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Abstract—Educational games aim to balance learning and 
playing. However, for people to benefit from an educational 
game, they must be encouraged to play the game often. 
Providing players with information about how to improve their 
performance could help in achieving this goal. This paper 
examines how a learning analytics dashboard can be 
incorporated into an educational game to encourage players to 
play more often and continuously. The proposed dashboard 
provides players with a variety of information such as how 
their performance and skills change over time. Such 
information allows players to see their performance and play 
habits, and find strategies on how to improve their 
performance, and therefore their learning, in the game.*   
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I.  INTRODUCTION 

A challenge to educational games is that it can be hard for a 
player to connect the feedback in a game to how they can 
further improve in the game. As players progress to more 
challenging problems, often they learn by failing and re-
attempting the challenge. Feedback about a failed attempt 
can obscure how that failed attempt helped the player 
become better at playing the game. 
      Incorporating learning analytics through visualizing 
gameplay data, including the player’s scores, position, or 
decisions made in the game, can provide meaningful 
information about how the player progressed through the 
game [1]. For example, the game CMX is an educational 
Massively Multiplayer Online Role Playing Game 
(MMORPG) that teaches computer programming [2]. The 
game incorporates learning analytics by creating reports for 
instructors about how players are progressing within the 
game (e.g., how many learning activities students have 
completed, how many errors they made, etc). 

Educational games can also use learning analytics to 
provide feedback to learners. For example, the educational 
game eAdventure [3] provides students with reports that 
assess their learning. eAdventure provides learners with 
information about how they are doing in the game, including 
how much time they are spending playing the game; the time 
it took them to finish the game (or a subsection of the game), 
and their score in the game. 
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While most related works use learning analytics in games 
with the purpose of assessing and reporting on students’ 
performance and progress, the aim of this paper is to 
introduce a learning analytics dashboard that focuses on 
motivating players and helping them to understand how they 
can perform better in the game. The dashboard has been 
evaluated in a proof of concept evaluation with three months 
of simulated gameplay data.  

II. LEARNING ANALYTICS DASHBOARD 

The learning analytics dashboard has been incorporated 
into an educational game that aims to improve players’ 
metacognitive skills. The game consists of ten subgames, 
which each targets improving a metacognitive skill. In the 
game, players play matches of three subgames against other 
players. Both players are scored by how they performed 
individually and against their opponent based on their 
performance score in each subgame. The player that 
performs best over a match receives points and the loser 
loses points, which allow players to be ranked against other 
players. In addition, a metacognitive skill score is calculated 
based on the player’s performance score in each subgame. 
The player’s metacognitive skill score is calculated as a 
percentage value of his/her performance across all subgames 
that target the same metacognitive skill. 

The learning analytics dashboards presented in this paper 
utilize two different charts: (1) line graphs, which visualize 
metacognitive skill scores; and (2) scatter plots, which 
visualize performance scores. The dashboard also features 
two tabs: (1) a “Brain” tab, which visualizes data about each 
metacognitive skill; and (2) a “Game” tab, which visualizes 
data about subgames. The player can filter the data displayed 
by toggling on and off metacognitive skills or subgames; and 
changing the date range displayed (see Fig. 1).  

 

 
Figure 1. Line graph of metacognitive skill improvement with Associative 

Reasoning exploded 
 

In the following paragraphs, different visualizations of 
the dashboard as well as their use cases and benefits for 
players are explained in more detail. 
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Figure 2. A line graph depicting a player who played more subgames in 

November compared to October and December 
 

Metacognitive skills from one area do not necessarily 
translate to other areas [4]. In the dashboard, players are able 
to see an exploded view of a metacognitive skill to 
understand how each subgame contributes to their 
metacognitive skill score. Fig. 1 depicts a line graph that 
displays a player’s metacognitive skills over time. The 
depicted player has lower scores in subgames that target 
associative reasoning. The associative reasoning line is 
exploded to show that subgame 3 and 4 contribute to the skill 
score. The player can use this information to determine that 
he/she needs to develop strategies to improve his/her 
performance in subgame 3 and 4. Showing the player that 
both subgames target the same metacognitive skill also 
indicates that strategies that work in one subgame could 
possibly be applied to the other subgame. 

Skill development is dependent on many factors, but an 
important element is regular practice. Fig. 2 depicts data 
from a player who played subgame 8 only a few times in 
October, then plays it frequently in November, and then 
infrequently again in December. Although his/her skill 
improves across the three months, there is greater 
improvement in the month where he/she plays often and less 
improvement in the months where the player plays only a 
few times. This shows him/her that if he/she wants to 
improve his/her in-game performance faster, he/she should 
play often rather than erratically. 

Performance of higher cognitive tasks can vary by time 
of day [5]. Fig. 3 shows the scatter plot of a player’s 
performance in subgame 4 by the time of day it was played. 
The visualization shows that his/her performance is 
relatively lower in the morning and during the day, and 
increases towards the evening. Therefore, this chart can help 
a player to identify which times are better for him/her to play 
the game. 

Performance in cognitive tasks is influenced by 
familiarity with the task [6]. Players may perform poorly at 
cognitive task in the beginning or after a longer break, not 
because they are unskilled, but because they are unsure  
 

 
Figure 3. A scatter plot depicting a player performing better in the evening. 

about what they need to do. In the context of the 
investigated game, this could mean that a player might need 
to warm-up by playing multiple matches and subgames in 
one play session. In Fig. 4 the chart depicts a scatter plot of�
performances in subgame 2 based on how many games were 
played in a play session. The player’s performance increases 
consistently within a play session, which can be seen by 
how the points become darker in a session. However, after a 
longer lapse in play, the points become much lighter 
indicating a drop in performance. Seeing the performance of 
subgames played in the same session can help players 
understand increases and decreases in their performance 
(e.g., need to re-familiarize, consequence of lapse, etc.). 

 

 
Figure 4. Scatter plot of subgame performance by matches played in 

session 

III. CONCLUSION 

This paper presented how learning analytics can be 
incorporated into an educational game. The purpose of the 
introduced learning analytics dashboard is to provide players 
with information about how they can improve their in-game 
performance by allowing them to see and analyze their play 
habits and how those habits may affect their performance. 
Future work will focus on players’ perceived usability and 
acceptance of the learning analytics dashboard. We also plan 
to investigate how players use the dashboard while playing, 
and if their play habits change after using the dashboard.  
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