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Abstract

Coreference resolution is a key aspect of text
comprehension, but the size of the available
coreference corpora for Arabic is limited in
comparison to the size of the corpora for other
languages. In this paper we present a Game-
With-A-Purpose called Stroll with a Scroll cre-
ated to collect from players coreference anno-
tations for Arabic. The key contribution of this
work is the embedding of the annotation task
in a virtual world setting, as opposed to the
puzzle-type games used in previously proposed
Games-With-A-Purpose for coreference.

1 Introduction

Coreference resolution is the task of clustering the
mentions in a text that refer to the same real world
entity. In the following example of coreference
resolution, bold phrases are said to corefer as they
point to the same discourse entity, a person named
Ibn Sina.
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Ibn Sina is a scientist and doctor who
was known for philosophy and medicine.
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One of the most famous writings of the
scientist is The Canon of Medicine.

Coreference resolution is a key element of text com-
prehension (Poesio et al., 2016; Wu et al., 2021).
Identifying references to entities in the context is
essential for meaning interpretation. In addition,
anaphoric references are an important aspect of tex-
tual cohesion, as they connect different parts of the
text to ensure its unity. Resolving anaphoric refer-
ences is essential for most Natural Language Pro-
cessing (NLP) applications, including automatic

translation, information extraction and topic detec-
tion (Bouzid and Zribi, 2020).

Collecting coreference annotations from experts
can be expensive, so crowdsourcing is often em-
ployed (Snow et al., 2008). This can be done using
a crowdsourcing platform (Poesio et al., 2008) or
by embedding the annotation task in a game in a
seamless manner. Such games are referred to as
Games-With-A-Purpose (GWAP) (Von Ahn and
Dabbish, 2005; Von Ahn, 2006; Von Ahn et al.,
2006a,b; Chamberlain et al., 2008; Poesio et al.,
2013a; Lafourcade et al., 2015). GWAPs are games
designed to collect judgments from players using
their gaming skills and language competence; the
main reward for players is entertainment. GWAPs
have been used e.g., for biological data collection
(Kleffner et al., 2017), and, in AI, for image pro-
cessing (Von Ahn and Dabbish, 2005) and natu-
ral language processing (Chamberlain et al., 2008;
Krause et al., 2010; Venhuizen et al., 2013; Fort
et al., 2014; Dziedzic, 2016; Kicikoglu et al., 2019;
Madge et al., 2019b,a; Bonetti and Tonelli, 2020).
Using GWAPs for manual annotation is particularly
well-suited when the aim is to collect large corpora,
that would be too expensive to create using other
forms of crowdsourcing (Poesio et al., 2013b).

The objective of this research is to create a
GWAP called Stroll with a Scroll for Arabic coref-
erence annotation. The motivations for our work
are:

• The fact that the available Arabic coreference
corpora are limited in size. In the CoNLL-
2012 shared task the Arabic portion is about
1/3 of the Chinese and English subsets, com-
prising about 300k tokens. This is considered
a barrier to improving the coreference resolu-
tion models accuracy (Pradhan et al., 2012).

• More in general, there is limited work on
GWAPs for Arabic language annotation in
comparison with English. To our knowledge
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there is no game with the purpose of collecting
Arabic coreference annotation.

Our main contributions are:

• To start a path towards using gamification to
attract public engagement to contribute to the
creation of larger Arabic coreference corpora,
and more in general Arabic NLP corpora;

• The adoption of a virtual world setting, which
we expect would increase the chances of at-
tracting players but whose use is still limited
in GWAPs for corpus annotation;

2 Related Work

2.1 Games with a Purpose for NLP

The first examples of Games-With-A-Purpose in
AI are the well-known ESP game for image la-
belling and other games from Luis von Ahn’s lab
(Von Ahn and Dabbish, 2005; Von Ahn et al.,
2006a,b; Seemakurty et al., 2010). Among the
first GWAPs for NLP are Jeux-de-Mots for French
lexical acquisition (Lafourcade, 2007) and, for En-
glish coreference, Phrase Detectives (Chamberlain
et al., 2008). Other examples are OnTo-Galaxy to
populate an ontology in English and collect syn-
onyms for German verbs (Krause et al., 2010), Wor-
drobe for English word sense labelling (Venhuizen
et al., 2013), Zombilingo for French dependency
syntax annotation (Fort et al., 2014), RoboCorp for
Polish named entities annotation (Dziedzic, 2016),
WordClicker for English part of speech annotation
(Madge et al., 2019b), High School SuperHero
for Italian abusive language annotation (Bonetti
and Tonelli, 2020) and NameThatLanguage for lan-
guage recognition (Cieri et al., 2021).

There are some GWAPs for Arabic NLP, includ-
ing tashkeelWAP for digitizing Arabic diacritics
(Kassem et al., 2016), 3arosty for Arabic named
entities annotation (Sabty et al., 2016), 3ammeya
to build a corpus for Arabic dialects (Osman et al.,
2015) and a GWAP to map Modern Standard Ara-
bic to Arabic regional dialects (Nasser et al., 2013).
However, to the best of our knowledge, this is the
first GWAP for Arabic coreference and the first
GWAP to embed the task of collecting Arabic an-
notations in a 3D virtual game.

Many of the early NLP GWAPs were essentially
gamified versions of annotation tools. Attempts
to produce more engaging games include Puzzle

Racer and Ka-boom! for word sense disambigua-
tion (Jurgens and Navigli, 2014). More recently,
an engaging game design was developed for Word-
Clicker, a part of speech tagging game where play-
ers take the role of a baker who fills jars with the
part of speech it represents (Madge et al., 2019b).

2.2 GWAPs for Coreference

Phrase Detectives is an online interactive active
game to collect English coreference annotation re-
leased in 2008. The game has two modes to par-
ticipate in annotation. The first mode to select a
markable that corefers to another highlighted mark-
able and the second mode to validate other players’
submitted answers. By 2019, the game had col-
lected over 5 million annotations from more than
50,000 players; the 2nd release of the corpus was
the largest crowdsourced corpus for coreference
and one of the largest crowdsourced corpora for
NLP (Poesio et al., 2019).

Wormingo is an online game to collect English
coreference annotation. It creates a novel tech-
nique called motivation-annotation paradigm. That
highlights the importance of text comprehension
in producing accurately coreferenced corpora and
making the annotation task easier. Text compre-
hension is essential in the motivational part of the
game that is demonstrated by linguistic puzzles.
The annotation part comes after the motivational
part and follows the design of Phrase Detectives
(Kicikoglu et al., 2019).

2.3 GWAPs Embedded in Virtual Worlds

One approach to making games more engaging
is to embed them in the virtual world scenarios
familiar from most video games. One example
of GWAPs adopting this approach is High School
Superhero (Bonetti and Tonelli, 2020, 2021), a 3D
role-playing game is created for abusive language
annotation in a sentence level.

Other example is LingoTowns (Althani et al.,
2022), an isometric world consisting of towns. It
hosts three mini-games: PhraseFarm, CafeClicker
and Lingotoruim.

The more recent Borderlands Science (Wald-
ispühl et al., 2020) is an integration of citizen sci-
ence game named Phylo (Kawrykow et al., 2012)
into a massively multiplayer online game called
Borderlands. In three months, they have collected
50 million puzzle solutions.
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3 Stroll with a Scroll

In this paper we introduce Stroll with a Scroll,
a GWAP for (Arabic) coreference annotation in
which the player is an agent embedded in a 3D
world.

3.1 Game Design

In Stroll with a Scroll, players find themselves in
an ancient middle eastern fictional town located in
the desert. They roam around this town being rep-
resented by an avatar that is dressed in an ancient
middle eastern garment as shown in Figure 1.

The game has a treasure hunt theme, with puz-
zles hidden in the text. To motivate players, we fol-
low the motivation-annotation paradigm introduced
by Wormingo that uses puzzles and gamification
techniques to motivate the players (Kicikoglu et al.,
2019). The inclusion of linguistic puzzles increases
players’ comprehension of text thus, understanding
is required to perform coreference annotation.

There are plenty of chests scattered around the
town which the player has to find. Only one chest is
presented at a given moment; the player is guided
to chest location through a navigation system that
is displayed on the top right corner presented in
Figure 1. The navigation system has three colours:
red, yellow, and green to show how far is the avatar
from the chest.

The player starts by opening a chest that has a

scroll within it. The scroll has textual content with
missing parts of information as these pieces were
torn because these scrolls are old. The player must
guess the lost parts by solving puzzles.

If the player guesses the right word, 10 puzzle
points will be added. If a player fails to guess the
word, no points will be added.

3.2 Coreference Annotation
The annotation task is presented as questions fol-
lowing the approach used in Phrase Detectives
(Chamberlain et al., 2008) and Wormingo (Ki-
cikoglu et al., 2019). Two types of questions are
presented to the player: annotation questions, and
validation questions. In the annotation, the player
is asked to decide if a mention, colored by red, is
discourse new, discourse old (If the player decides
that a mention is discourse old, they must select
the nearest antecedent from suggested antecedents
highlighted in blue) or skip answering as in Figure
2. On the other hand, in the validation, the player is
asked to validate the model (Aloraini et al., 2020)
or other players.

3.3 Preprocessing
In earlier games such as Phrase Detectives , the pre-
processing of documents to annotate only involved
mention identification (Poesio et al., 2017). How-
ever, if a coreference resolver is available, carrying
out a preliminary coreference annotation increases

Figure 1: A screenshot of the game.
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the potential of a game to collect larger number
of annotated documents, as annotation by human
players can be driven by uncertainty about the an-
notation, as in an active learning setting (Li et al.,
2020).

The input to Stroll with a Scroll is pre-annotated
to extract mentions and coreference links using
the first neural coreference resolver for Arabic
(Aloraini et al., 2020) that achieved higher re-
sults than than the existing state-of-the-art system
(Björkelund and Kuhn, 2014) on Arabic corefer-
ence resolution.

3.4 Aggregation

Stroll with a Scroll follows Phrase Detectives
(Chamberlain et al., 2008) by using Mention Pair
Annotation (Paun et al., 2018) to aggregate user
annotations.

4 Discussion

We introduced Stroll with a Scroll , a new GWAP
for annotating coreference in Arabic. Our GWAP
is based on the motivation-annotation paradigm
from Wormingo in having two disjoint parts: the
puzzles part and the annotation part. This division
ensures that the orthogonal game design mechanics
e.g., aiming, driving and dropping that are the main
contributors to most of the popular video games are
separated from the annotation task. Video games

are separated from the annotation task, so as not to
negatively impact the annotation accuracy (Tuite,
2014; Madge et al., 2019a). However, the moti-
vation and the annotation are both embedded in a
virtual world scenario: document search involves
finding chests in an old town, and filling gaps in the
document is naturally presented as reconstructing
the scroll. We expect that this novel setting will
make the game more attractive to certain types of
players who are more interested in 3D games than
in puzzles.

5 Limitations

The future based rewards of the annotation part
might discourage the players to continue. Further-
more, in the current development stage, the player
does not have the option to select antecedents out-
side of the suggested ones.

6 Conclusion

Games-With-A-Purpose for collecting text anno-
tations are an increasingly popular alternative to
crowdsourcing platforms. Even so, to our knowl-
edge there is no GWAP of collecting Arabic coref-
erence annotation. We present a 3D virtual world
GWAP of collecting coreference annotations for
Arabic corpus. We expect the adoption of a vir-
tual world setting would increase the chances of
attracting players.

Figure 2: The annotation task embedded in a 3D game.
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