards better outcomes and greater acceptability in the eyes of 

the public. 

When public participation is involved in scientific research, it can be referred to as citizen science. 

This type of activity is proving to be an effective tool in tracking the rapid pace at which our envi-

ronment is changing over large geographic areas. It seems increasingly popular to engage mem-

bers of the general public and school pupils especially in the collection of scientific data to sup-

port long-term environmental monitoring. This type of public participation seems like an excellent 

way to gather large amounts of data. When it comes to environmental monitoring and regulation 

concerning this type of monitoring, unfortunately not all nations neither provide the information 

required by their own legislation nor share it with citizens.  

Today most projects and public databases gather information in a defined location, website or 

organisation and to provide it mainly to those who are informed enough to request it. This type of 

collected data could for example be used to fulfil statutory obligations for nature conservation. 

Some networks may serve more the educational rather than scientific purposes, and some are 
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more for recreational rather than active citizenship. But nevertheless the data is being gathered, 

and we should be smart enough to make gathering that data as easy as possible and to come up 

with methods how that gathered data could be used in several different contexts, and whenever 

possible, to serve the entire society. 

The involvement of members of the public in research increases not only general awareness to-

wards research, but also the significance of research and its objectives. A dialogue between scien-

tists and members of the public may fertilise the debate on environmental research and the state 

of the Baltic Sea. The recent changes in the funding of universities have provoked a discussion of 

their role in society. Universities cannot stand alone and maintain their ivory towers; research and 

education will need to take a step closer to the wider public and society as a whole. The growing 

emphasis on external funding will serve as double-edged sword forcing the universities to interact 

more closely with the outside world, but also limiting the possibilities of excellent research and 

science. What needs to be kept in mind is that the language of economics may not serve in all 

fields of research as the best possible way due to market failure and the lack of incentives in areas 

such as environmental research. The Baltic Sea will need all stakeholders to combine forces and 

knowledge to enhance the living environment of citizens, to maintain ecological balance and to 

enable economic activities around the Baltic Sea. 

Due to the growing EU and national level regulatory demands on how to reduce industrial or agri-

cultural spillage or contamination of water a growing market and industry with focus on services 

and products that may be used to reduce pollution, provides more or less advanced solutions to 

cope with the problems. Cooperation between academia and industry domains may be a possible 

way both to fund academic research and provide more advanced industrial methods and solu-

tions to manage reductions of pollution and ways to fulfil the more stringent requirements to 

avoid pollution. Many new areas of “hidden pollution” is found when research depicts how long 

term impact of small amounts of the modern society’s waste water (e.g. pharmaceuticals, chemi-

cals, new micromolecular substances) is accumulating into the Baltic Sea – and incorporated into 

the water cycle through the ecological cycle in which fish eat or absorb chemicals, humans eat 

fishes and indirectly accumulates new toxic or unwanted substances. 
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The water cycle is one of several circular paths where the industrial society successively intoxi-

cates the environment – and novel industrial solutions are needed to solve these problems. Fur-

ther, to monitor and stop pollution paths, cooperation between academia and industrial company 

research is required. More, to create a large network of monitoring instances, citizen participation 

may be an important contribution in provision of a more complete geospatial detailed map of the 

problems and changes when counteractions are provided. 

The questions related to clean and safe water sources are a major concern also outside of Euro-

pean Union.  Human health is at risk because of contaminated water. In rural areas of China, 100 

million to 110 million people still do not have access to safe drinking water. In a 2014 interview, 

Premier Li Keqiang expressed that with the support of central and local budgets and funds raised 

by individuals, China has begun to provide clean water to over 60 million people. The plan is to 

extend the initiative to another 60 million people during 2014, and the remaining 50 million the 

year 2015. Only after these steps will the drinking water problem is solved. According to Li88; 

“However, highly polluted water still accounts for more than 10% of China's total water re-

sources; a plan is required to resolve this issue”. 

 

The BalticFlows consortium has been highly active in dissemination and communication 

activities. Some of the ideas and themes outlined in this report have already been intro-

duced in events and publications related to the BalticFlows project, such as the website or 

Facebook page of the BalticFlows project, Baltic Sea Policy Briefing 1/2014 published by 

the Centrum Balticum or other publications by the project personnel.  
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THE CHRISTMAS BIRD COUNT 

One of the oldest and longest running citizen science projects in the world is the Christmas bird 

count in the United States. In this project the volunteers have been collecting data on birds 

since the year 1900 and thus provide unique and invaluable data to scientists on several differ-

ent fields concerning unforeseen issues, such as global warming and its effects – not to men-

tion activating ordinary citizens interested in birds and ornithology. The reason behind such 

activities is simple, since nothing too complicated can persist that long: people do care – they 

have interest in the issues and in the data gathered. Depending on the technological tools 

available for environmental monitoring, all monitoring no longer requires an expert to imple-

ment research. 

2. The active citizen 

Environmental information gathering is costly, labour intensive and time consuming. In order to 

make good decisions for environment, citizens and businesses, we need to have the right infor-

mation. With wide-scale data gathering, information could be provided to all parties interested in 

gaining from this knowledge. But for wide-scale data gathering, active citizens are needed. How 

and why would such activities take place, and by whom? This is when the active citizen is often 

thought of.  

Active citizens can use crowdsourcing; participate in the free time activities organised by hobby 

groups or in official environmental monitoring programmes. In some of the national and local 

programmes, volunteers have been granted a special level of authority to take actions or make 

decisions regarding environmental issues. 

Private citizens are more and more interested in their own living environment, and the interest 

towards monitoring with the latest sensor technologies can be seen in lifestyle and consumer 

choices both in healthcare and environmental field. Technology oriented universities and research 

facilities have identified the interest and supported these types of activities, but also created new 

opportunities and development trails for new products. Technological development in both sen-

sor nodes and in communication technologies have made also environmental monitoring capable 

of entering new fields and parameters, as well as more precise monitoring results delivered by 

non-experts. The development of data management and communication technologies have al-

lowed and instrumented private people with real time connections to online databases, where 
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data streams and stored data can be utilized for social media, entertainment as well as business 

purposes. The prerequisites to acquire, transport and store large amounts of data are existing, 

and can be used for environmental monitoring purposes. 

To allow crowdsourcing to take place, data management process, active citizen, means to collect 

the data and the supporting framework needs to be in place, and hence the report works it’s way 

through the notions of the BalticFlows consortium has learned during the project regarding citizen 

participation in environmental monitoring of aquatic environments. 

In the surveys conducted at the BalticFlows project, people viewed participating in environmental 

monitoring positively. Wellbeing of local rivers and streams seemed to be of interest to the re-

spondents of the surveys, but the modern day volunteer is not necessarily willing to donate a 

fixed amount of time on a regular basis. To balance the needs of the monitoring programme, re-

searchers, regional authorities and the active citizens participating in the monitoring process, it is 

seen important to cooperate with all of the stakeholders, and pay attention to the needs and re-

quests of the active citizens. How and when would the active citizen like to contribute?  

In order to maximize the benefits of citizen science for a disparate and diverse group of partici-

pants, it is important to understand what motivates the people to participate in such activities. A 

number of studies have been made on volunteer motivation14,102,103, and according to the Azavea 

and SciStarter publication “Citizen Science Data Factory”23 these can be summarized as follows: 

 Altruism and the desire to assist a larger cause  

 Advancing fields of research  

 Learning opportunities on a topic of interest  

 Community engagement and social networking  

 A desire to publicly display one’s knowledge  

 Ideological beliefs, especially regarding the need for freely accessible data  

 Guilt, political correctness, or other social concerns  

 Preparing for a career change  

 Personal enjoyment or friendly competition  
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In the Baltic SeaNow.info project, passivity in promoting the webpage and technological prob-

lems were the most challenging setbacks in the project. The activity of the public could be 

raised during the events with an inviting setting and a visually pleasing voting system, where 

individuals could take part in the voting with moving small, round pebbles typical to the Baltic 

Sea shores to sea-through boxes. This way the voting was at all times visible and concrete to 

the attendants, but was vulnerable to bias. 

In most cases citizen science projects provide learning opportunities for the participants, varying 

in the intensity and topic.  To increase the participation and engagement, the Citizen Science Data 

Factory23 recommends including new projects with aspects of community engagement, social 

networking, and friendly competition, which are more readily employable and show particular 

promise for contributory data collection projects. Altruism, egoism, ideological beliefs, social con-

cerns, and preparing for career changes, on the other hand, are not factors that are easily con-

trolled or integrated into citizen science projects to increase participation and engagement. 

Individuals and groups can be encouraged to participate in citizen science activities in several 

manners, including: 

 Social incentives, utilising social media networks, 

 Psychological incentives, utilising gamification, and 

 Tangible incentives, utilising financial rewards. 

These concepts are briefly discussed below. 

Social incentives via social media networks. Social media can facilitate a strong sense of commu-

nity among citizen scientists, even when geographically dispersed. Sharing activity with e.g. Face-

book, Google+, Twitter or Pinterest is a popular means of celebrating one’s contributions, in addi-

tion to engaging others with the activity. Robson’s115 (2012) study on citizen science found that 

recruiting volunteers through social networks, including Facebook and Twitter, was just as suc-

cessful as recruiting through traditional media channels, such as press releases and news articles. 
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Social media platforms offer several tools and methods for supporting citizen science activities: 

 Authentication. A one-stop account login can be used for secure user registration and au-

thentication, after which citizen scientists can use their social media username and pass-

word to log in to a citizen science project. Project coordinators could further utilise the 

login to request permissions to access user profiles and “friend” lists to support recruiting 

of new members. 

 Social Plugins. These can be used to add value and content to citizen science websites and 

participant networks. For example, Facebook “Like” and Google “+1” button plugins allow 

users to share favourite citizen science web pages with friends, an “Activities Feed” plugin 

allows project coordinators to display a stream of recent likes and comments from partic-

ipants, and a “Recommendations” plugin allows participants to share personalised page 

recommendations with other members of the community. 

 Analytics, data storage. For example, Facebook and Google offer sophisticated website 

analytics tools generating detailed analyses of user community demographics for project 

coordinators. These are useful for planning outreach activities and supporting recruiting 

efforts. Statistics can also be used as data for social science research. In addition, social 

media sites can provide massive storage capacity on demand for data generated by citi-

zen science.23 

A study97 described two primary reasons why individuals use Facebook and other social media: (a) 

a need to belong to a larger group and (b) a need to present oneself to others in a positive man-

ner97. For example, Facebook satisfies these needs via its user profile pages, groups, and the abil-

ity to “follow” other users. Such social mechanisms can be applied to citizen science projects to 

increase community engagement and encourage ongoing participation.  

Disincentives. If social media login would represent the sole means of accessing citizen 

science online resources, some users not active in the social media scene may be discour-

aged from participating or even de facto excluded from the citizen science community. In 

addition, privacy-related terms and policies may cause concerns amongst users. Hence, 

citizen science online services should also provide conventional registration and login for 
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Participation was a key element in the BalticSeaInfoNow project, and the participants were reg-

ularly paid attention to. Especially the volunteers and participants enjoyed to receive the re-

ports and data collections from the areas they had been active in. The “disneysation” of the so-

ciety was visible in the project and the activity levels of the participants: once the content was 

at least partly entertaining the activity levels were surely to rise, at least momentarily. Multiple 

channels of communication (social media, webpage, discussions, e-mails etc.) were seen crucial 

to the participation activity level. 

 

those who have opted out of the large social networks.23 Utilising mobile applications and 

connections may provide a way to organise data collections fulfilling only the means for 

data acquisition and transmission to a common data storage, and bypass any social media 

accounts. 

Psychological incentives via gamification. The term “gamification” relates to applying leader-

boards, scoring, rewards, teaming, and other game-like features in a non-game environment to 

encourage competition, engagement, collaboration, interaction, and other gaming behaviours. 

The motivation for the gamification transformation is simple: if a non-game project is perceived 

as a game, it is more likely to attract and retain motivated participants in a similar manner as an 

actual game would. 23 

Many projects comprise a rewarding scheme as part of a gamification and user engagement 

strategy. In a survey of 77 small to medium-sized citizen science projects140, rewards ranged from 

role advancements to T-shirts and other promotional items, with “public acknowledgment” con-

stituting by far the most common type of reward. Scores, badging, quests, and “levelling up” will 

be important schemes for improving user engagement and unlocking a significant amount of 

“cognitive surplus”120. 

Disincentives. Some concerns have been expressed regarding some of the most common 

gamification features. For example, leaderboards have proven to motivate the people at 

the top of the board but demotivate the rest of the user community. “Laddered” leader-

boards, which only show the few ranks above and below the user may mitigate some of 

this effect, but some experts suggest that leaderboards have little net effect on user en-

gagement.23 
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Tangible incentives via financial rewards. One of the main benefits of citizen science is the ability 

to tap an eager and dedicated group of individuals that freely volunteer their time and effort to 

advance scientific research. Monetary incentives are contrary to many of the key motivations for 

volunteerism and citizen science, including altruism, guilt, ideological concerns – or having fun. 

This been said, “challenge” projects, in which a substantial financial reward is offered for solving a 

problem or submitting the most data within a pre-specified period, appear to enjoy broad ac-

ceptance in the volunteer and citizen science community. There are also several crowdsourcing 

efforts unrelated to citizen science that offer financial incentives to participants, which are not 

adapted to the needs of scientists, but primarily used by companies that required data entry and 

visual image-tagging.23.  

Disincentives. A major concern in including financial incentives into the citizen science 

business model would be the potential for participants to take advantage of the system 

by completing as many paid tasks as possible without fully engaging in them.46 As the offi-

cial environmental monitoring is in large extent organised by the state or municipality, 

these responsibilities cannot be expected to be organised solely by active citizens as part 

of their free time activities. The political and societal framework on environmental moni-

toring could include actions, where environmental monitoring activities beneficial for the 

society are rewarded or acknowledged by the city, municipality or state with concrete in-

centives such as reduced fees for transportation, reduced tax, or other public incentives 

such as public parking. 
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3. Participation programmes 

Today most projects and public databases gather information in a defined location, website or 

organisation and provide it mainly to those who are informed enough to request it. Environmen-

tal monitoring via citizen activity is often promoted with such claims, that it would in the long run, 

not only raise the level of interest towards the environment, but also lessen the expenses as the 

labour is most often free, and lessen the amount of officials needed to conduct the environmental 

monitoring measurements. Neither of these claims can however be realised unless the environ-

mental monitoring via citizen activity gains legitimacy of some level, and the data gathered reach-

es the audience. At the same time environmental monitoring is facing a challenge of decreasing 

funding rates. 

The challenge of decreasing funding rates may encourage citizens to take actions and monitor the 

state of the environment themselves. However, without cooperation on the actions of environ-

mental monitoring, the citizens, authorities and companies may end up forming their own data-

bases and their own community, contributing only to the aspects serving their own interests. This 

may lead to duplication of efforts, if the information flow or the datasets are inadequate. 

The national environmental monitoring programmes take into consideration the recommenda-

tions and obligations set by the European directives, such as the Water Framework Directive and 

the INSPIRE Directive, but the scope of these frameworks does not yet actively engage citizens in 

the environmental monitoring work. A Directive is a legal act of the European Union, guiding the 

member states to a particular result, leaving the means of achieving those results to be decided 

by each member state. Directives to be profoundly taken into account in setting up of environ-

mental water monitoring programmes are listed in Table 1. 

Environmental monitoring is one of the most suitable and used forms of citizen science. Monitor-

ing the environment offers the wider public a means and the possibility to be involved in scientific 

research82 and data collection in a meaningful way. When large numbers of the public are in-

volved in this type of data collection, integrated and structured ways of engaging the public are 

necessary. While scientific environmental programmes gain access to a larger workforce, citizen 

scientists gain knowledge and expertise in the field of their interest12,13,95,121. Citizens who partici-
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pate in citizen monitoring initiatives may also come to feel empowered by their knowledge of en-

vironmental conditions and their ability to assist and make a difference66. 

Table 1. Directives to be taken into account at the set-up of environmental water monitoring pro-

grammes 

 

Public participation in environmental monitoring can be achieved via different models, which may 

range from allowing access to official data to collecting data as well as defining the system and 

logic behind the data-collections. The first step in involving citizens in environmental monitoring is 

to provide information, such as the official statistics or measurement data to the public. Once the 

data collection and the public participation moves beyond this point, a plurality of legitimate per-

spectives needs to be considered. In general, the promotion of public participation and active citi-

zenship is pushing the creation of new types of monitoring systems that integrate various types of 

knowledge from environmental experts to experts in data systems and law. 

Directive name Identification Description 

The Nitrates   

Directive 
91/676/ETY Protection of waters against agricultural pressures 

Water Frame-

work Directive 
2000/60/EY 

Integrated river basin management for Europe, refers and partially 

includes other water related directives 

Bathing Water 

Directive 
2006/7/EC 

Provide better and earlier information for citizens on the quality and 

quality management of bathing waters, such as rivers, lakes, ground 

waters and coastal waters. Linked with Water Framework Directive. 

Groundwater 

Directive 
2006/118/EY 

Assessment and management on the effects of human activity on 

groundwater quality 

Inspire Directive 2007/2/EC Infrastructure for Spatial Information in the European Community 

EU Floods       

Directive 
2007/60/EC Assessment and management of flood risks 

Marine strategy 

Framework    

Directive 

2008/56/EY 
Aims to achieve Good Environmental Status (GES) of the EU's marine 

waters 
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Development of Information and Communication Technologies (ICT) has significantly aided public 

participation in environmental monitoring.  In contemporary society, modern ICT can be consid-

ered as one of the central elements of monitoring as well as a force for change. ICT is in a key role 

in facilitating activities such as data collection and search, presentation, validation and communi-

cation between stakeholders, as well as to further include the spatial nature of environmental 

monitoring data (Geographic Information Systems, GIS). The relevance of environmental monitor-

ing technologies is demonstrated by using remote sensing data or disseminating the information 

via webGIS applications. Currently, citizen participation is confined to single efforts and ad hoc 

initiatives58, and there is still no citizen initiative support and integration framework of environ-

mental decision-making. According to Whitelaw139 (2003), there seems to be a wide acceptance 

for the development of framework described above. Sustainable development, planning theory 

and practice, public participation, community development and governance are all such concepts 

that support the initial idea of supporting citizens to participate in environmental work by legiti-

mate means. 

The interest towards the participation for environmental decision making has been widely noticed 

to increase in the last decades1,63,110. As Luyet et al.90 (2012) note, the public participation around 

the world has been part of a wide range of environmental applications including integrated wa-

tershed management70,76,118, agricultural development24,144, ecosystem management80, environ-

mental governance113, forest management20,22 and planning18,19. This has also been reflected in 

several international agreements such as the Aarhus Convention, the Earth Summit, the European 

Landscape Convention, and the European Water Framework Directive90. 

When reviewing the stakeholder participation in the environmental framework, there can be 

identified several advantages but also disadvantages in such activities, as shown in Table 2. 
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Table 2. Advantages and risks of public participation (adopted from Luyet et al.90, 2012) 

 

To support and facilitate stakeholder participation, the targeted participatory techniques must be 

evaluated and determined. Naturally, the objectives and the degree of involvement of stakehold-

ers need to be defined before moving on to the practical participatory techniques110. Several such 

techniques to support the stakeholder participation have been identified in the literature64,67,134. 

Currently, there seems to be no standardised method to choose the most relevant participatory 

technique89,134. This seems to be causing controversy in itself, once the national monitoring pro-

grammes consider citizen participation as part of their activities. Some programmes solve the is-

sue by allowing several smaller initiatives and project to take place (bottom-up model) as others 

first create the template and allow participation via a pre-set method only (top-down model). 

Naturally, the national programmes also evolve in time, and try to engage in and create new ways 

of participation, such as in the Finnish Monitor2020 Programme, which acts as a testbed for sev-

eral different types of approaches. 

The choice on the most suitable participatory techniques depends on many factors (according to 

Luyet et al.90, 2012), as illustrated in Figure 1. 

Advantages of participation 

Better trust in decisions
7,104,111

 

Improving project design using local knowledge
8,62,69

 

Better understanding projects and issues
47

 

Integration of various interests and opinions
35,60

  

Optimizing implementation of plans and               

projects
69,81

  

Public acceptance of the decisions
73,110

  

Fostering and developing social learning
8,10,73,105

  

Risks of participation 

Expensive process
86,96,136

 

Time consuming process
89,122,136

 

Potential stakeholder frustration
55,64,110

 

Identification of new conflicts
28,55,74

 

Involvement of stakeholders who are not repre-

sentative
73,122

 

Empowerment of already important stakeholder
20
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Figure 1. Relevant participatory techniques in project involving stakeholders depend on several 

factors (adopted from Luyet et al.90, 2012). 

Before any project including or facilitating environmental monitoring, the set-up of the monitor-

ing techniques, the limitations of technologies, and the very important questions “who should 

participate?” and “how should they participate?” need to be considered. To answer the question 

“when?”, the notion of project phases needs to be introduced63,125. Analysis and identification of 

objectives, designing technical solutions, decision-making, implementation, and assessment can 

include and be open to stakeholder feedback, if not to include stakeholders actively in the pro-

cess.90 

The BalticFlows consortium gathered information from different types of NGOs, regional authori-

ties and other stakeholders, who organise volunteer activities on water and environmental moni-

toring within the regions of Hamburg, Tallinn, Turku, Uppsala and Riga. Based on the mutual men-

toring and identified best practices, as well as future goals, the consortium conducted a list of 

items to be considered, when setting up environmental monitoring programmes, where active 

citizens can participate. The discussions are summarized in Table 3. The most common way to or-
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ganise participation on environmental monitoring in the regions mentioned, seems to be via in-

dependent NGO’s, operating on evaluating, inspecting and sending out information on the cur-

rent state of the environment, thus provoking actions from both citizens and regional authorities 

for contributions towards environmental conservation and good ecological status. The observa-

tions and environmental monitoring is mostly seen as an early warning system, to inform any ab-

normal or alarming observations to the wider public, as well as to the correct authority for further 

inspections. However, more creative methods of involving active citizens were also present, such 

as allowing citizens to act as official public inspectors on environmental matters, and gain the 

rights to patrol and document violations after proper training on a volunteer basis (Public Inspec-

tor status at Latvian State Environmental Service), or to allow a sponsorship to take place be-

tween the private citizen and a specific water body (Stream Sponsorship programme, NABU, 

Hamburg).  

A community and structure around environmental monitoring is seen necessary to make the ac-

tivities appealing, and to encourage participation. The find the most suitable structure, it is rec-

ommended to engage all stakeholders and stakeholder organisations in the discussions and de-

velopment of the monitoring activities and programme. 
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Table 3. Setting up an environmental monitoring programme or project 

Mobilising and organising 
volunteers 

Consider target group, and select an array of information channels best 
suitable for them. Would social media channels be more natural for the 
target group, or is perhaps e-mail newsletter the best way to contact 
the target group? 

Providing information 

Is it possible to provide all information collected openly? Is there secu-
rity or safety issues that need to be considered? How about application 
program interface, can the data be provided as open data, and allow it 
to be further exploited?  

Instructions 

Does the active citizen need specific instructions how to utilize the 
tools for monitoring? What type of training is required, and what is the 
best way to provide training, while keeping the interest and enthusi-
asm towards environmental monitoring alive? 

Data structure 
How can the active citizen send in the monitoring data? Does it require 
checking or validation, is an expert necessary? 

Compensation 

If experts are required, how and via which organization are they com-
pensated? Could the compensation for experts and and active citizens 
be non-monetary, perhaps status, membership, access to tools and 
information? 

Status 

Can the volunteer get an official status for their activities, is a contract 
required? What is the status, purpose and meaning of the data gath-
ered? Can it be provided alongside official records, are there official 
records to compare the information to? 

Evaluation of the data 
Is a similar dataset available? Can trends on the data be compared to a 
similar dataset, can the data be enriched or evaluated, to secure validi-
ty? 

Brake the barriers 

If the communities can raise enough interest and active citizens are 
interested to improve the environmental status of the water bodies, 
how can the materials, equipment and necessary laboratory tests be 
secured? Can the NGOs, regional authorities, research organisations 
and active citizens work together, and how can the funds for such ac-
tivity be raised? 

Create connections 

Connections between the organisations, between individuals, between 
official structures will improve the cooperation. To avoid duplication of 
efforts, can the cooperation be eased with standard procedures, such 
as including the contact information of environmental programmes to 
the local educational program where relevant? 
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Citizens’ interest to participate in environmental water monitoring 

In the BalticFlows project, the consortium conducted two surveys as part of the Work Package 4, 

“Water Monitoring Via Citizen Activity”, to people of various ages and educational backgrounds 

amongst appropriate target groups (e.g. residents living near streams or small rivers as well as 

environmental activists). The first survey explored their willingness to install and maintain a small 

water quality monitoring device. The second survey, amongst the same target groups and espe-

cially the active users of social media, explored whether sensor technology is seen as a useful 

means of creating self-published content, or whether manual creation is more preferable. 

Based on the first survey and analysis, by giving citizens a chance to involve in the monitoring pro-

cess and providing them easy-to-use devices and platforms, they will provide a new dimension to 

water quality measuring and information sharing for researchers to further analyse and citizens to 

be more aware of the state of their nearby rivers and streams. 

In the second survey and analysis, citizens saw sensor technology as an attractive and potentially 

useful way of creating content for social media purposes and via social media networks. 

When planning new environmental monitoring programmes and projects, it is seen important to 

understand what the social media networks are utilised for, and what type of information would 

be preferred by the active citizens to be shared. 

Surveys results and analyses have been published independently and as a part of this report, 

and can be found at the end of the report as Annex 1 and Annex 2. 
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4. Sharing is caring 

A growing number of projects initiated by civil society organisations are supported by different 

tools, such as the Europe for Citizens Programme. The “smart citizen trend” where projects are 

initiated by companies, private organisations or individual citizens, where different categories of 

active citizens are engaged to report environmental parameters, captured by eye or technical 

equipment, seems to be a growing trend. Enormous possibilities lie today to utilize the internet-

communication enabled citizens  to monitor important information on a wide scale using their 

own smartphones, report this to internet databases of different types – social media channels, 

directly to “cloud databases” collecting raw data, alarm reporting systems or other channels. Via 

this type of activity, a large number of data and sampling events, replacing a lot of expensive pro-

fessional equipment seems to provide new possibilities to researchers but also the citizens them-

selves to analyse and interpret the patterns and phenomenon of active citizenship. These “mobile 

samplers” are also able to get information from areas where fixed installations would not normal-

ly be installed. Data that is acquired is however not always to be trusted, since the equipment or 

methods may not always be well defined and calibrated or the users may lack of personal training 

how to use it. Therefore, the large amount of data stored from different “uncalibrated” sources 

needs to be managed with statistical methods and perhaps also combined with information from 

other sources.17 

There seems to be a lot of possible improvements regarding the quality and accuracy of technical 

monitoring gadgets that are expected to be used together with smartphones to capture environ-

mental parameters, and related measurement methods. But to achieve more reliable and accu-

rate data, the balance between item price and accuracy is a difficult topic to manage, especially if 

the add on gadget is financed by private citizens themselves. Technology is advancing and the 

possibilities to use new generations of sensors advances in the same way as smartphones develop 

in performance and feature sets, making the activities and acquiring of add-ons easier and more 

accessible. Many of the “smart city” projects with crowd participation are focused on environ-

mental parameters in air (toxic gas, particles, sound, light and similar parameters) since these 

types of parameters are relatively easy for regular citizens to capture with sensors already exist-

ing, and since with citizens spend most of their time in non-aquatic environment. Another note-
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worthy detail with citizen participation in water related environmental monitoring is that the 

technical equipment, such as sensors or ready-made add-ons for water analyses are still not avail-

able as low-cost components in the same way as for air quality.17 

Through two surveys for the citizens in the participating regions, BalticFlows project has analysed 

and the citizen’s willingness to participate in automated water quality measurements once the 

technology for this is mature enough for wide-spread use. The surveys were distributed with the 

help of the local and regional environmental organisations within the participating regions. By 

using the e-mail lists and websites of the local environmental organisations and student groups of 

environmental fields, the survey was able to reach a relatively high amount of answers. Survey 

analyses are included in this report as Annexes 1 and 2. 

Initiatives and projects involving active citizens 

To target the environmental organisations whom to contact and to analyse more closely on the 

potential citizen groups, BalticFlows project has studied and analysed the success of other pro-

jects including active citizens.  Several already completed and ongoing projects addressing envi-

ronmental monitoring and active citizenship were studied in order to recognize the most promis-

ing types of citizen groups, the best methods in activating citizens to participate in environmental 

monitoring and to gain knowledge of the current level of such activities. According to Sil-

vertown121 (2009), the best way for the public to understand science is to participate in it, and 

therefore the growing number of participants involved in citizen science6,121 is an indication of an 

increase in the level of scientific knowledge and environmental awareness among the general 

population45. 

BalticSeaNow.info 

In the project an interactive voting system was used in different events, questionnaires and hand-

ed out the Secchi discs with the instructions of use. Web-page was supposed to be used as a por-

tal, but due to technical problems, the observations were e-mailed to the researchers and project 

personnel. 400 discs (with a diameter of 30 cm) were distributed to individuals, and 50-60 of 

those individuals were actively collecting data during the project. 
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Secchi3000 

SYKE (The Finland Environmental Administration) has taken some steps in the direction of making 

measurement instruments simpler by developing Secchi3000 Turbidity analyser, in which a stand-

ard mobile phone camera serves as the measurement instrument analysing the water quality. 

The Secchi3000 was designed as an inexpensive and simple solution to measure water quality. 

One of the objectives of the Secchi3000 tool was to allow non-experts and common citizens to 

participate and promote water quality issues. The actual measurement process with the Secchi 

3000 is rather simple: The Secchi3000 container is filled with water from a lake, river or sea, and 

the measurement structure is placed inside the container. A photograph can then be taken with a 

mobile phone through a hole in the lid. The EnviObserver application (developed by VTT, Finland) 

was used to take the photograph, which is sent by the application to a server simultaneously with 

metadata, for instance, the measurement location. An algorithm is used to analyse the photo-

graph at the server. Target areas are then found from the picture and, based on the brightness 

values of the target areas; the algorithm computes water quality parameters. In conclusion, the 

results are stored in databases and user will also receive them to the mobile phone. 

Järviwiki 

Järviwiki, also known as Lakewiki, is a web service built and maintained in cooperation by authori-

ties and active citizens. The webpage provides information on each Finnish lake over 1 ha in ex-

tent and tools for sharing different parameters, observations and pictures. Each lake has its own 

page, as does each drainage basin, region, municipality, ELY centre and river basin district. In addi-

tion, Järviwiki can be used for sharing information and documentation on lake restoration pro-

jects. Some of the basic information on these pages originate directly from authority databases 

and cannot be modified by the active citizens or other users. Most of the other content on the 

portal is user-editable, and contributions are encouraged. 

IBM CreekWatch 

Mobile phone applications are one of the easiest and most accessible tools for regular citizens to 

participate in environmental monitoring. IBM Research has provided an iPhone application Creek 

Watch for monitoring the condition of waters. When passing any kind of waterway, river or 
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stream, the Creek Watch application is a tool to report how much water and trash is visible at the 

time. Reporting via the application utilises the everyday object of the citizen, a mobile phone and 

its camera function. The Creek watch announces that the data is aggregated and shared with wa-

ter control boards to help them track pollution and manage water resources. 

The Creek Watch App uses four pieces of data: 

1. The amount of water: empty, some, or full. 

2. The rate of flow: still, moving slowly, or moving fast. 

3. The amount of trash: none, some (a few pieces), or a lot (10 or more pieces). 

4. A picture of the waterway. 

The data helps watershed groups, agencies and scientists track pollution, manage water re-

sources, and plan environmental programs.68 

EEA Eye on Earth with WaterWatch and AirWatch 

Eye on Earth was a ‘social data website’ for creating and sharing environmental information in a 

socially meaningful way. The online ‘environmental community’ facilitated by the European Envi-

ronmental Agency (EEA), technology leaders, cutting-edge innovations and cloud technology in-

vited all to participate in the formation of new data and information based on individual observa-

tions and measurements. A variety of formats for the data and information, such as maps, graphs 

and tabular spreadsheets, as well as various other tools were provided for use on the platform. 

The interactive maps could be viewed, created, manipulated and shared. It represented a good 

practice for implementing the principles of a Shared Environmental Information System (SEIS) for 

Europe and was used to support the European efficiency in collecting and providing environmen-

tal information to the wider public as well as research. Users were able to select, whether they 

wished to share information with closed groups selected by the user himself/herself or with all 

other users.  

At 2008, WaterWatch was the first application to be used on the Eye on Earth platform, providing 

an online interactive map of Europe presenting the latest available official water quality data (in 

line with the EU Bathing Water Quality Directive) from over 22,000 monitoring stations in 28 
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countries. EEA facilitated the development of Eye on Earth with partners such as Microsoft Corpo-

ration and Esri, a U.S.-based developer of GIS mapping software. 

The Eye on Earth project was mentioned at the 2012 United Nations Conference on Sustainable 

Development129 (paragraph 274). After this, no further updates on the project, or developments 

on related watches or internet services, could be found. Such a platform would have made it pos-

sible to allow non-professional active citizens to carry out research-related tasks such as observa-

tion, measurement or computation and to provide their own data and measurements to profit 

the wider society 

Water Insight 

Remote sensing products and services are important support tool for research depending on the 

availability of such satellite data. Water Insight provides remote sensing products and services 

able to analyse the water quality on their high resolution products. Small companies and research 

groups may obtain vast potential and expertise in processing satellite data for large areas and per-

forming and supporting optical in situ measurements for also detailed monitoring. Water Insight 

has developed a hand held water quality scanner, the WISP-3, for collecting optical in situ meas-

urements. It is especially suitable for monitoring of water supply reservoirs, monitoring water 

quality at swimming water locations, intensive monitoring during periods of expected algal 

blooms as well as flexible and fast monitoring of ecological restoration projects. Water Insight was 

founded in 2005 in order to provide innovative operational tools and services to increase the effi-

ciency and effectiveness of water quality management. Water Insight advertises that their easy-

to-handle in situ instrument provides the concentrations of: Chlorophyll pigments, suspended 

particulate matter (SPM), Cyanaopycocyanin pigments (of blue algae) and coloured dissolved or-

ganic matter (through WISPweb)138. 

Citclops 

Optical monitoring has proven to be a viable option among sensor based environmental monitor-

ing, especially in monitoring including volunteer activities and active citizens in water quality mon-

itoring due to the fact that using this technology, the measuring device does not need to be 

dipped in the water or water does not need to be inserted in the device. Using this method, such 
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variables as the depth of the sample, the background or experience of the volunteer may not af-

fect the data gathered as much as with other types of monitoring. 

The objectives of the Citclops project are (according to the project website 

http://www.citclops.eu): 

 To enable citizens’ participation in acquiring environmental data in coastal and oceanic 

areas through the use of existing devices, such as smart phones as sensors. 

 To develop improved low-cost sensors and systems for monitoring water colour, trans-

parency and fluorescence, in a location-aware manner allowing for the analysis of spatial 

patterns. 

 To provide recommendations in sectors such as energy, transport, fisheries, health and 

spatial planning, interpreting collected data through artificial intelligence techniques. 

 To disseminate interpreted information to two kinds of users: citizens (individuals and as-

sociations) and policy makers (e.g. local administrations). 

 To produce applied results by developing: (a) new applications for mobile devices; (b) 

friendlier and more flexible user interfaces; and (c) social-networking capabilities to con-

nect citizens and their associations to policy makers. 

Monitor 2020 

Finnish national monitoring strategy of the state of the environment defines strategic targets for 

the gathering, storage and utilisation of environmental data, as well as means of, and measures 

for, achieving these targets, up to the year 2020.The main strategic goals of the program are77: 

 Securing a sufficient level of information to support decision-making and comply with le-

gal requirements; 

 Higher quality and maximised cost efficiency throughout the production process for moni-

toring; and 

 Easier utilisation of information. 

One of the key factors of the Monitor2020 programme is the possibility of combining different 

types of data to reach and answer different interests towards the environment via GIS based solu-
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tions, such as allow environmental considerations, land use, engineering, biodiversity and social 

factors as separate layers on a location based information source. Developing the monitoring so-

lutions would also allow the architecture of organisations and monitoring solutions to be simpli-

fied, decentralized and thus lower the costs or administration efforts via automated data han-

dling. The family of different citizen solutions to environmental monitoring include such topics as 

Bird watch (active programme since 1920’s), hunting and animal countings (1970’s), Algal watch 

(2010), Lake wiki (2011), JellyFish Watch (2012), Alien species Watch (2013), River Watch (2013) 

and MySwim Water Watch (2013) water quality monitoring with Secchi 3000 equipment.77 

The target of the Monitor2020 programme is to combine different environmental monitoring da-

ta, in a more efficient and open way, to maximize the utilization of such information. The moni-

tor2020 programme will therefore provide guidelines and suggestions to the ongoing projects and 

initiatives on the selection and sharing of the information as well as technical architecture.77 

Other activities related to co-operation in water monitoring 

To support the volunteer activities and active citizenship in the field of environmental monitoring 

the United States Environmental Protection Agency keeps an online platform related to environ-

mental monitoring and volunteer activities, and one section covers water related activities (for 

further information, http://water.epa.gov/type/rsl/monitoring). The online platform is used both 

by parties organising the environmental monitoring activities and by citizens engaged in this kind 

of activities. Via the webpage it is possible to find programs on environmental monitoring active 

in different parts of the nation, guidebooks and factsheets on the basic functionalities on envi-

ronmental monitoring, and also support in organising such activities. The webpage also demon-

strates the use of different funding channels for citizen monitoring and activity programmes, and 

provides links to different funding options, such as The Michigan Volunteer River, Stream and 

Creek Cleanup Grant Program (VRSCCP). To improve the waters, small grants are provided to local 

units of government in order to help implementing volunteer clean-up attempts of rivers, streams 

and creeks. These grants are directly assigned for the clean-up and removal process of trash and 

debris from rivers and streams. The main idea behind the funding is to support the volunteer ac-

tivities. Disposal costs, hand tools, supplies refreshments and other possible volunteer apprecia-
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tion materials are possible to be covered by the program-awarded grant funds. Eligible candidates 

to apply and receive funding are local units of government. To conduct the actual clean-up ef-

forts, the units are allowed to work with non-profit organizations and grassroots groups. 

Besides the tools for the monitoring, any program or project including active citizens will require 

proper tools for the information and communication activities closely linked to the actual moni-

toring and volunteer activities. To enable such activities, and to exploit the existing data, many 

countries have started to support different kinds of stakeholder platforms and programs to sup-

port the transparency and accessibility of environmental information. Already existing infor-

mation and programs require support and attention to allow the multiplication of the results and 

multiplier effect to the water quality issues. An example of such activities can be found from the 

United States, where a national facilitation project Volunteer Water Quality Monitoring has 

worked to build a comprehensive support system for volunteer water quality monitoring efforts 

across the country. The objective is to expand and strengthen the capacity of existing Extension 

volunteer monitoring programs and support the development of new groups.  Under the project, 

local priorities are taken into consideration with regional and state-wide volunteer monitoring 

training courses. The project will be able to enhance visibility, understanding and credibility by the 

interaction and communication at national, regional and local scales. Therefore, volunteer moni-

toring can execute the role to effectively address research, education and extension themes. The 

core idea behind this project is the so called Multiplier effect: Volunteer monitoring strengthens 

the delivery of a state's overall Extension water quality program. The data produced in this pro-

ject is being exploited by a wide selection of federal, state, local and tribal agencies, as well as by 

researchers, educators and watershed groups. Easy access to the information is in the earnest 

consideration at the design phase of the project. 

The project announces at their website (http://www.uwex.edu/ces/csreesvolmon/links.html), 

that the monitoring programs can be considered as springboards that enlarge and orientate Ex-

tension's community involvement. They create "multiplier effects" as the knowledge, concern, 

commitment and energy of trained citizen volunteer monitors is carried into other areas of their 

community’s life. 
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The different types of approaches mentioned provide a great example of how differently the Citi-

zen activity in environmental monitoring can be approached. The approach may be towards sup-

porting the existence of different types of local activities, providing information and a centralized 

channel to finding these opportunities from both individual perspective and from the perspective 

of municipalities and other organizing parties, or developing specific tools to make such activities 

easier to organize and execute. As shown in Figure 2, the central actors are the Local authorities, 

Research and environmental organisations, and the active citizens themselves. The specific objec-

tives of the activities may arise from the active citizens themselves, but most often the activities 

are influenced by the actors as well as the available tools, platforms, ongoing projects and pro-

grammes as well as funding. Even though the active citizens are usually volunteering for the activ-

ities on environmental monitoring, the equipment, access to the monitoring sites and the upkeep 

of webpages and databases requires access to funding, either via official programs or as charity. 

 

Figure 2. Central actors and tools for environmental monitoring via citizen activity 
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The BalticFlows consortium gained in most of the participating regions a warm welcome from the 

active citizen groups, such as people interested in environmental conservation actions, active us-

ers of local rivers and streams for recreational purposes and residents living nearby a river or a 

stream. The consortium members have set up meetings and engaged the citizen groups in the 

events and dissemination activities, as well as in the surveys related to environmental monitoring 

and social media. Participating regions share an interest and passion towards the Baltic Sea and 

the rivers and streams that flow into the sea. With a clear set of tools for monitoring and sharing 

information, the regions would most likely form a great environment in which the triple helix or 

even the quadruple helix activities related to environmental monitoring would thrive. 

Most stakeholders acknowledge the need to protect the Baltic Sea, but the role and responsibility 

of the general public is still missing from the wider picture. Conventions and strategies clearly 

recommend that regional and local government as well as organisations engage the public and 

stakeholders in activities promoting a healthy Baltic Sea and actively promote public participation 

in decision-making79. Raising public awareness and promoting the active role of citizens could lead 

to greater public participation in the protection of the Baltic Sea. The general awareness of re-

search and its objectives could be enhanced with the help of tangible means of participation, 

well-planned monitoring systems and the possibility to have an active dialogue between actors on 

national and international levels as well as private persons and officials. More awareness, infor-

mation sharing and involvement in the public arena are necessary to protect the Baltic Sea. Many 

individual actors might have the will and the awareness, but lack the means and channels to par-

ticipate79. 

By offering citizens the means to participate in environmental monitoring, we at the same time 

offer tools to take part in the conservation of the Baltic Sea, to be active citizens and to share 

their knowledge. Participation and discussion can be activated, if people are provided with rela-

tively easy tools to participate in an interesting subject. On the other hand, it is hard to expect 

activity and participation if a person does not believe that his/her actions really make a differ-

ence. This is why an active and vivid public discussion is needed. Visible support for and commu-

nication of all of steps in the conservation and protection of the Baltic Sea may provide the citi-

zens with greater confidence in action and the possibilities available for wider public participation. 
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Turku University of Applied Sciences has shown activity in including the wider public in the re-

search and conservation activities. Their recent BalticSeaNow.info project, which was disclosed 

above, conducted a survey aimed at those working in the protection of the Baltic Sea. The aim of 

the survey was to clarify the Baltic Sea experts’ thoughts about the need for involving the public 

and the opportunities provided with inclusion. Ideas on the role of citizens in the protection of 

the Baltic Sea were investigated in the survey by means of open-ended questions. The questions 

covered also the concept of a Baltic Sea identity as a mean to gain more interest and participa-

tion. A Baltic Sea identity was considered a difficult matter, as the runoff area of the Baltic Sea is 

extensive and not all residents live next to the coast. According to the project, a common identity 

could also prove difficult to establish as the cultural background of the states in the Baltic Sea re-

gion differ from one another. In order to promote and encourage public participation in environ-

mental research and public discussion new ideas and approaches are needed. A Baltic Sea identity 

was considered an important channel to foster participation, as people are prone to act in favour 

of things they consider their own. Improving the relationship with nature and increasing the ap-

preciation of nature might prove to be practical ways to boost the development of a mind-set en-

abling and encouraging public participation as well as furthering the development of a Baltic Sea 

identity. 

Environmental problems do not respect national borders. This is especially true when considering 

environmental problems in the Baltic Sea, which affect the citizens of several countries either di-

rectly or indirectly. Today citizens have a possibility to be involved with environmental decision-

making via commenting on proposals of the environmental evaluations in progress. The citizens 

could however play more participative roles in the entire cycle of policy-making from objective 

setting and planning for new openings through monitoring existing conditions and monitoring 

results66. Where possible, replacing human senses with technology can further minimize problems 

with volunteer data collection. 

Today most projects and public databases gather information in a defined location, website or 

organisation and to provide it mainly to those who are informed enough to request it. This type of 

collected data could for example be used to fulfil statutory obligations for nature conservation. 

Some networks may serve more the educational rather than scientific purposes, and some are 
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more for recreational rather than active citizenship. But nevertheless environmental data is al-

ready being gathered, and we should be smart enough to make gathering that data as easy as 

possible and to come up with methods how that gathered data could be used in several different 

contexts, and whenever possible, to serve the entire society. 

Encouraging citizens to presume a participative role in knowledge creation and environmental 

policy-making requires a powerful way of thinking. To inform policy and management decision, 

the traditional “from top to bottom” structure of information flow which describes specialist-

intensive policy-making structures will be challenged by the exploited information gathered by 

citizens. The constant and desirable bilateral exchange of knowledge between citizens and au-

thorities will be possible by including the citizens in the entire cycle of policy-making41.  
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5. Trust the data? 

How would it be possible to use the data gathered by non-experts, not scientifically trained volun-

teers, for decision-making or scientific research? Environmental monitoring projects gathering 

data recorded by citizen scientists have not been without controversy. The applicability of the da-

ta has been a hot topic for both scientists and authorities. On the other hand, citizen scientists 

provide a valuable resource not available with traditional monitoring practices44,45. 

Perspective of Information Technology 

Below are stated several important issues to be managed when creating valuable and usable data, 

assuming communication from sensor to database is working in a reliable way using modern ICT 

technology; 

Traceability of how monitored data is acquired, access to calibration data, unique ID 

and type of sensor including its feed of raw data and calibrated data, calibration method 

and other data used for correlation of data. Depending on the user and purpose of usage 

of data, different methods may be applied when retrieving this data from the database 

(the cloud). Different Data Fusion and Data Analytic methods may be applied to improve 

the data, but these methods are relying on know how about how data is collected.  

Database storage formats and data retrieval APIs (application program interface) shall 

follow some established open standard(s) that enables integration with data from other 

sources - and Data Fusion Analytics or general presentation.  

Recommendations how to use the sensors may be critical, so instructions and method 

show to deploy sensors for untrained citizens would be necessary. Training may be need-

ed, but if the sensor includes some DIY (do it yourself) instructions, this would be even 

better, and training should be complemented with locally supported sensor intelligence. 

If data is used for official public information or research, it is important that some level 

of scientific correctness or “trust” in information presented is warranted. This may only 

be true if traceability to data source and measurement methods is known. 
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If it data is provided by Citizen contribution, it is also recommendable that data is pro-

vided free to use without any commercial restrictions – allowing access and usage both 

for public information, innovation processes or academic research.  

There are some advances related to how to trace sensor data, especially wireless sensors with 

respect to the above mentioned traceability. Since this type of sensor is less reliable than always 

mains powered industrial sensors in a controlled laboratory environment – the sensor should be 

equipped with substantial and sufficient information within the data feed about identity and cali-

bration status. Methods are defined that may be used on low cost sensors that does not increase 

the price substantially, but significantly increases the “trust value” of data. If other parameters 

(other types of sensor data) are added to the data feed that compensates for the lack of laborato-

ry environment that is common for this type of data acquisition, compensation algorithms may be 

applied to increase the correctness of the data both locally in the sensor and later in the cloud, 

using data fusion.  

To illustrate a simple example: a water sensor is constructed to measure turbidity, this 

may be a low cost wireless sensor deployed in a river stream. To get a reliable value from 

this sensor, it may be wise to add information about optics used (wavelength, filters), 

depth and position in the river stream (geographic position and pressure or length of de-

ployment wire) together with other parameters such as water temperature and optionally 

other parameters that will be used in data fusion applications.  

One solution may be to add PnP (Plug and Play) abilities to the sensor; this corresponds to 

how an Operating system automatically loads the correct software driver to a new mouse 

on your PC when you plug the USB connector into the PC.  There are different examples 

of how to do this for a sensor – a combination of TED (sensor electronic datasheet and ID) 

and software protocols such as IEE1451 where the sub clause IEEE 1451.5 is proposed to 

be used for wireless sensors. To apply such software addition to identify the sensor and 

enable full traceability is important if we choose to “trust the data” in a citizen deployed 

environmental network. 
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Since the citizen of today is often using his or her smart phone for all other tasks, an important 

item to be added in our list above – deployment and handling methods – may be solved by wire-

less services at installation time. One important prerequisite is the distribution of information; 

this may be solved by MOOC services (Massive Open Online Courses) in combination with local 

communication with the sensor during installation and deployment. We assume that the citizen 

does not remember all the information about how to handle a sensor-based device and how to 

deploy it – and also that if it is a sensor that is deployed into water and then occasionally man-

aged and maintained by this citizen. To add a local communication link with the citizen and his or 

her smartphone where the sensor reports if installation is performed in a correct way would in-

crease the “trust” of the measured data. This is also applicable if the sensor is carried along and 

only water is sampled and put into a measurement device.  

Data communication from sensor to data storage in the Cloud (Internet servers) may be unrelia-

ble and susceptible for intrusion or modifications, therefore it is recommended that usage of IP 

communication with support for error correction frames and optionally encryption is used. 

Storage format for sensor data in the cloud databases and API to retrieve data is defined in most 

western countries at national level. Unfortunately, these “standards” are not internationally ap-

proved standards. Many systems are using SQL databases, JSON and RESTful APIs, so it is possible 

to convert data between different systems. We assume that several EU projects are trying to 

harmonize and create universal solutions for partially overlapping standards. 

EEA (European Environmental Agency) is pointing towards OGC (Open Geospatial Consortium) 

proposal for SWE (Sensor Web Enablement) technology SenseML where WaterML may be stand-

ardizing water information. Organizations from other program initiatives (such as ict4water.eu) 

suggest different APIs for general monitoring of different data. 

Data communication from sensor (human sensors or automated sensors) to data storage may be 

based on any type of equipment from specialised M2M/ham radio to smartphone Apps. Mobile 

phone applications are one of the easiest and most accessible tools for regular citizens to partici-

pate in environmental monitoring, but in larger rural areas where the need for communication 

has been existing before arrival of smartphones and fast mobile networks, there are several solu-
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tions where Citizen enrolment has been important – as example Australian networks for Shark 

warning, Coral reef preservation, hydrological monitoring networks are using other methods for 

communication where supervision of equipment is volunteered. The Australian SharkSmart allows 

and encourages citizens to report their sightings of sharks via plurality of communication chan-

nels, such as phone calls or tweets to the SharkSmart service collecting and visualising these sight-

ings on their webpage and twitter account.  The webpage has been built using CSS/HTML, which 

allows users to turn off style sheets and view the website content without graphics as well. 

As in many cases, the environmental monitoring itself can be a lengthy process, the citizens could 

be offered other means to support in the monitoring process. Cooperation and support could be 

received in the form of unattended data transport, as this would lessen the need of training.  

Data Mules is a similar approach for rural areas where no fast mobile network is available. As an 

ex-ample, a “private turist” could be walking around in remote natural environment, as her/his 

mo-bile phone automatically connects to a monitoring station and retrieves stored data. This data 

is forwarded to a common database when the “private turist” is back to civilisation and better 

net-works. 

Physical Web (iBeacons, or Eddystone Google Beacons) and other proximity aware solutions are a 

way to connect wireless sensors to mobile units without too much work with specific Smartphone 

Apps. This may be a possible way to connect low cost fixed or mobile low cost monitoring sensors 

to citizen smartphones where the data transport to internet storage is provided. 

Is the collected data reliable? 

Environmental monitoring and citizen science projects are raising new questions as the popularity 

of such activities rise. The number of the participants is continuously increasing as well as their 

free time available to make observations. Both Sparks et al.124 (2008) and Courter et al.31 (2012) 

remind us all, that with traditional observations-recording projects, there is a phenomenon of a 

weekend bias, where the effects of more volunteers being available during the weekends for ob-

servations can affect the records and be taken into consideration when analysing the data45. 
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However, both of the studies mentioned that weekend bias seems to be declining due to the re-

cent changes in the traditional working week. 

Naturally, data collected by non-expert volunteers will be having some reliability issues, but we 

must keep in mind that with modern measurement technologies can overcome some or even 

most of the limitations presented by human sensory data. Most projects and studies still gather 

data provided by volunteers relying on human senses. Naturally, data collected as part of citizen 

science and crowdsourcing projects are not without weaknesses and data reliability issues either. 

There is a risk that poor quality, misleading or even maliciously submitted data eventuate from 

minimum amount of education, knowledge and expertise of participating relatively anonym active 

citizens. Incomplete or inaccurate data can appear when formal scientific methods are aban-

doned and non-standardized or poorly designed data collection methods are used.2. Since the 

active citizens act as volunteers in collecting the data, it is at all times possible, that the interest 

towards a certain type of action or project diminishes. Weekend bias or other gaps in the data 

collection process, such as location of the data gatherers and data collection points, may lead to 

low quality of data and even to a failure of an entire project. Afterwards, these issues have caused 

citizen science data being perceived as low quality and not worthy or too risky of being consid-

ered in serious scientific research by many in the scientific community 2. 

To overcome the challenges set by the layout of any project relying on the active citizens and citi-

zen science, a large amount of research has been undertaken to improve the data quality. Rela-

tively simple techniques can be considered to validate data input (e.g., syntax, format and values) 

by checking compliance against schemas. A comparison with data sets from alternative sources or 

comparison with historical trends may sometimes be in place for more accurate data quality as-

sessments. Especially with new types of data, the previously mentioned approaches are not pos-

sible in case there are no other sources of comparable data or there is no longitudinal data to per-

form trend analysis. Exploiting social network analysis tools to provide a measure of the trust of 

the data can be considered an alternative and complementary approach to data quality en-

hancement services. Alabri et al.2 (2010) are certain, that even though not applied to citizen sci-

ence data, a number of different trust models and trust metrics have been developed by re-
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searchers in the context of Web 2.0, and that some of them could be applicable to data sets and 

projects involving active citizens.2 

The volunteer monitoring programs may offer great support for professional researchers and nat-

ural resource agencies. If a careful analysis and validation of the data collection program and tools 

are executed, the results should be usable and trustworthy. For monitoring and overseeing such 

programs, projects and data collections, a professional with advanced training and experience 

accustomed to solve and analyse the validity of data is necessary. Documenting the cause of im-

pairment, quantifying effects, and developing plans to solve problems as well as purely numerical 

results with no straightforward interpretations will require an expert to analyse and interpret the 

data. This is also necessary for the active citizens to understand the meaning and logic behind the 

data collection activities.50 

To improve and ensure the data quality in projects and activities including active citizens, training 

of the data collectors is an important step towards more accurate data.  As long as the data col-

lectors are given appropriate training to guide them, citizen scientists can be as accurate as pro-

fessional scientists when collecting data98. Training is also a way to ensure the commitment of 

new project members or active citizens interested in data collection and help them to increase 

their skills and knowledge of the environment and research. 

Training or supporting materials may range from workshops and online tutorials to field guides 

and train-the-trainer sessions: for example, CitSci.org offers a train-the-trainer model for all new 

project administrators. The Cornell Lab of Ornithology has developed a special model for develop-

ing a citizen science project. A nine-step process includes visualizing data and disseminating pro-

ject results, as well as training the participants12 . Cornell projects, such as eBird, offer extensive 

training materials which provide vast learning opportunities for the participants. Recorded bird 

sounds, regional field guides, and in-depth project tutorials may also act as a prize for the active 

citizen and offer them tools for personal growth. In a popular platform of Zooniverse each project 

begins with a short training exercise for the participants.23 

Modern technology offers an ideal means of training and communicating with network partici-

pants, as well as means to transfer data easily and effectively. The level of training required will 
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depend on a wide range of factors from the level of expertise of the volunteers to technical issues 

related to the set-up of the data collection. It is suggested that a large sample size and geographic 

area will help reduce the possible error caused by non-expert volunteer data collectors. Reliable 

scientific results are possible with well-designed protocols and appropriate data analysis meth-

ods. In order to ensure high-quality data collection in citizen science programmes, Bonney et al.13 

(2009) suggest having (a) clear data collection protocols, (b) simple and logical data forms, and (c) 

support for participants45. 

In a traditional environmental monitoring project engaging the wider public the volunteer is first 

trained, activated, and then performs monitoring when suitable and reports his/her observations 

through a form into which data needs to be typed. But what if the data would be collected 

through technological sensors instead of human sensors? Especially in the field of water quality 

monitoring, it is difficult to know what exactly the water sample collected from one's backyard 

river actually contains – unless the sample is sent to a laboratory for detailed analysis. Most vol-

unteer-based projects are gathering other, more easily accessible data for the volunteers to re-

port in. For example, the colour of the water or visible algae blooming on the water surface is rel-

atively easy to report. By looking into the opportunities provided to us by the modern day tech-

nology, volunteers could in the future perhaps conduct research and data gathering via automat-

ed sensors analysing the data on-site, instead of requiring the long journey to the laboratory and 

to the hands of a professional. 

According to Silvertown121 (2009), the best way for the public to understand science is to partici-

pate in it, and therefore the growing number of participants involved in citizen science6,121 is an 

indication of an increase in the level of scientific knowledge and environmental awareness among 

the general population45. 

In citizen science a partnership between volunteers and scientists is established to address vari-

ous research questions. In this way, professional surveys may acquire additional resources and 

scientific research may connect to public outreach and education, as these partnerships have ex-

panded in number and scope13,87. Even if for the participating active citizens the collection of the 

data is a leisure time activity, the data collected in this way is used in serious purposes, such as for 

natural resource management16, environmental regulation107, as well as scientific research29. 
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Therefore the data quality is of great importance and could have far-reaching environmental, so-

cial or political implications34,50. 

The data quality has been examined in several studies by determining predictors of participant 

success in several citizen science programs37. It seems that the accuracy rates within these pro-

grams vary, and that the results are not always made available to the participants or the wider 

public. By standardising the monitoring protocols, designing the protocols and tools in coopera-

tion with professionals and field-test them with citizen scientists working under realistic condi-

tions, the data quality and analyses could be improved42. 

In their article related to improving and integrating data on invasive species collected by citizen 

scientists, Crall et al.34 (2011) suggest some observations and recommendations suitable for other 

types of data collected by active citizens as well: 

1. Data quality assessments are needed for existing monitoring programs 

2. Volunteers can easily acquire skills to species geolocation 

3. Assess working in groups 

4. Assess volunteer certification 

5. Assess technology’s role in data quality 

6. Determine eligibility criteria for specific skills that can be adopted across programs 

Crall et al.34 (2011) also suggest testing the accuracy rates of the new citizen science tools and 

programs with the existing monitoring protocols. The level of accuracy can then be more closely 

assessed, depending on the research question being examined and the ability to perform post-

hoc statistical manipulation on the data. Regular monitoring of performance would be in place to 

ensure the training and sampling design will remain adequate. Once proper protocols are tested 

and established, they should be standardized and monitored to ensure the data quality39. 

The use of geographic information systems and GPS is becoming more popular and easily accessi-

ble. Use of such systems is becoming easier for citizens and researchers, and it is therefore used 

more in also natural resource management. Some citizen science programs are currently using 

these technologies to track the exact location of sampling or data gathering34, but evaluation of 
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the accuracy of GPS used by volunteers in such programs or projects is currently still missing71,112 

(see more details in referred sources). Crall et al.34 (2011) assume that the main limitation of 

these technologies may be forcing them to be available for a too large numbers of volunteers.  

Grouping volunteers with professionals to acquire more accurate data, especially when relying on 

human sensors such as vision or hearing and identification of alien species, could prove to be effi-

cient and successful. Bloniarz and Ryan11 (1996) tested this type of grouping in their study of tree 

identification between arborists and volunteer teams. Grouping and organising such actions in 

mixed groups of experts and non-experts could result in more accurate data as well as provide the 

active citizens with more knowledge and learning opportunities, making the activities more at-

tractive. 

Certification of the volunteers and their newly acquired skills does not alone provide a feeling of 

honour and achievement for volunteers but it may also improve volunteer commitment to a pro-

gram9. Master naturalists programs established throughout the United States are an example of a 

successful and meaningful certification model appreciated by the active citizens92. 

The sampling designs may change and be improved by technological advancements. Such a simple 

method as an automated error checking capability on an online form might help to improve the 

quality of collected data13,33. The technological improvements of smartphones and their applica-

tions allow automated entry of location coordinates while performing the data collection34. It is 

credible that these tools would improve data quality in different citizen science programs, even 

though the ability has not yet been tested in depth126,143. 

Individual’s perceived capability to perform a specific task is defined as self-efficacy5, which is 

used in prognosticating work and education settings performance72,133. Easy to obtain from volun-

teers, this information could be used to efficiently concentrate training on particular volun-

teers34,54,94. 

Data quality can be defined as the fitness of data for scientific research and concerns its com-

pleteness, validity, consistency, precision, and accuracy141. Data management and data quality 

practices vary among different programs and projects, and it seems that not all data produced by 

citizen science projects have a system to assure the data quality23,33.  
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To encourage knowledge sharing, BalticSeaNow.info project used visualisation and explanation 

of collected data. The participants continued to be active during the project only if they under-

stood what was the data collected for and what did the data actually mean. Project reports 

were shared to the participants: technical terms had either been explained or replaced with less 

technical ones to allow the participants and readers of all levels to have a better grasp on the 

content, and to avoid language only suitable for the small group of environmental experts.  

 

Several studies indicate that active citizens are able to collect data comparable to that collected 

by professional researchers when specific quality assurance methods are used3,21,42,53. This is par-

ticularly true for projects that involve the collection of quantitative rather than qualitative data56. 

Quality assurance efforts should be considered and evaluated for practices such as deletion of 

inaccurate or biased data, training, expert validation and location validation.23 

Furthermore, there appears to be a direct correlation between public participation and data shar-

ing in successful citizen science projects. Data sharing is an important task not just to spread 

knowledge of the activities and lessons learned, but also to encourage ongoing participation and 

underscore the value of volunteer contributions.23,117 

Sharing the data collected in citizen science projects can be implemented in several different 

ways. Most projects including active citizens provide access to the information, but not necessari-

ly to the raw data, to anyone. Some projects may limit the data access to members or data collec-

tors only to ensure the use of data in an appropriate way. The main focus of most citizen science 

projects lie in the dissemination of contributed data to inform scientific research, authorities and 

citizens themselves, and it needs to be taken into consideration that different audiences may re-

quire the use of different dissemination or sharing channels. One of the most popular methods of 

sharing information is via the publication of papers in peer-reviewed journals. Such activities and 

the importance of publishing scientific articles can be made more visible and understandable to 

the active citizens participating in projects by active participation and dissemination in these ac-

tivities. The Galaxy Zoo project, for example, has generated some of the most highly cited peer-

reviewed papers in the field of astronomy, listing and providing access to the articles and scien-

tific research gained from the work of active citizens participating on their website.23  
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6. How’s the (future) market? 

In the future, emerging technologies will be inseparably linked to citizen science. Spanning several 

spatial, temporal, and social scales, and by being designed to achieve a number of different out-

comes, successful citizen-science projects will depend upon new technologies to allow partici-

pants and organisers to communicate and interact effectively43,95,99,119. 

Scientific research is influenced by emerging technologies by intensifying data collection, enhanc-

ing data management, automating quality control, and speeding up communication. New tech-

nologies and skills (e.g. mobile applications, sensor networks, gaming) will appeal to a diverse set 

of citizen-science participants, but could potentially marginalise those who are reluctant or not 

able to digest them. Hence, for a broad and inclusive approach to new technology adoption in 

citizen science, global, regional and local organization networks and professional associations, as 

well as open-access peer-reviewed journals and cyberinfrastructure support systems, could help 

organize the growing citizen-science community and provide future direction to the field travers-

ing through technological transformation.100 

New technologies, such as mobile applications, wireless sensor networks, and online gaming, 

show significant potential for advancing citizen science. Mobile apps involve software developed 

for use on handheld devices such as smartphones and tablets. Wireless sensor networks consist 

of spatially distributed sensors that monitor various parameters, such as temperature, sound, vi-

bration, pressure, motion, or pollutants. Gaming includes alternate and augmented reality games, 

context-aware games, and games involving social networking. Alternate-reality games permit 

multiple players to combine information and form coherent stories, and utilise peer-rated per-

formance and feedback tied to location or place to solve real-world challenges78. These and other 

emerging technologies have the potential to engage broad audiences27, motivate volunteers30, 

improve data collection142, control data quality75, corroborate model results40, and increase the 

pace at which decisions can be made39. 

During later years, traditional GIS presentations where low resolution data is presented as col-

oured data on a map may be complemented with high resolution data presented as an overlay on 

more advanced smartphones or smart 3D glasses providing VR – Virtual Reality (in the future by 
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means of AR – Augmented Reality). Using smart glasses, sensor data may be superimposed with 

colours or warning signs on top of the picture of the surrounding reality. Using such reality en-

hancing vision support, a quick check with the AR-glasses of the summer beach before jumping 

into it may reveal if the water is safe to swim in. Many other similar applications may appear with 

this type of technology – as soon as the monitoring equipment will provide the required data 

feed. 

Citizen science projects and activities exploit standardised field protocols to collect and visualise 

data required for monitoring socio-ecological systems at multiple spatial and temporal scales, and 

projects may address both local issues and grand societal challenges. Wireless sensor networks 

may connect the laboratory to the natural environment, shifting focus from elite science to the 

real world, where data collection, analysis, and interpretation are performed by citizens going 

about their everyday lives, in cooperation with professional scientists. For example, a daily bicycle 

commute could automate air-quality monitoring, gardens could grow into networked micro-

environment monitoring stations, and scientists could eventually integrate continental-scale citi-

zen science datasets with professional datasets augmented by locally relevant citizen observa-

tions.100 

A certain problem related to the usage of lower cost sensors used by mobile citizens is how to 

assure the quality and accuracy of the sensors compared to laboratory equipment. On the other 

hand, todays “official” monitoring methods are based on a combination of few advanced monitor-

ing measurement stations and statistical averaging over time and spatial areas. This method may 

give accurate and general average data sets – but does not depict the dynamics in fast changing 

pollution situations. A short time with a high level of pollution such as when a large truck with 

dirty exhaust passes on a road may give a small average contribution if sampling time and averag-

ing measurement system is used. As a contrast, if a high density of low cost wireless sensors with 

higher sampling speed is measuring the same street and vehicle, much higher pollution during a 

shorter time will be measured and reported. This will give more valuable real time information to 

identify and track unwanted pollution contributors. 

Furthermore, in the past decade the internet is evolving from a global network of websites into a 

smart “cloud” – a common expression for internet-based servers where a huge amount of open 
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data can be stored, processed (data fusion) and managed (big data analytics) in different ways. 

For citizen science, more specialised storage can be built up as a storage service with a web access 

service, where many citizens can use smartphones with built-in sensors or external sensor gadget 

accessories to push data into the storage. Technical software solutions are quite similar to web-

browsing, using the same type of software protocols – autonomously using a dedicated “app” on 

the smartphone. In addition to the dedicated monitored data, GPS or network positioning, time 

and individual profile is normally stored in the database. This will successively build up a position 

with reference to place and time – and balanced data values (using averages from many monitor-

ing equipment).17 

In addition to data storage, cloud servers may also offer applications with statistical refinement of 

these data values into a presentation data set that may be presented using standard web inter-

face methods (browser or dedicated smartphone apps). Software algorithms may also be used to 

“scrub the data”, i.e. compensate for lower resolution or quality monitoring sensor equipment 

with different calibration status results in a little more reliable data values. Averaging and also 

prediction of possible data sets in areas where no data is available may give impressive results 

when presented on a GIS (map) with all data from different sources and often also at different 

time.17 

Roles of technology 

The manner in which citizen scientists contribute to the scientific activities and objectives may 

vary across projects. In some cases, participants are involved in a single step of the research pro-

cess, whereas others involve participants in a broader context. According to Bonney et al. 

(2009)12, the typical research process for citizen science projects can been conceptualized as: 

1. Gathering teams/resources/partners, 

2. Defining research questions, 

3. Collecting and managing data, 

4. Analysing and interpreting data, 

5. Disseminating results, and 

6. Evaluating program success and participant outcomes. 
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The roles mentioned above are described in more detail in the following; 

1. Gathering teams/resources/partners. Technology can be used to expedite team for-

mation, help program coordinators to locate professional scientists and identify partici-

pants, as well as assist professional scientists and program coordinators with locating re-

quired resources. Shared databases (e.g. Citizen Science Central, SciStarter, and the Citi-

zen Science Alliance) provide information on best practices, training materials, and 

searchable databases to assist individuals in locating projects, resources and partners. The 

expansion of these tools and developments in social media platforms will increasingly fa-

cilitate participant connections and enable development of new projects based on freely 

available and scientifically vetted protocols and evaluation practices.100 

2. Defining research questions. Research questions can be formulated via top-down (i.e. 

scientist driven) or bottom-up (i.e. community driven) processes38. With modern technol-

ogy, citizen scientists may develop new questions aided by e.g. data visualisation, or sci-

entists may see previously impossible challenges (e.g. geolocating place names, topo-

graphic features, and transportation networks) as achievable given a number of now-

available “citizen sensors”57 (Goodchild 2007). For example, Zooniverse is a suite of scien-

tist-driven projects featuring a common portal (http://www.zooniverse.org) allowing indi-

viduals to register, join projects, and become de facto members of project teams27, and 

CitSci.org (http://www.citsci.org) facilitates the formation of bottom-up and top-down 

projects on local, regional or national scale, and enables scientific discovery through me-

ta-analysis of data integrated across different projects99. 

3. Collecting and managing data. Technology can improve the rate and quality of data 

collection through location-based, real-time mapping services91. For example, a mobile 

app by Project BudBurst (http://budburst.org) simplifies data collection by automatically 

including the participant’s location59, wireless sensor networks enable automated moni-

toring of chlorophyll and temperature profiling data along lake transects36, and smart 

phones are being transformed from basic communication tools to “networked mobile 

personal measurement instruments”106,145. Automated augmentation of data collection 

with behaviour and context-aware alerts (e.g. a location-aware alert that a given observa-
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tion is outside the normal range) is already taking place78 and inexpensive plugin sensors 

that for mobile devices may also become commonplace84. As computing itself will be-

come more ubiquitous147, but sensors will albeit require calibration, data must be validat-

ed, and citizen scientists will require adequate orientation or training100. Geographic cov-

erage will remain a challenge for large-scale observations, but gaps may be addressed 

with advanced analytical methods (for further details: Kelling et al.75, 2009). 

4. Analysing and interpreting data. Challenges in analysing large-scale data will foster in-

novation in statistical analysis and modelling75. Grid and cloud computing will expand data 

storage and analytic capabilities, while enhanced visualisation and analysis tools will allow 

more versatile examination of captured data100. In addition, citizen scientists carrying mo-

bile, networked, air-quality-monitoring devices could collect and interpret air-quality data 

on-the-fly while walking around a given site142. Here one could overlay such data with lo-

cations of known pollutant sources, in order to more precisely determine the spatial ex-

tent of environmental contamination36. 

5. Disseminating results. Technology will enhance the ability of scientists and practition-

ers to consolidate scientific information across projects in a centralised manner, promote 

collaborative writing, and create virtual forums and communities65,137, and by this con-

tribute to increasing collective capital25,26. However, in order to avoid potential bias and 

inaccuracies, it is important to distinguish scientifically valid information from opinion or 

advocacy61, which could be addressed via e.g. “wiki” models offering open peer-review 

forums65. 

6. Evaluating program success and participant impacts. Studies indicate that participants 

in citizen-science programs, compared to the general public, show greater scientific 

knowledge, skills, and positive approach toward science and the environment9,12,15. How-

ever, it is challenging to evaluate changes in multiple impact categories (e.g. attitudes, 

behaviour) during an individual’s participation when such data does not exist32. Standard-

ised and electronically available impact measures would enable objective comparison 

across diverse projects. New technologies may play a role in providing tools to track indi-
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viduals as they participate in a wide array of citizen science programs throughout their 

lifetime, while protecting participant privacy100. 

Future trends and challenges 

Successful citizen science programs involve promoting long-term community-level involvement 

and activities, exploiting appropriate cyberinfrastructure, developing diverse goals and evaluation 

strategies, engaging under-represented audiences, ensuring projects’ financial stability, and effec-

tively disseminating results13. Emerging technologies will address these factors, but also empha-

sise other aspects of participant culture including: 

 Diversity of participants, 

 Motivation and retention of volunteers, and 

 Technology adoption, appropriateness and preparedness 

These factors are described in the following, and in Figure 1 the factors are also shown in context 

with the six above mentioned key research process steps of citizen science; 

Diversity of participants. Future citizen science will be characterised by networked and 

open science and the use of gaming, encouraging involvement of younger and more eth-

nically diverse participants101. Emerging technologies will broaden participation in citizen 

science and allow data collection by unorthodox communities in scientific projects. For 

example, in Evolution MegaLab, participants from 15 European countries surveyed shell 

polymorphism, and via open-source software, a team of collaborators and crowdsourcing 

approaches, engaged more than 6,400 individuals146. However, despite wider gain, new 

technologies may unintentionally expand the “digital divide” between those who adopt or 

have access to technology and those who avoid or lack it52. In addition, diverse views on 

how to advance science, which scientific methods to use and how to share information 

across international boundaries may hamper data sharing and data re-use, thus limiting 

long-term benefits109. Therefore, as citizen science adopts new technologies, sensitivity to 

social, cultural, economic, and political factors will be paramount to the success of multi-

national, multi-cultural projects involving local or traditional ecological knowledge4. 
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Motivation and retention of volunteers. As described earlier, citizen scientists may be 

motivated by contributing to authentic scientific research, by social interactions within 

participation135, or by competition and symbolic rewards, such as virtual “badges”27,30,40. 

Award systems are based upon competition, pitting teams or individuals against each 

other, as in the popular online Fold-It game30,59 wherein enjoyment is an intrinsic underly-

ing motive for participation103. Gaming and a sense of belonging to a group make scien-

tific exploration and discovery enjoyable, and the positive influence of gaming on motiva-

tion to participate underlines the essentiality of incorporating recreation into citizen sci-

ence.100 

Technology adoption, appropriateness and preparedness. Extensive adoption will have a 

major influence on the infiltration of new technologies into the communities of both sci-

entific and citizen science116. It appears that volunteers are more willing to adopt tech-

nology – and e.g. share their geographic location – than ever before83. Hence, future citi-

zen science will represent unique composition of still indeterminable technologies, peo-

ple, and sociocultural situations36. Given this uncertainty, the following guidelines are 

recommended for citizen science projects as stated by Newman et al.100 (2012): 

 Selecting appropriate technology for participants, 

 Evaluating new technologies with make-versus-buy and cost-benefit analyses, 

paying particular attention to reliability, 

 Adopting well-established, well-documented, and well-supported technologies, 

 Considering interoperable, customizable, open-source solutions where possible, 

and 

 Following best practices and use standardised data-collection and data-

management protocols where available. 
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7. Conclusions 

This report has considered the importance of environmental water monitoring around the Baltic 

Sea, especially the citizen activity related to it. Taking into account the amount of the interesting 

water areas around us, the only way to notably grow the amount of knowledge of water areas is 

to enable active citizens to participate in the process as a whole.  

The modern day volunteer is not necessarily willing to donate a fixed amount of time on a regular 

basis. To balance the needs of the monitoring programme, researchers, regional authorities and 

the active citizens participating in the monitoring process, we see it very important to cooperate 

with all of the stakeholders, much like the quadruple helix model used in Open Innovation 2.0 ap-

proach. 

Communities and structures around environmental monitoring are seen very necessary to make 

the activities appealing and to encourage participation. No standardised methods to encourage 

citizen participation exist, but participation is based on single efforts and ad-hoc initiatives. A citi-

zen initiative support and integration framework for environmental decision-making on European 

Union level is much called for. 

Various communities, both present and previous initiatives to enable and boost citizen activity in 

environmental water monitoring have been presented in detail. Despite the amount of resources 

and effort that has been utilized we are yet to achieve a recognized, operating and coherent net-

work that can not only provide active citizens the possibility to concretely participate in the pro-

cess but also provide trustworthy information to anyone interested including various authorities 

and experts. 

Citizens, also known as non-experts, and the environmental water monitoring data they would 

collect, causes somewhat wide controversy; whether the data is reliable at all, not to mention the 

huge potential this resource can provide to everyone. Scientists and authorities share their con-

cerns regarding the usage of data collected by untrained volunteers. Citizen science projects not 

only raise these concerns but also aim at answering them. The reliability issues are recognized, 

and we state that with modern technologies we can overcome these issues. Active citizens partic-
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ipating in environmental water monitoring can be properly trained, and by developing automated 

measurement systems and on-site analysis methods the data, although not perfectly accurate, 

will definitely provide more opportunities than disadvantages.  

Technology will ease possible citizen contribution in the field of environmental monitoring using 

wireless low cost monitoring equipment, but it is not really a commercial market since reward 

systems are not encouraging participation of any large number of citizens. Some environmental 

enthusiasts or social media addicts may keep delivering for a longer time than academic projects 

lasts, but systematic models for a sustainable, stable and long time delivery system does not seem 

to exist yet.  On the other hand, European Union and regional country authorities and local ad-

ministrators focus on conservative, classic technology with a low number of larger and expensive 

and scientific installations. How shall the potential of citizen contribution be properly harnessed 

and exploited? 

The future, as stated in this report, holds many answers to the question above. Visions of future 

trends and challenges have been outlined. The current level of technology is not the fundamental 

barrier. It is the people and social responsibility from top to below. Mature industrial countries 

where the society has developed complex processes and structures that formally serve the citi-

zens’ needs have even created social patterns that reduce social responsibility, social innovations 

and engagement. Engaging citizens in common processes where direct visibility and value crea-

tion will surely increase inclusion processes and create more sustainable social and democratic 

societies. 
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Annex 1. Analysis of Citizen Survey 1 

In the BalticFlows project, the consortium conducted a survey as part of the Work Package 4, 

“Water Monitoring Via Citizen Activity”, to people of various ages and educational backgrounds 

amongst appropriate target groups (e.g. residents living near streams or small rivers as well as 

environmental activists) in order to explore their willingness to install and maintain a small water 

quality monitoring device. 

The questionnaire was conducted from 1.11.2014 to 30.11.2014. The consortium contacted dif-

ferent types of student groups and environmental organisations, as they were seen as natural dis-

semination channels for the survey to reach wide audiences. The survey was distributed as an 

open link in the local languages of the project (German, Finnish, Swedish, Latvian, and Estonian). 

The open link was selected instead of individual survey links to identifiable individuals, as the con-

sortium decided to keep the public participation to a maximum level, allowing the project to 

reach a wider array of people. Local partners from each participating region were responsible to 

contact and distribute the survey to similar student and environmental groups. The groups were 

compared and analysed to be similar in nature to the other participating regions. The environ-

mental organisations and educational centres with students in environmental fields were con-

tacted and a permission to send the survey link to their e-mail lists were acquired before the sur-

vey link opened, so that the survey could be launched simultaneously in different participating 

regions. Most of the survey links were distributed on the e-mail lists on the 1st of November by 

the student group lecturer or other staff member of the educational facility or environmental or-

ganisation themselves. The organisations were asked to remind the respondents 1-4 times during 

the month to answer the survey. 

As the survey was conducted via an open link, it is possible that the respondents have shared the 

survey forward to their friends or family members. Some respondent groups decided to share the 

link on the social media or website of the organisation, even if the original method of contact was 

via e-mail.  
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First in this analysis we characterize the respondents by age, sex and educational background. 

Following the characterization, we focus on certain questions asked in the survey, mostly in ‘Yes’ 

or ‘No’ format. We determine how males and females of different age groups and educational 

backgrounds are willing to assist in monitoring the environmental conditions of their local streams 

or rivers and, if so, which monitoring devices they prefer, e.g. smart phone or tablet. In addition 

we explore their interest to voluntarily assist or whether they seek compensation in return of 

such activities as installing, maintaining and storing a small water quality monitoring device. 

Important! This analysis is based on the information that participants have filled out themselves 

without any supervision. Due to the non-representativeness and the sampling methods of this 

survey, it is not possible to state whether people would or would not be interested in the envi-

ronmental conditions of their local streams or rivers, or be or not be willing to somehow partici-

pate in the monitoring process. The analysis does give an indication of the interest towards will-

ingness to install and maintain a small water quality monitoring device, serves as a description of 

the survey results, and describes the interpreted utterance of female and male survey respond-

ents of various age groups and educational backgrounds. 

General interpretation of results 

In the next sections the results are introduced one question at a time. The questions raised to the 

focus point are seen as the most relevant ones, and characterizing the most central aspects of 

environmental monitoring of rivers and streams as a citizen activity. As the survey is executed via 

an open link meaning an open access to the survey to anyone with the web access link of the sur-

vey, it cannot be stated what are the answer rates. The survey is expected to give general guide-

lines and allow discussions with researchers and regional authorities on what are the opinions, 

possibilities and restrictions of organizing an environmental monitoring program on rivers and 

streams as citizen activities. The general conclusions can be found at the end of the analysis pa-

per. 

General information and characterization of respondents of the questionnaire 

The survey had a total of 445 respondents, of which 272 (61.1 %) were female and 173 (38.9 %) 

male respondents (see Figure 1). Figure 2 shows the distribution of age groups of respondents. 
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Nearly half, 203 respondents, (45.6 %) were 17-30 years old. The second most common age group 

was 31-45 years old, followed by 46-60 years old.  As one of the main channels of distributing the 

survey has been via educational centres with students in environmental fields, it is not surprising 

that the main respondent group were 17-30 years old. 

Figure 1: Histogram of Sex of respondents Figure 2: Histogram of Age of respondents 

 

Figure 3: Histogram of levels of education 

1: Basic education 
2: Lower secondary vocational qualification 
(e.g. Vocational or trade school) 
3: The upper secondary vocational qualifica-
tion (e.g. Medical or business school, Institute 
of Technology) 
4: University of Applied Sciences (e.g. Bache-
lor of Business Administration, Engineering) 
5: Bachelor’s degree 
6: Master’s degree 
7: Post-graduate education (Lic., Dr.) 

The highest level of education amongst survey respondents is shown in Figure 3. The most com-

mon education background amongst survey respondents was Master’s degree with 122 respond-

ents (27.4 %), whereas Bachelor’s degree and Lower secondary education were more common 

than the rest. Generally, more than half of survey respondents have a university-based degree. 

Considering the before mentioned distribution channels, this is not surprising. 
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Question-specific interpretation of survey results 

Next in this analysis the questions asked from survey respondents are being separated by re-

spondents’ age, sex and education level. For the age group “under 16 years old” (<16) proper 

analysis couldn’t be conducted due to the low sample size. In some cases this analysis also con-

siders the respondent groups by education levels, e.g. respondents that have at least Bachelor’s 

degree, and respondents who do not have an academic degree. Also, if relevant, this analysis 

points out specific age (e.g. 17-30 years old) and education level (e.g. Master’s degree) groups to 

determine applicable trends in the survey responses. 

Question 8: Would you be willing to install a small water quality monitoring device 

(max size a cigarette box) in a river or stream (if you had access)? 

The question was answered by 438 (98.4 %) respondents whereas 7 (1.6 %) did not, which can be 

considered as excellent percentage to form a comparison. The question was answered with ‘Yes’ 

by 393 (89.7 %) and with ‘No’ by 45 (10.3 %) of all respondents. 

Figure 4 shows that respondents from all age 

groups answered relatively evenly either 

‘Yes’ or ‘No’ to the question. Respondents 

from each age group answered to the ques-

tion similarly. Relatively most often ‘Yes’ was 

answered by respondents in age group 31-

45 years old. 

 Figure 4: Histogram of Question 8 by Age 
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Figure 5 shows that of the active respond-

ents 268 were females and 170 were males. 

Of the female respondents 236 (88.1 %) and 

of male respondents 157 (92.3 %) answered 

‘Yes’ to the question. Proportionally, males 

were slightly more willing to install a small 

water quality monitoring device in a nearby 

river or stream if they had access. 

 

 

Figure 6 shows the turnout of Question 8 by 

education level of respondents (the numbers 

are explained above in this document). Gen-

erally, the higher the level of education, the 

greater the likelihood to answer ‘Yes’ to the 

question becomes. For example, 111 out of 

119 (93.3 %) respondents with a Master’s 

degree were interested in installing a small 

water quality monitoring device. In turn, the 

lower the level of education, the greater the 

likelihood to answer ‘No’ to the question becomes. For example, 71 out of 84 (84.5 %) of the re-

spondents with a Lower secondary degree were willing to install a small water quality monitoring 

device, i.e. every sixth respondent with such degree is not interested in such activity. 

In conclusion, people are very willing to install a small water quality monitoring device in a river or 

stream nearby. People in the age group 31-45 years old were relatively most interested, which 

could mean that with age comes concern of the environment. Furthermore, education level 

seems to have an effect; people with Bachelor’s degree or higher were more willing to install a 

small water quality monitoring device in a river or stream nearby. 

Figure 5: Histogram of Question 8 by Sex 

Figure 6: Histogram of Question 8 by Education 

level 
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Question 12: Would you be willing to maintain a small water quality monitoring device? 

The question was answered by 425 (95.5 %) respondents whereas 20 (4.5 %) did not, which can 

be considered as excellent percentage to form a comparison. The question was answered ‘Yes’ by 

358 (84.2 %) and ‘No’ by 67 (15.8 %) of all respondents.  

 

Figure 7 shows that respondents from all age 

groups answered relatively evenly either 

‘Yes’ or ‘No’ to the question. Most respond-

ents answering ‘Yes’ to the question were 

either in the age groups of 31-45 or 17-30 

years old. 

 

 

Figure 8 shows that of the active respond-

ents 259 were females and 166 were males. 

Of the female respondents 215 (83.0 %) and 

of male respondents 143 (86.1 %) answered 

‘Yes’ to the question. Proportionally, males 

were slightly more willing to maintain a 

small water quality monitoring device. 

 

Figure 7: Histogram of Question 12 by Age 

Figure 8: Histogram of Question 12 by Sex 
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Figure 9 shows the turnout of Question 12 

by education level of respondents (the num-

bers are explained above in this document). 

Generally, the higher level of education, the 

greater the likelihood to answer ‘Yes’ to the 

question. For example, 99 out of 116 (84.6 

%) respondents with Master’s degree were 

interested in maintaining a water quality 

monitoring device. In turn, the lower level of 

education, the greater the likelihood to an-

swer ‘No’ to the question. For example, 62 out of 78 (79.5 %) of the respondents with Lower sec-

ondary degree were interested in the maintaining process, i.e. every fifth respondent with such 

degree was not interested in such activity. 

In conclusion, survey respondents generally from all age groups are willing to maintain a small 

water quality monitoring device. This could mean that people are interested in the condition of 

their environment, and that they are willing to participate in preserving the quality of it. However, 

when compared to e.g. Question 8, people generally are less willing to maintain a device but 

more willing to install one. This could be interpreted in such a way that people are interested in 

participating in the process but do not want it to be a regular burden in their everyday lives. 

Question 14: If possible, would you like to have updates on your phone/tablet comput-

er/e-mail on the current situation and environmental condition of a stream or a river of 

your choice? 

The question was answered by 422 (94.8 %) respondents whereas 23 (5.2 %) did not, which can 

be considered as excellent percentage to form a comparison. The question was answered ‘Yes’ by 

371 (87.9 %) and ‘No’ by 51 (12.1 %) of all respondents. 

Figure 9: Histogram of Question 12 by Education 

level 
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Figure 10 shows that respondents from all 

age groups answered relatively evenly either 

‘Yes’ or ‘No’ to the question. Relatively, by 

far most respondents answering ‘No’ were 

17-30 years old. Comparing the volume of 

age groups, answering ‘Yes’ was relatively 

equal amongst other age groups. 

 

Figure 11 shows that of the active respond-

ents 259 were females and 163 were males. 

Of the female respondents 230 (88.8 %) and 

of male respondents 141 (86.5 %) answered 

‘Yes’ to the question. Proportionally, females 

were slightly more willing to have updates 

on the environmental condition of the local 

stream or river to some of their electrical 

device. 

Figure 12 shows the turnout of Question 14 

by education level of respondents (the num-

bers are explained above in this document). 

Generally, the higher level of education, the 

greater the likelihood to answer ‘Yes’ to the 

question. For example, 108 out of 122 (88.5 

%) respondents with Master’s degree were 

interested in receiving information. In turn, 

the lower level of education, the greater the 

likelihood to answer ‘No’ to the question. 

Figure 10: Histogram of Question 14 by Age 

Figure 11: Histogram of Question 14 by Sex 

Figure 12: Histogram of Question 14 by Educa-

tion level 
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For example, 68 out of 84 (80.1 %) of the respondents with Lower secondary degree were inter-

ested in receiving information, i.e. nearly every fifth respondent with such degree is not interest-

ed in the information. 

In conclusion, survey respondents generally from all age groups are willing to receive information 

of their local streams or rivers to their selected electronic device. This could mean that people are 

interested in the condition of their environment, and that they are willing to participate in pre-

serving the quality of it. 

Question 15: Which of these would be the most preferred way of information updates? 

(If ‘Yes’ to Question 14) 

The question was answered with 407 respondents (whereas 38 did not), which includes answers 

from 36 respondents that did not answer ‘Yes’ to Question 14 (which was answered ‘Yes’ with 

371 respondents). This analysis does not exclude these conflicting answers but includes them. In 

addition, respondents answering this question may have also answered to the open section of 

this question. Open answers will not be discussed in this analysis due to the wide array of the re-

sponses and due to the open answers similarity to the list of selectable answers. 

Figure 13: Histogram of Question 15 

0: No answer 
1: Text messages 
2: E-mails 
3: Live updates on a smartphone or tablet 
computer app 
4: Website to check the situation 
Open answers are not listed in the histogram 
and not taken account in this analysis. 

Figure 13 shows the distribution on how respondents prefer to receive information updates. By 

far the most preferred way (223 respondents) of receiving information updates was via e-mails, 

which is approximately 2,5 times the quantity compared to the next preferred way (Website to 

check the situation, 84 respondents). 
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The prevailing way of receiving information is rather unexpected since e-mail is generally consid-

ered as a traditional text-based form of communication. Websites (4:) and applications (3:) are 

both easily accessible and can easily provide graphical analyses.  

Question 16: Would you be willing to let your smartphone/tablet/home computer to 

analyse some of the data produced by such a device? 

The question was answered by 423 (95.1 %) respondents whereas 22 (4.9 %) did not, which can 

be considered as excellent percentage to form a comparison. The question was answered ‘Yes’ by 

248 (58.7 %) and ‘No’ by 31 (7.3 %) of all respondents. Question was answered ‘I don’t know’ by 

144 (34.0 %) respondents, which is relatively much. 

Figure 14 shows that respondents from all 

age groups answered relatively evenly either 

‘Yes’ or ‘No’ to the question. Comparing the 

volume of age groups, answering ‘Yes’ was 

relatively equal amongst all age groups. Rel-

atively most respondents answering ‘I don’t 

know’ were 17-30 years old – almost half of 

the respondents of the age group answered 

this way. 

Figure 15 shows that of the active respond-

ents 259 were females and 164 were males. 

Of the female respondents 133 (51.4 %) and 

of male respondents 115 (70.1 %) answered 

‘Yes’ to the question. Proportionally, males 

were clearly more willing to let their 

smartphone, tablet or home computer to 

analyse some of the data produced by such a 

device. The answer ‘I don’t know’ was clearly 

Figure 14: Histogram of Question 16 by Age 

Figure 15: Histogram of Question 16 by Sex 
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selected more frequently by females (118 of active respondents, 27.9 %) than males (36 respond-

ents, 8.5 %). 

Figure 16 shows the turnout of Question 16 

by education level of respondents (the num-

bers are explained above in this document). 

Generally, the higher level of education, the 

greater the likelihood to answer ‘Yes’ to the 

question. Level-specific analysis is not con-

ducted regarding this question, but the 

trend is same as e.g. in Questions 12 and 14. 

 

In conclusion, most respondents are willing to let their smartphone, tablet or home computer to 

analyse some of the data produced by such a device. Interpreting the total number of respond-

ents answering ‘I don’t know’, the question itself may have been unclear, i.e. respondents had no 

clear conception what the analysing means in practice. There may be suspicions considering e.g. 

privacy issues. After all, the question itself can be considered as the most invasive to people’s per-

sonal protection. 

Question 17: What kind of compensation would you seek in return of such activities as 

installing, maintaining and storing a small water quality monitoring device? (Multiple 

answers) 

As this question had multiple answers (and not clear ‘Yes’ or ‘No’), this analysis considers only the 

answers itself and does not categorise the respondents by age, sex or education level. Also, this 

analysis does not identify respondents who skipped this question without answering. 

Figure 16: Histogram of Question 16 by Educa-

tion level 
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Figure 17: Histograms of multiple answers to Question 17 

Figure 17 shows the multiple answers as follows from top left to right by each row: 

- Recognition by other people for the important environmental work 
- Money 
- Free internet access to my mobile device 
- Information on the quality of the water 
- Membership in a society or a club related to environmental issues 
- Status in social media 
- Name on the latest measurement data 
- Cleaner river or stream 
- T- shirt 

From the multiple answers, respondents answered most ‘Yes’ (meaning they would seek this in 

return) to ‘Cleaner river or stream’ with nearly 320 respondents, which is over 70 % of all survey 

respondents. Also, respondents seek in return the information on the quality of the water with 

nearly 250 respondents. All other benefits were generally seen as less interesting. However, this 

analysis cannot determine whether nearly 150 respondents did not simply answer to the category 

‘Cleaner river or stream’ or whether they did not consider such activities as relevant. 
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Conclusion 

Based on the survey, it looks promising that if people are offered the chance and asked to locally 

participate in the monitoring process, they will most likely be interested in such activities. The 

survey results imply, that in general, the wellbeing of the local rivers and streams are of interest 

to the respondents, and that this fitted group seems willing to volunteer for improving the envi-

ronmental situation. In return, most respondents would like to receive information and assurance 

that their activities are valuable and that the situation is improving.  

There is some evidence that information and updates of the environmental situation are more 

important to those with higher educational background, but it is too far-fetched to make such 

propositions based on the settings of this survey. The potential of smart phones and electrical 

hand held devices are not yet widely seen as an interesting information channel, and it seems 

that the more traditional type of information channels, such as e-mails and websites serving the 

citizens at the time they choose, are preferred. 

Data privacy issues may rise to be a central issue in activities such as environmental monitoring, 

but based on this survey it is too early to tell whether the general public is aware and concerned 

about their personal privacy related to the use of their own hand held devices. Privacy is seen as 

an important issue for the researchers and data utilisers to be payed attention to once the setting 

up an environmental monitoring programme utilising the volunteer’s personal devices would be 

launched. 

To make the environmental monitoring programme viable, it is seen important to realise the 

amount of maintenance the programme and devices need. However, a modern day volunteer is 

not necessarily willing to donate a fixed amount of time on a regular basis. Therefore, it would be 

ideal if the timetables and demands of the monitoring programme can be influenced and attend-

ed when it is most suitable for the volunteer her- or himself. In total, based on this analysis, by 

giving citizens a chance to involve in the monitoring process and providing them easy-to-use de-

vices and platforms, they will provide a new dimension to water quality measuring and infor-

mation sharing for researchers to further analyse and citizens to be more aware of the state of 

their nearby rivers and streams.  
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Annex 2. Analysis of Citizen Survey 2 

In the BalticFlows project, the consortium conducted a survey as part of the Work Package 4, 

“Water Monitoring via Citizen Activity”, to people of various ages and educational backgrounds 

amongst active users of social media regarding whether sensor technology is seen as a useful 

means of creating self-published content, or whether manual creation is more preferable. 

 

The questionnaire was conducted from 2.3.2015 to 2.4.2015. The consortium contacted different 

types of student groups and environmental organisations, as they were seen as natural dissemi-

nation channels for the survey to reach wide audiences. The survey was distributed as an open 

link in the local languages of the project (German, Finnish, Swedish, Latvian, Estonian) and also in 

English. The open link was selected instead of individual survey links to identifiable individuals, as 

the consortium decided to keep the public participation to a maximum level, allowing the project 

to reach a wider array of people. Local partners from each participating region were responsible 

to contact and distribute the survey to similar student and environmental groups. The groups 

were compared and analysed to be similar in nature to the other participating regions. The envi-

ronmental organisations and educational centres with students in environmental fields were con-

tacted and a permission to send the survey link to their e-mail lists were acquired before the sur-

vey link opened, so that the survey could be launched simultaneously in different participating 

regions. Most of the survey links were distributed on the e-mail lists on the 2nd of March by the 

student group lecturer or other staff member of the educational facility or environmental organi-

sation themselves. The organisations were asked to remind the respondents 1-4 times during the 

month to answer the survey. 

As the survey was conducted via an open link, it is possible that the respondents have shared the 

survey forward to their friends or family members. Some respondent groups decided to share the 

link on the social media or website of the organisation, even if the original method of contact was 

via e-mail. The link to the English survey was also provided in the Facebook page of BalticFlows 

project. 
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First this analysis characterizes the respondents by age, sex and educational background. Follow-

ing the characterization, we focus on certain questions asked in the survey, mostly in ‘Yes’ or ‘No’ 

format. In certain cases it is necessary to determine how males and females, different age groups 

and respondents with various educational backgrounds use social media and how many services 

are they registered in. Furthermore, this analysis pursues to determine the willingness of re-

spondents to utilize various social media services in order to share and disseminate the environ-

mental monitoring data. 

Important! This analysis is based on the information that participants have filled out themselves 

without any supervision. Due to the non-representativeness and the sampling methods of this 

survey, it is not possible to state whether people would or would not be interested in utilizing so-

cial media services to share information about the condition of their local streams and rivers. The 

analysis does give an indication of the interest towards sharing environmental data on social me-

dia, serves as a description of the survey results, and describes the interpreted utterance of fe-

male and male survey respondents of various age groups and educational backgrounds. 

General interpretation of results 

In the next sections the results are introduced one question or question group at a time. The 

questions raised to the focus point are seen as the most relevant ones, from the basics of the so-

cial media usage to determining whether respondents would share environmental information 

and create content on social media services. As the survey is executed via an open link meaning 

an open access to the survey to anyone with the web access link of the survey, it cannot be stated 

what are the answer rates. The survey is expected to give general guidelines and allow discussions 

with researchers and regional authorities on what are the opinions, possibilities and restrictions 

of organizing an environmental monitoring program on rivers and streams as citizen activities. 

The general conclusions can be found at the end of the analysis paper. 



Page A16(A29)  

 
 
 

This project has received funding from the European Union’s Seventh Framework        
Programme (Regions of Knowledge) for coordination, support and capacity building 
under grant agreement no 319923. 

 

General information and characterization about the respondents to the questionnaire  

The survey had a total of 368 respondents, of which 256 (69.6 %) were female and 112 (30.4 %) 

male respondents (see Figure 1). It is noteworthy that females represent a clear majority amongst 

the survey respondents. As one of the main channels of distributing the survey has been via edu-

cational centres with students in environmental fields, it is not surprising that the main respond-

ent group were 17-30 years old. 

Figure 2 shows the distribution of age groups of respondents. Over half (211, 57.3 %) of the re-

spondents were 17-30 years old. The second most common age group was 31-45 years old, fol-

lowed by 46-60 years old. 

Figure 1: Histogram of Sex of respondents Figure 2: Histogram of Age of respondents 

Figure 3: Histogram of levels of education 

1: Basic education 
2: Lower secondary vocational qualification 
(e.g. Vocational or trade school) 
3: The upper secondary vocational qualifica-
tion (e.g. Medical or business school, Institute 
of Technology) 
4: University of Applied Sciences (e.g. Bache-
lor of Business Administration, Engineering) 
5: Bachelor’s degree 
6: Master’s degree 
7: Post-graduate education (Lic., Dr.) 

The highest level of education amongst survey respondents is shown in Figure 3. Most common 

education background amongst survey respondents was Master’s degree with 119 respondents 
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(32.3 %), whereas Bachelor’s degree and Lower secondary education were slightly more common 

than the rest. Generally, more than half of survey respondents have a university-level degree. 

Considering the before mentioned distribution channels, this is not surprising. 

Question-specific interpretation of survey results 

Next in this analysis the questions asked from survey respondents are being differentiated by re-

spondents’ age, sex and education level. For the age group “under 16 years old” (<16) proper 

analysis couldn’t be conducted due to the low sample size. In some cases this analysis also looks 

at the responses by education levels, e.g. respondents that have at least Bachelor’s degree, and 

respondents who do not have an academic degree. Also, if relevant, this analysis points out spe-

cific age (e.g. 17-30 years old) and education level (e.g. Master’s degree) groups to determine ap-

plicable trends in the survey responses. 

Question 158: In which of the following services do you have an account at? (Multiple 

choices) 

In this question respondents were asked of their usage of various social media services. The ser-

vices asked were:  

 Q158:1 Facebook 

 Q158:2 Twitter 

 Q158:3 Youtube 

 Q158:4 Instagram 

 Q158:5 LinkedIn 

 Q158:6 Google+ 

 Q158:7 Wikipedia 

 Q158:8 Pinterest 

 Q158:12 I don’t use any 
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Figure 4: Histograms of multiple answers to Question 158 

Figure 4 shows that from the multiple answers, respondents answered mostly ‘Yes’ to ‘Facebook 

with 315 respondents, which is over 85 % of all survey respondents. It was also the only choice 

that was answered more frequently with ‘Yes’ than ‘No’. Next popular choices, ‘Google+’ and 

‘Youtube’, each had over 170 positive answers. Choice ‘I don’t use any’ was selected by less than 

30 survey respondents. 

Questions 159-169: How often do you usually use [social media chosen from Q158]? 

Based on the previous Question 158, respondents’ most popular answers are considered more 

deeply. Next, this analysis focuses on the respondents’ usage of Facebook, Youtube and Google+. 
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The multiple choices were as follows: 

1. Multiple times a day 

2. Once a day 

3. A few times a week 

4. A few times a month 

5. Less frequently than once a month 

6. I don’t use it 

Question 159: How often do you usually use Facebook? 

The question was answered by 315 (85.6 %) respondents which makes Facebook by far the most 

popular social network site in this questionnaire.  

Figure 5 shows that the active answers re-

spondents from various age groups an-

swered differently to the question. The eve-

ryday usage of Facebook is clearly most pop-

ular in the age group 17-30 years old. Gen-

eral trend is that the older the respondents 

are, the less they use Facebook. 

 

Figure 6 shows that of the active respond-

ents, females and males answered this ques-

tion similarly. Of all respondents, over half of 

both female and male respondents use Fa-

cebook multiple times every day. 

 

 

Figure 5: Histogram of Question 159 by Age 

Figure 6: Histogram of Question 159 by Sex 
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Figure 7 shows the usage of Facebook by 

education level. There are no significant dif-

ferences amongst various groups; a clear 

majority of respondents in every education 

group uses Facebook at least daily or multi-

ple times a day. 

 

 

In conclusion, of all respondents 216 (58.7 %) use Facebook every day multiple times, and total of 

274 (74.5 %) of all respondents use it every day. This makes it a very popular social media service, 

which is of general knowledge today. 

Question 161: How often do you usually use Youtube? 

The question was answered by 172 (46.7 %) respondents. In the comparison between social me-

dia services, Youtube is the third most popular service in the questionnaire. 

Figure 8 shows that the respondents from 

various age groups answered differently to 

the question. The everyday usage of 

Youtube is not nearly as popular as it is with 

Facebook. The dominant trend is that 

Youtube is used at least once, often few 

times a week.  

 

Figure 7: Histogram of Question 159 by Educa-

tion level 

Figure 8: Histogram of Question 161 by Age 



Page A21(A29) 

 
 
 

This project has received funding from the European Union’s Seventh Framework              
Programme (Regions of Knowledge) for coordination, support and capacity building      
under grant agreement no 319923. 

 

Figure 9 shows that of the respondents, fe-

males and males answered this question dif-

ferently. Males, despite them being a clear 

minority in this questionnaire, use Youtube 

more daily than females who clearly use the 

service few times a week. 

 

 

Figure 10 shows the usage of Youtube by 

education level. There are no significant dif-

ferences amongst various groups except 

one; compared to other education level 

groups, people with Bachelor’s degree use 

Youtube several times a day and therefore 

more often than others. However, the sam-

ple size per group is too small to make a 

clear statement.  

In conclusion, based on the analysis above, Youtube is generally used a few times a week or at 

least on a weekly basis. Compared to Facebook, the nature of Youtube is quite different the for-

mer being often used for daily communication, while the latter is more a service for media distri-

bution. There are some differences in the usage between sex, age groups and education level, the 

clearest observation being that younger people use Youtube more frequently. 

Question 164: How often do you usually use Google+? 

The question was answered by 174 (47.3 %) respondents. In the comparison between social me-

dia services, Google+ is the second most popular service in the questionnaire. 

Figure 9: Histogram of Question 161 by Sex 

Figure 10: Histogram of Question 161 by Educa-

tion level 
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Figure 11 shows that the active answers re-

spondents from various age groups an-

swered similarly to the question. The sample 

size is insufficient in some cases to make a 

comparison between the age groups but the 

general trend is noticeable. 

 

 

Figure 12 shows that of the active respond-

ents, females and males answered this ques-

tion similarly. Males and females seem to 

use Google+ quite similarly. 

 

 

 

Figure 13 shows the usage of Google+ by 

education level. There are no significant dif-

ferences amongst various education levels. 

Also, the number of survey respondents per 

education level group per answer is rather 

small to draw conclusions of any anomaly. 

 

 

 

Figure 11: Histogram of Question 164 by Age 

Figure 12: Histogram of Question 164 by Sex 

Figure 13: Histogram of Question 164 by Educa-

tion level 
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Based on the analysis of this survey, Google+ cannot be considered as a service to be used every 

day. Google+ is virtually similar to Facebook, but clearly not as frequently used. Survey respond-

ents who have an account seem to use it much less frequently than Facebook, for example to do a 

monthly check-in. 

Question 170: What type of information do you share on social media? (Multiple an-

swers) 

The question was answered by 343 (93.2 %) respondents whereas 25 (6.8 %) did not, which can 

be considered an excellent percentage to form a comparison. As this question had multiple an-

swers (and not clear ‘Yes’ or ‘No’), this analysis considers only the answers itself and does not cat-

egorise the respondents by age, sex or education level.  

 

Figure 14: Histograms of multiple answers to Question 170 

Figure 14 shows the multiple answers as follows from top left to right by each row: 

 Q170:1 Acknowledgements 

 Q170:2 Informing 
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 Q170:3 Critique 

 Q170:4 Mobilization 

 Q170:5 Personal 

 Q170:6 I don’t share information on social media 

From the multiple answers, respondents answered mostly ‘Yes’ to ‘Informing’ with over 200 re-

spondents, which is over 50 % of all survey respondents. It was the only answer that was an-

swered with ‘Yes’ more often than with ‘No’. Choices ‘Acknowledgements’, ‘Personal’ and ‘Mobi-

lization’ had over 100 positive answers each. Choices ‘Critique’ was clearly answered ‘No’ most 

often with nearly 300 respondents. Choice ‘I don’t share information on social media’ was an-

swered ‘Yes’ by 66 (19.2 %) respondents which would mean that four out of five active respond-

ents would share information in the social media at some level. 

Question 171: How often do you create content on social media by writing, taking pic-

tures or videos? 

The question was answered by 344 respondents (93.5 %, whereas 24 did not), which can be con-

sidered an excellent percentage to form a comparison. 

Figure 15: Histogram of Question 171 

1: Multiple times a day 
2: Once a day 
3: A few times a week 
4: A few times a month 
5: Less frequently than once a month 
6: I don’t create content myself; I only share 
ready made content 
7: I don’t create content; I only see what oth-
ers have shared and created 

Figure 15 shows the distribution of how respondents create content in social media. Approxi-

mately 4 out of 5 respondents create content altogether. Clearly over half of the respondents 

create content on a monthly or weekly basis. Very active content creating (at least once a day) 

was clearly less frequent than not creating content at all. It is noteworthy that not creating own 
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content does not mean that one does not utilize social media by e.g. making comments or state-

ments to content created by others. 

Questions 173 and 174: Let’s take a moment and imagine that a water monitoring kit, 

connected to a mobile phone, laptop or computer would exist and collect environmen-

tal-related water data from rivers and streams. Would you be interested in collecting 

such data (173)? Would you be interested in sharing such data (174)? 

Questions 173 and 174 were answered by all 368 respondents. This can be stated to be a very 

prominent question and yet easy to answer. The analysis of this question will also consider the 

open answers to ‘Yes’ regarding both questions. 

Figure 16: Histograms of Question 173 and 174 

1: Yes 
2: Yes, on a condition that [open answer] 
3: No 
4: I don’t know 
 

Figure 16 shows that visually both questions were answered very similarly as clearly over 50 % of 

the respondents answered ‘Yes’ to both questions. However, some respondents answered ‘Yes’ 

on their selected condition. Total number of respondents answering ‘Yes’ (with or without condi-

tion) to Question 173 was 250, and respectively to Question 174 it was 238. Respondents answer-

ing ‘No’ were a clear minority considering both questions. Option ‘I don’t know’ was answered 

roughly every fifth respondent. Regarding Question 173, the most common condition was that 

the application has to be very easy to use and not require unnecessary effort. Also, regarding 

Question 174, the sharing of information should be as easy as possible. 
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In conclusion, respondents were eager to both collect and share environmental data with their 

own devices. The answer ‘I don’t know’ should require further research to determine details and 

causes for the answer. 

Question 175: To whom would you allow access to the measurement data? 

Questions 175 answered by 237 (64.4 %) respondents. The nature of the question is such that, in 

principle, active respondents should have answered ‘Yes’ to both previous Questions 173 and 

174. As Question 173 was answered ‘Yes’ with 250 and Question 174 with 238 respondents, the 

number of active respondents of this question is in excellent line with previous questions. 

Figure 17: Histogram of Question 175 

1: Only you would see your own measure-
ment 
2: Only you and the researchers will see the 
monitoring results 
3: Access restricted to researchers and other 
monitoring data collectors 
4: Open access to data 
 

Figure 17 shows that a fair majority (155, 65.4 %) of the respondents was willing to set open ac-

cess to the measurement data they have collected. Also, nearly all other respondents with a more 

strict opinion to the access of their measurement results are willing to let the data to be accessed 

by researchers. 

Question 177: If the environmental monitoring data would be possible to share via so-

cial media, how would you choose to share it? 

The question was answered by 237 (64.4 %) respondents whereas 131 (35.6 %) did not. The na-

ture of the question is such that, in principle, active respondents should have answered ‘Yes’ to 

previous Questions 173 and 174. Therefore, the number of active respondents of this question is 

in excellent line with previous questions. 
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The question had multiple choices (no clear ‘Yes’ or ‘No’). This analysis considers only the answers 

itself and does not categorise the respondents by age, sex or education level in more detail.  

 

Figure 18: Histograms of multiple answers to Question 177 

Figure 18 shows the multiple answers as follows from top left to right by each row: 

 Q177:1 Real-time results alongside your account information, such as which school 
did you take or where do you work 

 Q177:2 Automatically on pre-selected intervals, turn publishing content on or off 

 Q177:3 Semi-automatic update: click yes to publish the latest results 

 Q177:4 Manually typing or sharing any content created by myself 

 Q177:5 Other (not considered in this analysis) 

 Q177:6 I wouldn’t share monitoring data via social media account 

 Q177:7 I don’t know 
From the multiple answers, respondents answered mostly ‘Yes’ to ‘Semi-automatic update: click 

yes to publish the latest results’ by 80 respondents. Generally, choices of the question were se-

lected quite unevenly and rather negatively by the respondents. Therefore, this analysis cannot 

state that survey respondents would be definitely willing to share their environmental monitoring 

data on social media. 
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Question 179: Do you find it important to see / be able to share environmental data on 

social media? 

The question was answered by all 368 respondents. This question, in addition to Questions 173 

and 174 are such questions that can be answered very simply – ‘Yes’ or ‘No’. The question was 

answered ‘Yes’ by 259 (70.4 %) respondents and ‘No’ by 109 respondents. 

Figure 19 shows that the active answers re-

spondents from various age groups an-

swered similarly to the question. Propor-

tionally, age group of 46-60 years old saw it 

most important to share environmental data 

on social media. Whether this observation is 

significant will require further research. 

 

Figure 20 shows that of the active respond-

ents, females and males answered this ques-

tion quite similarly. A small majority of both 

males and females find it important to share 

environmental data on social media. 

 

 

 

 

Figure 19: Histogram of Question 179 by Age 

Figure 20: Histogram of Question 179 by Sex 
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Figure 21 shows the turnout of the im-

portance of sharing environmental data in 

social media by educational background. 

There were no significant differences 

amongst various educational backgrounds. 

However, of respondents with Master’s de-

gree nearly half found it unimportant to 

share environmental data on social media. 

 

In conclusion, respondents find it important to share environmental data on social media. That 

the question was answered by all respondents makes it crucially important since it can be inferred 

that people have a clear opinion on the issue. Based on the previous answers, the platform and 

mechanisms of sharing such information could however be seen more case specific.  

Conclusion 

Based on the survey, a clear majority of the respondents have an account at least for one social 

media service, Facebook being the most popular. Social media platforms enable people to share 

information and create content on social media. Respondents were identified to mainly utilize 

social media for informing their network of their selected personal or public matters. When plan-

ning new environmental monitoring programmes and projects, it is seen important to understand 

what the social media networks are utilised for, and what type of information would be preferred 

by the active citizens to be shared.  

Based on this and more specific questions regarding the usage of social media, people are posi-

tively receptive to sharing environmental monitoring data on their accounts in various social me-

dia services for their network. Nonetheless, the respondents generally want to strictly control the 

information they share, e.g. by reviewing the data before publishing. In total, based on this survey 

analysis, citizens see sensor technology as an attractive and potentially useful way of creating 

content for social media purposes and via social media networks. 

Figure 21: Histogram of Question 179 by Educa-

tional level 
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Baltic Flows is a European Commission 7th Framework Programme coordination and support ac-

tions project which aims at creating a framework for future research cooperation in the manage-

ment and monitoring of rainwater flow into Baltic Sea catchment areas by establishing common 

methods of managing and monitoring water quality and quantity and to have a common goal in 

protecting the Baltic Sea from further environmental degradation.  

www.balticflows.eu 

 


