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Abstract

We present a systematic literature review of gamification in information retrieval, identifying
32 peer-reviewed articles spanning a period from 2012 to present day. Our study highlights
that, with the exception of crowdsourcing relevance judgments, very few studies have investigated the application of gamification to search systems. Moreover, in articles that we
would strictly define as being related to gamification (i.e. not games with a purpose or serious games), a majority did not present any real-world systems, user studies or empirical
results. In numerous other fields, gamification has been used to successfully increase user
engagement and productivity. We argue that the potential of gamification has been overlooked in information retrieval and, in particular, in interactive search settings. We conclude
by discussing experimental obstacles and the potential benefits of evaluating gamification
strategies in future interactive search systems.

1

Introduction

Gamification refers to the incorporation of design elements commonly found in video games, such
as points, badges and leaderboards, into non-game applications with the goal of increasing user
engagement [Deterding et al., 2011]. Gamification increases engagement by promoting gameful
experiences [Huotari and Hamari, 2017]. For example, in the language learning app DuoLingo1 ,
users can become more concerned with maintaining their streak (number of consecutive days of
use) than learning the language2 . Since around 2010, gamification has been studied in a wide
variety of application domains [Koivisto and Hamari, 2019], including early work in information
retrieval for crowdsourcing relevance judgments [Eickhoff et al., 2012]. Shortly afterwards, it
was argued that the engagement potential of gamification should be investigated in several areas
of information retrieval, including interactive information retrieval [Čudanov et al., 2014] and
collaborative information seeking [Fernández-Luna et al., 2014], however, none of these research
directions appear to have been developed further.
Recently, user engagement has become an important topic in interactive information retrieval,
where it has been widely studied in relation to different search task characteristics, such as task
1
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interest [Edwards and Kelly, 2016, 2017; O’Brien et al., 2020; Sinnamon et al., 2021] and task complexity [Wildemuth et al., 2014; O’Brien et al., 2020]. We argue that designing search systems that
promote user engagement in low interest/high complexity search tasks will necessarily be based
on extrinsic motivators, such as gamification. Unfortunately, there is currently no comprehensive
overview of how such technologies have already been used in information retrieval.
In this article, we present the first systematic literature review of gamification in information
retrieval. In our review, we identified 32 articles published from 2012 to present day. We analyzed bibliographic trends, study characteristics, application domains, gamification affordances
and experimental outcomes. We conclude with a discussion focusing on the limited application of
gamification outside of crowdsourced relevance judgments and the non-empirical nature of existing
gamification research in information retrieval. Aside from a brief survey by Muntean and Nardini
[2015], there are no other reviews of gamification in information retrieval or other search-related
domains.

2

Background

2.1
2.1.1

Gamification
Definition

Gamification is defined as “the use of game design elements in non-game contexts” [Deterding
et al., 2011]. These game design elements can be related to achievement (e.g. scores, badges,
leaderboards), social connection (cooperation, teams, voting) and immersion (avatars, narrative)
[Yee, 2006; Koivisto and Hamari, 2019]. Unlike video games, however, that are primarily designed
for entertainment, gamified applications perform an instrumental function while affording gameful
experiences [Huotari and Hamari, 2017]. For example, a fitness tracker might record different
aspects of physical activity, but a gamified fitness tracker could reward you for reaching your daily
exercise goal. While both applications serve the same instrumental purpose, the gamified version
attempts to increase engagement in what might otherwise be an unfulfilling activity.
2.1.2

Domains and Affordances

Since being introduced around 2010, gamification has been applied to an exceptionally wide variety
of domains. A recent systematic review, however, showed that nearly half of all empirical gamification research is related to education and learning [Koivisto and Hamari, 2019]. Indeed, only
three domains: education [Bonde et al., 2014], health [Alahäivälä and Oinas-Kukkonen, 2016] and
crowdsourcing [Eickhoff et al., 2012], account for 70% of empirical research in the field [Koivisto
and Hamari, 2019]. This concentration in few domains is perhaps inevitable, as the promise
of gamification is often said to be behavior change, where a given activity requires long-term
commitment to achieve the desired results (see Outcomes, below).
A similar pattern can be seen in which gamification affordances3 are implemented and studied:
3

Affordances refer to “the relationships between the properties of an object and the capabilities of an agent”
[Norman, 2013]. For the purposes of this review, however, we can simply think of affordances as “interface elements”,
though it is a more general design concept.
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where, despite numerous possibilities, there is a heavy skew towards achievement tracking affordances, such as scores/experience points and badges [Koivisto and Hamari, 2019]. A majority of
systems will feature multiple affordances, though studies tend not to separate out which affordance
is responsible for a given outcome, only evaluating the gamified system as a whole [Hamari et al.,
2014].
2.1.3

Outcomes

A large proportion of gamification studies only measure domain-specific outcomes, i.e. the impact
on instrumental/productive work done by users. However, many also report on psychological
and behavioral outcomes. Psychological outcomes tended to be related to perceptions of the
system or user experience (e.g. perception of fun, engagement, affect, etc.). Despite the promise
of many gamified systems being behavior change, few studies capture the longitudinal impact of
gamification [Koivisto and Hamari, 2019]. Non-domain specific behaviors tend to be instantaneous
behaviors, such as system usage, time taken, willingness to use and number of contributions, which
are easier to collect, but do not capture the stated purpose of gamification.
2.1.4

Theory

Several theoretical frameworks have been used to explain the motivational potential of gamification, with the most widely cited being self-determination theory (SDT) [Landers et al., 2015].
SDT states that humans are driven by three basic psychological needs: autonomy, competence
and relatedness. These needs determine our overall sense of well-being and how we address them
is guided by sources of intrinsic and extrinsic motivation [Ryan and Deci, 2000]. Different gamification studies identify with different aspects of SDT, with some arguing that achievements and
competition are intrinsically motivating (e.g. [Hamari et al., 2014]), while others view game design elements as a source of extrinsic motivation (e.g. [Mekler et al., 2013]). Other theoretical
frameworks, such as operant conditioning and the theory of gamified learning, mostly emphasize
the extrinsic motivational effects of gamification [Landers et al., 2015]. These latter approaches
suggest that beneficial activities (e.g. exercise) should be rewarded, creating positive associations
that ultimately lead to behavior change [Zichermann and Cunningham, 2011; Landers, 2014].
2.1.5

Related Topics

Two closely related topics to gamification are games with a purpose and serious games. While
these terms are frequently used interchangeably with gamification (or referred to as simply “crowdsourcing” and “education” applications of gamification, respectively [Koivisto and Hamari, 2019]),
neither involve non-game contexts nor aim to change user behavior. We therefore consider them
separately in this review.

2.2

Games with a Purpose

Games with a purpose are where players perform useful work as a by-product of playing a game,
e.g. in classification and optimization tasks [Von Ahn, 2006]. In the ESP game, the first game
with a purpose, two players are presented with the same random image and both must guess what
ACM SIGIR Forum
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label their partner will give to the image. Players are scored on the basis of how many image
labels they agree on within a given time limit. The true goal of the ESP game, however, is to
produce accurate image labels [Von Ahn and Dabbish, 2004]. Another, more complex example is
Foldit, a puzzle game where players attempt to solve the protein folding problem and are scored
on the Gibbs free energy of the tertiary structure of a given protein [Cooper et al., 2010]. Games
with a purpose are often used together with crowdsourcing to produce data sets efficiently and
cheaply. Outside of crowdsourcing, instead of paying participants, the incentive to participate is
in playing the game.

2.3

Serious Games

Serious games are games that are played for reasons other than pure entertainment [Abt, 1987]. Serious games differ from games with a purpose in terms of who stands to benefit from the outcome:
serious games are intended to benefit the player, whereas games with a purpose benefit whomever
is running the game. Serious games are typically used in educational scenarios, including basic numeracy and literacy for those with learning disabilities [Lämsä et al., 2018] and to enhance medical
education and surgical skills [Graafland et al., 2012]. Serious games are often used to communicate
information in healthcare, in particular to children and adolescents, e.g. about smoking cession
[Derksen et al., 2020] and living with chronic disease [Charlier et al., 2016]. Meta-analyses have
highlighted numerous factors of successful serious games, such as feedback and adaptability, that
contribute to enhanced learning experiences and outcomes [Ravyse et al., 2017].

2.4

Criticism

Previous systematic reviews have highlighted a lack of experimental studies and, where experimental studies exist, a tendency to consider the system holistically, instead of investigating the impact
of individual affordances [Koivisto and Hamari, 2019]. Others have highlighted how gamification
is used by employers to exploit workers by capturing “play in the pursuit of neoliberal rationalization and the managerial optimization of working life and labour” in order to “adapt behaviour
to capital” [Woodcock and Johnson, 2018]. However, the systems studied in an academic context
tend to be ones that are opted into, rather than being mandated by an employer.

3

Review Procedure

The goal of the study was to explore the research literature on how gamification is applied in information retrieval and other search-related domains. The selection of publications was conducted
in 3 steps based on the QUORUM statement [Moher et al., 2000], that defines a procedure for
meta-analyses. Figure 1 provides an overview of how papers were identified for inclusion in this
study.
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3.1
3.1.1

Step 1: Literature Search
Source Selection

We wanted to be as inclusive as possible, and include not only articles published in information
retrieval venues, but related to the wider concept of information seeking as well. For this reason,
we chose two scientific repositories to conduct literature searches: ACM Digital Library (ACMDL)
and Web of Science (WOS, formerly Web of Knowledge). ACMDL provides access to almost 3
million articles related to computing through the ACM guide to computing literature. WOS
indexes almost 80 million articles across all fields of science.
3.1.2

Search Terms

Following other systematic reviews on gamification, we used the search query “gamif*”, but also
required there to be another search term from the following list: “information retrieval”, “information seeking”, “search engine”, “web search” and “retrieval”. While “gamif*” does not explicitly
reference games with a purpose or serious games, it tends to capture both as gamification is often
used as an umbrella term for these related topics. Furthermore, our core interest is in gamification in a strict sense, i.e. in non-game contexts. We did not limit search results to any particular
publication dates, venues or types of article.
3.1.3

Search Procedure

We searched ACMDL and WOS using our search terms. WOS did not allow us to limit search terms
to bibliographic data (title, abstract, keywords), so we searched using “All fields”. In ACMDL,
we similarly searched “Anywhere” as we already needed to filter on bibliographic information in
a later step. The search returned a total of 781 articles (ACMDL = 725, WOS = 56). Duplicates
articles were removed, i.e. articles retrieved by both ACMDL and WOS (11), leaving 770 articles
that were used in the next step.

3.2
3.2.1

Step 2: Selection Criteria
First Exclusion

All research papers from step 1 were exported from ACMDL and WOS into BibTex format.
Articles without a title or abstract in its BibTex entry were removed (29). Next, we filtered out
articles that did not contain the terms “gamif*” or “game*” in the title, abstract, keywords or
publication venue (464). Finally, we filtered out articles that did not contain any of the IR-related
search terms (i.e. “information retrieval”, “information seeking”, “search engine”, “web search”
and “retrieval”) in the title, abstract, keywords or publication venue (195). These exclusion
criteria left a total of 82 articles.
We inspected the excluded articles to understand why so many papers were filtered out. A
majority of excluded articles did not contain the word “gamification” in the bibliographic data,
but were found in search results because it was mentioned in, for example, future work.
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Literature searches:
WOS: 56 hits
ACM: 725 hits
(n = 781)
Overlapping hits
(n = 11)
Bibliographic filtering
(n = 770)
Filtered papers
(n = 688)
Manual inclusion
(n = 14)

Manual filtering
(n = 96)
Non-relevant papers
(n = 64)
Papers included in
study (n = 32)

Figure 1: Flowchart summarizing the literature review process.
3.2.2

Manual Inclusion

During this step, we noticed that neither ACMDL nor WOS returned the papers from the GamifIR
workshops from 2015 or 2016, so these 14 papers were included manually. This increased the total
number of articles to 96 that were used in the next step.

3.3
3.3.1

Step 3: Validity Assessment
Screening Criteria

In this step, we wanted to narrow down the collection of articles to papers that: (i) are related to
an area of gamification, (ii) are related to information retrieval or other search-related fields, (iii)
are peer-reviewed articles, and (iv) are written in English. These criteria needed to be checked
manually as the first exclusion step would (correctly) retain articles that mention “search engine”,
but also articles that mention “search engine optimization” (i.e. SEO, in the online marketing
sense). Similarly, “retrieval” included papers that “information retrieval” missed, but also referred
to studies related to human memory.
3.3.2

Second Exclusion

Based on the above criteria, we manually excluded a further 64 articles. The articles excluded
during this step included extended abstracts, keynotes and workshop overviews (10). We additionally excluded several reviews/surveys, as these articles could directly reference many of the
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articles included in this review (6). One article was not written in English. The remaining excluded articles were not relevant to this review either because they were unrelated to gamification
or information retrieval (47). After this step, 32 articles remained in the collection.
3.3.3

Inter-rater Reliability

The above manual assessment was performed by the first author. To understand the reliability of
this assessment, the second author independently assessed a subset of articles covering 30% of the
papers that were input to the validity assessment step. Inter-rater reliability was assessed using
the unweighted Cohen’s Kappa coefficient, κ = 0.926 (p = 8.88 × 10−7 ). Kappa values greater
than 0.9 are regarded as “almost perfect” [McHugh, 2012]. We therefore included all 32 articles
in our final analysis (all papers included in this review are cited individually in Table 3).

4

Results

In the following analyses, we report on publication trends, study characteristics and which domains, affordances and outcomes feature in gamification studies.

4.1

Bibliographic Analysis

Table 1 shows a summary of the publication dates of all the articles included in the study. After a
brief surge of activity during 2014–2016, coinciding with the Gamification in Information Retrieval
(GamifIR) series of workshops, the number of publications decreased until 2020 when no studies
were published. We cannot say whether this drop was due to a lack of interest in the field, or
other difficulties, such as problems conducting user studies during the COVID-19 pandemic.
Table 2 breaks down the same data by publication type, showing that a majority of articles
were published at workshops. Not all papers from the GamifIR workshop were included in this
study as they were unrelated to search (the workshop also accepted papers related to, for example,
machine learning [Di Nunzio et al., 2016]). While only a quarter of articles were full length papers,
i.e. long conference or journal articles, they included papers published at both SIGIR [Eickhoff
et al., 2012; Megorskaya et al., 2015] and ECIR [Gligorov et al., 2013], suggesting that ideas related
to gamification received wide exposure in the information retrieval research community.

4.2

Study Characteristics

We categorized all papers included in this study along two dimensions: the type of study and the
type of gamification. We defined three types of study:
Experimental study: Experimental studies were those where a system or approach was compared against a baseline or ground truth data set. For example, in Jin et al. [2016] the quality
of relevance judgments were compared between multiple treatment and control groups.
Empirical study: Empirical studies were where a quantitative analysis was performed, but
there was no explicit comparison to a baseline. For example, in Shmelev et al. [2016] a quiz to
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Year of
Freq.
publication
2012
2013
2014
2015
2016
2017
2018
2019
2020–2021

Type of publication

2
1
10
8
7
2
1
1
0

Workshop papers
Conference papers (short)
Journal articles
Conference papers (long)
Book chapters

Freq.
18
5
4
4
1

Table 2: Publication counts by publication
type.

Table 1: Publication counts by year.
develop information-seeking skill was tested with a group of students, but not compared to a
baseline.
No study: We categorized articles with no empirical findings as no study. For example,
Fernández-Luna et al. [2014] speculates how gamification could be applied to collaborative
information-seeking systems, but includes no system implementation nor user studies.
Following the definitions given in Section 2, we defined three categories of article:
Games with a purpose: Games with a purpose are designed to produce useful work (e.g. relevance judgments) as a by-product of users playing the game.
Serious games: Unlike games with a purpose, serious games do not produce data, but are
intended to educate or inform players as they are playing the game.
Gamification: Gamified systems have an instrumental purpose other than entertainment
(i.e. they are not games), but include game design elements to promote gameful experiences.
The outcome of this exercise is shown in Table 3. The most common kind of article is games
with a purpose (18/32 articles), whereas both serious games and gamification had only 7 articles
associated with each category. The most common type of study was different for each type of
gamification: (i) games with a purpose were most likely to be experimental studies (10/18), (ii)
serious games were most likely to be empirical studies (4/7) and (iii) gamification articles were
most likely to have no study (6/7). No articles categorized as either serious games or gamification
featured any experimental studies.
As noted in the table, there were several articles that used gamification affordances, but were
categorized as serious games because they had no instrumental purpose other than education. If
these 3 articles were instead categorized as gamification, it would only make the observed trends
of which kind of study is most represented by each type of article more pronounced.
ACM SIGIR Forum
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Experimental
studies

Empirical
studies

Eickhoff et al. [2012]
Gligorov et al. [2013]
Harris [2014]
Lux et al. [2014]
Brenner et al. [2014]
Rosani et al. [2015]
Megorskaya et al. [2015]
Jin et al. [2016]
Ganguly and Jones [2016]
Harris [2017]

He et al. [2014]
Schlötterer et al. [2015]
Radu et al. [2015]
Riegler et al. [2015]
Xu et al. [2016]
Pinto and Viana [2019]

Siebenlist and Knautz [2012]
Dalton et al. [2018]

Serious games

None

Rybak et al. [2015]
Moazzam et al. [2015]
Karatassis and Fuhr [2016]
Shmelev et al. [2016]

Azzopardi et al. [2014]∗
Wilhelm-Stein and Eibl [2015]∗
Karatassis [2017]∗

Gamification

None

Barr et al. [2016]

Agoritsas et al. [2014]
Galli et al. [2014]
Fernández-Luna et al. [2014]
Shovman [2014]
Čudanov et al. [2014]
Meder et al. [2016]

Games with
a purpose

No study

Table 3: All papers included in review categorized by the type of study (experimental, empirical
or no study) and gamification category (games with a purpose, serious games or gamification).
∗ = included gamification affordances, but had no instrumental purpose other than education.

4.3

Sample sizes

We extracted sample sizes from the 20 articles that included user studies (of the 21 articles
with experimental or empirical studies, 1 article was based on simulation). Where more than
a single study was performed in a given article, we used the total number of users. Table 4
shows the wide range of sample sizes used in studies, ranging from 7-1750. The sample sizes for
games with a purpose were generally higher than serious games, which can be attributed to the
use of crowdsourcing platforms versus specific user groups, and because most of the studies of
serious games appeared to be pilot studies. The one empirical gamification study had the largest
sample size of all from an observational study of library users [Barr et al., 2016], but this is not
representative of gamification studies in general [Koivisto and Hamari, 2019].
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Category
Games with a purpose (experimental)
Games with a purpose (empirical)
Serious games (empirical)
Gamification (empirical)

Sample sizes
10, 10, 82, 83, 96, 274, > 300, 370, 795
7, 8, 26, 28, 118, 352
10, 10, 15, 116
1750

Table 4: Sample size by study category for papers that involved user studies.

4.4

Domains

Table 5 summarizes the domains identified as the broad focus of each article included in this
review. In cases where multiple domains applied, we chose what we deemed to be the most
appropriate single domain. For example, web search literacy was counted as education and not
web search [Karatassis, 2017]. The specialist search domain included scientific literature, library
catalogs, video and enterprise search. The most popular domain is relevance judgments/tagging
due to the high proportion of games with a purpose identified in this study. As in other reviews, we
identified education as an important domain as well [Koivisto and Hamari, 2019]. Taken together,
relevance judgments and education account for over half of the articles. The examples with the
lowest counts, such as collaborative information seeking and interactive information retrieval, were
speculative descriptions of how gamification could be applied to those fields [Galli et al., 2014;
Čudanov et al., 2014; Fernández-Luna et al., 2014].

4.5

Affordances

Despite the low number of articles categorized as gamification (of which all but one contained no
study), we extracted all affordances that were mentioned to understand their relative importance
in information retrieval. Table 6 shows which affordances were mentioned in how many articles.
The number of affordances mentioned in each article ranged from 2-10. As shown in more general
reviews, the most popular affordances are badges, leaderboards and points [Koivisto and Hamari,
2019]. A majority of these articles were speculative (6/7 articles), and it is therefore unknown
which affordances are better suited to the particular search tasks and problems associated with
information retrieval.

4.6

Outcomes

Only Barr et al. [2016] reported an empirical study related to gamification (see Table 3). The
stated goal of this paper was to increase engagement with the library, however, the only outcomes
reported were related to system usage: the number of badges awarded and the aggregate number of
points awarded to each college within a university. These outcomes were not compared to a control
group and we, therefore, do not know whether gamification actually impacted user engagement.
Similarly, the comparisons between colleges were not made in reference to a baseline, so it is
unclear whether the differences are attributable to gamification or not.

ACM SIGIR Forum

10

Vol. 55 No. 2 December 2021

Affordance
Domain
Relevance judgments/tagging
Education
Specialist search
Web search
Other crowdsourcing
Information seeking
General IR
Interactive IR
Collaborative information seeking

Freq.

Badges, achievements
Leaderboards
Points
Customization, avatar
Levels
Progress bars
Virtual goods
Feedback messages
User activities stream
Group achievements

11
7
5
2
2
2
1
1
1

Table 5: Publication counts by main application domain.

5

Freq.
9
9
8
5
3
3
3
3
1
1

Table 6: Affordances mentioned in articles categorized as gamification and serious
games that used gamification (see Table 3).

Discussion

This systematic review shows that the IR research community has generally viewed gamification
as a tool to collect gold standard data sets, rather than increase user engagement in search.
Indeed, 11/32 papers focused on the gamified crowdsourcing of relevance judgments and tags
(Table 5). While this review included articles from core IR conference venues, a majority of
papers (17/32) came from the GamifIR series of workshops, including 5/7 articles related to
gamification in a strict sense, i.e. using game design elements in non-game contexts. These articles
argued that gamification should be investigated in fundamental areas of information retrieval,
such as web search [Shovman, 2014], interactive information retrieval [Čudanov et al., 2014] and
collaborative information seeking [Fernández-Luna et al., 2014], but to date none of these ideas
have been followed through on. Indeed, this finding appears to be part of a broader pattern:
games with a purpose tend to be evaluated experimentally, serious games empirically (i.e. no
clear baseline or comparisons) and gamified applications tend not to feature any study at all
(Table 3). We speculate that these differences are related to the relative difficulties of evaluation
in each category, with games with a purpose being the easiest (e.g. using crowdsourcing platforms
like Amazon Mechanical Turk) and gamification being the hardest (requiring between-subject
or longitudinal user studies). Papers related to education, i.e. serious games, did not feature
experimental studies either, however, this has previously been observed in reviews of computer
science education research in general [Valentine, 2004; Lishinski et al., 2016].
Despite the limited popularity of gamification in information retrieval (Table 1), the number of
gamification studies published in other fields continues to grow each year [Koivisto and Hamari,
2019]. This lack of interest could, therefore, be due to real or perceived obstacles specific to
information retrieval. Evaluations of gamified search systems will struggle with similar issues to
those identified in the Interactive [Dumais and Belkin, 2005] and HARD tracks [Allan, 2005] at
ACM SIGIR Forum
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TREC. In particular, that interactions between users, tasks and systems can bias experiments and
affect reproducibility [Lagergren and Over, 1998]. The study of gamification would be especially
challenging as any increase in user engagement will vary between users (i.e. users may respond
differently from one another, with some feeling encouraged by gamification and others not) and
for different levels of task interest and complexity (even if gamification increases user engagement,
there may be little to gain if task interest is already high). The potential for high variability is
hinted at by the increasing sample sizes used in gamification studies, with Koivisto and Hamari
[2019] reporting an average sample size of 74.5 study participants compared to an earlier review
that found the average to be 20. However, evaluating the impact of gamification in interactive
information retrieval has the advantage that the experimental infrastructure already exists to
(i) control task interest and task complexity [Kelly et al., 2015; Capra et al., 2017], and (ii) to
distinguish between different task types, such as lookup and exploratory search [Athukorala et al.,
2016; Medlar et al., 2017]. These techniques would allow for more controlled experiments than
are possible in other domains and permit us to target affordances to specific search behaviors.
There are inherent limitations to systematic literature reviews due to their dependence on
search terms and human judgment. In our study, we aimed to be inclusive by searching multiple
scientific repositories with multiple search terms synonymous with information retrieval. Despite
the possibility of subjectively applying exclusion criteria, the inter-rater reliability was very high.
Lastly, our study underestimates the extent to which games with a purpose and serious games
have featured in information retrieval research. For example, games with a purpose have been used
to improve image search [Ma et al., 2009] and investigate search behavior [Purvis and Azzopardi,
2012], but neither of these papers were included in this study as they did not explicitly use the
term “gamification” or “gamified”. As we were primarily motivated by understanding gamification
in non-game contexts, however, we did not seek to expand the scope of the literature search.
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