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Abstract. Despite the health risks associated with air pollution and the
availability of data, public awareness of air quality remains limited. This
paper examines communication strategies to enhance awareness in Ger-
many and North Macedonia. Using the Design-Based Implementation
Research approach, literature reviews, stakeholder interviews and sur-
veys were conducted with 307 participants to identify knowledge gaps
and effective methods.

Three citizen workshops led to the development and evaluation of five de-
sign prototypes, including an interactive installation ("Pollution Booth"),
a VR application ("Visible Particulate Matter"), and a gamified learning
experience ("End Game"). These prototypes addressed information ac-
cessibility, data representation, and environmentally conscious behavior.
The results show that region-specific communication, interactive designs,
and passive information methods in public spaces significantly improve
the perception and understanding of air pollution data. Gamified ap-
proaches, such as the "End Game" prototype, were particularly effective
in educating children about air pollution.

Thirty-two requirements for effective educational strategies were identi-
fied, including simplified data visualization, reduced content, and per-
sonalized information. The findings highlight the importance of local
and personalized approaches, as well as methods for collective knowledge
sharing, in promoting awareness and environmentally friendly behavior.
Future work should further explore the long-term engagement and sus-
tainable impact of such communication strategies.

Keywords: Air pollution - Public Awareness - Interaction Design - Sci-
ence Communication - Environmental Data - Citizen Science
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1 Introduction

Outdoor air pollution is estimated to cause 4.2 million premature deaths world-
wide in 2019 [31] as a result of stroke, heart disease, respiratory disease such as
chronic lung diseases, asthma, and lung cancer [30]. In the same year, 90 per-
cent of the world’s population lived in places where the recommended air quality
limits of the WHO were not met [31] and were unaware of these dangers [7] [34].
However, the complex and non-transparent representation of air quality [11] is
difficult to access for the general public [43], due to the scientific and technical
language [36]. With the Ambient Air Quality Directives, the European Union
(EU) commits to better information provision about air quality and its impacts
on the public [42]. In a comparative Eurobarometer survey, Grossberndt et al.
[16] found that more than half of the EU population, 59% in 2012 and 54% in
2019, were not informed about air quality problems in their country [8] [9].

More people might adopt climate protection measures if they had a clearer
understanding of how air pollution personally affects their health and living en-
vironment, but the impacts of air pollution are often subtle and not immediately
noticeable. In addition to natural environmental factors, most air pollutants are
the result of human activities, particularly in industry, heat production, agri-
culture, waste, and transport [32]. Even small changes in citizen transportation
habits can significantly reduce their exposure to pollutants [15]. Despite the pub-
lic demand for information [43], little is known about the reach and effectiveness
of current information sources [14] [37]. Visual representations of information can
improve memory retention, facilitate decision-making, and streamline the analy-
sis of large data sets [26]. It is also important to disseminate information across
different population groups [36]. This study aims to explore design-oriented re-
search approaches that promote interactive forms of communication to make air
pollution visible, tangible, or otherwise experiential to the non-scientific public to
increase awareness of the problem and encourage behavioral change or demands
on decision-makers. To understand the effectiveness and user experience of the
introduced communication artifacts, the following research questions are exam-
ined: (i) How well are citizens informed about the air quality in their residential
areas and the impacts of airborne pollutants? (ii) Which information channels
do citizens use, and what data and information are relevant to them? (iii) What
impact does the use of educational technologies have on public awareness and
perception of air pollution?

This paper is structured in a Related Work section, where the relevant lit-
erature and current state of research on education strategies for air pollution
is introduced. Methodology describes the procedure of identifying, reviewing,
developing, evaluating, and analyzing information requirements and awareness
prototypes. The evaluation and results of the surveys on information needs and
current information demand in the population follow. In addition, an exploratory
study on the effectiveness of five different design prototypes for information dis-
semination is presented. The results of these investigations are then interpreted
and discussed to gain insight for further developing effective communication
strategies in the field of air pollution.
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2 Related Work

Air quality indexes provided by the authorities are recognized as valid risk indi-
cators, but their effectiveness in raising public awareness is limited, in part due
to their technical complexity and expert-oriented presentation [36]. Residents
are aware of air pollution but often lack understanding of its causes and ways
to engage in solutions, often due to information overload and message fatigue.
For example, in a Malaysian study, participants acknowledged air pollution but
downplayed its risks unless they were personally affected [6, 7].

Effective communication requires presenting air quality data in simple lan-
guage with actionable advice, emphasizing health impacts and practical solutions
[4]. Beaumont et al. [4] found that residents prefer plain language, historical data,
and the accountability of political decision makers. Local information and posi-
tive framing resonate more with citizens, while confronting them with negative
consequences can trigger cognitive dissonance. Nevertheless, emotional commu-
nication strategies prove promising effects in activating social norms and creating
a sense of collective responsibility [36]. To increase awareness, air quality data
can be adjusted to personal interests tailored to specific individual needs [27].
Liao et al. [22] examined the willingness of citizens (n=347) to change behaviors
using a smartphone app to avoid air pollution and found that behavioral changes
are more strongly influenced by peer-to-peer interactions.

Ward et al. [19] have explored various engagement methods, including inter-
views, workshops, citizen science, and digital tools such as apps, sensors, AR
& VR applications, and gamification [4,28,44, 18]. Research highlights a grow-
ing interest in using digital tools for environmental education, such as apps,
web applications, warning systems, electronic street signs, sensors, IoT devices,
AR&VR, video podcasts, gamification, and data visualizations [10,41, 24,44, 18].
Among participatory approaches, citizen involvement in air quality monitoring
is most common, often using low-cost sensors or sampling kits to measure local
conditions [43]. For instance, Haddad & Nazelle [17] surveyed London partici-
pants using an app and sensors for monitoring NO and VOC levels but found no
significant effect on travel behavior. Nevertheless, smart city IoT infrastructures
make real-time pollution visualization more accessible, underlining the need for
simple and effective government-led visualizations [37].

Smartphones are the preferred medium for accessing environmental informa-
tion, with the Internet (82%) and social media (especially Instagram) as key
sources [1,15]. However, information often lacks interpretation, creating bar-
riers to understanding. Access to technology is another significant challenge
[36]. Wong et al. [46] demonstrated that collaborative environments, where high
school students teach older adults to use interactive pollution maps, enhance sci-
entific understanding and foster discourse on environmental and health topics.

Artistic approaches, like Pollution Pods, use everyday experiences and con-
cerns about air pollution to inspire political action by making the intangible
tangible, the invisible visible, and by transforming the familiar into something
unfamiliar. Although effective, evaluations show limited long-term behavioral
effects, focusing more on evoking emotions than direct education [40, 20].
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The immersive nature of VR and AR enhances engagement and provides a
more impactful experience compared to non-VR settings. These tools allow stu-
dents to use multiple senses to perceive physical properties, creating rich sensory
and emotional experiences that promote learning in environmental education
and raise sustainability awareness[18]. Using an augmented reality application,
Mathews et al. [24] visualize pollutants in the air, which can be viewed with
mobile smart devices. The AiR application accesses the nearest air monitoring
station and uses current data for particulate matter (PM10 & PM2.5), nitro-
gen dioxide (NO2), sulfur dioxide (SO2), carbon monoxide (CO), and ammonia
(NH3). The effectiveness has not yet been tested on participants.

Existing efforts often lack detailed participant insights and focus more on en-
gagement than knowledge transfer or regular updates. This study addresses gaps
in integrating air quality information into public spaces, engagement, knowledge
transfer, and sustained awareness.

3 Methodology

To investigate the research questions, we adopted the Design-Based Implemen-
tation Research (DBIR) approach, focusing on effectively communicating air
quality data and raising public awareness of its health hazards. This study was
conducted in four cyclical phases: preliminary research, implementation, anal-
ysis, and design refinement. The research phase included a snowball-method
literature review [45] and stakeholder interviews with eight experts in air pol-
lution science. Promoting environmental health literacy requires involving the
public as part of the solution [13], because community engagement fosters be-
havioral change more effectively than individual efforts [38], such as avoiding
air travel. To address this, three citizen workshops were conducted to evalu-
ate knowledge, prioritize relevant information, and gather insights into preferred
communication channels, enriched by expert input [5, 23].

Air quality has improved in Germany and other EU countries due to mea-
sures such as pollutant filters and city speed limits [3]. However, Skopje, North
Macedonia, remains a global hotspot for air pollution and particulate matter [2].
An interdisciplinary team of industrial designers from Germany and computer
scientists from North Macedonia [38]| used insights from previous activities to
develop five exploratory design prototypes. During the implementation phase,
participants evaluated the prototypes using qualitative questionnaires and the
standardized User Experience Questionnaire. The analysis phase examined cul-
tural and regional differences in information reception, the findings used to refine
the design characteristics for transparent communication.

3.1 Pre-Questionnaire

The results of the online questionnaire regarding current state of knowledge
about air pollution, interest, and information demand in the local population
were quantitatively assessed and descriptively analyzed with SPSS software. The
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Fig. 1. Study Design according to Design-Based Implementation Research approach

survey included 56 participants (18.2%) from Magdeburg-Stendal University of
Applied Sciences and 251 participants (81.8%) from the University of Skopje.
Students and academics act as "early adopters," whose opinions and experi-
ences contribute to the development of successful and innovative dissemination
strategies for different social groups [35]. The current level of knowledge and
the access to information were assessed using 6 statements about air pollution
on a 5-point Likert scale: disagreement (Strongly Disagree = 1 / disagree = 2),
neutral (neutral = 3), or agreement (approval = 4 / Strongly Agree = 5).

Table 1. Socio-demographic data Online Questionnaire

Sociodemographic Data N = 307
University

Magdeburg 56

Skopje 251

Age

18-19 years 4 (1,3%)
20-29 years 278 (90,6%)
30-39 years 20 (6,5%)
40-60 years 5 (1,6%)
Gender

Male 153
Female 143
Diverse 11
Occupation

Student 282
Professor / Lecturer 8
Scientific Staff 12
Administration Staff / Laboratory Engineer|4

Guest 1
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3.2 Citizen Workshops

Sixteen local citizens from Magdeburg, aged between 19 and 41 years, partici-
pated in the workshops. The sample included 10 male and 6 female participants,
none of whom had children at the time of the workshop. One participant reported
having a pre-existing condition (chronic bronchitis). The sample included 7 stu-
dents and 9 employed individuals.

After a brief introduction, brainstorming sessions were conducted in small
groups on key questions about air pollution. The responses were subsequently
supplemented by a specialist lecture. The participants collected the results, opin-
ions, wishes, and needs, clustering them into overarching thematic areas. Using
dot voting [12], priorities for information provision were identified. A pre-test as-
sessed demographics, societal interest, and prior knowledge of air quality sources.
The post-test measured knowledge gains, increased interest, and the influence of
new insights on future decisions. Qualitative questionnaires were descriptively
analyzed using SPSS statistical software.

3.3 Prototypes Development and Evaluation

A team of eight industrial design students, two professors, and two researchers
explored ways to communicate air quality data in public spaces through an it-
erative Design Science Research process [33]. This approach aimed to improve
air quality awareness by presenting information interactively, creatively and ar-
tistically. The design process included the phases Explore, Imagine, Inform,
Create, and Test.

Exploring involved an expert lecture on air quality measurement, pollu-
tants, causes and countermeasures as well as a visit to a municipal measuring
facility. Additionally, research was conducted on best practices in data visualiza-
tion, speculative design, problem-solving, gamification, and interactive installa-
tions. Design methods such as brainstorming, opportunity maps, and interviews
were used to generate ideas (Imagine), as well as sketches, personas, and sce-
narios during concept development. In collaboration with the Laboratory for
Eco-Informatics at Methodius University in Skopje, a seven-day design work-
shop (Inform) was held. The concepts prepared by the industrial designers
were introduced to 7 computer science students from Skopje, who gave feed-
back. The interdisciplinary collaboration serves the exchange about the topic
from different cultural as well as professional perspectives. In small groups of
designers and computer scientists, the concepts are refined, and the first pre-
liminary models are created as paper prototypes (representation of the public
installation as a paper model) and video prototypes (simulation of the concept in
a short film). The prototypes are used to gain feedback from citizens in Skopje.
The results of the design sprint serve to Create high fidelity prototypes with
physical computing (sensors and microcontrollers to perform interactions with
users) in a second iteration loop. The user Testing determined which design
approach provided the most comprehensible knowledge transfer, intuitive ac-
cess, and increased attention. The prototypes were evaluated by Magdeburg and
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Skopje participants (N = 307). In Magdeburg, exhibits were displayed at a public
design fair for interactive testing. In Skopje, participants assessed video proto-
types, images, abstracts, and functional descriptions. Participants in the user
study were informed about the data protection regulations and ethical aspects
of their participation and gave their consent. Effectiveness was measured using a
post-questionnaire with 5 items and 2 open-ended questions. Participants rated
5 statements on a 5-point Likert scale and the items were descriptively analyzed
using SPSS.

Item 1: I easily understood the concept and handling of the installation.
Item 2: The installation contributes to increased awareness (in public places)
of air pollution.

Item 3: The conveyed information is understandable and has expanded my
knowledge of air quality.

Item 4: The installation is easy and intuitive.

I'tem 5: The installation should be visible/usable in public places for citizens.
Question 1: What I particularly liked about the installation ...

— Question 2: What I did not like about the installation...

The two open-ended questions provided insight into the strengths and weak-
nesses of the concepts and identified areas for improvement in the installations.
The free-text responses were analyzed using qualitative content analysis accord-
ing to Mayring [25]. Usability was assessed using the standardized User Experi-
ence Questionnaire (UEQ), which measures UX on six scales: Attractiveness,
Perspicuity, Efficiency, Dependability, Stimulation, and Novelty [21]. Testers
rated 26 bipolar word pairs (e.g., Not understandable & Understandable) on
a 7-point Likert scale, with responses ranging from -3 (fully agree with the neg-
ative term) to +3 (fully agree with the positive term). The mean values of the
scale were compared with a benchmark dataset [39].

3.4 Awareness Prototypes

The interactive installation Pollution Booth is located in urban areas and
measures the current levels of particulate matter in its location. The interaction
mimics the operation of a public photo booth. Users receive a personal souvenir
photo in two versions; a regular print and a second image that depicts the par-
ticulate matter particles at the measurement location of the current hour scaled
over the faces. The confetti overlay is not just a visual effect, but also represents
various pollutants and their sources with different colors. The key terms for air
quality are explained in simple language in the back. The functional prototype
consists of a camera, printer, tablet, and computer inside the photo box, all con-
nected via an Arduino. User interaction occurs on the tablet screen. The photo
countdown triggers the camera, which sends the photo to the computer. The cur-
rent PM value is retrieved from the website of the Saxony-Anhalt air monitoring
system and visualized as confetti on the photo template. The image file is then
sent to the printer. The concept was selected because it can be easily installed
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Fig. 2. Prototypes Pollution Booth (top) & Visible Particulate Matter (bottom)

in public spaces, buildings, or at events, and it appeals to a broad audience due
to its entertaining nature.

For immersion in the Virtual Reality (VR) prototype Visible Particulate
Matter users put on a VR headset (Oculus Quest 2) and enter virtual exhibi-
tion rooms. In the foyer, players receive information on the causes and effects of
air pollutants on the human body. They can choose between the cities of Skopje
(North Macedonia) and Magdeburg (Germany) and select a specific day to in-
vestigate its air quality. This selection brings players to a map of the chosen city,
where they can navigate across different locations. The pollutant particles float
in the air. The goal is to find the place with the lowest air pollution on that
day. The real-time data is sourced from the open-source platform Pulse.Eco and
transferred via an API (Java Spring Boot) to the Processing software, which
maps pollutant measurements to their respective locations on the map. These
measurements are then displayed as virtual particles in the Unreal Engine. The
VR application is particularly effective in visualizing otherwise invisible air pol-
lutants directly in urban locations where they are present at the time.

The computer game End Game is mainly aimed at elementary school chil-
dren and is inspired by the well-known video game Super Mario by Nintendo.
Children and people with pre-existing conditions are the most affected by the
health hazards of air pollution [36]. The game conveys information on behaviors
to reduce risk. Instead of removing mushrooms, the avatar transforms cars into
bicycles and CO2 clouds into fresh air. By jumping on the causes of air pollution,
they are combated, and the air is cleaned. Players receive compact facts about
the causes of air pollution. The interactive click prototype and character design
were created with Adobe XD. The gamification approach lowers the inhibition






