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Citizen science in horticultural research: Lessons on 
participant retention from a project on sustainable private 

gardens 
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Abstract 

Citizen science offers promising opportunities to generate data in research contexts that 

are difficult to access, such as private gardens. This study explores the potential of an app-

based citizen science approach to collect data on the ecological, social and economic 

sustainability of private gardens in Germany. Within the project CitiDigiSpace, the 

smartphone application GardenUp was developed to gather information from gardeners and 

provide tailored sustainability recommendations. Participation patterns across six project 

phases were analysed using Kaplan-Meier survival analysis to identify factors influencing 

continued engagement. By November 2025, 803 participants had registered in the app. The 

results show a gradual decline in participation over the phases. Higher educational attain-

ment and female gender were associated with longer participation, while garden type had 

no significant effect. The findings demonstrate both the potential and the challenges of 

digital citizen science for sustainability research in private gardens, particularly regarding 

participation bias and participant retention. 

1. Introduction 

Citizen science refers to research in which people without formal affiliation to scientific 

institutions actively participate in scientific processes. Participation can occur at different 

levels (Hecker et al. 2018). At the lowest level, crowdsourcing, citizens contribute data 

passively, for example through apps. The next level involves distributed intelligence, where 

participants perform simple tasks to collect or interpret data. Higher levels include 

participatory citizen science, in which citizens help define research questions and contribute 

to data collection or analysis. At the highest level, they are involved throughout the entire 

research process. Most projects are conducted in collaboration with scientific institutions 

and often include participation in communicating results (Bonn et al. 2021). 

The use of citizen science has been shown to provide multiple benefits. The participation of 

many individuals allows for the collection of large amounts of data at relatively low cost 

(Sheppard et al. 2014). Furthermore, participants can contribute knowledge and skills that 

may be lacking among the scientists involved (Bonn et al. 2021; Sheppard et al. 2014). 

Moreover, the active involvement of citizens in scientific research has been shown to 

facilitate the transfer of knowledge to society (Bonn et al. 2021). However, citizen science 

also has certain drawbacks. Methodological challenges have been identified, including the 

need to develop relatively simple approaches in order to generate low-cost but reliable data 

(Sheppard et al. 2014). Additionally, the recruitment of participants can present a challenge 

(Sheppard et al. 2014). Another current challenge in citizen science is the over-

representation of highly educated and middle-class individuals (Bonn et al. 2021). 

In horticultural and garden-related research, citizen science has been applied in several 

contexts. Pollard et al. (2017) show that citizen science enables large-scale data collection 

on inputs and yields of geographically dispersed urban household gardens, providing a 

practical method for studying the productivity and economic aspects of urban horticulture. 
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Campbell et al. (2024) demonstrate that citizen science home-gardening programs can both 

generate research data and positively influence participants’ attitudes and adoption of 

gardening practices. Edmondson et al. (2019) combine citizen science data from gardeners 

with scientific analysis to estimate the contribution of home and allotment food production 

to national food supply. In this respect, the citizen science approach is particularly promising 

for research on private gardens, as these spaces are not easily accessible to scientists, 

whereas garden owners have continuous and direct access to their gardens. 

The CitiDigiSpace project, within the framework of which this study was conducted, aims to 

assess and improve the environmental, social and economic sustainability of private 

gardens. To this end, gardeners have been involved in the process, as they possess 

relevant knowledge and are able to implement practical changes. In CitiDigiSpace, citizen 

science is applied at the third level, where participants collect data but also contributed to 

defining topics for the development of the application. Furthermore, participants are not only 

citizen scientists but also benefit personally from their involvement by receiving tailored 

suggestions for improving sustainability in their gardens. 

The aim of this paper is to demonstrate the potential and performance of the citizen science 

approach for data collection and knowledge generation in the underexplored field of private 

gardens. In doing so, we examine the development of participant numbers over the course 

of the project and analyse possible factors influencing participants’ decisions to remain 

involved in the project for as long as possible. 

2. Data, Methods and Approach 

We developed the iOS-based smartphone app “GardenUp” to assess the ecological, social 

and economic sustainability of private gardens and provide suggestions for improvement. 

The app enables integrated analyses across multiple sustainability dimensions within 

individual gardens, which is rarely possible in conventional observational studies. It also 

allows the identification of behavioural patterns across a large population and thus offers a 

novel empirical tool for studying sustainability practices in private green spaces (Lehberger 

et al. 2026). GardenUp has been available for free download in Germany since June 2023. 

It was primarily promoted via social media platforms such as Instagram or Facebook. 

Additional outreach took place through participation in fairs and festivals, and by being listed 

on online platforms related to citizen science projects. 

Data collection in this citizen science project was carried out in six consecutive phases. 

Each new phase could only begin once the previous phase had been completed. Entering 

the GardenUp app, phase 1 consisted of socio-demographic data such as age, gender, 

information on household size, education and occupation. Phase 2 included information on 

the structure of the garden, i.e. its size and composition, such as trees and shrubs, flower 

beds and lawns, or sealed surfaces. An algorithm in the app then calculated key figures 

such as the degree of sealing and presented these in a benchmark with all other app users. 

Phase 3 was the measurement of ecological sustainability with 38 questions from three 

thematic fields: promote wildlife, promote plant diversity, and protect resources. Phase 4 

consistet of the assessment of social sustainability with 22 questions from two thematic 

blocks: being active and enhance health and well-being. Next, phase 5 was the measure-

ment of economic sustainability with 10 questions under the thematic heading saving money 

and time. After having completed these phases 3 to 5 with in total 70 questions for which 

examples can be found in Table 1, respondents received their sustainability sores and, 

based on their responses, the app provided tailored suggestions for improving sustainability 

in their gardens. As this is no longer a process that is managed equally for all participants, 

no phase was defined for it. Finally, in phase 6, participants were invited to complete a 

supplementary online questionnaire outside the app, which covered topics such as the 

consumption of horticultural products and attitudes towards sustainability in general. 
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Table 1: Examples of questions for each thematic field 

Promoting wildlife 

− Is there a flower meadow in your garden? 
(Yes; No) 

− Are there water sources for birds and 
insects in your garden? (No; Yes, a 
drinking trough; Yes, a pond) 

Being active 

− How often do you use your garden as a 
meeting place with other people? (Never; 
Sometimes; Regularly) 

− How much do you enjoy doing the 
gardening work that needs to be done? 
(Not at all; Partly; Completely) 

Promoting plant life 

− Are there wilder areas in your garden 
where wild herbs (weeds) can spread? 
(Yes; No) 

− When selecting plants for your garden, to 
what extent did you ensure that they are 
well adapted to climate change? (Not at all; 
Partly; Mostly) 

Health and well-being 

− How often do you notice that spending time 
in the garden has a positive effect on your 
mental health? (Never; Sometimes; 
Regularly) 

− To what extent do you feel connected to 
nature when you are in your garden? (Not 
at all; Partly; Completely) 

Conserving resources 

− When are the plants in your garden 
watered? (During the day; In the evening; 
In the morning) 

− Do you use peat-based potting soil in your 
garden? (No; Yes, but with reduced peat 
content; Yes, usually) 

Saving time and money 

− How many energy-saving measures do you 
take in your garden? (None; Few; Several) 

− How often do you share gardening tools, 
plants or harvested food with others? 
(Never; Sometimes; Regularly) 

 

The Kaplan-Meier method was used to analyse the course of participation in the study 

across the phases and to compare groups with each other (Kleinbaum and Klein 2012). It 

is a non-parametric method from survival analysis used to estimate the probability that an 

event (e.g. leaving the citizen science study) has not yet occurred over time. It estimates 

the survival function, which represents the probability that an observation remains in a given 

state up to a certain time point. A key advantage of the method is its ability to incorporate 

censored observations, meaning cases where the event has not occurred during the 

observation period. The analysis requires a time variable (in this case the phase reached in 

the citizen science study) and an event indicator specifying whether the event occurred or 

the observation was censored (here: phase 6 was completed). The Kaplan-Meier estimator 

is calculated stepwise at each observed event time, producing a cumulative survival 

function that is typically visualized as a Kaplan-Meier survival curve. The method can also 

be used to compare survival curves between groups, commonly using the log-rank test, 

which assesses whether differences in survival distributions are statistically significant. For 

our study, the following group comparisons were made based on data collected in phase 1: 

− School education, as the literature shows that participation in citizen science projects 

correlates positively with the level of education (Bonn et al. 2021). 

− Gender, as women may be more involved in garden design than men. Due to the small 

number of cases, the gender ‘diverse’ was not included in the analysis. 

− Type of garden, because people with private gardens may be more motivated to engage 

in sustainable garden design than people with shared or rented gardens. 

3. Results 

By the end of November 2025, n=803 participants had been counted in the app for phase 

1. Figure 1 shows the survival function with regard to school education and illustrates the 

probability that participants process over successive phases. The x-axis represents the 

study phases while the y-axis indicates the estimated probability of remaining in the study 

without dropout. 
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Figure 1: Survival functions for different school education groups 

It is apparent that the probability of participation decreases as the study progresses. Phases 

3 to 5 remain at roughly the same level. In phase 6, there is another significant decline. 

However, these Kaplan-Meier curves for the different school-leaving groups run at different 

levels. The higher the level of education, the smaller the decline from phase to phase. The 

visual impression is supplemented by the mean value comparisons. Table 2 presents the 

estimated mean survival time (i.e., the average number of phases reached before dropout) 

by level of educational attainment, gender and garden type displaying the mean estimator, 

the standard error, and the corresponding 95% confidence intervals. The results indicate a 

clear gradient in survival time across educational levels and differences between genders. 

Regarding education, participants with no qualification or only a lower secondary school 

leaving certificate show the shortest average survival time, reaching on average 2.25 

phases (SE = 0.308; 95% CI: 1.65–2.85), suggesting relatively early dropout from the 

process. Participants with an Intermediate Secondary School Certificate remain in the study 

longer, with a mean survival time of 3.08 phases (SE = 0.176; 95% CI: 2.74–3.43). A similar 

average duration is observed among participants with a technical college entrance qualify-

cation, who reach approximately 3.15 phases on average (SE = 0.166; 95% CI: 2.82–3.47). 

The longest mean survival time is found among participants with a general or subject-

specific university entrance qualification, who remain in the study for an average of 3.69 

phases (SE = 0.087; 95% CI: 3.52–3.86). Across the entire sample, the mean survival time 

amounts to 3.46 phases (SE = 0.070; 95% CI: 3.32–3.60). 

Further on, the results show that female participants remained engaged fo longer than male 

participants on average. The estimated mean survival time for males is 3.27 phases 

(SE = 0.129; 95% CI: 3.01–3.52), whereas female participants reach a higher mean survival 

time of 3.53 phases (SE = 0.083; 95% CI: 3.37–3.69). 

With respect to garden type, participants with a private garden (mean = 3.50 phases; 95% 

CI: 3.35–3.65) and those with an allotment garden (mean = 3.51 phases; 95% CI: 3.11–

3.91) show the longest average participation. Slightly lower mean survival times are 

observed for participants involved in shared or community gardens (mean = 3.17 phases; 

95% CI: 2.29–4.04). The shortest participation is found among respondents who garden in 

a private-use garden within an apartment building, with a mean survival time of 2.80 phases 

(95% CI: 2.20–3.40). 
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Table 2: Mean values for the survival time of different participant groups 

 

n Mean 
Standard 

error 

Lower 
95% 

confi-
dence 

interval 

Upper 
95% confi-

dence 
interval 

Total  3.459 0.070 3.321 3.597 

School Education      

No qualification or secondary 
school leaving certificate 

24 2.250 0.308 1.646 2.854 

Intermediate Secondary School 
Certificate  

124 3.081 0.176 2.735 3.426 

Technical college entrance 
qualification 

122 3.148 0.166 2.822 3.473 

General or subject-specific 
university entrance qualification 

497 3.688 0.087 3.517 3.859 

Gender      

Male 192 3.266 0.129 3.013 3.518 

Female 569 3.529 0.083 3.365 3.693 

Garden type      

Private garden 639 3.498 0.078 3.345 3.650 

Allotment garden 75 3.507 0.205 3.105 3.909 

Garden for private use in apartment 
building 

35 2.800 0.305 2.203 3.397 

Shared / community garden 18 3.167 0.446 2.292 4.041 

Note: Differences from n=803 due to missing information 

A Cox regression was performed to assess whether significant differences exist between 

these several groups. Education was a highly significant predictor of dropout risk, Wald χ²(3) 

= 18.29, p < .001. Compared to persons with no qualification, participants with intermediate 

Secondary School Certificate showed a 39.1% lower hazard of dropout (HR = 0.609, 

p = .029), those with a technical college entrance qualification a 36.9% lower hazard 

(HR = 0.631, p = .042), and participants with a general or subject-specific university 

entrance qualification a 52.0% lower hazard (HR = 0.480, p < .001). These findings indicate 

that higher educational attainment was associated with greater retention across project 

phases. Gender was a also a significant predictor of dropout risk, Wald χ²(1) = 4.57, 

p = .033. Compared to male participants,female participants showed a 17.5% lower hazard 

of dropout (HR = 0.825), indicating slightly higher retention across the project phases. The 

comparison between garden types did not yield any significant differences. 

4. Discussion 

The results of this study demonstrate both the potential and the limitations of app-based 

citizen science approaches for collecting data on sustainability practices in private gardens. 

Overall, participation decreased as the study progressed through the six phases. Such a 

decline in engagement across successive participation steps is commonly observed in 

citizen science and online survey settings. Previous research has shown that participation 

tends to decrease as tasks become more time-consuming or cognitively demanding 

(Eveleigh et al. 2014; Nov et al. 2014). In the case of the GardenUp app, participants were 

required to answer a relatively large number of questions covering ecological, social and 

economic sustainability. While this comprehensive approach enables a multidimensional 

analysis of sustainability practices, it may also increase respondent fatigue and thereby 

contribute to dropout. Nevertheless, the mean survival time of approximately 3.46 phases 

indicates that a substantial share of participants completed a significant part of the process. 
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The results further show a clear relationship between educational attainment and the 

duration of participation. Participants with higher levels of education remained in the study 

for longer on average, while those with lower educational attainment dropped out earlier. 

This pattern is consistent with findings from the broader citizen science literature, which 

repeatedly highlights the overrepresentation of highly educated individuals in such projects 

(Bonn et al. 2021). Several explanations for this pattern have been suggested. Individuals 

with higher educational attainment may feel more comfortable engaging with scientific 

concepts or structured questionnaires. In addition, higher education levels are often 

associated with stronger environmental awareness and a greater willingness to engage in 

sustainability-related activities (Bonney et al. 2016). While the educational gradient 

observed in this study reflects broader participation patterns in citizen science, it also points 

to the need for strategies that make such projects more accessible for people with lower 

education level. 

Gender differences were also observed, with female participants remaining engaged in the 

project longer than male participants. This finding may reflect broader patterns in environ-

mental behaviour research, which often reports higher levels of environmental concern and 

pro-environmental behaviour among women (Zelezny et al. 2000; Vicente-Molina et al. 

2018). In the context of gardening, women may also be more actively involved in garden 

management and design decisions within households, potentially increasing their motiva-

tion to engage with tools that provide information and feedback on sustainable gardening 

practices. Citizen science research has further shown that motivations such as contributing 

to environmental protection or improving personal well-being can play an important role in 

sustained participation (West and Pateman 2016). 

In contrast to the other factors examined, the type of garden did not significantly influence 

participation duration. This may be explained by self-selection effects. Individuals who 

choose to download and use an app focused on sustainable gardening are likely already 

highly interested in the topic, regardless of whether they manage a private garden, an 

allotment garden or a shared gardening space. As a result, differences between garden 

types may become less pronounced within this self-selected sample. Furthermore, the 

relatively small number of participants in some categories, particularly shared or community 

gardens, may limit the statistical power to detect significant differences. 

Several limitations should be considered. Variables used to distinguish between the 

differrent groups were taken from phase 1, which was already part of the survival analysis. 

In this respect, the sample may already be slightly skewed. In addition, participation 

decreased across phases, indicating potential respondent fatigue due to the length and 

complexity of the questionnaire. Further on, the phases varied in length, which could also 

affect retention. However, our data show that dropouts tend to occur between phases rather 

than during a single phase. 

5. Conclusions 

This study highlights the potential of app-based citizen science as a method for collecting 

structured data on sustainability practices in private gardens or settings, a research context 

that is otherwise difficult to access. The use of citizen science in the context of horticultural 

research is therefore particularly well suited to questions concerning horticultural products 

during the consumption phase, for example regarding the performance of ornamental plants 

at the point of use or the shelf life of fruit and vegetables under household conditions. In the 

case of a sequential data collection it is wise to collect the most important data at an early 

stage. To encourage sub-groups who are more likely to drop out for citizen science studies 

for longer, shorter sets of questions, specially designed results and feedback systems – for 

example, incorporating gaming and feedback elements – and reminders could be used. 
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