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Executive Summary 
The engagement of citizens in living lab activities requires deliberate efforts aimed at heightening 
motivation, overcoming barriers to participation, and ensuring effective and useful data collection. 
While citizen science is a matter of the capacity to facilitate social and structural enablers for 
participation, the success of a living lab also relies heavily on the technical components that citizens 
are expected to use. The I-CHANGE living labs are no exception, which is why efforts are being 
made to ensure that the applied monitoring tools are designed with the end-users in mind.  
 
The central purpose of this deliverable is to offer a framework with which the I-CHANGE (Individual 
Change of Habits Needed for Green European transition) project may co-test and co-develop 
monitoring tools during living lab activities. The framework combines lessons learned from the 
projects WeCount (Citizens Observing UrbaN Transport), iSCAPE (Improving the Smart Control of 
Air Pollution in Europe) and OPERANDUM (OPEn-air laboRatories for Nature baseD solUtions to 
Manage hydro-meteo risks) with academic sources and initial insight activities carried out in T2.2.2 
(Co-design of monitoring tools) of the project. 
 
The deliverable outlines the merits of participatory design, highlighting how technical components 
often are designed without a thorough understanding of the end user leading to wrong application 
patterns. The key point is that the design of a monitoring tool bears more responsibility for its usability 
than commonly perceived; what is often explained with ignorance and lacking knowledge among 
citizens can be explained with bad design that reflects misconceptions about citizens.  
 
Having made the case for participatory design in I-CHANGE, the deliverable identifies three primary 
approaches to the involvement of citizens in the co-testing and co-development of monitoring tools. 
First, future workshops, applying scenario thinking are seen as an ideal way to explore design ideas 
for new monitoring tools. Second, prototyping is proposed as a useful way to discuss and develop 
the central design idea, allowing citizens to get a tangible understanding of the underlying design 
criteria as well as a concrete design proposal. Third, contextual inquiries are proposed to explore 
and understand how citizens approach their role as citizen scientists, allowing for input to the central 
design idea of the monitoring tool. Concrete recommendations for workshops on scenarios, 
prototypes and contextual inquiry are given. 
 
After the establishment of concrete means of exploration of monitoring tools, the deliverable 
highlights a range of design criteria that I-CHANGE partners should delve into in the future co-testing 
and co-development. The design criteria are aspects of the monitoring tools that past projects and 
academic literature have pointed out as critical for correct usage in citizen science.  
 
The key messages of this deliverable are aimed primarily at two parts of the I-CHANGE project, and 
the deliverable concludes with specific recommendations for the proceedings of T2.4 (Co-
development and co-testing of sensors) in WP2, T3.4 (Citizen science experiments in the LLs) in 
WP3, and T4.4 (Web and mobile tools for development and testing), related to T4.5 (Dashboard for 
citizen-oriented data analytics and visualization) in WP4. 
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1. Introduction 
1.1 Exploring monitoring tools with citizens 
The central purpose of this deliverable is to establish a framework for the co-development and co-
testing of sensors and monitoring tools by describing “the requirements for the smartphone 
applications and low-cost devices/sensing tools used in citizen science initiatives for an effective 
engagement of citizens (I-CHANGE, 2021). The I-CHANGE project utilizes eight living labs (located 
in Dublin, Amsterdam, Hasselt, Barcelona, Genova, Bologna, Jerusalem, and Ouagadougou) to 
conduct citizen science activities related to climate change and environmental pollution. For this 
purpose, the I-CHANGE project is heavily reliant on effective engagement of citizens in the collection 
of data, such as temperature, atmospheric pollution, humidity. For this reason, it is especially 
important that the means of data collection does not become a barrier for engaged citizens. 
Abernethy et al. (2022) stress that “if participants feel that collecting and reporting data is 
cumbersome or they doubt their own skills conducting the research, they tend to drop out of the 
project” (p. 32). This risk should be tackled from two equally important approaches: (1) Monitoring 
tools should, as far as possible, be designed with user-friendliness in mind. (2) Citizen scientists 
should be offered thorough and/or ongoing training, focusing not only on sensor usage, but also on 
understanding the collected data. The first approach will be addressed in this deliverable, while the 
second approach is outlined in greater detail in Abernethy et al. (2022).  
 
Monitoring tools are sensors that are understood as comparable devices, and the terms will be used 
interchangeably, and narrowed to the 14 devices outlined in D1.6 (Steeneveld et al., 2022). Devices 
span from purpose-built monitoring products (e.g., MeteoTracker), through mobile and web 
applications (e.g., crowdsourcing app), to grander installments (e.g., cargo bike). The focus of this 
deliverable will be the monitoring tools, which will be used by citizens in citizen science activities, 
thus omitting devices that will be set up by professional researchers.  
 
 
1.2 Outline of deliverable 
This deliverable outlines the normative and contextual arguments for participatory design of 
monitoring tools, highlighting the use of co-development and co-testing of sensors in I-CHANGE.  It 
goes on to identify common approaches to participatory design, explaining how I-CHANGE partners 
may apply said approaches to co-test and co-develop existing and new citizen science monitoring 
tools. Last, it synthesizes key learnings from insight activities, comparable past projects WeCount, 
iSCAPE, and OPERANDUM, and I-CHANGE publications to identify a range of technical 
requirements that I-CHANGE partners should be aware of in the future co-development and co-
testing of monitoring tools in WP2 and WP3. Altogether, the justification of participatory design, 
alongside concrete approaches and focus points, constitute the framework for monitoring tools in I-
CHANGE. 
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2. Participatory Design 
2.1 Normative Outline for Participatory Design 
Historically, the roots of participatory design can be traced back to Europe, specifically the 1970s’ 
Scandinavia. Participatory design was not applied in engineering matters, but in workspace design, 
where trade union representatives were brought in to ensure that workers were able to influence the 
eventual design of their future workspaces, in part for normative democratic reasons (e.g., Nygaard 
& Bergo, 1975). Eventually, the concept of participatory design spread to other domains, “no longer 
understood as a tool for democratization” but “as a way to more quickly conceive of and refine 
products, environments or services that were desirable to end users” (Erlhoff & Marshall, 2007, p. 
291). In other words, participatory design strengthens the end-product, ensuring that the eventual, 
actual using patterns of the product are thought into the design process. Good design is a difficult 
art, and it is easily overlooked how much value end-user inclusion can bring to the design of e.g., a 
monitoring tool. More often than not, incorrect or lacking use of a monitoring tool, is explained with 
lacking skills among citizen scientists, when the core of the issue in actuality can be traced back to 
the designer and the project owner. “It is challenging to technical experts, who know a lot about the 
topic, to assess the user-friendliness of their tools, which makes co-design processes an attractive 
mechanism to potentially address the challenges” (Abernethy et al., 2022, pp. 34-35).  
 
Essentially, good design requires an understanding of the context in which the product is actually 
going to be used. Pejovic and Skarlatidou (2020) reinforce just how difficult it is for designers to 
foresee the end-user context of their product: “When it comes to technology interaction, we observe 
problems stemming from the dissonance between the context in which the technology was designed 
and the context in which it is actually used” (p. 252). The effects of bad design will, of course, vary 
based on the given product. However, in the case of I-CHANGE, monitoring tools are absolutely 
essential for the citizen science that is to be conducted in each living lab. For this precise reason, I-
CHANGE partners should heed the learnings of participatory design, applying them within their 
means. Between M12-M42, while living lab partners are carrying out citizens science and 
participatory activities, I-CHANGE partners will collaborate to co-test and co-develop the sensors 
that are being used by citizens. Between M12-M36, efforts will also be made to develop a new 
monitoring tool for the self-assessment of exposure during extreme events. This is an opportunity to 
apply participatory design thinking and provide end-user recommendations funded in a contextual 
understanding of the product use.   
 
The I-CHANGE project builds upon lessons learned in the previous H2020 projects WeCount1, 
iSCAPE2, and OPERANDUM3. WeCount and iSCAPE apply citizen science activities and all three 
projects apply monitoring tools that are developed co-creatively. Additionally, several partners in I-
CHANGE have partaken in the projects, and some of the tools being used in I-CHANGE (the SCK 
and the Telraam) were developed in iSCAPE and WeCount, respectively. Likewise, the development 
of GeoIKP4, which constitutes the foundation for the development of the I-CHANGE Environmental 
Impact Hub, took place in OPERANDUM. In other words I-CHANGE and its partners build upon a 
rich experience with data collection and use of low-cost devices and sensing tools. Because of this, 

 
1 H2020 Grant Agreement 872743. For more information, see https://doi.org/10.3030/872743 
2	H2020 Grant Agreement 689954. For more information, see https://doi.org/10.3030/689954	
3 H2020 Grant Agreement 776848. For more information, see https://doi.org/10.3030/776848 
4	For more information, see https://geoikp.operandum-project.eu 	
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the monitoring tools to be co-tested and co-developed in T2.4 (Co-development and co-testing of 
sensors) are already identified and designed. This, of course, limits the potential for co-design, but 
as the monitoring tools may potentially be re-designed and updated, participatory design processes 
are still valuable to I-CHANGE. It is recommended that the co-testing and co-development in T2.4 is 
carried out with the purpose of informing producers of the findings. Additionally, T3.4.1 (Observations 
of weather extreme events and early warning system) will see the development of a web application 
for monitoring of extreme events. This development process should also heed the key learnings of 
participatory design outlined in this deliverable. 
 
 
2.2 Participatory Design for Monitoring Tools in I-CHANGE 
The general principle of participatory design is to involve the end-user in the design process of a 
given product. For I-CHANGE, this entails the engagement of citizens in the design of monitoring 
tools. The basic premise, as described above is that the engagement of end-users in the design 
process will provide invaluable insights into the knowledge and practices that are embedded in the 
relationship between a citizen and a monitoring tool. It is important to note that the engagement of 
citizens in the design of monitoring tools does not only add value to the design process; citizens that 
are actively involved in the design process are enabled to “create visions of future working conditions 
and practices” (Robertson and Simonsen, 2012, p. 3). In this way, co-creation activities become a 
two-way relationship, allowing designers to gain knowledge on the contextual use of their products, 
and allowing end-user to gain knowledge on a future relationship and practice with the product. 
Arguably, a participatory design process can feed into the mobilization (Callon, 1986) of citizens, 
adding to the I-CHANGE efforts of motivating people to partake in citizen science activities and 
eventually effectuate changes in behavior.  
 
In WP3 (Enhancing monitoring opportunities through citizen science) of I-CHANGE, living lab 
partners will initiate citizen science activities through an application of monitoring tools. The ultimate 
aim in this WP is to “raise awareness on climate and environmental issues by providing a neutral yet 
measurable assessment of the effects of individual behavior changes in terms of emissions of carbon 
and air pollutants, and by providing evidence of the impacts of extreme events in engaged LLs” (I-
CHANGE, 2021, p 21). The I-CHANGE living labs will apply existing monitoring tools and develop a 
new monitoring tool during these citizen science activities in the efforts to document climate change 
effects and environmental pollution. The sensors that will be co-tested and co-developed on a basis 
of this deliverable (existing tools are gathered in table 1, and the new tool is described at greater 
detail later in this deliverable) are the monitoring tools that will be used by citizens to fulfil this effort. 
The planned use and a detailed description of each of the existing monitoring tools of I-CHANGE is 
laid out by Steeneveld et al. (2022). The primary focus of the recommendations in this deliverable is 
WP3, where citizen science activities are facilitated, and monitoring tools applied. Connected to the 
proceedings of WP3, is the task T2.4 (Co-development and co-testing of sensors), which aims to 
examine the use of monitoring tools in the living labs, to provide feedback for producers of the 
monitoring tools. This examination of monitoring tools is also a focus point for the participatory design 
recommendations in this deliverable, as participatory approaches to (re-)design are deemed useful 
for the task. Last, T3.4 (Citizen science experiments in the LLs) is a specific task in WP3, where 
participatory design becomes useful, as efforts will be made to develop an early warning system 
(T3.4.1: Observations of weather extreme events and early warning system) and create a network 
of individual low-cost sensors (T3.4.2: Environmental impact mitigation). The development of the 
new monitoring tool will take place in T4.4 (Web and mobile tools development and testing) and is 
connected to the recommendations for participatory design laid out in this deliverable. 
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In short, the recommendations for participatory design proposed in this deliverable, are relevant for 
several activities in I-CHANGE, all connected to the proceedings in WP3. First, recommendations 
aimed at the existing tools should guide the efforts in T2.4 (Co-development and co-testing of 
sensors), eventually influencing the citizens’ use of monitoring tools in WP3. Second, the 
recommendations for participatory design in new product development should be integrated into the 
work in T3.4 (Citizen science experiments in the LLs), where citizen science experiments will be 
facilitated to inform the development of a new monitoring tool in T4.4 (Web and mobile tools 
development and testing).  
 
Because the monitoring tools that will be used in I-CHANGE living labs are already developed and 
ready to use, the potential approaches to participatory design are narrow. The five most common 
approaches to participatory design are future workshops, scenario planning, rapid prototyping, 
mockups, and contextual inquiry. Both future workshops and scenario planning are anticipatory 
activities, aimed at a process where the designer creates a hypothetical narrative in collaboration 
with citizens to explore a potential future contextual use (Erlhoff and Marshall, 2007). For the purpose 
aimed at T3.4 (Citizen science experiments in the LLs) and T4.4 (Web and mobile tools for 
development and testing), it is vital to explore a future contextual use with citizens to develop a 
suitable new monitoring tool. Thus, it is necessary to outline how future workshops and scenario 
planning is carried out. For the purpose aimed at T2.4 (Co-development and co-testing of sensors), 
where the monitoring tools are already developed, participatory design approaches for evaluation 
and re-design are at the center, requiring an outline of prototyping and contextual inquiry. 
 
 
2.1.1 Future workshops and scenario planning 
Future workshops are ideal to apply for activities that aim to explore a potential future context, e.g., 
the future use of a monitoring tool in I-CHANGE (T3.4.1: Observations of weather extreme events 
and early warning system). These workshops aim to gather a diverse group of potential end-users, 
researchers, and designers, to invent and prototype solutions. For this purpose, scenarios are a 
great tool to structure the discussion and workshop.  
 
A scenario is essentially a hypothetical narrative that is established to explore certain aspects of the 
using patterns of a given product. In participatory design, this is done in collaboration with end-users, 
which in the case of I-CHANGE means citizens. Based on the best available knowledge (e.g., past 
projects like iSCAPE, OPERANDUM, and WeCount), scenarios may be built for citizens to insert 
their working patterns into. The scenario should represent the context in which the citizen is expected 
to carry out citizen science activities with the simple aim “to represent veridical users doing veridical 
tasks” (Erlhoff and Marshall, 2007, p.348). Scenarios constitute the playing ground on which citizens 
may imagine and show their ways of being a citizen scientists, which requires (1) that the scenario 
is open for interpretation while also being (2) concrete and relatable. Building scenarios based on 
past projects, potentially involving citizens that have been partaking in these projects, is a great way 
to build credible, fruitful scenarios.  
 
How to in short: Facilitate future workshops, applying scenarios to explore citizen scientist needs for 
the development of the new monitoring tool. 
 
 



Framework for monitoring tools for I-CHANGE citizen science activities – D2.3 I-CHANGE 

11 

2.1.2 Prototyping 
The monitoring tools that are used in I-CHANGE living labs are beyond the usual stage of 
prototyping, which normally occurs before the product goes into production. Nevertheless, the 
existing monitoring tools can be used very much with a similar purpose as regular prototypes: To 
represent elements of a solution or a concept. Houde and Hill (1997) define prototypes as “any 
representation of a design idea, regardless of medium” (p. 369). One might say that some of the 
existing monitoring tools, like the SCK and the Telraam have been explored co-creatively as 
prototypes in the previous projects iSCAPE and WeCount. The purpose of a prototype is thus to 
provide a foundation for dialogue between designers, researchers, and citizens, making a potential 
future product tangible.  
 
I-CHANGE partners could apply the concept of prototyping in the co-testing and co-development of 
monitoring tools. One approach to this could be workshops focused on the monitoring tool as a 
prototype. Engaging a varied range of citizens connected to the citizen science activities could lead 
to a discussion of relevant monitoring tools. The focal point could be (1) the tool in its developed 
form, or (2) a mock-up, simplifying the concept of the tool. The first case has the advantage that the 
product at hand is very tangible, and it is rather simple to point at, and evaluate specific features. 
However, prototyping workshops with a focus on a finished or near-finished product also limits the 
ability to see the design idea through the actual design. There will be a heightened risk that citizens 
will have an overly narrow focus on the physical specifications of the monitoring tool, rather than 
imagining fundamentally alternative approaches to the same design idea. Then again, as the tools 
in I-CHANGE are already technically finished in development, a narrow focus during co-development 
may be most cost-effective. The latter case would allow for a workshop, where the design idea shines 
through, enabling a more fundamental discussion on requirements and needs for a potential design 
solution. A mock-up of a monitoring tool could in this case become a useful boundary object (Star 
and Griesemer, 1989; Carlile, 2002), through which the tacit knowledge and realities of citizen 
scientist may become explicit and understood by researchers and designers. While it is generally 
preferable to conduct participatory design processes in an open and early manner like this, it may 
not be as suitable for the purpose of I-CHANGE, where fundamental changes to the monitoring tools 
are unlikely. 
 
Regardless of the focal point applied, I-CHANGE partners may use a model designed by Houde and 
Hill (1997), to evaluate the prototype (i.e., the monitoring tool). Researchers may facilitate a co-
development workshop, where the role, look and feel, and implementation of the monitoring tool 
is explored. Role refers to an exploration of how the monitoring tool is useful to the citizen. In I-
CHANGE, this feeds into a discussion on the purpose of data collection and participation in the 
project. Essentially, partners should explore what citizen scientists expect to gain, not only from using 
the product, but from participating in the project. Herein lies cross-cutting assumptions and ideas 
that affect the use of the monitoring tool. Look and feel refers to the concrete sensory experiences 
that a citizen has when using the monitoring tool. For this purpose, the late-stage development of 
most of the monitoring tools in I-CHANGE is an advantage, as it enables citizens to directly 
understand and describe how the use of the tool actually feels. Implementation refers to the specific 
components through which the monitoring tool performs its function(s). This aspect opens up the 
discussion on product specifications, as highlighted in the I-CHANGE task description (e.g., power 
consumption, and ease of use). Once again, the development level of the technology in I-CHANGE 
allows for a clear and focused evaluation of such specifications. Researchers should, however, be 
mindful not to narrow the exploration to only include the existing features of the monitoring tool, but 
explore new features that could be offered, based on the citizen’s needs. 
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How to in short: Facilitate co-development (and co-testing) workshop, with the monitoring tool as a 
prototype under exploration. Modelling what the prototype (monitoring tool) prototypes to understand 
and structure citizen perspectives. 
 
2.1.3 Contextual Inquiry 
The design of monitoring tools reflects assumptions about their users (Jalber and Kinchy, 2016). 
However, I-CHANGE researchers hold an “effective specialization of knowledge [which] become[s] 
problematic when working across practices” (Carlile, 2002, p. 446). This phenomenon is relevant in 
interdisciplinary work just as much as it is in the field between researchers and citizens. Knowledge, 
as well as realities are embedded in practices and assumptions and can be difficult to access from 
the outside. Designers and researchers should be aware of this gap and try to overcome it by 
conducting contextual inquiries on the use of monitoring tools in I-CHANGE.  
 
The idea of contextual awareness is a basic premise in participatory design, and in engagement 
processes generally. I-CHANGE, such awareness could be sought in a great variety of ways: 

• I-CHANGE partners may conduct workshops in which citizen scientists are allowed to meet 
and share their experiences, focusing on the use of monitoring tools. Researchers should 
take note of the differences between usage patterns and be careful not to dismiss incorrect 
usage as a result of lacking knowledge or ignorance. Patterns of usage provide useful 
information on the assumptions that citizens see in the design of a monitoring tool and should 
be considered in their re-design. 

• I-CHANGE partners may facilitate activities in which the citizen scientist becomes a research 
focus, documenting usage patterns. This could be done either by allowing researchers to 
follow the citizen scientist, or by letting the citizen document their tool usage themselves. 
Such an approach may provide a deeper contextual knowledge for the specific citizen 
scientist but will require a considerably larger processing of data. 

• I-CHANGE partners may investigate usage patterns through interviews or surveys, to create 
a larger-scale investigation on cross-cutting issues and phenomena. This approach may 
provide basic and preliminary insights that could be explored to a greater extent. 

 
How to in short: Facilitate investigative activities with the purpose of exploring the contextual use of 
monitoring tools by citizen scientists in I-CHANGE. 
 
 
2.3 General Considerations for Co-Creation 
For any approach to participatory design, I-CHANGE partners should draw on the experience 
extracted from previous projects, like OPERANDUM. While the five aspects below are taken from 
the development of an application, they can be expanded to cover the design process of monitoring 
tools as a whole. 
 

1. End-users: a first step is to identify potential end-users of the planned product.  
2. User needs: in the second step, user needs have to be defined which will be the driving 

principle throughout the design of the product and its functionalities. Needs can be described 
as the goal that the user has when using the product. The goal can be simply gaining 
knowledge about a specific topic or connecting a sensor to the application to view the data. 
In some cases, this goal can be straight forward if the product is designed for only one 
purpose (e.g., view sensor data). In other cases, it can vary greatly, especially, if the product 
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inherits multiple functionalities (e.g., view sensor data, analyze data, compare sensor data to 
meteorological observations, etc.).  

3. User experiences: closely related to user needs are user experiences (UX). When using a 
product, the user aims to fulfil the goal. To do this, users expect to find/apply a functionality 
of the product with as few touchpoints (clicks) as possible; thus, if an information or a tool is 
not easy to find and/or to use, the user satisfaction can drop drastically, and the user might 
search for a different product to achieve the goal.  

4. User journeys: the steps (touchpoints) that a user takes to move through the product (from 
opening it to achieving the goal) are called user journeys. User journeys are closely linked 
with emotions and therefore with the overall user experience. 

5. User interface: lastly, the user interface (UI) plays a major role in the user journeys and 
experiences as the design of the product is a visual guide to the goal. For instance, if buttons 
are hidden it might dissatisfy the user and the risk of losing the user is greater. UI ensures a 
consistent design including site navigation, information, and text architecture, colours, icons, 
buttons, backgrounds, a grid system, and suitable spacing. 
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3. Key Learnings for I-CHANGE 
To provide pointers for the future co-testing and co-development of monitoring tools in I-CHANGE, 
key learnings have been drawn from the H2020 projects OPERANDUM, WeCount, and iSCAPE, as 
well as a preliminary investigation into the tools being used in I-CHANGE. The three previous 
projects provide special value to the I-CHANGE project, as they either apply monitoring tools in 
citizen science activities or apply co-creative methods for the development of monitoring tools. 
Additionally, several key partners of I-CHANGE have taken part of the three projects and the living 
lab that was established in iSCAPE is carried into the Bologna living lab of I-CHANGE.  An overview 
of the monitoring tools being used in I-CHANGE, the living lab region where it will be applied, and 
an overview of whether the tool will be used by a citizen scientist can be seen below: 
 
Table	1:	Monitoring	tools	used	in	I-CHANGE	

Sensor Applied in LL region Will be used by citizens 

MeteoTracker Amsterdam, Bologna, 
Dublin, Tel Aviv, 
Ouagadougou, Barcelona, 
Hasselt, Genova 

Yes 

Netatmo Amsterdam No 

Cargo tricycle equipped with weather 
station 

Amsterdam No 

Davis Vantage Pro2 Bologna, Genova No 

Commercial Microwavelink Tel Aviv No 

Crowdsourced reports of geo-
hydrological event and roads damage 
caused by landslides (Mobile 
application) 

Genova Yes 

Spagnol weather system Bologna No 

Acronet station paradigm Genova No 

Standalone Automatic Raingauge Tel Aviv, Ouagadougou No 

Automatic water level sensor Ouagadougou No 

SCK0010 Smart Citizen Kit 2.1 Amsterdam, Bologna, 
Dublin, Ouagadougou, 
Barcelona, Hasselt, 
Genova 

Yes 

Jerusalem science museum kit Tel Aviv Yes 

Telraam Dublin Yes 

Cargobike Dublin Yes 
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3.1 Key learnings from preliminary insight activities 
To get pointers as to where the I-CHANGE monitoring tools may need to improve, a range of 
preliminary insight activities were carried out. A survey was developed, openly exploring the 
immediate perceptions I-CHANGE participants had on the monitoring tools. However, not all living 
lab partners were at a point with their living lab activities (which begin at M12) where they felt 
confident in discussing the monitoring tools with the stakeholders of their region. For this reason, it 
was only the Science Museum Kit, the MeteoTracker, and the Smart Citizen Kit that became topic 
of exploration. The survey was filled out primarily by partners in the project that had tried out the 
monitoring tool, however, the survey focused on the MeteoTracker was filled out by three interns not 
directly connected to I-CHANGE. In total, 10 survey answers were registered. The results of the 
insight activities have been compiled in Annex A and should be seen very much as a preliminary 
exploration of the monitoring tools and their room for improvement. The pragmatic approach that has 
been applied has obvious flaws and should be followed up by deliberate co-creation activities as 
recommended in this deliverable. Nevertheless, the preliminary insight activities provide a few extra 
pointers to be aware of in the co-testing and co-development of monitoring tools. Additionally, the 
four pointers are in alignment with the potential technical barriers that Abernethy et al. (2022) 
pinpoint. 

• User-friendliness is an essential aspect of monitoring tools and is highlighted across different 
I-CHANGE tools. Exploring exactly what user-friendliness constitutes and how this may be 
improved in a co-creative manner is recommended.  

• Privacy is another reoccurring issue that is highlighted for the I-CHANGE monitoring tools. 
Data transparency and data availability is important to explore and define: How is the 
collected data made accessible? How can the design of the monitoring tool increase data 
transparency? How can citizens scientists increase their data sovereignty? 

• Integration with connecting platforms should be carefully thought into the design of the 
monitoring tool. If a connecting platform requires ongoing updates in different frameworks 
(i.e., Android and iOS), and updating plan should be thought into the design and co-created 
with end-users. 

• Stability is also highlighted across the I-CHANGE monitoring tools, stressing that the tools 
should be able to endure a range of usage approaches. Citizens that are not as familiar with 
the tools, as designers or researchers, may use the tool in a more rough manner, requiring 
a surprisingly sturdy design. 

 

3.2 Key learnings from iSCAPE 
In addition to the insight activities conducted in WP2, important lessons may be drawn from other 
comparable projects. iSCAPE is a key project for the foundation of I-CHANGE, both in terms of the 
emergence of living labs and establishment of monitoring tools. With the aim of integrating and 
advancing the control of air quality and carbon emissions in European cities, living labs were set up 
in six European cities, three of them being Bologna, Hasselt and Dublin, where the same living labs 
are used for I-CHANGE. The project also continued development of the Smart Citizen Kit (SCK), a 
low-cost sensor for environmental monitoring, which is also being used in I-CHANGE. It is the 
development of the SCK that proves especially useful for this framework, as end-users were drawn 
into the design process in a participatory manner (Gonzàlez et al., 2019). 
 
The key learning related to this deliverable is the value of real-life testing (Schaaf, 2019). This lesson 
is reiterated throughout the normative arguments for participatory design and directly related to the 
efforts of T2.4 (Co-development and co-testing of sensors) and WP3. Schaaf (2019) makes it clear 
how the “opportunity to run the software under different practical deployment conditions – e.g. users 
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with more or less technical skills, variable wifi connections etc. – helped inform corrections and 
precision” (p. 41). The participatory approach to co-testing in iSCAPE was carried out by letting 
citizen scientists use the tools throughout the project and reiteratively share their insights with 
researchers and developers. Not only did this approach result in technical insights for the monitoring 
tool but helped the project partners to better understand their audience, and manage expectations 
between participating parties (Schaaf, 2019, pp. 43-44). 
 
 
3.3 Key learnings from OPERANDUM 
To compile some overarching design considerations that emerge in the development of monitoring 
software, key learnings have been extracted from the project OPERANDUM.  In this project, a co-
creation approach was applied to design the platform (GeoIKP5) with potential end-users. Although 
the project was not based on citizen science, the participatory approach of the GeoIKP will be 
adopted for the novel development of an I-CHANGE Dashboard (T4.5: Dashboard for citizen-
oriented data analytics and visualization) and the mobile application (T4.4.1: Mobile application for 
personal carbon and environmental footprint). The GeoIKP platform functions as a knowledge and 
data hub for Nature-based Solutions which aims to address a variety of end-users ranging from 
citizens to scientists to journalists and more. This ambitious aim of designing a platform for end-
users with no, little, or extensive knowledge on Nature-based Solutions led to the solution to develop 
user corners six identified end-user groups.  

The integration of end-users was performed in so-called user consultation workshops which were 
supported with different methods such as surveys, brainstorming sessions, or user journey mapping. 
The user consultation workshops were organized in three stages: the first stage focused on 
identifying the end-users and their needs while the second and third stage focused more on the user 
journeys, interface, and experiences. Nonetheless, the user needs were constantly discussed and 
strengthened throughout all stages. The first two stages were held within the project Consortium and 
the final stage included potential users outside of the Consortium.  

The co-creation became a valuable element during the development of the user corners for six 
different user groups. It was important to understand the differences in the user needs to know which 
elements need to be highlighted, placed, and presented. The co-creation unveiled a win-win situation 
as the participants could express their actual needs but also learn about Nature-based Solutions 
while the development team could gain deeper insights into the different needs of the users which 
could be addressed. For instance, as part of the user consultation, additional needs were identified 
which could be transformed into tools for the users (e.g., a page for citizens where they can share 
their experiences in working with Nature-based Solutions). Despite the fact that the co-creation 
consumes resources such as time, the experiences from OPERANDUM showed that the gained 
benefits predominate.  

Some aspects that emerged in the OPERANDUM project can be generalized to support the 
development of products in I-CHANGE where the primary target group are citizens. Below, the main 
take aways for citizen targeted products are summarized:  

• Simplicity: simple/clean design and navigation throughout the product are the key to keep 
users using your product. Consider whether all texts, tools, etc. are certainly important for 
the majority of the users or not. If products are overloaded or offer too many functionalities, 
the user can easily get lost. This also accounts for elements of the product, for instance, 
drop-down lists - keep them as short as possible and consider using alphabetical orders or 
other logical supports to enable that the user finds everything in the shortest time possible. 
Another best practice is to use (common) icons where possible. Make sure that new icons 
are not only beautiful but also understood by the users. 

 
5 https://geoikp.operandum-project.eu  
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• Language: in this context, also the language plays an important role. Keep texts as short as 
possible but as informative as possible. Consider that your users are citizens who can have 
all kind of backgrounds but most likely they are not scientists or specialist; thus, use a daily 
language and not a technical/scientific language. Another aspect is the language itself: in 
case you want to reach also international citizens, consider offering the product in various 
languages.  

• Maps and more: in case the product includes maps or other common tools, it is best to aligned 
them to existing solutions instead of creating new ones. For instance, people are used to use 
maps as they are in their smartphone application and they know how to navigate/use these: 
use similar icons/features; thus, the user feels comfortable using them. 

• New/uncommon tools: in case the product includes new/innovative features, consider 
integrating short tutorials or guidance for the user to quickly understand and use it. 

• Learn: citizens are not experts in everything; thus, a common goal of a product is to learn 
about something or to find information about something – enable this if applicable. 

 
 
3.4 Key learnings from WeCount 
Another project, which may be studied to gather insights relevant for I-CHANGE is WeCount. In this 
H2020 project, the monitoring tool Telraam was used, and citizen scientist feedback was gathered. 
The key learnings from WeCount display many of the concrete issues that occur with monitoring 
tools. The overview highlights how important it is to carefully convey information to the users of the 
tool, ensure frictionless integration with connecting tools (e.g., mobile applications), and test the 
functionality of the tools in the context in which it will be used. In short, this information is especially 
useful for the co-testing and co-development in T2.4 (Co-development and co-testing of sensors) 
and WP3 in general, because it allows foresight for the kind of issues that may reveal themselves in 
the application of existing monitoring tools during citizen science activities. 
 
Table	2:	Telraam	issue	overview	

Issue  Description  Frequency of reports 

No feedback at the end of 
installation 

Users don’t know if the sensor has 
connected to the Telraam server at 
the end of the installation, i.e. the part 
where the sensor is connected to the 
local WiFi.  

Common 

Telraam WiFi doesn’t appear 
on phone 

When the sensor is plugged in 
Telraam doesn’t appear in the WiFi 
list.  

Occasional 

Sensors stop counting when it 
gets dark 

Users are worried because the 
sensors only count during daylight 
(the camera only works with daylight)  

Occasional 

Sensors are not counting heavy 
vehicles 

Users are worried because the 
sensor counts 0 heavy vehicles, 
despite living on a bus lane. 

Common 

Sensor counts seem wrong User doesn’t think the counts made 
by the sensor are accurate, e.g. too 
many bikes, not enough cars. 

Occasional 
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The user entered the wrong 
MAC address during installation 
(resulting in a failed installation) 

This was something I noticed by 
chance: the first part of the MAC 
address identifies it as a Raspberry 
Pi device, so it should always be 
202481. In two users this was 
incorrect. 

Never 

Sensor stops counting and set 
up needs to repeated 

The sensor stops counting and the 
user needs to set it up again via their 
phone.  

Rare 

Sensor does not send data After multiple checks and tests, the 
sensor still does not send data 

Rare 

Map screen freezes when 
selecting segments during 
installtion 

User can’t zoom and/or select 
segment during installation 

Rare 

No software on SD card User could not see Telraam WiFi, but 
was familiar with Raspberry Pi and 
therefore noticed that the SD card 
was blank.  

Rare 

SCHOOL SPECIFIC: 
Can’t connect to WiFi 

The Telraam won’t connect to the 
School WiFi system 

Common 

SCHOOL SPECIFIC: 
No uninterrupted line of sight to 
road 

The traffic counter needs a clear view 
of the road from a 1st floor window 

Occasional 

 
 
 
3.5 Summing up 
The insight activities combined with key learnings from iSCAPE, OPERANDUM, and WeCount 
provide useful information from several perspectives: 

• From a technical perspective, it is clear that issues will occur when monitoring tools are tested 
in a real life setting and partners in I-CHANGE should prepare themselves for the kinds of 
issues that have been seen previously. 

• From a facilitation perspective, the natural conclusion from the above statement is that 
monitoring tools need to be tested in a real -ife setting, as all three projects show just how 
much value can be drawn from such processes. 

• From the perspective of engagement and motivation, issues with monitoring tools can 
become barriers for citizen scientists and eventually hinder the living labs from flourishing. 
Citizen concerns should be taken seriously in the co-testing and co-development of 
monitoring tools. 

• By applying useful methods for participatory design, the lessons from past projects and 
insight activities may be integrated in I-CHANGE and ensure fruitful co-testing and co-
development of existing and new monitoring tools.  
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4. A framework for the co-testing and co-development of 
monitoring tools 
The living labs of I-CHANGE will apply monitoring tools to document climate change related data in 
the eight different living lab regions. Most of these monitoring tools are already developed and 
identified in Table 1. However, in addition to the established tools, which will be used in WP3, a web-
based tool will be developed in T3.4.1 (Observations of weather extreme events and early warning 
system) and T4.4 (Web and mobile tools for development and testing), allowing citizens to monitor 
extreme events and their own exposure to such events. The aim of this deliverable is thus twofold in 
that it should (1) guide the co-testing and co-development of established monitoring tools (T2.4) and 
(2) guide the co-development of the web-based tool (T3.4.1). While the basic approach of 
participatory design will be the same for both efforts, specific recommendations have been outlined 
below. 
 
4.1 Recommendations for T2.4 (Co-development and co-testing of 
sensors) 
Between M12 and M42, efforts will be made to co-test and co-develop the monitoring tools used in 
citizen science activities in the eight I-CHANGE living labs (T2.4). The six monitoring tools that will 
be used by citizens (see Table 1) should be explored on a basis of this deliverable. Because the six 
tools are already fully or almost fully developed, “regular” participatory design is not feasible, but a 
participatory approach should be applied to test the monitors and develop potential 
recommendations for redesigns to the producer. 
 
It is recommended that specific workshops are carried out in the relevant living labs, aimed at 
exploring the monitoring tools applied in the respective labs. The exploration should focus on the 
tangible user experience with the monitoring tool, applying a prototyping approach to identify design 
variables. As outlined in the section on prototyping, the role of the monitoring tools should be defined 
during the workshop. This aligns with some of the concerns highlighted in the insight activities, where 
privacy was a focal point. The collection and processing of data is a key concern of users and is 
central to the role that is assigned to the tool. The look and feel of the tool should also be explored, 
with the approach naturally differing based on the specific tool. Exploring the look and feel of e.g., 
the crowdsourcing application is a different scenario than when exploring e.g., the MeteoTracker. 
Last, implementation should be explored, which past projects and the insights activities both share 
key insights into. Cross-cutting functionality, reliability, and simplicity are examples of issues have 
occurred in the past, and thus are to be expected. 
 
In addition to the prototyping approach outlined, workshops should be carried out to explore the 
contextual use of the monitoring tools, identifying existing usage patterns in the living labs. This is 
approach is especially useful to identify issues like the ones identified from WeCount: contextual 
functionality issues that reveal themselves in the actual context in which the monitoring tool is used. 
For example, it became clear that the Telraam was unable to sense heavy vehicles, when they were 
applied by citizen scientists living close to a bus lane. Similarly, lacking communication from the 
monitoring tool to the citizen became evident when participants attempted to install the device. 
Exploration of the monitoring tool being used in its “real” context is essential to identify key issues 
for re-designs.  
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4.2 Recommendations for T3.4.1 (Observations of weather extreme 
events and early warning system), T4.4 (Mobile application for personal 
carbon and environmental footprint), and T4.5 (Dashboard for citizen-
oriented data analytics and visualization) 
Between M12-36, the risks emerging from extreme events will be explored by citizens, leading to the 
development of a web application with which citizens may self-assess their exposure to such events 
(T3.4.1 and T.4.4.1). The development of such a tool may rely heavily on the influence of 
participatory design to ensure an outcome which responds to the actual needs and context of citizen 
scientists.  
 
Because the development stage of the new monitoring tool is rather early, the efforts in T3.4.1 may 
effectively facilitate a future workshop, where scenarios are used to explore the core needs for citizen 
scientists in their specific context. A scenario could be based on the user experience, from receiving 
the monitoring tool, to setting it up (if a setup is required), collecting data in different environments, 
and seeing the data synchronization between the monitoring tool and connection platforms.  
 
Once again, prototyping is recommended for a workshop to explore the tangible variations that are 
possible for the monitoring tool. Prototyping of applications naturally differs from the prototyping of 
hardware, where the monitoring tool is tangible in a certain way. However, the early development 
stage that the application will be in at the time of the workshop, allows for rough prototyping sessions 
during which the central design idea is discussed. I-CHANGE partners have the opportunity to 
explore the specifications for such an application, detailing just what citizen scientists require in their 
specific context. Once again based on the Houde and Hill model (1997), role, look and feel, and 
implementation are prototyping perspectives that are useful to structure recommendations for the 
development of the application.  
 
As the application may be compared to the GeoIKP of OPERANDUM, the key insights extracted 
from that project are especially important to heed for the development of the new web-based 
monitoring tool. By using citizens, it may be explored exactly what concerns of e.g., simplicity and 
language are relevant in the context of I-CHANGE living labs. Prototypes are an excellent way to do 
so, providing participants of a workshop with a concrete example from which to assess e.g., simplicity 
of a design. It may be highlighted that the new monitoring tool should be integrated with the 
Environmental Impact Hub, which is being developed as a part of T4.5 (Dashboard for citizen-
oriented data analytics and visualization). The learnings from OPERANDUM and the development 
of the GeoIKP may prove especially useful for the new dashboard, which existing and new monitoring 
tools need to be able to operate with. For this purpose, prototyping exercises of the interplay between 
monitoring tools and the dashboard is recommended.  
 
Last, the participatory design process in WP3 should be planned in accordance with the technical 
development of T4.4; scenarios and prototypes are ideal approaches to fill knowledge gaps and 
pinpoint technical requirements that may otherwise be difficult to identify.  
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5. Conclusion 
The living labs of I-CHANGE rely on an active engagement of citizens in citizen science activities, 
where data related to climate change and pollution is collected, documented, and shared. Designing 
effective and usable monitoring tools is key for citizens to become and stay engaged in the project. 
For this purpose, participatory design is seen as a useful approach, ensuring that the monitoring 
tools reflect the contextual using patterns and needs of citizen scientists. 
 
This deliverable applies principles of participatory design to propose a framework with which existing 
monitoring tools may be co-tested and co-developed (for new versions) and a new monitoring tool 
may be co-developed.  
 
The framework consists of concrete recommendations for participatory design methods, combined 
with key learnings from iSCAPE, OPERANDUM, and WeCount, and insight activities carried out for 
this deliverable. For the existing tools, the recommendation is to apply prototyping and contextual 
inquiry to explore the perception that citizens have already formed around their use of the tool. The 
insight activities and key learnings from Telraam provide concrete pointers to issues that should be 
explored, such as data privacy and real-life data collection issues. For the new monitoring tool, the 
recommendation is to facilitate future workshops, where scenarios are used to explore potential 
usage patterns and future contexts. Additionally, prototyping is recommended to discuss the central 
design idea and tangible design parameters with citizens. The key learnings from OPERANDUM are 
deemed especially useful for the execution of both prototyping and future workshops in the 
development of the new monitoring tool.  
 
In M12, the three tasks T2.4 (Co-development and co-testing of sensors), T3.4 (Citizen science 
experiments in the LLs), and T4.4 (Web and mobile tools for development and testing) will be 
initiated, respectively leading the co-testing and co-development of existing monitoring tools, and 
the co-development of a new monitoring tool as well as the implementation of monitoring tools. In 
addition to this, the proceedings in T4.5 (Dashboard for citizen-oriented data analytics and 
visualization) will lead to a dashboard connecting all these tools. The activities in these tasks are 
expected to reflect the recommendations laid out in this deliverable, in combination with 
recommendations laid out in other deliverables, namely D1.2 (for engagement of citizens), D1.6 (for 
existing monitoring tools), D1.8 (for methodological guidance), and D2.1 (for risks on citizens 
engagement).  
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Annex A: Preliminary insight activity data sheet 
Monitoring 
tool in 
question 

Do you 
understand 
how the 
monitoring 
tool is 
supposed to 
be used? 

Do you have 
any 
concerns 
about using 
the 
monitoring 
tool? 
 

Is there 
anything you 
would like to 
know about 
the 
monitoring 
tool? (The 
way it works/ 
How data is 
processed/ 
What data is 
processed/ 
What data is 
collected) 

What is 
important for 
you when 
using the 
monitoring 
tool? (e.g., 
privacy, 
transparency, 
user-
friendliness) 
 

Is there any 
way that you 
think the 
monitoring 
tool could be 
improved? 
 

SMK Yes The kit is 
under 
development, 
and that's why 
there is not a 
final date for 
the kit to be 
completed. 
There are still 
some 
technical 
improvements 
to do; for 
instance, size, 
shape, and 
also, storing 
data. 

I would like to 
know the way 
the sensors in 
the kit work, 
and how the 
data is 
processed. 

User-
friendliness, 
user 
experience, 
accessibility of 
services and 
information 
about the kit, 
and maybe 
more funding. 

I think it would 
be good if 
more 
engineers 
were recruited 
to join the 
development 
phase of the 
device. 

MT_1 Yes No No Ease of use; 
ability to use 
the sensor on 
the move to 
create 
temperature 
maps easily; 
cost-
effectiveness 
that makes it 
possible to use 
many at once 
in various 
parts of the 
city or in small 
areas but with 
high spatial 
resolution. The 
possibility of 
having data 

Updating the 
iOS app, 
which is 
currently very 
different from 
the Android 
app and does 
not allow 
access with I-
CHANGE 
project 
credentials; it 
also does not 
allow the 
same 
settings. So 
making the 
iOS and 
Android 
versions more 
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with high 
temporal 
resolution is 
also an added 
value 
 

similar and 
compatible 
would help 
usability for 
different 
users. 
Sometimes 
there have 
been 
problems 
downloading 
data from the 
portal with 
particular 
variables or 
with some 
sensors;  

MT_2 Yes No, I am 
pretty 
comfortable 
using it. 

No 
 

Data 
Accessibility 
and Handy 
use 

At this 
moment, I 
dont have any 
suggestion.  

MT_3 
 

Yes 
 

No 
 

Yes, it would 
be good to 
know the 
equations 
used for the 
computation 
of the non-
measured 
quantities 
 

Privacy, data 
availability, the 
possibility to 
share data and 
products with 
other users 
 

Design a 
radiation 
shield to allow 
the correct 
measurement 
of the 
variables 
even below 
the 7km/h 
threshold 
enabling the 
data 
collection by 
people 
walking 
around 

MT_4 Yes Privacy 
concerns, 
because it is 
posting live 
locations 
online. I would 
only use it in 
private mode.  
 

Yes, all of the 
above. 
 

Privacy and 
user-
friendliness 
 

The website 
needs to be 
improved, it's 
not obvious 
how to 
download 
datasets. The 
app should 
have the 
same options 
in Android 
and IOs. 

MT_5 
 

Yes 
 

Not sure when 
it is recording 
or not 
because after 
some 
sessions the 

  Sometimes 
the data does 
not upload to 
the website 
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data is 
missing 
 

MT_6 Only partly 
 

If it will fall off 
your car 
because it is 
only attached 
magnetically.  
 

What data is 
collected, and 
how it is 
processed? 
 

privacy! 
 

More 
accessibility 
for people. 
For example, 
not having to 
create an 
email.  
 

SCK1 Yes No No Ease of use, 
ability to work 
offline and 
without battery 
power. In 
addition, the 
instrument's 
affordability 
and relatively 
small size 
make it ideal 
for designing 
campaigns 
with many 
measurement 
sites scattered 
in different 
parts of the 
city 

Improving the 
container box 
that needs to 
be opened 
with 
screwdriver 
every time the 
sensor needs 
to be turned 
off/on/reset or 
data needs to 
be 
downloaded 
from the SD 
card; the box 
and screws 
are also not 
very sturdy 
which makes 
it very easy for 
them to break; 
also, it would 
be optimal if 
the sensor 
setup 
procedure 
was made 
easier; finally, 
the 
downloaded 
post-
processed 
data had a 
time 
alignment 
problem that I 
have already 
discussed 
with the 
manufacturer 
and is being 
resolved.  
 



Framework for monitoring tools for I-CHANGE citizen science activities – D2.3 I-CHANGE 

26 

SCK2 Yes No I know how to 
use it 

Transparency 
and availability 
of data for 
research 
purposes 

Screw 
sections of 
the kit must be 
revised. 
Sometimes it 
takes too 
much time to 
open the 
screws. 

SCK3 Yes No Not so far Data 
availability, the 
possibility to 
share the data 
with other 
users, privacy 

The sensor 
case is fragile 
and difficult to 
open, limiting 
the 
accessibility 
to the basic 
functions of 
the sensor 
(including 
sensor 
starting). Also 
the airflow 
into the 
sensor is 
limited by the 
double case 
used for 
external 
application, 
potentially 
altering the 
pollutant 
concentration 
measurement 
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