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Abstract. Information literacy is an essential skill in today’s society and infor-

mation search is an essential part of it. These skills need constant training and 

maintenance and thus, innovative and engaging approaches to teach and learn 

information literacy and searching are needed. In this paper, we present a serious 

game to enhance information literacy skills, focusing on skills in seeking infor-

mation. The experimental research setting widely used in search engine develop-

ment provides means to gamify information seeking. 
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1 Introduction and Related Work 

Information literacy refers to the skills to recognize the information need, locate the 

information, evaluate the information found, and finally to use the chosen information 

ethically and effectively [15]. These abilities are widely seen as civic skills that every-

one needs in today’s society. Information search is an important part of information 

literacy. It is the first step in the interaction with available information [13]. Without 

relevant search results, it is difficult to proceed further: into evaluating and using infor-

mation. Earlier research indicates that users often have problems with query formula-

tion and reformulation [19]. An ability to use the search engine is essential, and thus 

the terms search (engine) literacy and consequently, algorithmic literacy have been 

adopted in the academic discussions. These kinds of literacies mean the ability to make 

effective use of a wide array of search engines, including a familiarity with their full 

functionality as well as their limitations [10]. 

The pedagogical approach of utilizing games in education is called game-based 

learning (GBL) or digital game-based learning (DGBL). Definitions of GBL mostly 

emphasize that it is a type of game play with defined learning outcomes. [18] Games 

that are used in (D)GBL are mainly serious games. A common definition of serious 

games is “games that do not have entertainment, enjoyment, or fun as their primary 

purpose” [16]. Serious games have the goal to transfer knowledge, to teach skills or to 

stimulate behavioural change. 

DGBL has been found to enhance students' motivation, participation, confidence, 

perception, attitude and learning performance [7, 21]. Accordingly, several researchers 

have implemented educational games to help students develop information literacy. 
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The studies have shown positive effects [14, 22]. Games are widely accepted by new 

generations of learners and encourage creativity in information literacy training [9]. 

Competition is classified as a characteristic of a serious game [4]. Competition may 

have potential to optimize GBL. Earlier research has reported several benefits that com-

petition in games may bring. Competition is considered as a useful technique to increase 

motivation and enhance students’ learning by improving students’ engagement and per-

sistence in learning activities [6, 7, 22]. Competition has been found to be beneficial 

also in information literacy education [4]. Nonetheless, also some negative conse-

quences of competition have been reported. Competition may cause feelings of anxiety, 

discouragement, frustration, and pressure [5]. However, virtual competition has been 

proposed to address these disadvantages as there is no direct competition between each 

player in virtual competition, and players compete with computers instead of real per-

sons [8]. 

There are gamified approaches to information retrieval or search [17] of which our 

approach has similarities to Query Performance Analyzer [20], which was built upon a 

standard test collection of Finnish newspaper articles, topics, and related relevance as-

sessments. The system did not consider judging documents’ relevance, but it did meas-

ure query performance using the laboratory model and metrics available at that time. In 

a more recent approach called Query Aspect Game [8], relevance judgements for a topic 

are constructed with different queries and used for classification.   

2 Game Design 

We have designed a game that trains information search skills using multilingual Wik-

ipediae. For technical details, see the demonstration publication in Arvola and Ala-

mettälä [1]. It has also been used in workshops (hackathon) e.g., in Arvola and Ala-

mettälä [2] and in undergraduate level university education.    

The aim is for the teachers (hosts) to facilitate competitions for students (players) to 

search information from Wikipediae on a certain topic and measure the outcome, ena-

bling scores for individuals or groups and provide leaderboards. Our game mechanics 

has its theoretical foundation in so called Information Retrieval Laboratory evaluation 

model [11, p. 4-5] and evaluation of information interaction [13]. 

In general, the laboratory model aims to measure and quantify the quality of the 

search results delivered by a search engine based on query and matching method. The 

main components of the framework consist of (1) a (test) collection of documents to 

search, (2) test topics and corresponding queries, (3) relevance judgements, i.e., data 

on which documents in the collection are relevant for the given topic, and (4) evaluation 

metrics. Our game design is an application of the laboratory model where students are 

players, and a teacher works as a host who selects, modifies, or creates topics for the 

players to play. Instead of competing algorithms or search engines, the players’ queries 

about a topic are measured with a given search engine. So, the query is the search 

method to be measured. 

First, the host – such as a teacher – develops a topic according to his or her preferences. 

The host can use topics that have been made earlier by someone else or create an own. 
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For example, the host creates a topic named “Vaccination in preventing diseases to 

spread”1 . In addition to the topic name, the host adds a topic description for the players 

(the students) to grasp what kind of documents they should search for. The language of 

the game is set here as well. As Wikipediae are considered here as document collec-

tions, virtually any language is viable, and the relevance judgements translated to other 

languages [1]. After setting the topic, the teacher judges the result documents relevant 

or not relevant according to his/her expertise using the assessment tool (Similar to Fig 

5). It is worth noting that the relevance judgments are usable ever after. 

 

 

Fig 1. Standard search box. Best performing query for the Vaccine topic in the English Wikipe-

dia edition 

The user input is by default a standard search box (Fig 1). This allows the player to 

freely insert any query they see fit following the query language provided by the search 

engine specifications2. Another alternative is to restrict the possibilities by offering a 

fixed set of query words and let the player choose the best possible combination of them 

(Fig 2). 

 

Fig 2. An alternative form of game. Instead a query box, the player is given a restricted set of 

possible query expressions. Here for the German edition of the Vaccine topic the user is re-

quired to select three words for the query. (Note a misspelled word).  

  The game delivers feedback based on the player’s query performance in relation to 

the gold standard (relevance judgements). The feedback is immediate and comes in the 

form of precision-recall measures as well as corresponding diagrams, such as Euler 

diagrams (Fig 3) and precision-recall curves.  

 

 
1 Topic translated from Finnish matriculation exam 
2 https://www.elastic.co/elasticsearch/ 
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Fig 3. Euler diagrams3 as feedback for the player on how two different result sets overlap with 

the relevant document sets (binary and graded) using the queries “rokote AND haitta” and “ro-

kote OR haitta”.  

Obviously, there are many other metrics available [3], of which the widely used Cu-

mulated Gain (CG) [12] metrics for ranked lists is used in this study. This metrics 

supports graded relevance used in our game, while some relevant documents are more 

relevant than some others. A normalized CG curve is shown to the player (Fig 4). 

 

 
 

Fig. 4. Normalized Cumulated Gain [12] curve of a query evaluation. 

 

Players themselves may judge the documents as well (Fig 5). When players contribute 

to the relevance judgements in a gamified and collaborative effort, it results in more 

complete recall bases. 

 
3  https://github.com/benfred/venn.js 
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Fig. 5. Result list presented to the player after executing a query. The host can use the same 

view for judging the relevance. 

3 Discussion and Conclusions 

The laboratory research setting is widely used in search engine development, spam fil-

tering, (text) classification, and recommender systems, and many others. To provide a 

realistic, familiar and inspiring environment, we have adopted the online Wikipediae 

as the test collections and a freedom for the host to create or use virtually any topic - or 

language - for the players to play with. In our game design query or seeking success is 

measured explicitly, which enables competitive elements with leaderboards, see [4].  

 Consequently, the game presented in this paper is a challenge, where the players 

control the game with queries and exploit the explicit and measurable feedback. This 

results preferably in growing competence after seeing and comparing the different 

search strategies. 
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