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Abstract
The OpenSky Network has grown into one of the largest community-driven air traffic surveillance in-

frastructures worldwide. While its data are widely used in research, comparatively little is known about

the individuals who maintain the sensor network. In late 2024 to early 2025, we conducted the first large-

scale user survey of OpenSky Network members to better understand the demographics, motivations, and

barriers associated with participation. This paper presents key findings from more than 500 responses,

highlighting who contributes to OpenSky and why, and what prevents others from becoming active feed-

ers.

1. Introduction 11

A specific and underexplored form of scientific crowdsourcing is stationary citizen sensing (SCS), 12

where individuals install and maintain fixed sensors that continuously transmit data to a central net- 13

work for collection and analysis. Such networks generate global, high-resolution, real-time data and 14

are particularly common in air quality, weather, radio spectrum, and air traffic monitoring. Beyond 15

research [1], SCS data serve numerous applications, including policy development [2], investigative 16

journalism [3], and even military intelligence [4]. Recent studies also highlight its value in detecting 17

GPS spoofing and jamming incidents affecting civil aviation. [5] 18

Despite their growing importance, little is known about the social and behavioral mechanisms driv- 19

ing SCS participation. While the technical process of data collection is well understood, the human 20

factors, i.e., who participates, why, and under what conditions, remain largely unexplored. Under- 21

standing these dynamics can improve network reliability, guide expansion strategies, and assess the 22

feasibility of new projects. 23

The OpenSky Network (OSN) [6] is one such SCS initiative, focused on air traffic surveillance data, 24

enabling over 750 academic publications with their data (as of November 2025), including the yearly 25

OpenSky Reports ranging from current topics such as security to contrails [7, 8, 9, 10, 11, 12, 13, 26

14, 15, 16]. Understanding who contributes to OpenSky, and why, is vital for sustaining growth 27

and ensuring balanced geographic coverage of the provided research data. We therefore launched a 28

dedicated survey of OSN users in December 2024. 29

OSN is a global crowdsourced flight-tracking network where volunteers operate sensors that receive 30

ADS-B and Mode S signals, and its open-science mission and accessible membership base make it 31

a representative SCS case. Three aspects render OSN particularly suitable for investigation. First, 32

unlike most citizen science projects, it has no single research objective; its data are available for 33

diverse, initially unknown studies. This allows testing whether previously identified motivation 34

patterns hold in a multi-purpose context. Second, OSN requires participants to purchase, set up, and 35
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maintain dedicated sensors, implying higher entry costs than typical crowdsourcing models relying 36

on smartphones or manual inputs. Third, the network is embedded in a pre-existing community of 37

aviation enthusiasts—such as plane spotters [17, 18]. While not entirely unique in this area, this kind 38

of synergy with hobbyist communities encourages participation. Specifically for SCS, the potential 39

for synergy is quite significant due to interoperable receivers that enable data sharing acrossmultiple 40

platforms. 41

To discover who participates in such SCS and for what reasons, this project conducts a comprehen- 42

sive survey of OSN members, examining demographic profiles, motivations for participation, and 43

barriers to active involvement. 44

Our work deepens understanding of participation patterns in stationary citizen sensing projects and 45

extends existing citizen science research to a novel technical and organizational setting. 46

2. Literature Review 47

Empirical research on citizen science and crowdsourcing consistently shows that participants do not 48

accurately represent the general population. Studies report an overrepresentation of well-educated, 49

above-median-income groups [19, 20, 21, 22]. Gender balance is uncommon: women are for example 50

underrepresented in Volunteered Geographic Information (VGI) projects like OpenStreetMap [23, 51

24] or Wikipedia [25], while platforms such as Amazon MTurk show the opposite pattern [26]. Age 52

patterns are mixed—participants often average around fifty years [27, 28], but projects with digital 53

interfaces tend to attract younger groups [20, 29]. 54

Motivational studies on participants are equally extensive and can be grouped by level of engage- 55

ment, following Haklay’s four-stage typology [30] of citizen science projects. At the low end, crowd- 56

sourcing involves providing data or computing power with minimal cognitive input, while extreme 57

citizen science gives citizens full control of research design and execution. Most studied projects lie 58

between these extremes, namely in the distributed intelligence category, where participants classify 59

or actively collect data. Across such projects in the areas of astronomy, ecology, health, and VGI [31, 60

32, 33, 34], intrinsic motivations such as curiosity, learning, and contributing to science dominate. 61

Low-engagement projects - like distributed computing or citizen sensing - show only slightly dif- 62

ferent patterns. Participants in such initiatives emphasize altruistic motives and support for the 63

respective underlying causes [35, 36, 37, 38]. Even when financial incentives are present, as it often 64

is in classical crowdsourcing initiatives, intrinsic and reputational rewards remain strong motivators 65

[39, 40, 41]. 66

To enhance the comparability of research on participation motivations, Levontin et al. [42] proposed 67

the Citizen Science Motivation Scale (CSMS), grounded in Schwartz’s theory of basic human values 68

[43, 44] and enriched by empirical results. Schwartz’s model arranges twelve universal values along 69

two bipolar axes—openness to change vs. conservation and self-transcendence vs. self-enhancement. 70

A simplified version is shown in Fig. 1. The CSMS takes this as a point of departure and maps 280 71

empirically identified motivators onto it. Based on motivators that do not fit into Schwartz’s frame- 72

work it adds three values. These are “help with research” aligned with self-transcendence, “social 73

expansion” aligned with openness to change, “routine” aligned with conservation, and “teaching” as 74

a stand-alone category. This provides a comprehensive, theory-based framework for cross-project 75

comparison. 76

A complementary approach by Budhathoki [33] identified twenty-four motivational categories for 77

VGI contributors, derived empirically from volunteering, leisure, and knowledge-production litera- 78

ture. While less theory-driven, it captures domain-specific motivators for digital mapping and data- 79

sharing communities underrepresented in the CSMS model. Both frameworks inform the analysis 80
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Figure 1. Simplified representation of Schwartz’s value structure, showing twelve basic values arranged along two bipolar
dimensions (adapted from [44]).

of motivations within the present study. 81

Research on non-participation remains scarce. Existing work [45, 46, 47] highlights the lack of time, 82

physical ability, or skills as primary barriers. 83

Few studies have addressed networks comparable to OSN. Given OSN’s unique combination of open 84

data, hobbyist community, and upfront hardware investment, participation motives and deterrents 85

may differ substantially from those found in other citizen science projects. 86

3. Theory and Hypothesis: Understanding OSN Members 87

Existing studies offer valuable insights into who participates in citizen science and crowdsourcing 88

initiatives and why. This section contextualizes those findings within the OSN and formulates four 89

hypotheses addressing demographic, motivational, and discouraging factors. 90

3.1 Demographic and Socioeconomic Factors 91

Empirical studies consistently show that participants in citizen science projects tend to be well- 92

educated, above-average-income individuals from developed regions. Assuming that sensor location 93

correlates with its owner’s residence, the distribution of OSN sensors similarly indicates a dominance 94

of contributors from Europe and North America. This can be derived more or less directly from 95

OSN’s coverage over time. [1] 96

Gender imbalance is also expected: men are likely to outnumber women, consistent with related 97

hobbies such as plane spotting [17]. In addition, participants are expected to be younger than 50 98

years old, reflecting the technical competence required to install and maintain receivers. Because 99

OSN participation (whether active or passive) demands little time, employment is not expected to 100

be a factor driving up average age. 101
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H1: Most OSN participants are well-educated, above-median-income males below the 102

age of 50, living in the developed nations of the Global North. 103

3.2 Motivational and Discouraging Factors 104

Levontin et al. [42] present a comprehensive framework of possible motivations for citizen science 105

participation. Applying their model to OSN, three factors stand out as particularly relevant, given 106

the network’s unique characteristics. 107

Lack of a specific research goal. Unlike most citizen science projects, OSN does not pursue a 108

single defined research objective; its data serve diverse and independent research purposes. Prior 109

studies suggest that clear project goals are powerful motivators. Consequently, OSN members are 110

expected to place less emphasis on “helping with research” as a central reason for participation. 111

H2: Helping with research is not among the main factors motivating individuals to 112

operate a sensor for OSN. 113

Existing community engagement. OSN benefits from a large, pre-existing community of avia- 114

tion enthusiasts, i.e., plane spotters and users of other flight-tracking platforms, who often already 115

possess compatible equipment. Because receivers can feed multiple networks, many OSN partici- 116

pants likely joined after already being active elsewhere. Routine, indicating pre-existing involvement 117

in similar activities is thus expected to play a major role. 118

H3: Routine—being already engaged in a similar activity—is among the strongest mo- 119

tivators for operating a sensor for OSN. 120

Financial barriers to active participation. A further question concerns why many OSN mem- 121

bers remain passive. Previous research highlights time and skill constraints as common deterrents. 122

For SCS, however, an additional obstacle arises: the initial financial investment required for hard- 123

ware setup. Unlike many citizen science projects that are not reliant on or supply participants with 124

equipment, OSN depends on volunteers to purchase their own sensors. This cost barrier likely pre- 125

vents some interested passive members from becoming active. 126

H4: The financial effort required to become an active member of OSN is among the 127

most significant reasons individuals remain passive in the network. 128

4. Surveying OpenSky 129

We design an online survey of all OSN members to examine the community’s demographic compo- 130

sition, motivations for maintaining an ADS-B receiver, and reasons for abstaining. Using surveys 131

to study participation in citizen science is standard practice. [48] At the time of the survey, OSN 132

comprised roughly 50,000 registered members, about 5,000 of whom operate(d) at least one sensor. 133

Ethical approval was granted by the ETH Zurich Ethics Committee (Application No. ETHICS-403). 134

The survey was hosted on Qualtrics, tested with nine pilot participants, and optimized for different 135

devices. Recruitment occurred via the OSN newsletter and homepage as well as the OSN Discord 136

group. To increase participation, an ADS-B receiver kit (Raspberry Pi + antenna) was raffled among 137

respondents, an incentive expected to attract non-sensor owners in particular. 138

For representativeness, a 90% confidence level with a 5% margin of error required at least 258 active 139

sensor owners and 270 passive, non-sensor-owning respondents, though all members were encour- 140
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aged to participate. The questionnaire began with demographic questions and then branched into 141

two paths: one for sensor owners (motivations) and one for non-owners (deterrents). Except for age, 142

questions were non-mandatory. The complete survey instrument is provided in the Appendix. 143

4.1 Demographic and Socioeconomic Questions 144

To address H1, participants provided information on age, gender, residence, education, occupation, 145

and income. Two additional questions asked about proximity to airports and employment in the avi- 146

ation sector. Because OSN is international, incomewasmeasured subjectively by asking respondents 147

to place themselves within national income quintiles, following the World Values Survey approach. 148

[49] This relative measure avoids conversion barriers while capturing socioeconomic position. [50] 149

Education was classified using the 2011 International Standard Classification of Education (ISCED), 150

condensed into eight levels from “no education” to “doctoral degree.” Examples such as “years 1–6” 151

or “licence / bachelor’s degree” ensured clarity across countries. This structure facilitated consistent 152

data collection across OSN’s global membership. 153

4.2 Motivational Questions 154

The motivation module tested H2 and H3. It combined elements from Levontin et al.’s Citizen 155

Science Motivation Scale (CSMS) [51, 42] with items from Budhathoki [33], whose work on Open- 156

StreetMap (OSM) mirrors OSN in some key asspects: no single research goal, global reach, absence 157

of time constraint for contributions, and visibility of individual input on a map. 158

Where both frameworks overlapped, similar motivational categories were merged; where they di- 159

verged, alignment followed Schwartz’s value definitions [44] and item examples. Notable adjust- 160

ments included: 161

• Instrumentality of local knowledge: emphasizing the sense of indispensability of one’s own contri- 162

bution is mapped to the “achievement” value. 163

• Unique ethos: reflecting pro open data and anti-corporate attitudes is aligned with “social univer- 164

salism”. 165

• Meeting self-needs: where individuals participate out of need for the content resulting from the 166

contribution (e.g., a map) is associated with “self-direction”. 167

• Fun: captured under “hedonism,” with added salience from the immediate visibility of one’s con- 168

tributions on a live map. 169

• System trust: excluded, as it represents a prerequisite rather than an intrinsic motivation for par- 170

ticipation. 171

Six of Levontin et al.’s categories found no counterpart in Budhathoki’s typology, likely due to the 172

latter’s empirical, rather than theoretical origin. Consequently, Levontin’s CSMS, enriched with 173

Budhathoki’s compatible items, formed the basis for OSN’s motivational survey. 174

After merging and refinement, 64 items across 18 categories were reduced to 37 items within 15 175

categories. Following Levontin et al.’s guidance, at least two items per category were retained. Re- 176

dundant or overlapping items were merged, and the least relevant categories “tradition” and “stimu- 177

lation–active” were removed. The live survey presented these statements as a randomized carousel 178

with a five-point Likert scale (not important – very important) plus an “irrelevant” option and one 179

attention check. 180
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4.3 Deterrence Question 181

Respondents who indicated they did not operate a sensor were redirected to a multiple-choice ques- 182

tion listing thirteen possible deterrents (select one to three). This section tested H4. The list com- 183

bined literature-derived and context-specific factors, including concerns about data sharing and per- 184

ceptions of local sensor saturation. An open-text “other” option captured additional reasons. 185

Beyond testingH4, this analysis helps identify low-effort strategies for converting passive members 186

—OSN’s “low-hanging fruit”—into active contributors. For example, if technical difficulty emerges 187

as a common barrier, clearer setup documentation could effectively expand coverage. 188

4.4 Methods 189

Demographic data were analyzed descriptively and compared between active and passive members 190

using Mann–Whitney, χ2, and, where necessary, Fisher’s exact tests. Motivational constructs were 191

validated via Confirmatory Factor Analysis (CFA) to assess model fit, reliability, and validity [52]. 192

Composite reliability was measured with McDonald’sω, with thresholds of 0.7 or higher considered 193

acceptable [53]. Convergent validity was assessed through factor loadings (≥ 0.5 acceptable, ≥ 0.7 194

ideal) and Average Variance Extracted (AVE ≥ 0.5). Discriminant validity was evaluated using a 195

correlation threshold of 0.85 [54]. 196

Responses failing the attention check were excluded. For each participant, category means were 197

computed (excluding “irrelevant” responses), allowing comparison of the relative importance of 15 198

motivational factors. Category means ≤ 2.3 indicated low importance, 2.3–3.7 medium, and ≥ 3.7 199

high. Results were also compared between OSN and other networks’ sensor operators to test H2 200

and H3. 201

Finally, deterrence responses were summarized by frequency and region, and open-ended comments 202

were analyzed qualitatively to identify emerging themes and actionable insights. 203

5. Results 204

Table 1. Age distribution of OpenSky Network survey participants by sensor ownership.

Age group No Sensor (n) % Sensor (n) %

<18 0 0.00 0 0.00
18–24 13 5.53 10 3.15
25–34 27 11.49 39 12.30
35–44 52 22.13 72 22.71
45–54 42 17.87 86 27.13
55–64 56 23.83 67 21.14
65–74 39 16.60 36 11.36
>75 6 2.55 7 2.21

Mean age 49.20 (SD = 14.90, 95% CI: [48.00, 50.40])

By group Mean SD Lower 95% CI Upper 95% CI
No Sensor 49.90 15.27 47.29 51.11
Sensor 48.90 13.80 47.56 50.84

The survey was open for ten weeks, starting on December 22, 2024. In total, 858 individuals clicked 205

the link, and 596 provided at least partial answers. Nearly 95% of responses were collected via 206

newsletter invitations, with the remainder recruited through theOpenSkywebsite andDiscord chan- 207

nel. Of these, 552 completed the demographic questions, including 317 sensor owners. Given the 208
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network’s size at the time, active participants were overrepresented, an expected outcome given 209

their high engagement level. While this slightly limits generalizability for passive members, the 210

overall sample remains informative. 211

5.1 Demographic Factors 212

Figure 2. Participants’ area of living.

Most respondents were male, residing in Europe or North America. 56.9% of respondents lived in 213

Europe, 29.2% in North America, and 9.9% in East Asia and the Pacific; the remaining participants 214

were distributed across Latin America (1.9%), South Asia (1.4%), and MENA or Sub-Saharan Africa 215

(0.7%) (see Fig. 3). Only 22.5% reported living in rural areas (see Fig. 2). Most were employed in 216

the private sector (55.1%), with 30.2% working in aviation-related fields. Over half (51.9%) said their 217

daily lives were at least somewhat affected by airport activity. 218

Active and passive members were broadly similar across demographic variables except for gender 219

(Fisher’s exact test), primary occupation (χ2 test), and income (Mann–Whitney). Only two female 220

respondents operated a sensor. While most respondents were full-time employees (62.8%), active 221

members were more likely to be employed full-time or unemployed, whereas passive members were 222

more often students, retired, or part-time employees. Active members’ average income was 0.3 223

quintiles higher than that of passive members (3.6 vs. 3.3). 224

The findings largely supportH1: most OpenSky members are well-educated, above-median-income 225

males under 50 living in developed nations. Approximately 76% hold at least a bachelor’s degree, 226

while none reported only primary education. Overall, 94% identified asmale, 2.8% as female, and 3.2% 227

preferred not to say. Respondents came from 56 countries, with 25.6% from the United States. The 228

U.S., Germany, the U.K., and France accounted for more than half (53.6%) of all responses. Only 4.4% 229

of participants came from major emerging economies, and just 0.4% from least developed countries. 230

The average age was 49.2 years, with an upper 95% confidence bound of 50.4—suggesting members 231

are around, but not clearly below, 50. Table 1 shows the full distribution. 232

5.2 Motivational Factors 233

As shown in Table 2, a total of 317 respondents reported operating a sensor, though 71 did so for other 234

networks. Of these, 285 answered more than half the motivational items, and 277 valid responses 235

remained after excluding nine who failed the attention check. 236

Confirmatory Factor Analysis (CFA) indicated a moderate model fit (p(χ2) < 0.05, CFI = 0.91, RMSEA 237

= 0.04, SRMR = 0.07). Reliability and validity tests show that categories such as face, social expansion, 238

security, benevolence, universalism, help research, and teaching demonstrated satisfactory composite 239
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Figure 3. Participants country of residence.

reliability and convergent validity. Conformity and self-direction were acceptable but weaker, while 240

routine performed poorly, lacking both internal consistency and convergent validity. 241

Table 2. Sensor ownership among OpenSky Network survey participants.

Sensor ownership Frequency %

I operate a sensor, but it does not contribute to OpenSky 71 12.86
No sensor 235 42.57
Yes, I operate an OpenSky sensor 246 44.57

Descriptive results revealed that “help research” ranked among the most important motivators (p = 242

0.95 for H0: true mean ≥ 3.7), whereas “routine” showed only moderate importance (p < 0.001). Rel- 243

ative thresholds, however, suggest that “routine,” along with several other factors, still ranks among 244

the key motivators. Neither H2: Helping with research is not among the main factors motivating 245

individuals to operate a sensor for OSN, nor H3: Routine—being already engaged in a similar ac- 246

tivity—is among the strongest motivators for operating a sensor for OSN find support in the data at 247

hand. 248

When separating OpenSky contributors from those operating sensors for other networks, notable 249

differences emerged, especially in the face and power resources categories. Mann–Whitney tests 250

(p < 0.05) andOLS regressions controlling for demographics confirmed these as significant. OpenSky 251

participants appear less motivated by social recognition and personal gain than participants in other 252

flight-tracking networks. Even with the grouped data, neither H2 nor H3 is supported. 253

Item-level analysis showed that “I am interested in aviation” and “I want to contribute to indepen- 254

dent, open-access data initiatives” were the strongest motivators (means of 4.25), while “I want to 255



Journal of Open Aviation Science 9

Figure 4. Mean and confidence intervals of motivational factors, grouped by people who contribute to OS and people who
contribute to other networks.

gain financially” was the least (2.24). The two items most often rated “irrelevant” were “I was re- 256

quested to participate by somebody” and “I am required to take part in such a project,” both reflecting 257

minimal conformity motivation. 258

5.3 Deterrent Factors 259

Among 235 respondents without a sensor, financial cost emerged as the leading deterrent (see Fig. 5), 260

supporting H4. Cost concerns dominated across all regions but were particularly pronounced out- 261

side Europe and North America. In the North America, lack of interest was most cited, while in 262

the Pacific region, respondents noted limited personal benefit. European respondents most often 263

referenced resource conservation or environmental considerations. Obstacles identified as relevant 264

in the literature, like insufficient skills and time constraints, are not pivotal for OSN. 265

Open-ended “other” responses were few and did not deliver additional insights: several participants 266

intended to set up a receiver but had not yet done so, while others cited broken or unreplaced hard- 267

ware. These comments broadly echoed predefined categories. 268

5.4 Discussion 269

With the exception of age, demographic findings fully supported H1. OpenSky participants are, 270

on average, around 50 years old—slightly older than participants in many other technology-based 271

citizen science projects. The significant gender imbalance was anticipated. As data is collected by 272

sensors this doesn’t impact data quality. The limited participation of individuals from the Global 273

South is more consequential, as it affects network coverage and representativeness. 274

The motivational results did not support H2 or H3. “Helping research” was confirmed as a strong 275

motivator, while “routine”—though conceptually plausible—lacked empirical validity. The CFA re- 276
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Figure 5. Reasons for not operating a sensor by region.

sults suggest that respondents may group motivational items differently from the predefined struc- 277

ture, indicating a need for theoretical refinement in future work. High inter-category correlations 278

were also observed, consistent with Schwartz’s (2012) notion of fluid value boundaries. 279

Finally, deterrence results clearly supported H4: the financial cost of equipment remains the main 280

obstacle to active participation. Motivation alone is insufficient for engagement—practical and eco- 281

nomic barriers also matter. Addressing these could involve distributing free or subsidized sensors or 282

emphasizing exclusive benefits for contributors (e.g., personal dashboards or data visualizations). 283

Interestingly, while “too many sensors nearby” was a relevant deterrent, “poor coverage in my area” 284

was only a moderate motivator, suggesting that awareness of network needs does not directly drive 285

participation. Future recruitment strategies should therefore target both motivation and material 286

accessibility. 287
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6. Limitations 288

One limitation of the type of survey that was conducted is, that participants self-selected for the 289

survey. This introduces certain bias in the data, which is almost inescapable with the given online 290

setup [55]. The fact that helping research is identified as the most important motivational factor 291

might have been influenced by such a self-selection bias. Specifically, it could be assumed that the 292

general predisposition toward responding to surveys is higher among people interested in research 293

than those not. The raffle that was intended to motivate more people to participate might have 294

helped balance out the rate between active and passive members a bit, but in the end, the response 295

rate among the active members was still higher. 296

7. Conclusion 297

The survey conducted among OpenSky Network members offered valuable insight into who par- 298

ticipates in sensor-based citizen science projects and why. The results confirm that OSN’s active 299

community largely consists of well-educated, above-median-income males from Western countries. 300

Despite OSN’s digital nature, the average participant age was around 50, contrary to expectations 301

that technology-driven citizen science attracts younger individuals. 302

Motivational analysis revealed that helping research was the most important factor driving partic- 303

ipation. This finding is striking, as OSN contributors are not aware of any single, clearly defined 304

research goal; instead, their data are made openly available for scientific use across domains. This 305

is further supported by the item level results, which underscores the appeal of contributing to open, 306

independent research. Routine engagement, such as maintaining existing aviation-related hobbies, 307

was also relevant but measured less reliably, suggesting that the underlying construct may require 308

further refinement. 309

The deterrence analysis identified financial cost as the strongest barrier preventing individuals from 310

operating a sensor. This confirmsH4 and aligns with broader findings on material constraints in cit- 311

izen science participation. Importantly, this barrier was most acute in regions with limited network 312

coverage, suggesting that financial support programs, such as distributing or subsidizing sensors, 313

could meaningfully expand OSN’s global footprint. In contrast, in wealthier regions such as Eu- 314

rope and North America, disinterest and environmental considerations were cited more frequently 315

as reasons for non-participation. 316

The survey also highlighted regional disparities in participation: while the network’s presence re- 317

mains concentrated in Europe and North America, engagement is very limited in the Global South. 318

This pattern reflects both economic and infrastructural inequalities. Addressing these gaps will 319

require targeted strategies, combining awareness campaigns with practical support, to enhance in- 320

clusivity and coverage. 321

Finally, results from both motivational and deterrent analyses point to a broader lesson for SCS 322

and specifically OSN: while interest in the topic and financial aspects matter, maintaining the net- 323

work’s open-access, independent character is a central motivational driver for contributors. The most 324

highly rated individual motivation - “I want to contribute to independent, open-access data initia- 325

tives” - emphasizes that participants value openness and trust as much as technological innovation. 326

Strengthening this message, while exploring low-cost ways to support new contributors, could help 327

OSN and the researchers, who use its data, sustain growth and broaden participation in the long 328

term. 329



12 Janina Inauen et al.

Author contributions 330

• First Author: Data Curation, Formal Analysis, Investigation, Methodology, Software, Supervision, 331

Validation, Visualization, Writing (Original Thesis) 332

• Second Author: Conceptualization, Supervision, Survey Planning, Writing - Second Draft 333

• Third Author: Conceptualization, Supervision, Writing - Second Draft 334

• Forth Author: Conceptualization, Supervision, Project Administration, Resources, Survey Plan- 335

ning, Visualization, Writing - First Draft 336

Funding statement 337

Janina Inauen was supported by a Cyber-Defence Campus Master thesis Fellowship. 338

Open data statement 339

Wemake available the full R notebook for data analysis of the survey data. For reasons of individual 340

anonymity data privacy and ethics requirements, we cannot make available the individual survey 341

responses. 342

Reproducibility statement 343

Wemake available the full R notebook for data analysis of the survey data. For reasons of individual 344

anonymity data privacy and ethics requirements, we cannot make available the individual survey 345

responses. 346

References 347

[1] Martin Strohmeier. “Research Usage and Social Impact of Crowdsourced Air Traffic Data”. 348

In: 8th OpenSky Symposium 2020. OpenSky Symposium. MDPI, Dec. 1, 2020, p. 1. doi: 10 . 349

3390/proceedings2020059001. url: https : / /www.mdpi .com/2504- 3900/59/1/1 (visited on 350

08/11/2024). 351

[2] Chad De Guzman. “Air Quality Is Bad Pretty Much Everywhere, NewWorld Pollution Report 352

Finds”. In: Time (Mar. 19, 2024). url: https : / / time.com/6958345/2023-world- air - quality- 353

report-iqair-takeaways-regions-pollution-standards/. 354

[3] Tasos Telloglou et al. “Flight of the Predator”. In: Lighthouse Reports (Nov. 30, 2022). url: 355

https://www.lighthousereports.com/investigation/flight-of-the-predator/. 356

[4] Jan Tegler. “Open Source Flight Tracking Called Threat to Military Aircraft”. In: National 357

Defense (June 2, 2023). url: https://www.nationaldefensemagazine.org/articles/2023/2/6/ 358

open-source-flight-tracking-called-threat-to-military-aircraft. 359

[5] Selam Gebrekidan. “An Israeli air base is a source of GPS ‘spoofing’ attacks, researchers say”. 360

In: The New York Times (July 7, 2024). url: https://www.nytimes.com/2024/07/03/world/ 361

europe/an-israeli-air-base-is-a-source-of-gps-spoofing-attacks-researchers-say.html. 362

[6] Matthias Schäfer, Martin Strohmeier, Vincent Lenders, Ivan Martinovic, and Matthias Wil- 363

helm. “Bringing up OpenSky: A large-scale ADS-B sensor network for research”. In: IPSN-14 364

proceedings of the 13th international symposium on information processing in sensor networks. 365

IEEE. 2014, pp. 83–94. 366

[7] Matthias Schafer, Martin Strohmeier, Matthew Smith, Markus Fuchs, Rui Pinheiro, Vincent 367

Lenders, and Ivan Martinovic. “OpenSky report 2016: Facts and figures on SSR mode S and 368

ADS-B usage”. In: 2016 IEEE/AIAA 35th Digital Avionics Systems Conference (DASC). IEEE. 369

2016, pp. 1–9. 370

https://doi.org/10.3390/proceedings2020059001
https://doi.org/10.3390/proceedings2020059001
https://doi.org/10.3390/proceedings2020059001
https://www.mdpi.com/2504-3900/59/1/1
https://time.com/6958345/2023-world-air-quality-report-iqair-takeaways-regions-pollution-standards/
https://time.com/6958345/2023-world-air-quality-report-iqair-takeaways-regions-pollution-standards/
https://time.com/6958345/2023-world-air-quality-report-iqair-takeaways-regions-pollution-standards/
https://www.lighthousereports.com/investigation/flight-of-the-predator/
https://www.nationaldefensemagazine.org/articles/2023/2/6/open-source-flight-tracking-called-threat-to-military-aircraft
https://www.nationaldefensemagazine.org/articles/2023/2/6/open-source-flight-tracking-called-threat-to-military-aircraft
https://www.nationaldefensemagazine.org/articles/2023/2/6/open-source-flight-tracking-called-threat-to-military-aircraft
https://www.nytimes.com/2024/07/03/world/europe/an-israeli-air-base-is-a-source-of-gps-spoofing-attacks-researchers-say.html
https://www.nytimes.com/2024/07/03/world/europe/an-israeli-air-base-is-a-source-of-gps-spoofing-attacks-researchers-say.html
https://www.nytimes.com/2024/07/03/world/europe/an-israeli-air-base-is-a-source-of-gps-spoofing-attacks-researchers-say.html


Journal of Open Aviation Science 13

[8] Matthias Schäfer, Martin Strohmeier, Matthew Smith, Markus Fuchs, Vincent Lenders, Marc 371

Liechti, and Ivan Martinovic. “OpenSky report 2017: Mode S and ADS-B usage of military 372

and other state aircraft”. In: 2017 IEEE/AIAA 36th Digital Avionics Systems Conference (DASC). 373

IEEE. 2017, pp. 1–10. 374

[9] Matthias Schäfer, Martin Strohmeicr, Matthew Smith, Markus Fuchs, Vincent Lenders, and 375

Ivan Martinovic. “OpenSky report 2018: Assessing the integrity of crowdsourced mode S and 376

ADS-B data”. In: 2018 IEEE/AIAA 37th Digital Avionics Systems Conference (DASC). IEEE. 2018, 377

pp. 1–9. 378

[10] Matthias Schäfer, Xavier Olive, Martin Strohmeier, Matthew Smith, Ivan Martinovic, and Vin- 379

cent Lenders. “OpenSky report 2019: Analysing TCAS in the real world using big data”. In: 380

2019 IEEE/AIAA 38th Digital Avionics Systems Conference (DASC). IEEE. 2019, pp. 1–9. 381

[11] Xavier Olive, Axel Tanner, Martin Strohmeier, Matthias Schäfer, Metin Feridun, Allan Tart, 382

Ivan Martinovic, and Vincent Lenders. “OpenSky Report 2020: Analysing in-flight emergen- 383

cies using big data”. In: 2020 AIAA/IEEE 39th Digital Avionics Systems Conference (DASC). IEEE. 384

2020, pp. 1–10. 385

[12] Junzi Sun, Xavier Olive, Martin Strohmeier, Matthias Schäfer, Ivan Martinovic, and Vincent 386

Lenders. “OpenSky report 2021: Insights on ads-b mandate and fleet deployment in times of 387

crisis”. In: 2021 IEEE/AIAA 40th Digital Avionics Systems Conference (DASC). IEEE. 2021, pp. 1– 388

10. 389

[13] Junzi Sun, Luis Basora, Xavier Olive, Martin Strohmeier, Matthias Schäfer, Ivan Martinovic, 390

and Vincent Lenders. “OpenSky Report 2022: Evaluating aviation emissions using crowd- 391

sourced open flight data”. In: 2022 IEEE/AIAA 41st Digital Avionics Systems Conference (DASC). 392

IEEE. 2022, pp. 1–8. 393

[14] Xavier Olive, Martin Strohmeier, Junzi Sun, and Giorgio Tresoldi. “OpenSky Report 2023: Low 394

Altitude Traffic Awareness for Light Aircraft with FLARM”. In: 2023 IEEE/AIAA 42nd Digital 395

Avionics Systems Conference (DASC). IEEE. 2023, pp. 1–9. 396

[15] Junzi Sun, Xavier Olive, Esther Roosenbrand, Céline Parzani, and Martin Strohmeier. “Open- 397

Sky report 2024: Analysis of global flight contrail formation and mitigation potential”. In: 2024 398

AIAA DATC/IEEE 43rd Digital Avionics Systems Conference (DASC). IEEE. 2024, pp. 1–10. 399

[16] Junzi Sun, Xavier Olive, Martin Strohmeier, and Vincent Lenders. “OpenSky Report 2025: Im- 400

proving Crowdsourced Flight Trajectories with ADS-C Data”. In: 2025 Integrated Communi- 401

cations, Navigation and Surveillance Conference (ICNS). IEEE. 2025, pp. 1–8. 402

[17] Rose Lichter-Marck. “Eyes Aloft: The Sublime Obsession of Plane Spotting”. In: The Virginia 403

Quarterly Review 92.4 (2016), pp. 52–63. url: http://www.jstor.org/stable/26447204. 404

[18] NYCAviation. Homepage. 2025. url: https://www.nycaviation.com/. 405

[19] Tanja Aitamurto, Hélène Landemore, and Jorge Saldivar Galli. “Unmasking the crowd: par- 406

ticipants’ motivation factors, expectations, and profile in a crowdsourced law reform”. In: 407

Information, Communication & Society 20.8 (Aug. 3, 2017), pp. 1239–1260. issn: 1369-118X, 408

1468-4462. doi: 10.1080/1369118X.2016.1228993. url: https://www.tandfonline.com/doi/full/ 409

10.1080/1369118X.2016.1228993 (visited on 01/06/2025). 410

[20] Daren C. Brabham. “Crowdsourcing as a Model for Problem Solving: An Introduction and 411

Cases”. In: Convergence: The International Journal of Research into New Media Technologies 412

14.1 (Feb. 2008), pp. 75–90. issn: 1354-8565, 1748-7382. doi: 10.1177/1354856507084420. url: 413

http://journals.sagepub.com/doi/10.1177/1354856507084420 (visited on 09/03/2024). 414

[21] Carole Paleco, Sabina García Peter, Nora Salas Seoane, Julia Kaufmann, and Panagiota Argyri. 415

“Inclusiveness andDiversity in Citizen Science”. In: The Science of Citizen Science. Ed. by Katrin 416

Vohland, Anne Land-Zandstra, Luigi Ceccaroni, Rob Lemmens, Josep Perelló, Marisa Ponti, 417

Roeland Samson, and Katherin Wagenknecht. Cham: Springer International Publishing, 2021, 418

pp. 261–281. doi: 10.1007/978-3-030-58278-4_14. url: https://link.springer.com/10.1007/978- 419

3-030-58278-4_14 (visited on 01/06/2025). 420

http://www.jstor.org/stable/26447204
https://www.nycaviation.com/
https://doi.org/10.1080/1369118X.2016.1228993
https://www.tandfonline.com/doi/full/10.1080/1369118X.2016.1228993
https://www.tandfonline.com/doi/full/10.1080/1369118X.2016.1228993
https://www.tandfonline.com/doi/full/10.1080/1369118X.2016.1228993
https://doi.org/10.1177/1354856507084420
http://journals.sagepub.com/doi/10.1177/1354856507084420
https://doi.org/10.1007/978-3-030-58278-4_14
https://link.springer.com/10.1007/978-3-030-58278-4_14
https://link.springer.com/10.1007/978-3-030-58278-4_14
https://link.springer.com/10.1007/978-3-030-58278-4_14


14 Janina Inauen et al.

[22] Benjamin L. Ranard, Yoonhee P. Ha, Zachary F. Meisel, David A. Asch, Shawndra S. Hill, 421

Lance B. Becker, Anne K. Seymour, and Raina M. Merchant. “Crowdsourcing—Harnessing the 422

Masses to Advance Health and Medicine, a Systematic Review”. In: Journal of General Internal 423

Medicine 29.1 (Jan. 2014), pp. 187–203. issn: 0884-8734, 1525-1497. doi: 10.1007/s11606-013- 424

2536-8. url: http://link.springer.com/10.1007/s11606-013-2536-8 (visited on 01/06/2025). 425

[23] Z. Gardner, P.Mooney, S. De Sabbata, and L. Dowthwaite. “Quantifying gendered participation 426

in OpenStreetMap: responding to theories of female (under) representation in crowdsourced 427

mapping”. In: GeoJournal 85.6 (Dec. 2020), pp. 1603–1620. issn: 0343-2521, 1572-9893. doi: 428

10.1007/s10708- 019- 10035- z. url: http://link.springer.com/10.1007/s10708- 019- 10035- z 429

(visited on 01/06/2025). 430

[24] Renate Steinmann, Elisabeth Häusler, Silvia Klettner, Manuela Schmidt, and Yuwei Lin. “Gen- 431

der Dimensions in UGC and VGI: A Desk-Based Study”. In: GI_Forum 2013 – Creating the 432

GISociety. GI_Forum 2013 - Creating the GISociety. Salzburg: Austrian Academy of Sciences 433

Press, 2013, pp. 355–364. isbn: 978-3-87907-532-4. doi: 10.1553/giscience2013s355. url: http: 434

//hw.oeaw.ac.at?arp=0x002e6e72 (visited on 10/25/2024). 435

[25] Benjamin Mako Hill and Aaron Shaw. “The Wikipedia Gender Gap Revisited: Characterizing 436

Survey Response Bias with Propensity Score Estimation”. In: PLoS ONE 8.6 (June 26, 2013). 437

Ed. by Angel Sánchez, e65782. issn: 1932-6203. doi: 10 . 1371 / journal . pone . 0065782. url: 438

https://dx.plos.org/10.1371/journal.pone.0065782 (visited on 01/21/2025). 439

[26] Joel Ross, Lilly Irani, M. Six Silberman, Andrew Zaldivar, and Bill Tomlinson. “Who are the 440

crowdworkers?: shifting demographics in mechanical turk”. In: CHI ’10 Extended Abstracts on 441

Human Factors in Computing Systems. CHI ’10: CHI Conference on Human Factors in Com- 442

puting Systems. Atlanta Georgia USA: ACM, Apr. 10, 2010, pp. 2863–2872. isbn: 978-1-60558- 443

930-5. doi: 10.1145/1753846.1753873. url: https://dl.acm.org/doi/10.1145/1753846.1753873 444

(visited on 01/21/2025). 445

[27] Nicola Moczek, Susanne Hecker, and Silke L. Voigt-Heucke. “The Known Unknowns: What 446

Citizen Science Projects in Germany Know about Their Volunteers—And What They Don’t 447

Know”. In: Sustainability 13.20 (Oct. 19, 2021), p. 11553. issn: 2071-1050. doi: 10.3390/su132011553.448

url: https://www.mdpi.com/2071-1050/13/20/11553 (visited on 01/20/2025). 449

[28] Rachel Pateman, Alison Dyke, and Sarah West. “The Diversity of Participants in Environ- 450

mental Citizen Science”. In: Citizen Science: Theory and Practice 6.1 (Mar. 19, 2021), p. 9. issn: 451

2057-4991. doi: 10.5334/cstp.369. url: https://theoryandpractice.citizenscienceassociation. 452

org/article/10.5334/cstp.369/ (visited on 06/20/2024). 453

[29] Berj Dekramanjian, Frederic Bartumeus, Helge Kampen, John R. B. Palmer, Doreen Werner, 454

and Nadja Pernat. “Demographic and motivational differences between participants in ana- 455

log and digital citizen science projects for monitoring mosquitoes”. In: Scientific Reports 13.1 456

(July 31, 2023), p. 12384. issn: 2045-2322. doi: 10 . 1038 / s41598 - 023 - 38656 - y. url: https : 457

//www.nature.com/articles/s41598-023-38656-y (visited on 08/31/2024). 458

[30] Muki Haklay et al. “Contours of citizen science: a vignette study”. In: Royal Society Open 459

Science 8.8 (Aug. 2021), p. 202108. issn: 2054-5703. doi: 10 . 1098 / rsos . 202108. url: https : 460

//royalsocietypublishing.org/doi/10.1098/rsos.202108 (visited on 06/20/2024). 461

[31] Oded Nov, Ofer Arazy, and David Anderson. “Dusting for science: motivation and participa- 462

tion of digital citizen science volunteers”. In: Proceedings of the 2011 iConference. iConference 463

’11: iConference 2011. Seattle Washington USA: ACM, Feb. 8, 2011, pp. 68–74. isbn: 978-1- 464

4503-0121-3. doi: 10.1145/1940761.1940771. url: https://dl.acm.org/doi/10.1145/1940761. 465

1940771 (visited on 02/17/2025). 466

[32] M. Jordan Raddick, Georgia Bracey, Pamela L. Gay, Chris J. Lintott, Carie Cardamone, Phil 467

Murray, Kevin Schawinski, Alexander S. Szalay, and Jan Vandenberg. “Galaxy Zoo: Motiva- 468

tions of Citizen Scientists”. In: Astronomy Education Review 12 (2013). Version Number: 1. doi: 469

https://doi.org/10.3847/AER2011021. (Visited on 02/17/2025). 470

https://doi.org/10.1007/s11606-013-2536-8
https://doi.org/10.1007/s11606-013-2536-8
https://doi.org/10.1007/s11606-013-2536-8
http://link.springer.com/10.1007/s11606-013-2536-8
https://doi.org/10.1007/s10708-019-10035-z
http://link.springer.com/10.1007/s10708-019-10035-z
https://doi.org/10.1553/giscience2013s355
http://hw.oeaw.ac.at?arp=0x002e6e72
http://hw.oeaw.ac.at?arp=0x002e6e72
http://hw.oeaw.ac.at?arp=0x002e6e72
https://doi.org/10.1371/journal.pone.0065782
https://dx.plos.org/10.1371/journal.pone.0065782
https://doi.org/10.1145/1753846.1753873
https://dl.acm.org/doi/10.1145/1753846.1753873
https://doi.org/10.3390/su132011553
https://www.mdpi.com/2071-1050/13/20/11553
https://doi.org/10.5334/cstp.369
https://theoryandpractice.citizenscienceassociation.org/article/10.5334/cstp.369/
https://theoryandpractice.citizenscienceassociation.org/article/10.5334/cstp.369/
https://theoryandpractice.citizenscienceassociation.org/article/10.5334/cstp.369/
https://doi.org/10.1038/s41598-023-38656-y
https://www.nature.com/articles/s41598-023-38656-y
https://www.nature.com/articles/s41598-023-38656-y
https://www.nature.com/articles/s41598-023-38656-y
https://doi.org/10.1098/rsos.202108
https://royalsocietypublishing.org/doi/10.1098/rsos.202108
https://royalsocietypublishing.org/doi/10.1098/rsos.202108
https://royalsocietypublishing.org/doi/10.1098/rsos.202108
https://doi.org/10.1145/1940761.1940771
https://dl.acm.org/doi/10.1145/1940761.1940771
https://dl.acm.org/doi/10.1145/1940761.1940771
https://dl.acm.org/doi/10.1145/1940761.1940771
https://doi.org/https://doi.org/10.3847/AER2011021


Journal of Open Aviation Science 15

[33] Nama R. Budhathoki. “Participants’ Motivations to Contribute Geographic Information in 471

an Online Community”. PhD thesis. University of Illinois, 2010. url: https : / / core . ac . uk / 472

download/pdf/4825428.pdf. 473

[34] Keren Kaplan Mintz, Ofer Arazy, and Dan Malkinson. “Multiple forms of engagement and 474

motivation in ecological citizen science”. In: Environmental Education Research 29.1 (Jan. 2, 475

2023), pp. 27–44. issn: 1350-4622, 1469-5871. doi: 10.1080/13504622.2022.2120186. url: https: 476

//www.tandfonline.com/doi/full/10.1080/13504622.2022.2120186 (visited on 08/31/2024). 477

[35] Viola Krebs. “Motivations of cybervolunteers in an applied distributed computing environ- 478

ment: MalariaControl.net as an example”. In: First Monday (Jan. 31, 2010). issn: 1396-0466. 479

doi: 10.5210/fm.v15i2.2783. url: https://journals.uic.edu/ojs/index.php/fm/article/view/2783 480

(visited on 02/17/2025). 481

[36] WCG. Member study: Findings and next steps. 2013. url: https://www.worldcommunitygrid. 482

org/about_us/article.s?articleId=323. 483

[37] C. Mloza-Banda and B. Scholtz. “Crowdsensing for successful water resource monitoring: an 484

analysis of citizens’ intentions andmotivations”. In: Proceedings of the Annual Conference of the 485

South African Institute of Computer Scientists and Information Technologists. SAICSIT ’18: 2018 486

Annual Conference of the South African Institute of Computer Scientists and Information 487

Technologists. Port Elizabeth South Africa: ACM, Sept. 26, 2018, pp. 55–64. isbn: 978-1-4503- 488

6647-2. doi: 10.1145/3278681.3278688. url: https://dl.acm.org/doi/10.1145/3278681.3278688 489

(visited on 12/06/2024). 490

[38] Oded Nov, Ofer Arazy, and David Anderson. “Scientists@Home: What Drives the Quantity 491

and Quality of Online Citizen Science Participation?” In: PLoS ONE 9.4 (Apr. 1, 2014). Ed. 492

by Judit Bar-Ilan, e90375. issn: 1932-6203. doi: 10 .1371 / journal .pone .0090375. url: https : 493

//dx.plos.org/10.1371/journal.pone.0090375 (visited on 09/03/2024). 494

[39] Jan Marco Leimeister, Michael Huber, Ulrich Bretschneider, and Helmut Krcmar. “Leverag- 495

ing Crowdsourcing: Activation-Supporting Components for IT-Based Ideas Competition”. In: 496

Journal of Management Information Systems 26.1 (July 2009), pp. 197–224. issn: 0742-1222, 497

1557-928X. doi: 10.2753/MIS0742-1222260108. url: https://www.tandfonline.com/doi/full/10. 498

2753/MIS0742-1222260108 (visited on 02/17/2025). 499

[40] Yu-Min Wang, Yi-Shun Wang, and Yu-Yin Wang. “Exploring the determinants of university 500

students’ contribution intention on crowdsourcing platforms: a value maximization perspec- 501

tive”. In: Interactive Learning Environments 31.5 (July 4, 2023), pp. 2612–2634. issn: 1049-4820, 502

1744-5191. doi: 10.1080/10494820.2021.1890619. url: https://www.tandfonline.com/doi/full/ 503

10.1080/10494820.2021.1890619 (visited on 06/17/2024). 504

[41] Hua Ye and Atreyi Kankanhalli. “Solvers’ participation in crowdsourcing platforms: Examin- 505

ing the impacts of trust, and benefit and cost factors”. In: The Journal of Strategic Information 506

Systems 26.2 (June 2017), pp. 101–117. issn: 09638687. doi: 10.1016/j.jsis.2017.02.001. url: 507

https://linkinghub.elsevier.com/retrieve/pii/S0963868717300318 (visited on 10/28/2024). 508

[42] Liat Levontin, Zohar Gilad, Baillie Shuster, Shiraz Chako, Anne Land-Zandstra, Nirit Lavie- 509

Alon, and Assaf Shwartz. “Standardizing the Assessment of Citizen Scientists’ Motivations: A 510

Motivational Goal-Based Approach”. In: Citizen Science: Theory and Practice 7.1 (2022), p. 25. 511

issn: 2057-4991. doi: 10.5334/cstp.459. url: https://theoryandpractice.citizenscienceassociation. 512

org/article/10.5334/cstp.459/ (visited on 09/09/2024). 513

[43] ShalomH. Schwartz. “Universals in the Content and Structure of Values: Theoretical Advances 514

and Empirical Tests in 20 Countries”. In: Advances in Experimental Social Psychology. Vol. 25. 515

Elsevier, 1992, pp. 1–65. isbn: 978-0-12-015225-4. doi: 10.1016/S0065-2601(08)60281-6. url: 516

https://linkinghub.elsevier.com/retrieve/pii/S0065260108602816 (visited on 09/10/2024). 517

[44] Shalom H. Schwartz et al. “Refining the theory of basic individual values.” In: Journal of Per- 518

sonality and Social Psychology 103.4 (Oct. 2012), pp. 663–688. issn: 1939-1315, 0022-3514. doi: 519

10.1037/a0029393. url: https://doi.apa.org/doi/10.1037/a0029393 (visited on 09/10/2024). 520

https://core.ac.uk/download/pdf/4825428.pdf
https://core.ac.uk/download/pdf/4825428.pdf
https://core.ac.uk/download/pdf/4825428.pdf
https://doi.org/10.1080/13504622.2022.2120186
https://www.tandfonline.com/doi/full/10.1080/13504622.2022.2120186
https://www.tandfonline.com/doi/full/10.1080/13504622.2022.2120186
https://www.tandfonline.com/doi/full/10.1080/13504622.2022.2120186
https://doi.org/10.5210/fm.v15i2.2783
https://journals.uic.edu/ojs/index.php/fm/article/view/2783
https://www.worldcommunitygrid.org/about_us/article.s?articleId=323
https://www.worldcommunitygrid.org/about_us/article.s?articleId=323
https://www.worldcommunitygrid.org/about_us/article.s?articleId=323
https://doi.org/10.1145/3278681.3278688
https://dl.acm.org/doi/10.1145/3278681.3278688
https://doi.org/10.1371/journal.pone.0090375
https://dx.plos.org/10.1371/journal.pone.0090375
https://dx.plos.org/10.1371/journal.pone.0090375
https://dx.plos.org/10.1371/journal.pone.0090375
https://doi.org/10.2753/MIS0742-1222260108
https://www.tandfonline.com/doi/full/10.2753/MIS0742-1222260108
https://www.tandfonline.com/doi/full/10.2753/MIS0742-1222260108
https://www.tandfonline.com/doi/full/10.2753/MIS0742-1222260108
https://doi.org/10.1080/10494820.2021.1890619
https://www.tandfonline.com/doi/full/10.1080/10494820.2021.1890619
https://www.tandfonline.com/doi/full/10.1080/10494820.2021.1890619
https://www.tandfonline.com/doi/full/10.1080/10494820.2021.1890619
https://doi.org/10.1016/j.jsis.2017.02.001
https://linkinghub.elsevier.com/retrieve/pii/S0963868717300318
https://doi.org/10.5334/cstp.459
https://theoryandpractice.citizenscienceassociation.org/article/10.5334/cstp.459/
https://theoryandpractice.citizenscienceassociation.org/article/10.5334/cstp.459/
https://theoryandpractice.citizenscienceassociation.org/article/10.5334/cstp.459/
https://doi.org/10.1016/S0065-2601(08)60281-6
https://linkinghub.elsevier.com/retrieve/pii/S0065260108602816
https://doi.org/10.1037/a0029393
https://doi.apa.org/doi/10.1037/a0029393


16 Janina Inauen et al.

[45] Dana Rotman, Jen Hammock, Jenny Preece, Derek Hansen, Carol Boston, Anne Bowser, and 521

Yurong He. “Motivations Affecting Initial and Long-Term Participation in Citizen Science 522

Projects in Three Countries”. In: iConference 2014 Proceedings. iConference 2014 Proceedings: 523

Breaking Down Walls. Culture - Context - Computing. iSchools, 2014. isbn: 978-0-9884900- 524

1-7. doi: 10.9776/14054. url: https://www.ideals.illinois.edu/handle/2142/47301 (visited on 525

09/03/2024). 526

[46] Uta Wehn and Abeer Almomani. “Incentives and barriers for participation in community- 527

based environmental monitoring and information systems: A critical analysis and integration 528

of the literature”. In: Environmental Science & Policy 101 (2019), pp. 341–357. issn: 14629011. 529

doi: 10 . 1016 / j . envsci . 2019 . 09 . 002. url: https : / / linkinghub . elsevier . com / retrieve / pii / 530

S1462901118306361 (visited on 12/06/2024). 531

[47] Domina Asingizwe, P. Marijn Poortvliet, Constantianus J. M. Koenraadt, Arnold J. H. Van 532

Vliet, Chantal M. Ingabire, Leon Mutesa, and Cees Leeuwis. “Why (not) participate in citi- 533

zen science? Motivational factors and barriers to participate in a citizen science program for 534

malaria control in Rwanda”. In: PLOS ONE 15.8 (2020). Ed. by Andrew Soundy, e0237396. issn: 535

1932-6203. doi: 10.1371/journal.pone.0237396. url: https://dx.plos.org/10.1371/journal.pone. 536

0237396 (visited on 06/20/2024). 537

[48] Anne Land-Zandstra, Gaia Agnello, and Yaşar Selman Gültekin. “Participants in Citizen Sci- 538

ence”. In: The Science of Citizen Science. Ed. by Katrin Vohland, Anne Land-Zandstra, Luigi 539

Ceccaroni, Rob Lemmens, Josep Perelló, Marisa Ponti, Roeland Samson, and Katherin Wa- 540

genknecht. Cham: Springer International Publishing, 2021, pp. 243–259. isbn: 978-3-030-58277- 541

7. doi: 10.1007/978-3-030-58278-4_13. url: https://link.springer.com/10.1007/978-3-030- 542

58278-4_13 (visited on 06/20/2024). 543

[49] C Haerpfer, R Inglehart, A Moreno, C Welzel, K Kizilova, J Dietz-Medrano, M Lagos, P Norris, 544

E Ponarin, and B Puranen.World Values Survey Wave 7 (2017-2022) - Master Qustionaire. 2022. 545

url: https://www.worldvaluessurvey.org/WVSDocumentationWV7.jsp. 546

[50] Michael J Donnelly and Grigore Pop-Eleches. “Income Measures in Cross-National Surveys: 547

Problems and Solutions”. In: Political Science Research and Methods 6.2 (Apr. 2018), pp. 355– 548

363. issn: 2049-8470, 2049-8489. doi: 10.1017/psrm.2016.40. url: https://www.cambridge.org/ 549

core/product/identifier/S2049847016000406/type/journal_article (visited on 12/12/2024). 550

[51] Liat Levontin, Z Gilad, and S Chako. Motivation for CS questionnaire. Technical report. 2018. 551

url: https://cs-eu.net/news/questionare-motivation-citizen-science-scale. 552

[52] Joe F. Hair, Matt C. Howard, and Christian Nitzl. “Assessing measurement model quality in 553

PLS-SEM using confirmatory composite analysis”. In: Journal of Business Research 109 (Mar. 554

2020), pp. 101–110. issn: 01482963. doi: 10.1016/j.jbusres.2019.11.069. url: https://linkinghub. 555

elsevier.com/retrieve/pii/S0148296319307441 (visited on 02/23/2025). 556

[53] Johnny Lin. Confirmatory Factor Analysis (CFA) in R with lavaan. Statistical Methods and Data 557

Analysis UCLA. 2025. url: https://stats.oarc.ucla.edu/r/seminars/rcfa/. 558

[54] Gordon W. Cheung, Helena D. Cooper-Thomas, Rebecca S. Lau, and Linda C. Wang. “Re- 559

porting reliability, convergent and discriminant validity with structural equation modeling: 560

A review and best-practice recommendations”. In: Asia Pacific Journal of Management 41.2 561

(June 2024), pp. 745–783. issn: 0217-4561, 1572-9958. doi: 10.1007/s10490-023-09871-y. url: 562

https://link.springer.com/10.1007/s10490-023-09871-y (visited on 03/05/2025). 563

[55] Don A Dillman, Jolene D Smyth, and Leah Melani Christian. “Internet, mail and mixed-mode 564

surveys: The tailored design method”. In: Reis 133 (2011), pp. 81–94. 565

https://doi.org/10.9776/14054
https://www.ideals.illinois.edu/handle/2142/47301
https://doi.org/10.1016/j.envsci.2019.09.002
https://linkinghub.elsevier.com/retrieve/pii/S1462901118306361
https://linkinghub.elsevier.com/retrieve/pii/S1462901118306361
https://linkinghub.elsevier.com/retrieve/pii/S1462901118306361
https://doi.org/10.1371/journal.pone.0237396
https://dx.plos.org/10.1371/journal.pone.0237396
https://dx.plos.org/10.1371/journal.pone.0237396
https://dx.plos.org/10.1371/journal.pone.0237396
https://doi.org/10.1007/978-3-030-58278-4_13
https://link.springer.com/10.1007/978-3-030-58278-4_13
https://link.springer.com/10.1007/978-3-030-58278-4_13
https://link.springer.com/10.1007/978-3-030-58278-4_13
https://www.worldvaluessurvey.org/WVSDocumentationWV7.jsp
https://doi.org/10.1017/psrm.2016.40
https://www.cambridge.org/core/product/identifier/S2049847016000406/type/journal_article
https://www.cambridge.org/core/product/identifier/S2049847016000406/type/journal_article
https://www.cambridge.org/core/product/identifier/S2049847016000406/type/journal_article
https://cs-eu.net/news/questionare-motivation-citizen-science-scale
https://doi.org/10.1016/j.jbusres.2019.11.069
https://linkinghub.elsevier.com/retrieve/pii/S0148296319307441
https://linkinghub.elsevier.com/retrieve/pii/S0148296319307441
https://linkinghub.elsevier.com/retrieve/pii/S0148296319307441
https://stats.oarc.ucla.edu/r/seminars/rcfa/
https://doi.org/10.1007/s10490-023-09871-y
https://link.springer.com/10.1007/s10490-023-09871-y


Journal of Open Aviation Science 17

Appendix 1. Questionnaire 566

Informed Consent Form 567

Welcome to the OpenSky Survey! 568

This survey is conducted as a part of a master’s thesis project at ETH Zurich and the Cyber-Defence 569

Campus. The goal is to understand the makeup of the OpenSky Network (OSN) and the reasons 570

why members of the network choose to participate actively as sensor operators or remain passive 571

members. Gaining these insights can help enhance engagement and data coverage within OSN and 572

similar networks, supporting broader public access to aviation and other data. Participation is vol- 573

untary, and you may withdraw at any time. To participate, you must have an OSN user account and 574

be at least 18 years old. At the end of the survey, you may choose to leave your e-mail address to 575

participate in a price draw for a newADS-B/Mode S sensor. The survey takes around 5-10 minutes to 576

complete. The survey will ask for your OSN username. This is simply to confirm your membership 577

and, if you operate a sensor, link your responses to sensor activity data. This helps us better un- 578

derstand the network’s patterns. Please note that this does not involve accessing or analyzing your 579

personal activity on the OSN in any way. In accordance with the ethical guidelines of ETH Zurich, 580

your information will be treated strictly confidentially, and the identifying information will be re- 581

moved before data analysis. No conclusions will be drawn about your person at any time. Please 582

read the information above carefully. By clicking “Next” you consent to participate in the survey. 583

We thank you in advance for taking your time to participate! If you have any questions about the 584

study, please contact jinauen@student.ethz.ch anytime. This study was reviewed and approved by 585

the ETH Zurich Ethics Committee under application number 24 ETHICS-403. The secretariat of the 586

ETH Zurich Ethics Committee is available to help you with complaints in connection with your 587

participation in the study. Contact: ethics@sl.ethz.ch or 0041 44 632 85 72. 588

Q1 589

What is your OpenSky username? Please make sure the spelling is correct. 590

Q2 591

How old are you? 592

• younger than 18 (1) 593

• 18-24 (2) 594

• 25-34 (3) 595

• 35-44 (4) 596

• 45-54 (5) 597

• 55-64 (6) 598

• 65-74 (7) 599

• older than 75 (8) 600

Q3 601

What is your gender? 602

• Male (1) 603

• Female (2) 604

• Non-binary / third gender (3) 605
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• Prefer not to say (4) 606

Q4 607

What country do you live in? Please enter and select the country’s English name below. 608

Q5 609

What type of area do you live in? 610

• Rural (Countryside) (1) 611

• Urban (City) (2) 612

• Suburb (3) 613

Q6 614

How much is the area where you live influenced by the presence of an airport (e.g., through noise, 615

visual presence, ...)? 616

• Very much (1) 617

• Somewhat (2) 618

• Not much (3) 619

• Not at all (7) 620

Q7 621

What is your highest completed level of education? 622

• No education (1) 623

• Primary education or less (e.g., years 1-6, ...) (3) 624

• Lower secondary education (e.g., years 7-9, middle school, ...) (4) 625

• Higher secondary education (e.g., high school, basic vocational training, ...) (5) 626

• Short tertiary education (e.g., extended professional training, ...) (6) 627

• Bachelor’s degree or equivalent (e.g., undergraduate, licence, ...) (7) 628

• Master’s degree or equivalent (8) 629

• Doctoral degree or equivalent (9) 630

Q8 631

What is your current primary occupation? 632

• Unemployed (1) 633

• Student (2) 634

• Self-employed (4) 635

• Part-time employed (5) 636

• Full-time employed (6) 637

• Retired (7) 638

• Other (8) 639
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Q9 640

What sector are you primarily occupied in? 641

• Private business or industry (1) 642

• Academia (2) 643

• Other public or government insitution (3) 644

• Private non-profit organization (4) 645

• Other (5) 646

Q10 647

Is your occupation in any way related to aviation? 648

• Yes (1) 649

• No (2) 650

Q11 651

What is your income group? 652

653

Below you see a scale from 1 to 5. On this scale, 1 represents households in the lowest 20% of income 654

in your country, while 5 represents those in the highest 20%. Please indicate what group you think 655

your household belongs to by adjusting the slider. Consider all wages, salaries, pensions and other 656

kinds of income of your household when doing this. 657

Slider with levels 1-5 658

Q12 659

Do you own and operate a ADS-B/Mode S Sensor that contributes to OpenSky? 660

• Yes (1) 661

• No (2) 662

• I operate a sensor, but it doesn’t contribute to OpenSky (3) 663

Q13.1 664

What are the main reasons you do not own a sensor? Select up to 3 responses. (List randomized for 665

respondents) 666

• It is too expensive to buy or operate (1) 667

• I don’t have the time to set up/maintain a sensor (2) 668

• I don’t possess the technical skills or knowledge necessary to set up/maintain a sensor (3) 669

• I have concerns about sharing (personal and) location data necessary to set up a sensor (4) 670

• I was not aware I could operate my own sensor (5) 671

• There are already so many sensors around me, there is no use of adding an additional one (6) 672

• I don’t see a personal benefit of doing so (7) 673

• The power, or internet availability in my area is not reliable enough (8) 674

• I don’t have a good spot to set up a sensor (9) 675
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• I am simply not interested (10) 676

• I don’t want to use any more electricity/resources, for environmental reasons (11) 677

• In my area, it is illegal to set up ADS-B/Mode S sensors (12) 678

• No one else I know operates a sensor (13) 679

• Other (please indicate the reason) (14) 680

Q13.2 681

Motivations for operating a Sensor. 682

683

This part of the survey explores your motivation for maintaining a sensor and participating in the 684

OpenSky or a similar Network. Using a scale from 1 (not important) to 5 (very important), please 685

rate how important each of the following reasons is for your participation. We encourage you to use 686

the full range of the scale when answering. If a statement doesn’t apply to you, feel free to select 687

“irrelevant.” 688

Options provided to users shown in Table 3. 689

Q14 690

If there is anything you would like to add to your responses, feel free to leave a comment below. 691
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Table 3. Motivational items and their corresponding categories.

Category Item Nr Description

Self-direction 1 I want to learn about aviation, airspace security, or similar.
2 I am interested in aviation.
3 I contribute because it gives me access to information that I need.

Stimulation 4 I want to do something new.
5 I want to break away from my routine.

Routine 6 Maintaining an ADS-B/MODE-S sensor is related to another hobby I have
(e.g., plane spotting).

7 I was maintaining an ADS-B/MODE-S sensor anyway (e.g., as part of my
job/studies).

8 I’m a regular participant in citizen science, crowdsourcing, or similar
projects.

Hedonism 9 I enjoy maintaining an ADS-B/MODE-S sensor.
10 I enjoy seeing my own contributions appear on the map and/or my per-

sonal dashboard.
11 I am passionate about the OpenSky Network.

Achievement 12 I want to advance my career.
13 It’s an opportunity to perform better than others.
14 I want to provide sensor coverage in an area that is otherwise badly/not

covered.

Power resources 15 I want to gain financially.
16 I expect something in return (e.g., general data access, newsletter, per-

sonal dashboard, ...).

Attention test 17 If you are actively reading this, please select five.

Power dominance 18 I want to gain recognition and status.
19 Providing OpenSky with data makes me feel important.

Face 20 I want to enhance my reputation.
21 Other people think positively about my contribution to OpenSky.

Social expansion 22 I want to be part of this volunteer community.
23 I want to feel part of something worthwhile.

Security 24 I want to keep myself secure and healthy.
25 I want to live in secure surroundings.

Conformity 26 I am required to take part in such a project.
27 I was requested to participate by somebody.
28 Other people I know are participating.

Benevolence 29 It is a good thing to do.
30 I want to contribute to my community.

Universalism social 31 I want to improve our society.
32 I want to contribute to independent, open-access data initiatives.
33 I want to raise public awareness about aviation.
34 I want to protect the environment.

Help with research 35 I want to contribute to the knowledge about aviation.
36 I want to contribute to scientific research.

Teaching 37 I want to provide learning opportunities to others.
38 I want to share my knowledge and experience.
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