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ABSTRACT

This paper reports our findings regarding the potential of narrative
task framing as a motivator in citizen-science projects dealing with
image segmentation and annotation tasks.

Research showed there to be an informational gap in direct compar-
isons between point-based gamification and a narrative approach
in the context of citizen science. Therefore, we developed two ver-
sions of a singular mobile application to investigate user motivation
while completing the task of annotating images of litter. One ver-
sion with only point-based gamification elements and one with the
task diegetically integrated into a storyline.

The application was developed using Unity, with Android as the tar-
get platform. The JunkCorp Version of the application allows users
to submit annotations while following a story and freely continue
contributing once the story has been completed. Features like a
leaderboard, progress bars, and group tasks, based on research into
gamification and user motivation as well as early user feedback,
were implemented into both versions of the application.

The application was evaluated using the User Motivation Inventory,
the Gameful Experience Questionnaire (GAMEFULQUEST), and
qualitative feedback from interviews with our users.

Our results showed an increase in intrinsic, identified and inte-
grated regulation for the users of the JunkCorp Version. However,
our analysis showed no statically significant relation between user
motivation and the version of the application.

These results suggest that narrative task framing could help retain
motivation in scientific tasks. More research on the area, testing
with more participants, and different implementations of narra-
tive task framing are needed to determine its true potential as an
intrinsic motivator.
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1 INTRODUCTION

Machine learning is increasingly being used for automation within
the scientific field. Machine learning may refer to when machines
are taught to recognise objects by training on labelled data or im-
age annotations. For a machine learning algorithm to recognise an
object, it will need a lot of annotations to train on. The number of
annotations may vary but usually, at least, 1000 annotated images
are needed [23].

A lot of research has been done on how to collect a large number of
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annotations effectively. Many datasets have started to accumulate
annotations through citizen science. Citizen science is the process of
including volunteers in gathering or processing scientific data [17].
When making annotations through citizen science, volunteers need
to be motivated to continue to annotate images. A way to keep
users motivated is through gamification. This is due to its observed
positive effects on intrinsic motivation [40, 53].

Gamification is usually implemented through points, badges, and
leaderboards. In recent years, there has been an increase in inter-
est towards utilising narrative elements when making gamified
systems. There are citizen science games that have successfully
utilised story-based gamification to keep people engaged with citi-
zen science and make it feel more like a game by incorporating the
scientific task as a diegetic part of the storyline [35, 36].

Other than the addition of game elements, there is a lack of re-
search on how to intrinsically motivate people to continuously
contribute to citizen science projects. While story-based gamifi-
cation is present in the context of citizen science, due to games
likeForgotten Island [35], there are yet to be, as far as we are aware,
any direct comparisons between a point-based gamified citizen
science project and a narratively task-framed version of the same
project. Furthermore, we have not been able to find any projects
that utilise narrative task framing in image segmentation and an-
notation tasks.

Therefore, this paper aims to explore the differences between a
gamified only and a narratively task-framed version of the same
application in terms of user motivation for citizen science projects
dealing with image segmentation and annotation.

2 RELATED WORK

In this section, we cover the basics of citizen science and gamifica-
tion. We look into both point-based and narrative gamification, and
how they have been added to citizen science projects and image
annotation tasks.

2.1 Citizen Science

Crowdsourcing is a term used to describe researchers asking the
public for help in scientific inquiries. The counterpart to crowd-
sourcing is citizen science. Citizen science is what is performed
by the people that accept the researchers’ invitation to assist in
the collection of data [52]. The definition of citizen science varies
between different fields of work. Haklay et al. have made a general
definition of citizen science stating that “it includes the generation
of scientific data. . ., engages volunteers over a large area. . . , and
address a politically relevant issue” [17]. We refer to this definition
any time the concept citizen science is used in this paper.

Recent research suggests that data gathered and generated through
citizen science has become an important resource for scientists and
researchers [10]. There are many popular citizen science projects.
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For example, the projectS8yewireand Foldithave large amounts of
volunteers P( and the platformZoonivers¢54] lets people create
citizen science projects and have them in one place, which allows
people to easily nd projects they would like to volunteer for.
Despite the growing amount of research on the concept, there are
still discussions, within the scienti c community, on whether citi-
zen science is a valid method, often pointing towards the quality of
the generated dat&4]. To counter the doubt of validity, researchers
have begun creating guidelines for how to utilise citizen science to
its fullest [4, 15, 33].

Citizen science relies on input from volunteers. This means that
the method is dependent on maintaining the motivation of users to
keep their contributions to the project continuous. A lack of user
motivation will inevitably lead people to stop contributing.

2.2 User Motivation

There are a number of ways to motivate users to engage with an
application. Motivation can be classi ed as one of two types. These
types are extrinsic motivation and intrinsic motivation. Intrinsic
motivation is not dependent on external incentives or pressure,
but rather provide their own satisfactions and joys3§. Extrinsic
motivation is the exact opposite as it is in uenced by external
factors. This means that if you are intrinsically motivated you
might participate in a project because you think it is interesting
or fun. On the other hand, you might be extrinsically motivated to
participate in a project because you are being paid to do so.

In researchself-determination theo§sDT) is often used to explain
and in uence user motivation 3g. SDT seeks to enhance intrinsic
motivation through psychological needs satisfaction. The three
needs that are outlined by SDT are:

Competencédearning and mastering skills. Feeling able to
complete a task.
Autonomy being in control of one's own behaviour and
goals.
Relatednesa sense of belonging or an attachment to other
people.
Intrinsic motivation is seen as the preferred type as it contributes
to happiness, satisfaction [38], and long-term change [9].

2.2.1 Measuring Motivatioifthere are many ways to measure the
motivation of users after interacting with a technical system. One
of the methods is the User Motivation Inventory (UMI][ The
UMI builds on Organismic Integration Theory, a sub-category of
SDT. SDT mentions intrinsic and extrinsic motivation, Organismic
Integration Theory still uses these concepts but with the addition
of amotivation, the absence or lack of motivation.

Other than these three types of motivation, the UMI also measures
integrated regulationdenti ed regulation andintrojected regulatian
With these measures, the UMI assists in specifying people's reasons
for engaging with a system.

The UMl is a well-known method that has been used to: investigate
the motives of social virtual reality usersif], look into how beliefs
and motivations a ect willingness to use new systemé4, and
making motivational pro les for players of a speci c game [7].
There are also ways to determine user motivation and interest in
terms ofgameful experiencebhe term gameful experience refers

to the positive emotional and involving qualities of using a gami-
ed application [13. One of the scales made for this purpose was
created by Hogberg et al. and is known as the Gameful Experience
Questionnaire or GAMEFULQUESTY. The scale was created
based on reviews of other well-known scales such as the Game
Experience Questionnaire€[l] and designed to assess gameful ex-
perience among adults using gami ed services [51].
GAMEFULQUEST covers seven subscales. These subscales are;
challenge, competition, guided, immersion, playfulness, and social
experience [19].

The questionnaire has been used in a number of studies since its
creation in 2019. GAMEFULQUEST has been used to measure: the
e ect of gameful experience on motivation when studying via digi-

tal escape roomsl], the positive e ect of gameful experience on
online gamers' attitudes3d(, and how personalised gami cation

a ects motivation [34].

2.2.2 User Typek.is important to note that not everyone is moti-
vated by the same activities and contrivances. Even players who put
a lot of time and e ort into games have di erent tastes. This is why
there are di erent genres of games, which attracts di erent kinds
of players. This means that in order to design a motivating gami ed
system, you need to know which types of users there are, which
users you are trying to attract, and what motivates those user types.

The three concepts from SDT; competence, autonomy, and relat-
edness, are also the motivations for the intrinsic user types on the
Gami cation User Type Hexad Scfld, 4§. The Scale helps de-
termine which gami cation elements to use for motivating users
from its six pre-determined user types. The six types akehievers
PhilanthropistsSocializerg-ree SpiritPlayersand Disruptors The

four rst-mentioned user types are the ones referred to as intrinsic
user types. Achievers are motivated by competence, Philanthropists
by purpose and meaning, socializers by relatedness, and free spirits
by autonomy.

It is improbable that people tinto a singular user type. Typically,
users are a mix of two or more user types and are attracted by
gami cation elements that motivate each of the user types they
have higher scores in.

2.3 Gami cation

Both dictionaries L2 29 and researchers like Galettd {] de ne
gami cation as: the use of game elements, in non-gaming contexts,
in order for a task to seem more game-like and increase individual
engagement and motivation .

Gami cation uses a combination of rewards, either extrinsic or
intrinsic, to motivate people to continuously engage with a sys-
tem [24].

Blohm and Leimeisterd] expand on the idea of adding game me-
chanics to non-gaming contexts. Gami cation is described as using
game elements to support a core o er. This is what di erentiates
gami cation from an actual game. They outline how di erent game
mechanics translate into dynamics and which motives each one
relates to.

These connections give an overview of which game elements can
be used to cover the di erent psychological needs mentioned in
SDT or to attract a speci ¢ type of user as outlined by Marczewski's
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hexad scale.

Mazarakis and Brauer2q investigate the potentials of di erent
game elements through experimenting and prior research into the
individual elements' e ect on users' motivation in a hon-gaming
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narrative gami cation. Through the use of leaderboards, narrative,
and deadlines, they investigate whether this combination of gami-
cation elements can heighten user participation on a long-term
basis. They state that the elements had a positive e ect on user
participation. They also highlight the importance that leaderboard

context. They investigate the four elements; badges, feedback, progressores should align with the area of deployment in order to avoid

bars, and narrative.

Their results showed no signi cant increase in motivation with a
progress bar alone or combined with badges. However, they still
highlight the e ectiveness of progress bars as visual representa-
tions of progress to give users an easy overview of how far they
are with a task or activity.

They state that narrative, in the form of a story, is essential for
gami cation as it has the ability to add meaning to a task and other
gami cation elements as well as enhance the sense of an emotional
experience [16, 22, 31].

2.4 Narrative Gami cation

In recent years, narrative gami cation has become a big research
topic [1, 16 35 36 41]. Conventionally, gami cation has relied on
points, achievements, and other well-known game mechanics. Nar-
rative gami cation borrows from narratology research and adds a
story element to the mix.

Prestopnik and Tang3€q study the di erence between point-based
and narrative gami cation concerning player engagement. The
di erence is studied by evaluating the citizen science ganitappy
Matchand Forgotten Island

Happy Match makes the scienti ¢ task obvious to users and uses
points to reward the players' performances in a classi cation task.
Forgotten Island uses a storyline as its primary focus. The classi-
cation task is integrated diegetically, which does not necessarily
mean that the scienti c task is completely hidden, however, it adds
another layer of meaning to the completion of the task. The diegetic
integration of the scienti c task is presented as a way to reward
player advancements, which are typically rewarded with points or
badges, by further expanding on the story.

This could add to users' sense of immersion. A higher level of im-
mersion may help to engage people that usually only make a few
contributions to citizen science projects. This combats the fact that
a small core of people makes the majority of contributions to citizen
science projects [35, 36].

just being meaningless points [18].

O'Donnell attempted to isolate the use of narrative from conven-
tional point-based gami cation. He focused on the e ect of nar-
rative gami cation on motivation, willingness to act, and user ex-
perience. His study implemented narrative gami cation in three
di erent levels or doses . After gathering data during a time period
of multiple months, O'Donnell concludes that narrative, in medium
doses, positively a ects users' feelings of meaningfulne3g.[He
states that more research is needed to determine the impact of
higher doses [32].

When implementing narrative gami cation, researchers tend to
only use embedded narrative; an explicitly told storylingd. Birk

et al. study the use of enacted narrative; the development of in-
game characters. The idea behind an enacted narrative is that it uses
identi cation as a motivator in order to have players feel a sense
of connection to the characters and meaningfulness when playing
the game P6. Birk et al. conclude that greater identi cation leads

to more investment in tasks and has a positive e ect on motivated
behaviour [2].

Narrative gami cation and framing have been added to citizen
science contexts a couple of times. Pretopnik and Tadg 86
evaluate Forgotten Island through an hour of interaction, which
was not enough time to complete the full story. The use of nar-
rative gami cation by O'Donnell B is implemented as di erent
doses of information. He does not include a story or story world
but focuses solely on the amount of text users are presented with
when reporting an issue in their town. Furthermore, his study does
not make any de nitive suggestions towards a correct dosage of
narrative. This means that it is still unknown what motivational
impact the length of a narrative has, especially longer ones.

This research highlights the importance of intrinsic motivation
in gami ed systems as users will change their behaviour for what

They mentions diegesis, story, fantasy, and characters as key factors they think is wanted if only extrinsically motivated by external

to keep players immersed in games with a purpose. While these
elements were originally identi ed in a di erent context, it is stated
that they would, likely, be successful in a scienti ¢ context as well.

Seo et al. compare narrative gami cation to other types of gam-
i cation. Their research focuses on gami cation implemented in the

pressure [43].

Itis also suggested that a storyline with elements to evoke a feeling
of identi cation with the in-game characters will have a positive

e ect on intrinsic user motivation.

2.5 Point-based Gami cation in Citizen Science

workplace. They review prior research that implemented performance-There are multiple examples of point-based gami cation being used

or productivity-based gami cation. This type of gami cation led
to the Hawthorne e ectThe Hawthorne e ect refers to the partici-
pants changing their behaviour solely to score better instead of it
being natural behavioural changes based on enjoyment or intrinsic
motivation [43].

Halan et al. combine conventional point-based gami cation and

as a motivational tool in the scienti ¢ eld of citizen science. Stud-
ies have been done on gami cation and its potential to keep user
participation high due to its reported positive e ect on intrinsic
motivation [41, 49, 50]

Bowser et al. p] investigated the possibility of engaging younger
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people, so-called digital natives in citizen science projects. They
evaluated a gami ed citizen science application focused on ora-
caches which was inspired by the world of geocaching. A smaller
percentage of the participants were interested in the presented
project, they conclude that this may be due to the use of unfa-
miliar terminology and a general lack of interest in the area. The

participants responded positively to the use of badges and social as-

pects in terms of community involvement. Their participants stated
that if the focus was more on the game part of the application they
would be more likely to use it. The motivations of these participants
were compared with the citizen science volunteers. The comparison
showed that:Fun Personal InteresEommunity Involvemerand
General Socialisatiamere motivators for both groups [5].

Tinati et al. investigated user participation in the gami ed citizen
science projecEyewire Eyewire incorporates point-based gami-
cation in the form of individual rankings on a leaderboard but

2.6 Gamied Image Annotation

Mekler et al. investigated the e ect of points, levels, or leaderboards
on intrinsic motivation and needs satisfaction but found no sig-
ni cant di erence when applying the individual game elements.
This observation was stated to be due to a lack of meaningful and
informational feedback, which would give users the ability to follow
their own progress as well as the quality of their performances.
Even though they did not observe any signi cant di erences be-
tween the gami cation and control groups, more images were an-
notated by the group exposed to gami cation [28].

Mekler et al. experimented with di erent combinations of points
and meaningful framing. Each variable was tested individually as
well as combined together. They tested each condition in terms of
the quality of annotations, the number of annotations produced,
and intrinsic motivation. They report that the combination of points

also has scheduled events such as marathons and team versus chalang meaningful framing attained the best resuits in all of the cate-

lenges that cover relatedness from self-determination theory and
the socializer user type from the gami cation user type hexad
scale.

Their focus was on the why and how of the participants' engage-
ment with Eyewire. They identi ed four main themes of intrin-
sic and extrinsic motivations that kept the players engaged with
Eyewire. The four identi ed themes wereontribution and science
gaming and entertainmerdommunity and learningandpersonal
interes{47. These themes, to some degree, line up with the themes
identi ed to motivate both groups presented by Bowser et al. [5].

lacovides et al.7( looked at how game elements a ect the acquir-
ing of new citizen science volunteers and sustaining engagement

over time. The paper compares the online citizen science projects;

Folditand Eyewire.
Foldit lets users contribute to science by aiding in folding selected

gories [27].

Mekler et al. Rg did not test their ndings in a complete sys-
tem that incorporates multiple gami cation elements. Their experi-
ments were carried out systematically in a lab setting and were not
measured with use over a period of time.

Similar experiments may bene t from being tested through natural
interactions over a longer period of time.

Mekler et al. 7] suggest that if a citizen science project was to use
points as a reward, adding meaning to the points, that tie into the
eld of the project, will provide a higher level of intrinsic.

This coincides with how Forgotten Islan®B§ 36 uses narrative
task framing to add a sense of meaning to the completion of the
task, which makes it more intrinsically motivating.

proteins with game-provided tools. The project uses a combination  Thjs prior work shows that there, as far as we are aware, has been
of gami cation elements to keep its users mot!vated. These include g research on narrative task framing or narrative-based gami -
points, leaderboards, and chat forums. Foldit has a clear focus on cation being applied to a citizen science project that works with

making the project a group task, but it uses gami cation elements
that cater to both relatedness and competence.

image segmentation and annotation.

They conclude that game elements are unnecessary when itcomes 3 DESIGN

to acquiring new volunteers. However, a positive e ect on engage-
ment over time was observed [20].

Bowser et al. ], much like Prestopnik and Tang3f, suggest
that the scienti ¢ task should not be the focus when trying to en-
gage and motivate new citizen science volunteers, especially if the
target group involves younger people.

Implementing gami cation in a citizen science application may not
be necessary for attracting volunteers, but it does not seem to have
a negative impact and can help in retaining user engagement over
time [20. Having gami cation elements that focus on satisfying

the need for relatedness is used in several citizen science projects

and has been a main motivator for volunteers for a long tinde][

This means that having a social aspect in citizen science projects

should be a priority.

This section outlines the goal of the application, and the narrative
task framing used for the application and relates it to the prior
research mentioned in the related work section.

3.1 Goal of the Design

Our goal was to evaluate whether narrative task framing, surround-
ing or framing a task with a narrative, a ects user motivation in
citizen science projects.

To determine this, we created a system that uses narrative task
framing and a system that solely relies on conventional point-based
gami cation in a citizen science task, image segmentation, and
annotation in our case. The systems would be used to compare if
the way a task is framed is a factor in participants' motivation and
decisions to continue their use.

Besides the narrative and gami cation elements, we focused on the
aspect of meaningful framing as part of the task framing. Meaning-
ful framing refers to either visuals, text, or a combination of the
two, that gives a sense of meaning to completing a task. Meaningful
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