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Abstract

In citizen science, user-centred development is often emphasised for its potential to involve
participants in the development of technology. We describe the development process of
the mobile app “Naturblick” as an example of a user-centred design in citizen science and
discuss digital user feedback with regard to the users’ involvement. We have identified
three types of digital user feedback using qualitative content analysis: general user
feedback, contributory user feedback and co-creational user feedback. The results indicate
that digital user feedback can link UCD techniques with more participatory design
approaches.
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1     Introduction 

In the past two decades, citizen science has been more and more recognized as a valuable
approach across a variety of scientific fields [Kullenberg and Kasperowski, 2016; Pettibone,
Vohland and Ziegler, 2017]. The wider distribution of citizen science was supported by
technological development, such as smartphone apps and online platforms, which
facilitated expansion of the geographical scope and projects involving numerous
participants [Silvertown, 2009; Newman, Wiggins et al., 2012; Bonney, Shirk et al., 2014;
Wynn, 2017]. But interaction and communication change with the use of digital
technologies, and these specifics have to be addressed during the development of digital
tools and project execution [Raddick et al., 2010; Curtis, 2015; Land-Zandstra et al., 2016;
Jennett, Kloetzer et al., 2016; Kloetzer, Da Costa and Schneider, 2016; Preece, 2016; Crall
et al., 2017].



   

2     User-centred design

Perceived usefulness and user-friendliness are crucial factors for acceptance of a technology
[Bagozzi, Davis and Warshaw, 1992]. The relationship between people and computers
and techniques for the design of usable technology are studied in the interdisciplinary
field of human-computer interaction (HCI) [Sellen et al., 2009]. User-centred design (UCD)
is the most widespread methodology and philosophy of the four main approaches in HCI
to design interactive digital products and improve the quality of interaction [Vredenburg
et al., 2002; Haklay and Nivala, 2010]. UCD enables the creation of useful and usable products
by significantly involving users throughout an iterative software development process.
The approach focuses on the users’ needs, wants and goals, as well as their perception and
responses before, during and after using a product, system or service [Gould and Lewis,
1985; International Organization for Standardization, 2010; Preece, Rogers and Sharp,
2001]. The main principles of human-centred design are described in the standard ISO
9241-210 ‘Human-centred design for interactive systems’ as follows: 1) understanding of
user needs and context of use; 2) involvement of users; 3) evaluation by users; 4) iteration
of development solutions; 5) addressing the whole user experience; 6) multi-disciplinary
design team. Techniques for applying UCD range widely and depend on the purpose and
the stage of design [Preece, Rogers and Sharp, 2001; Gulliksen, Göransson et al., 2003].


   The importance of considering and addressing the needs of users often only become
clear if errors in design are costly and highly visible, for example if a product is rejected by
users [Schaffer, 2004]. But smaller, hidden design failures also cause users frustration and
decrease their productivity, which can lead to a financial loss over time [Haklay
                                                                             
                                                                             
and Nivala, 2010]. Many usability issues could be avoided by applying a UCD
approach. But despite the advantages of UCD, organisational practices can interfere
with its implementation [Gulliksen, Boivie et al., 2004]. For instance, projects
very often have to be completed under great time pressure, and developing a
product is often restricted in time and resources, including trained staff. User
involvement is therefore often limited by the amount of time available and further
constrained by a lack of available expertise to implement UCD adequately [Bak et al.,
2008].



   

3     User-centred design in Citizen Science

The concept of UCD has been emphasised in several guidelines as an approach to address
challenges arising from the use of digital technologies in citizen science [Jennett and Cox,
2014; Preece and Bowser, 2014; Yadav and Darlington, 2016; Sturm et al., 2018].
Well-designed technology can attract more people to get involved with citizen science,
foster retention and encourage community development [Eveleigh et al., 2014; Wald,
Longo and Dobell, 2016; Preece, 2016; Preece, 2017]. Involvement of volunteers is a
substantial part of citizen science and often discussed in terms of the level of collaboration
and participation [Bonney, Cooper et al., 2009; Shirk et al., 2012; Haklay, 2013]. Thus,
in the context of citizen science, the role of users in UCD becomes even more
important.


   However, even though there is awareness of the importance of UCD in the citizen
science community, little research and few case studies addressing the specific
requirements of UCD in citizen science have been published. Exceptions include Traynor,
Lee and Duke [2017], who presented two case studies testing the usability of two citizen
science applications. They found that both projects were able to identify improvements
based on UCD. They emphasised that the number of participants in user tests depend on
the stage of development and that at later stages of development, a higher number
of participants is needed. Additionally, citizen science projects often target a
large and diverse group of participants. But individual users do not only have
different user experiences and concepts on how features should work, they also
have varying expectations on how the system should evolve [Seyff, Ollmann
and Bortenschlager, 2014; Preece, 2016]. Therefore, extensive user feedback is
needed.


   Newman, Zimmerman et al. [2010] gave insights into UCD in citizen science by
showing the evaluation and improvement of a geospatially enabled citizen science
website, and providing guidelines to improve such applications. Bowser et al. [2013]
introduced PLACE, an iterative, mixed-fidelity approach for prototyping location-based
applications and games and showed its implementation by prototyping a geocaching
game for citizen science. They found that for location-based applications, most user testing
techniques do not test the whole user experience with its spatial, temporal and social
perspective. For instance, user testing techniques such as focus groups [Krueger, 1994],
thinking out aloud [Frommann, 2005], and shadowing [Ginsburg, 2010] are of limited use
                                                                             
                                                                             
due to their restriction to controlled, predefined, lab-like situations. Additional evaluation
in a real-world context is required. Kjeldskov et al. [2005] studied methods for evaluating
mobile guides and advocated in-situ data collection to understand mobile use
better.



   

4     User feedback in user-centred design

In human-computer interaction, feedback often refers to the communication from the
application to the user [Shneiderman, 1987], whereas user feedback is described as
information user provide about their perception of the quality of a product [Smith,
Fitzpatrick and Rogers, 2004]. User perception may vary as it is influenced by the users’
expectations [Szajna and Scamell, 1993], and duration of use [Karapanos, 2013]. User
feedback can be obtained in written formats, e.g. questionnaires [Froehlich et al., 2007] or
comments [Pagano and Maalej, 2013], and verbal formats, e.g. interviews [Ahtinen et al.,
2009].


   Smith, Fitzpatrick and Rogers [2004] distinguish two types of user feedback in UCD.
They define the users’ immediate reaction and opinions regarding the prototypes’ look
and feel as reactive feedback. Feedback expressing a deeper understanding of the context
of the use with its spatial, temporal and social perspective is defined as reflective
feedback. Also, the approach of crowdsourced design is mostly based on an expert’s
perspective, and users are invited to express their opinion and suggest changes [Grace
et al., 2015]. In comparison, participatory design acknowledges users shaping the
development of technology with their ideas, proposals, and solutions as an active
partnership [Schuler and Namioka, 1993; Sanders and Stappers, 2008]. In recent years,
these approaches started influencing one another [Sanders and Stappers, 2008]. A
study by Valdes et al. [2012] demonstrated that a combination of user-centred and
participatory design methods helps to address the complexity of citizen science
projects.


   In UCD, users are consulted in every stage of the development. The users’ involvement
is mostly limited to the opportunity to provide feedback in predefined testing situations
and concepts that were created by others [Sanders and Stappers, 2008]. Fotrousi, Fricker
and Fiedler [2017] showed that users must be able to provide feedback in a way that is
intuitive and desired by the user, especially in regard to the timing and content parameters
of a feedback form. Special mobile feedback apps [Seyff, Ollmann and Bortenschlager,
2014], application distribution platforms (Google Play Store, App Store) [Pagano
and Maalej, 2013], email, and citizen science platform forums [Scanlon, Woods
and Clow, 2014; Woods, McLeod and Ansine, 2015] have proven to be useful
sources for user feedback, which is characterised by on-site use. But to the best
of our knowledge, there is no study of digital user feedback in a user-centred
development process that also addresses the specific requirements of citizen
science.
                                                                             
                                                                             



   

5     Objectives of the study

The aim of this paper is to give a short outline of user-centred design in citizen
science using the example of the mobile app “Naturblick” and to discuss digital
user feedback as part of the process with regard to the users’ involvement. We
have analysed levels of involvement in digitally provided user feedback and
looked into variances between communication channels to provide. Thereby, we
provide insights and directions for the future mobile app development in citizen
science.


   In this publication, we focus only on the users who participated in the development
process by providing some type of feedback. We define them as “participants” and
therefore use the terms “user” and “participants” interchangeably.



   

6     Developing Naturblick

The smartphone app “Naturblick” (nature view) was developed as part of the research
project “Stadtnatur entdecken” (discovering urban nature) at the Museum für Naturkunde
Berlin (MfN). The aim of the project was to explore possibilities to communicate
educational content on urban nature to the target group of young adults (age 18 to 30) and
to engage them in citizen science. The initial focus was to develop a mobile app
to support participants in their curiosity about nature by providing help with
identifying animals and plants at all times and context. In the second step, the app was
developed further as an integrative tool for environmental education and citizen
science.
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Figure 1: Home screen with the six main features of Naturblick: 1) multi-access
identification keys for animals and plants; 2) field book for observations; 3) species
descriptions; 4) sound recognition for birds; 5) image recognition for plants; 6) map
highlighting urban nature sites and the diversity of species to be found.

                                                                             
                                                                             
   





   Naturblick combines several tools to support users in identifying animals
and plants and sharing their observations and recordings. It consists of six main
features: 1) multi-access identification keys for animals and plants; 2) a field
book for observations; 3) species descriptions; 4) a sound recognition tool for
bird vocalizations; 5) an image recognition tool for plants; and 6) a map that
highlights urban nature sites in Berlin and the diversity of species to be found (Figure
1).


   The app development was based on the approach of an agile user-centred design
following Chamberlain, Sharp and Maiden [2006] and Sy [2007]. It was conducted by a
multidisciplinary team of specialists in biology, informatics, and social sciences. The initial
phase of the app development was based on a market analysis. Additionally, a better
understanding of the user needs was established by creating personas, scenarios
and use cases [Cooper, 2004]. In order to involve as many people as possible,
Naturblick does not require registration and thus does not collect personal data. So far,
Naturblick is limited to the German language and was promoted with Berlin as
the geographic target. Despite these limitations, the use of the app is constantly
increasing.


   The agile user-centred process was divided into four iterative cycles (Figure 2). Each
cycle was composed of four main stages: 1) analysis and concept; 2) planning and design;
3) development; and 4) evaluation. Each of these cycles had several rapid iterations, which
allowed short-term planning and fast adjustments to new insights [Chamberlain, Sharp
and Maiden, 2006; Sy, 2007]. Based on the prototypes and test results, the development
was moved into the next cycle, and methods were adapted (Table 1). Not all features were
implemented at the same time, as some underwent the development process with
different time schedules. After prioritising in Cycle 1, the development of two
main features was delayed. Different cycles were executed at the same time.
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Figure 2: Development process of Naturblick.

                                                                             
                                                                             
   





   
                                                                             
                                                                             
   




                                                                             
                                                                             
 Table 1:  Methods  used  for  the  stages  analysis  as  well  as  concept,  planning  and
design, and evaluation during the development of Naturblick.
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   In Cycle 1, the main focus was on the analysis and the establishment of a concept
(Table 1). For the early testing stages, mock-up prototypes were discussed by focus groups.
Focus groups are discussion groups, compiled on the basis of specific criteria, such as
age, gender and educational background, to generate ideas, evaluate concepts,
review ideas and gather information on the motivations and backgrounds of target
groups [Krueger, 1994; Morgan, 1997]. In the Cycle 2, several prototypes were built
and iteratively tested by the target group. The participants solved a task with
a prototype. During that task, they thought out loud and were monitored by
video recording and motion tracking. This method was used to test the usability
of the app based on prototypes and insights into the thinking processes of the
participants; it also enhanced interaction [Frommann, 2005; Häder, 2015]. The
app was released for Android without much publicity to evaluate the app in a
real-world context in Cycle 3. Overall, 58 feedback comments were collected via an
online feedback form, email and the application distribution platforms (Table 1).
In Cycle 4, the app was released officially for Android and iOS. Further user
feedback was collected to ensure that the app can be continuously improved and
maintained to adapt to user expectations as they change over time [Bennett and Rajlich,
2000].
   

7     Methods

Throughout the whole development process, user feedback was being collected from
beginning April 2015 onwards. Users and the general public were regularly approached
via national and local radio interviews, a local television report, national and local
newspaper articles, press releases and on social media and encouraged to give feedback.
Furthermore, people were asked to send their feedback digitally at events. Between April
2015 and September 2017, the mobile app was downloaded 47,102 times and 240 initial
feedback comments were provided via email, feedback forms and application distribution
platforms, whereas only five feedback comments were provided in Cycle 1 and
2.


   Users were mainly asked to provide ideas and feedback via a feedback form, which is
implemented in the mobile app and the project homepage. The form consists of six items:
categories of user feedback (e.g. bug report, question, and suggestions), device type and
version, app information, a free text field, and contact information for further inquiry.
Additionally, people are asked to send emails to the projects email address, which can be
found on the app and the project homepage. Moreover, users rate and review
the app on the application distribution platforms (Google Play Store and App
Store).


   Pursuant to the guidelines for ethical internet research, no individual participants were
analysed, and the content was paraphrased, if it was not publicly posted on the
application distribution platforms [Ess and Association of Internet Researchers
(AoIR), 2002]. No personal information of the participants was collected. User
feedback gained during events and user tests was not included in the study. User
feedback given in response to further questions from the project team was not
included.
                                                                             
                                                                             


   The user feedback was analysed using qualitative content analysis to classify the user
feedback with regard to the level of involvement [Mayring, 2010; Zhang and Wildemuth,
2009]. The coding categories were based on the level of participation for public
participation in scientific research, as defined by Shirk et al. [2012]. They defined the
degree of collaboration by the extent of participants’ involvement in the process of
scientific research and distinguished between five models: contractual projects,
contributory projects, collaborative projects, co-created projects, and collegial projects. The
definition was adapted to UCD in citizen science. Initially, three categories for the level of
involvement were established: contributory involvement, in which users primarily
provide information about the software; collaborative involvement, in which
users contribute information about the software, help to refine the design and
improve features; co-creational involvement, in which users are actively involved
in the conceptual and design process. Additionally, the level of involvement
was linked to the types of user feedback as outlined by Smith, Fitzpatrick and
Rogers [2004] and to the role of the user as outlined by Sanders and Stappers
[2008].


   The data was analysed by two researchers. They coded each user feedback
independently and discussed and adopted the coding categories to achieve a
mutual understanding and sufficient coding consistency. The categories were
not mutually exclusive, as participants combined different themes and levels of
involvement in one feedback. Therefore, the category of the highest formulated level of
involvement was coded, when different categories were expressed in the same
user feedback. The coding resulted in three user feedback types, which were
analysed in terms of frequency for each development cycle. Furthermore, the
three communication channels were compared with regard to the user feedback
type.



   

8     Results

In their digital feedback, users showed three levels of involvement. The user feedback was
categorised as: general user feedback, contributory user feedback and co-creational user
feedback. The three types are described in Table 2. Users who gave general user feedback
expressed the lowest level of involvement and gave reactive user feedback. A higher
involvement in shaping the development process was expressed by users who provided
contributory user feedback. They took part in improving existing features through reactive
user feedback, such as reporting bugs. The highest level of involvement was shown by
users who gave co-creational user feedback. They also showed an understanding
of the context of the use and provided reflective user feedback on their own
initiative.
   


                                                                             
                                                                             
   




                                                                             
                                                                             
 Table 2: Types of digitally provided user feedback with regard to involvement.
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   Five feedback comments were not assigned to one of the three types because they were
not linked to the development process. These users reported species observations “I saw
black terns.”, asked for support to identify species “….attached a photo. What kind of butterfly is
it?” and one user asked to include humans, which as appeared to be a joke: “I was not able
to find anything in the application for the following features: […] has 2 legs, […] lives in rocks with
various caves …”.


   Overall 0.5% of the people who downloaded the app provided feedback, while the
majority of user feedback was received after releasing the mobile app (98%). As can be
seen in Figure 3 user feedback was mostly given in Cycle 4. In the cycles before releasing
the app, users mostly expressed co-creational user feedback towards the overall concept.
One participant even provided a market analysis of other apps and technical
concepts: “…currently available bird sound recognition APPs have several disadvantages […].
Since mobile phone recorders are only moderately good, I think it would be great, if one
could also upload recordings into your app made with an external voice recorder. This
feature should be easily integrated, since you could just access a different destination
folder…”.
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Figure 3: Types of digital user feedback per development cycle; N=235.

                                                                             
                                                                             
   





   In both cycles, after releasing the app, user feedback was mainly contributory (Cycle 3:
49%, Cycle 4: 48%) and there was no difference in themes between both cycles. Users
referred mostly to device compatibility, bug reports, and usability concerns. For
example, one user reported: “The app is great. Unfortunately, it takes 70 seconds to
start. After this time, the bird I wanted to identify via sound recognition is often already
gone.”


   The number of co-creational user feedback increased in Cycle 4. Almost a third of the
users (32%) made suggestions for improvement, suggestions for additional content or
proposed new features. While a variety of themes were covered, there were also frequently
repeated topics, such as “…A geographical display of the field book would be a useful extension…”
and “…I hope the app will be extended … with even more pictures of each plant, because one picture
is often not enough, depending on the season.”. Other co-creational user feedback
pointed to user groups that were not the first target group but appeared to be
frequent users. One example for new user groups were people who are already
engaged in participatory observation networks. These people identified the chance
to connect the app to already existing citizen science project: “I miss a function
to transfer my recording, so I could insert the recording directly into my observation
network….”.


   Figure 4 shows that participants most commonly used the feedback form, and email
was used least. Notably, 75% of all general user feedback was provided via the App Store and
Google Play Store. The application distribution platforms were also often used to give other users
advice for or against downloading the app. Nevertheless, comments were also directed towards
the developers to provide contributory and even co-creational user feedback. In contrast, almost
no general user feedback was sent via the feedback form (4%), which was primarily used for
but mostly contributory user feedback (60%). Although co-creational user feedback was given
via all communication channels, about half of it was provided via the feedback form (51%).
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Figure 4: Distribution of user feedback types per communication channel; N=235.

                                                                             
                                                                             
   





   9     Discussion

In citizen science, user-centred design is recognised for its potential to involve participants
in the development of technology, address different types of volunteers, and develop
successful tools [e.g. Newman, Zimmerman et al., 2010; Sturm et al., 2018]. But with
the user-centred development of Naturblick, we experienced the limitations of involving
participants meaningfully in the development process because of the controlled UCD
usability testing situations. For instance, the user tests of the audio pattern recognition
feature revealed no usability problems, but participants who used the app in a real
world scenario found that the app was starting too slowly for them to be able to record
a bird before it flew away. Also, the conventional focus on usability often ignores features
that address a volunteer’s motivation [Wald, Longo and Dobell, 2016]. Thus, we found
that a combination of UCD with more participatory design approaches would fit the
requirements of technical development for citizen science. These experiences are consistent
with reflections of the role of users in UCD [Smith, Fitzpatrick and Rogers, 2004; Sanders
and Stappers, 2008]. Along the same lines, a combination of UCD and participatory design
seems more suitable to address the complex relation between technology, participants
and the intricately complex tasks and themes of citizen science [Valdes et al., 2012].


   The study highlights the potential of digitally provided user feedback to give users
more influence and room for initiative in UCD processes in citizen science. The digital user
feedback showed three levels of involvement. Interestingly, users showed either a
relatively low level of participation or a high level of involvement. On the one hand, users
frequently provided general user feedback which implied low involvement. This user
feedback is more akin to the concept of the user as a consumer than to the model of
collaboration defined by Shirk et al. [2012]. On the other hand, users provided
co-creational user feedback, which revealed very high involvement. This might be
explained by the findings of Smith, Fitzpatrick and Rogers [2004], who emphasise that
using software repeatedly motivates participants to engage on a deeper level
and enables them to provide reflective user feedback. These findings suggest
that individual digital feedback may act as a link between traditional UCD and
participatory design. With individual digital feedback, the users can take an active
role by evaluating the technology based on their priorities, motivation and time
schedule and in real-life contexts. But this change of roles remains limited by the
developers’ commitment to engage intensively in the culture of collaboration. For
instance, citizen science activities often have predefined goals, and scientists often
struggle to accept that the public can make an actual contribution [Golumbic et al.,
2017].


   Additionally, it provides the opportunity to address important challenges for
human-computer interaction in citizen science, such as supporting different types of
volunteers [Preece, 2016]. We found that traditional user tests not only limit the number of
participants but often result in specific groups of people, such as students and
people who visit museum events, as in our case. Six times as many users were
involved with digital user feedback in comparison to the number of users involved
                                                                             
                                                                             
with focus groups and thinking out aloud, techniques that are often suggested
for involving users in UCD [e.g. by Preece, Rogers and Sharp, 2001]. Robson
et al. [2013] also demonstrate that digital two-way communication for social
networks has the potential to overcome these restrictions and increase the number of
participants.


   Types of user feedback were not associated with specific development cycles.
Nonetheless, different types of user feedback were considered by the project team as
useful depending on the stage of development. At an early stage of development,
user involvement in analysis and concept can be co-creational. In later stages,
contributory user feedback can support the development by detecting bugs quickly
without the high investment of user tests. Furthermore, general user feedback at
later stages of development may act as a source to measure UCD effectiveness.
Additionally, the ongoing user feedback in Cycle 4 provides information about changing
user needs and prevents volunteers from dropping out [Aristeidou, Scanlon and
Sharples, 2017]. These findings are consistent with previous studies which found
that different types of user feedback are perceived as useful depending on the
development stage and type of input [Vredenburg et al., 2002; Hornbæk and Frøkjær,
2005].


   We found that the application distribution platforms were the most common
channel for general user feedback. Users often direct their feedback towards each
other to give general advice, e.g. whether it is worthwhile downloading the app.
This interaction along the potential of application distribution platforms for user
feedback in UCD was also found by Pagano and Maalej [2013]. In contrast, user
feedback via private communication channels was more often contributory and
co-creational. Especially the structured feedback form resulted in the highest
contributory user feedback and most responses overall. This can be explained by the
design of the form, which was made to collect structured and easily analysed bug
reports.


   Our results are only informative. The findings only describe one UCD process in
citizen science and cannot be generalised. We were also unable to analyse who is
providing user feedback digitally and what motivation they had to do so. Therefore,
further investigation about the context and user motivation is needed to better understand
user involvement via digital user feedback. However, this study does provide insights into
UCD for app development in citizen science. It adds to existing UCD techniques
and provides directions to involve numerous participants with relatively low
costs.



   

10     Conclusion

Based on our results we conclude that a mix of online and offline communication, digitally
provided user feedback and traditional user tests help to increase participation
and suits the needs of citizen science projects best. Digital user feedback can
                                                                             
                                                                             
link UCD techniques with more participatory design approaches. Therefore, we
recommend starting implementation of the digital user feedback at a very early
stage. We recommend experimenting with communication channels, including
social media, and to adapt techniques depending on experiences, project cycles,
and the desired type of user feedback. We emphasise that the categorization
of user feedback types does not indicate the quality or usefulness of the user
feedback.


   In future studies, we plan to investigate the motivation and reason for users to provide
feedback digitally in citizen science. Furthermore, we would like to study user feedback in
combination with analytics data on app use. We hope this will allow us to better
understand how to support and effectively use this form of communication in
UCD.
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