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1. Introduction 
 

The school is the most frozen social institution in time. This is told by De Zubiría [1], to 

explain that the professors are in need to innovate in the educational spaces. Notably, there 

is a necessity to transform the relationship between students and class content. Therefore, 

we should think about the best way in which we can transform that relation, so, what if we 

use one of the elements that the students used the most, their cellphones. In Colombia, 57 

percent of people under 24 used their phones more than 50 times per day [6]. 

 

Involving the phone in the class can be made in different ways, you can allow the students 

to access the content at the same time of the class, or they can use it as a tool to interact 

with what the professor is teaching, or as a tool to access different or complementary 

content. But, beyond the idea of involving the phone, there is an opportunity to rethink the 

class using methodologies to farther involve the students. 

 

One available methodology to use is gamification, which is a set of patterns that come as "a 

result of positive, intrinsically motivating, gameful experiences brought about by 

game/motivational affordances implemented into a service” Hamari, J. Et al [2]. Huotari 

and Hamari [3] define service as any intentional act that helps an entity, and the 

game/motivational affordances are according to Greeno [5] whatever it is about the 

environment that contributes to the kind of interaction that occurs. The result of affordances 

implemented into a service is what is called a gameful experiences that gives the user the 

sensation of pleasure, suspense or mastery Vargo and Lusch [7]. So, there is a set of 

patterns learned from those successful gameful experiences that can be implemented to a 

class to turned it into a game-like experience. But not all the patterns are always successful, 

Huotari and Hamari [3] describe that for services like games their value is created only 

when the user interacts with the game, which means, that value is subjective and depends 

on the user context. Gamification tries to give an experience in which the value creation can 

be achieved, but that experience should be as specific design as possible to get the best 

result. 

 

Therefore, the use of gamification will allow the class to be more dynamic and at the same 

time will increase the student’s interest in it, because generates competence, proposes 

challenges for them, gives the students early victories to maintain their attention, in general 

increases the interaction and feedback for the student. 
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One of the ways to implement gamification in class is to use a software solution that gives 

the professors the ability to create a service that fills one or more of the purposes described 

at the beginning of the second paragraph. These software solutions are usually designed for 

a specific knowledge domain, like sciences or engineering, or conversely, they are generic 

and work for any knowledge domain. When the software solution is generic, is usually easy 

to use for the professor, but limited in the number of interactions that the student is able to 

do. But, if the software solution is specific, it will narrow the configuration options for the 

professor, while widening the interactions opportunities for the students. On the other hand, 

the professor could take the decision to create its own software to fulfill its expectations for 

the class. But that decision could lead to an expensive, in time and money, project.  

 

That’s why this project aims to mix between a highly interactive environment for the 

students and highly configurable options for the professors, in a platform that will allow the 

creation of games in a fast and less expensive way. This can be achieved, with the 

development of a web platform that will combine a series of specific game modules to 

create a mobile application. We decided that the result of the process should be a mobile 

application because we can take advantage of the mobile sensors to simulate or replicate 

actions and interactions, and we can take advantage of the ubiquity of the phones to make 

the users use the applications as an outside class assignment. The specific modules of the 

application will be self-dependent, to allow two objectives, the first is to let the student play 

in an asynchronous way at any time and at their own pace, and the second is that a self-

dependent module can be reused in different games. 

 

In conclusion, we want to avoid large development process when creating educational 

video games, using a platform that is generic at its core but is made of self-dependent 

modules that are specific. This will allow the creation of video games in a semi-automatic 

way. 
 

 

1.1. Objectives 
 

The main objective of The Game Factory is to build a web platform, that allows a person 

without programming experience to generate educational video games for mobile phones. 

The video games will be generated from texts given by the user, images selected to provide 

the game with a graphic style and the election of micro-games previously made. The micro-

games are small games intended to teach or help in the development of a specific ability or 

concept. The micro-games can be reused in multiple games.  

 

The specific objectives are: 

 

• Review the state of art on educational video games to learn from them. 

• Design and implement a platform to generate video games. 

• Design, prototype and implement micro-games for 2 classes. 

• Design, and implement an analytics dashboard to see all the information recollected 

from the games 
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The design and implementation: “Data analytics engine generated by The Game Factory” 

project, is related to the last specific objective from The Game Factory, the design and 

implementation of an analytics dashboard to see all the information recollected from the 

games. The main objective of this part is to build a web platform where a student or 

professor can check the performance in the courses and goals that belong to every single 

user of the platform by different graphs. Furthermore, allow them to see a brief about the 

statistics during the last semesters for the professors to get better on their courses and also 

make them better for the students, on the other hand, allow the students to know if they are 

getting better in their courses by the different selected goals. 

 

The specific objectives of this part are: 

 

• Review the state of art on existing solutions and implemented programs to learn 

from them. 

 

• Development of the design of the analytical engine. 

 

• Development of the implementation of the analytical engine. 

 

• Incorporate the concepts of descriptive analysis and predictive analysis in the 

development of the platform. 

 

2. Methodology 
 

 

The activities that will be carried out to carry out the design and implementation of the data 

analysis are presented below: 

 

First stage: 

 

• State of the art: Review of documents with existing solutions, programs already 

implemented that meet similar objectives to those proposed, development of the 

proposal and introduction to the main topic regarding the different modules that 

directly affect the development of the data visualization module. 

 

Second stage: 

 

• Analysis of current data model and recommendations on additions necessary for the 

implementation of the types of analysis. 

 

• Familiarization with technologies and work tools. 

 

Third stage: 
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• Design the analytics engine. 

 

Final stage: 

 

• Implementation of the analytics engine and data model review. Review of each part 

stipulated week by week for the fulfillment of the objectives. 

 

• Development of thesis document with advances. 

 

The recently mentioned activities were divided depending on the time allowed for the 

semester for each week.  
 

 
FECHA ACTIVIDAD 

05-08-2019 / 30-08-2019 First stage: State of the art 

02-09-2019 Delivery of the project proposal 

03-09-2019 / 04-09-2019 Second stage: Data model analysis 

04-09-2019 / 11-09-2019 Second stage: Familiarization with technologies and work tools. 

11-09-2019 / 18-09-2019 Second stage: Familiarization with technologies and work tools. 

18-09-2019 / 25-09-2019 Second stage: Familiarization with technologies and work tools. 

Review of each part stipulated week by week for the fulfillment of the objectives. 

25-09-2019 / 02-10-2019 Second stage: Familiarization with technologies and work tools. 

Development of thesis document with advances. 

02-10-2019 / 09-10-2019 Second stage: Familiarization with technologies and work tools. 

Review of each part stipulated week by week for the fulfillment of the objectives. 

09-10-2019 / 16-10-2019 Second stage: Familiarization with technologies and work tools. 

Review of each part stipulated week by week for the fulfillment of the objectives. 

16-10-2019 / 23-10-2019 Final stage: Analytical engine implementation and data model review. 

Review of each part stipulated week by week for the fulfillment of the objectives. 

Development of thesis document with advances. 

23-10-2019 / 30-10-2019 Final stage: Analytical engine implementation and data model review. 

Review of each part stipulated week by week for the fulfillment of the objectives. 

30-10-2019 / 06-11-2019 Final stage: Analytical engine implementation and data model review. 

Review of each part stipulated week by week for the fulfillment of the objectives. 

06-11-2019 / 13-11-2019 Final stage: Analytical engine implementation and data model review. 

Review of each part stipulated week by week for the fulfillment of the objectives. 

Development of thesis document with advances. 

13-11-2019 / 20-11-2019 Final stage: Analytical engine implementation and data model review. 

Review of each part stipulated week by week for the fulfillment of the objectives. 

20-11-2019 / 27-11-2019 Final stage: Analytical engine implementation and data model review. 

Review of each part stipulated week by week for the fulfillment of the objectives. 

Development of thesis document with advances. 

27-11-2019 / 04-12-2019 Final stage: Analytical engine implementation and data model review. 

Review of each part stipulated week by week for the fulfillment of the objectives. 

04-12-2019 / 11-12-2019 Final stage: Analytical engine implementation and data model review. 

Review of each part stipulated week by week for the fulfillment of the objectives. 

11-12-2019 / 18-12-2019 Final stage: Analytical engine implementation and data model review. 

Review of each part stipulated week by week for the fulfillment of the objectives. 

Development of thesis document with advances. 

18-12-2019 / 25-12-2019 Review of the result of the analytical engine and its respective analysis. 

 

Delivery of final thesis document without feedback or additional comments. 
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Chart 1. Schedule of activities 
 
 

3. Related work 
 

The first stage of the methodology was to review existing software related to education, 

existing solutions and programs already implemented for the development of the data 

visualization module. The platform is classified into two different sections, Games with a 

purpose: Method to teach hypothesis tests for two samples and Peak - Brain Games. In this 

section, we will describe the most relevant programs we found, because it was used as a 

base to design the different graphs and descriptions that are shown in the platform. 
 

3.1. Games with a purpose: Method to teach hypothesis tests for two samples 
 

 

 
Figure 1. Games with a purpose 

 

 

Games are usually thought of as a distraction that is only done for fun. However, growing 

evidence suggests that games can do more than provide entertainment, especially when it 

comes to learning in a classroom. Since statistics is an issue that is not easy for most people 

and is often not seen as fun, using games properly designed to teach statistics can be a very 

useful tool to arouse interest and help explain difficult concepts. 
 

 

3.2. Peak – Brain Games 
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Figure 2. Peak platform 

 

 

Peak is the fun and free brain trainer designed especially for each user. Peak uses mind 

games and puzzles that will test memory, language and critical thinking to keep the mind 

active. In the control panel, each user can look at which categories your brain stands out 

and compete with your friends by comparing each user's mind map and the mental games 

performance. You can use this part of this app without paying, but the complete experience 

is closer than you can imagine. 
 

3.3. State of art review conclusion 
 

 

 
Figure 3. Data analytics engine example. 

 

Currently, data analysis can be performed based on minimum values that are relevant to the 

project. In these cases, the basis are the scores generated for users in the different game 

areas that the program allows for playing according to the role or the privileges that the user 

has paid for in case the payment is needed. It is important for the program to show to every 
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person that interacts with the available activities the statistical data for their skills to 

improve. 
 

 

4. Creating the data analytics engine.  
 

The tools that better fit in for this kind of projects must be selected by the data modeling, 

that is the reason because the development tool chosen was Dash by plotly and this is a 

library from python. After the analysis of the data model form The Game Factory, was 

necessary to create a fact table, which was created exclusively for showing information that 

is relevant for the data analytics engine, and then the data model was created in base of the 

fact table. 

 

4.1. Fact table 
 

Below is the fact table with every attribute and dimension necessary for the development of 

the analytics engine where the MicroGameResult is the fact. The fact table is made with the 

snowflake scheme due to the database must use a complex structure, because some of the 

dimensions are implemented with more of just one data table. 

 
Figure 4. Fact table. 

 

 

4.2. Data model 
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Related to the fact table, the data model was created for creating de database for the data 

analytics engine by its own. The most relevant data for this part was the User dimension, 

the Course dimension, the Micro Game dimension, the Micro Game Result dimension, the 

Goal dimension, and the Score per Goal dimension, because these are the main dimensions 

that can be seen by the students or professors in the platform for the personal o group 

analysis.  

 

The Micro Game Result dimension is the one in which the others have to deal with, due 

that in this table is where the whole game data is saved, this is made because for the 

implementation part is where the information is going to come from. The data model is a 

relational model, due to there are dimensions like the Goal or the Course that is necessary 

to know who they belong to. 

 

 
Figure 5. Data model 

 

 

4.3. Tools 
 

For the back-end implementation, the tool chosen was postgreSQL, because the main data 

model is staged on this environment, also they have a vibrant community of PostgreSQL 

professionals and enthusiasts that your staff can draw upon and contribute to. And this is a 

software that has been designed and created to have much lower maintenance and tuning 

requirements than the leading proprietary databases, yet still retain all of the features, 

stability, and performance. 
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Figure 6. PostgreSQL 

In addition to this, our training programs are generally regarded as being far more cost 

effective, manageable, and practical in the real world than that of the leading proprietary 

database vendors. 

 

5. Platform design 
 

For the platform design, was important to take in account the tool used for the back end, 

and the fact table, the data model and a VD-Map created by questions made due to the fact 

table. After the information collection, is easier to manage the design of every single part of 

the platform and the implementation with the selected tool. The building process for the 

final product is explained in the next sections with its respective illustrations.   

 
 

5.1. Fact questions 
 

This fact questions where made based on the fact table, the ones shown below are a brief of 

so much more that users as professors and students can suggest after the interaction with 

the platform via feedback for it. Is important to have in mind that these questions must be 

able to respond through specific graphics or data. These questions are made for the courses 

ang goals. 
 

 

For a better understanding, the diagrams shown below are a part of the fact table, just the 

relation part between dimensions that is relevant to know for answering the question. In the 

first diagram for each question, the left ovals represent the dimensions involved, the center 

oval represents the fact from the fact table where the data is going to store and the right 

oval is the result of the question made; the second diagram has the same structure but with 

the metadata needed by every dimension in the fact table and the metadata needed for the 

answer of the question. Some of the questions are the same, but ones are focused in micro 

games and other ones in games, everything according to the courses and goals stablished.  
 

Who is the student with the highest score? 
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Figure 7. First question Micro-Game 

 

 

 

As can be seen in the diagram, the dimensions involved in this question are Student and 

Micro-Game, the arrows with Result Dimension direction represent that there is some data 

from Student that goes to Result and also there is some data from Micro-Game that goes to 

Result, both for finding the student with the highest score from the micro games stored in 

the data base. 

 

On the other hand, the next diagram represents the meta data used for creating the queries 

for answering the question, it means that in Result dimension is just the student id what is 

needed and for the micro game, to data is needed, the id and the possible score, for getting 

the highest score and the student that is the owner of that score. 

 

 
Figure 8. First question Micro-Game meta data 

 

 

 

It can be noticed that the question is the same that was made before, but in this case it is 

focused on the Game for the student, it means that the question is about to know the student 

with the highest score in the games stored. The arrow relations are the same than the ones 

for the student with the highest score in micro games stored.  
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Figure 9. First question Game 

 

 

The data needed from the student is the id and from the game is necessary to know the id 

and the possible score for answering the question with the data stored from the game. 

 

 
Figure 10. First question Game meta data 

 

 

 

For this question is necessary to consider both conditions, so the Student, Duration and 

Micro-Game dimensions are needed for Result dimension to know the student with the 

least micro game time and the highest score. 

 
 

Who is the student with the least game time and highest score? 



17 

 

 
Figure 11. Second question Micro-Game 

 

 

The information needed for this question is the student id, the time in seconds that the 

student took to finish the match, this time is taken from the date when the student began to 

play and the date when the student finished the match, also the micro game id and the micro 

game possible score is needed for making the query to get the student with the least micro 

game time and the highest score. 

 

 
Figure 12. Second question Micro-Game meta data 

 

 

 

This question is focused in the games stored data, so is important to get the Student, 

Duration and Game dimensions for getting in the Result dimension and in that way, answer 

the question about the student with the least game time and the highest score.  
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Figure 13. Second question Game 

 

 

The meta data that is necessary for answering this question is the student id, the time in 

seconds that the student took to finish the match, this time is taken from the date when the 

student began to play and the date when the student finished the match, also the game id 

and the game possible score, al of this is in Result table for making the query to get the 

student with the highest score and the least game time. 

 

 
Figure 14. Second question Game meta data 

 

 

 

The dimensions involved on this diagram are Student, Duration, Micro-Game, and Result 

that is the dimension where is the information needed to solve the question, in this case, to 

know the student with the shortest micro game duration. 
 

Who is the student with the shortest duration of the game? 
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Figure 15. Third question Micro-Game 

 

 

The meta data needed for this part is the student id, the time in seconds that the student took 

to finish the match, this time is taken from the date when the student began to play and the 

date when the student finished the match, and the micro game id for making the query to 

find the student that has the shortest duration of the micro game. 

 

 
Figure 16. Third question Micro-Game meta data 

 

 

 

The dimensions involved on this diagram are Student, Duration, Game, and Result that is 

the dimension where is the information needed to solve the question, in this case, to know 

the student with the shortest game duration. 
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Figure 17. Third question Game 

 

 

The meta data needed for this part is the student id, the time in seconds that the student took 

to finish the match, this time is taken from the date when the student began to play and the 

date when the student finished the match, and the game id for making the query to find the 

student that has the shortest duration of the micro game. The time is measured in seconds. 
 

 
Figure 18. Third question Game meta data 

 

 

 

 

To know the class with the highest score in the games that the student has played, is 

important to consider that in the fact table the class is mentioned as course dimension, and 

in the data model, the class is named as course table. This is for the student or professor to 

know about the course that is better ranked by the goal chosen. 

 

What is the class with the highest score in the games the student has played? 
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Figure 19. Fourth question Game 

 

 

The meta data needed for answering the question is the student id, the game id, the course 

id that is in the game table, the micro game id, and the micro game possible score to create 

the query for finding the course with the highest score in the games that a specific student 

has played. 

 

 
Figure 20. Fourth question Game meta data 

 

 

For this question, there are needed the Game dimension, the Micro-Game dimension and 

Duration dimension, and with the data in the Result dimension is possible to know the 5 

games that have had a shorter duration and the highest score for every course and goal 

depending on the role of the user, does not matter if its professor or student. 
 

What are the 5 games that have had a shorter duration and the highest score? 
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Figure 21. Fifth question Micro-Game 

 

 

For getting the answer to the question, was just necessary to order the result of the query 

and select the 5 first elements of the answer. The meta data needed is the game id, the 

micro game id, the micro game possible score, and the time in seconds that the student took 

to finish the match, this time is taken from the date when the student began to play and the 

date when the student finished the match for finding the games that have had a shorter 

duration and the highest score. 

 

 
Figure 22. Fifth question Micro-Game meta data 

 

 

 

The dimensions involved for answering this question are Game, Micro-Game, Duration and 

Result. Is necessary to find the 5 games that have had a shorter duration, this means that 

some student was pretty fast finishing the match, and does not matter if the student played 

all the games and was the first for solving all of them, the important fact is to get the games 

in which the time elapsed is the shorter.  
 

What are the 5 games that have had a shorter duration? 



23 

 

 
Figure 23. Sixth question Micro-Game 

 

To answer this question, is important to have the time in seconds that the student took to 

finish the match, this time is taken from the date when the student began to play and the 

date when the student finished the match, the game id and the micro game id, for taking it 

from result table and making the query to finally get the 5 games that have had a shorter 

duration. For making it possible is just necessary to order the results by the time and select 

the five first rows from the answer table. 

 

 
Figure 24. Sixth question Micro-Game meta data 

 

 

 

For this question were needed the Game, Micro-Game, and Result dimensions, for this is 

the easiest way to find the 5 games that have had the highest score either by goals or 

courses. 

 
What are the 5 games that have had the highest score? 
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Figure 25. Seventh question Micro-Game 

 

 

The meta data needed is the game id, the micro game id and the micro game possible score 

for making the query and organize the games by their score from high to low and select the 

five first elements of the response. 

 

 
Figure 26. Seventh question Micro-Game meta data 

 

 

5.2. VD – Map 
 

 

For creating the VD – Map it is necessary to base in the fact questions made and find a 

graph for the visualization of the answer of every question, also is relevant to consider the 

database structure and the tables needed to solve every question. Below, is going to be 

shown the complete scheme of the VD – Map and then every question scheme with the 

respective visualization explained.  
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Figure 27. Priorities chart 

 

the time; Medium, for the information that is relevant, but is not necessary for the user to 

watch it all the time in the platform; Low, for the information that is shown just in case the 

user asks for this, this means, the platform redirects the user to the part that was consulted. 
 

The data tables that work as base for the questions are: 

 

 

 
Figure 28. Tables data base for the questions 

 

 

• Student DB – To store the information of the users with the ‘Student’ role. 

 

• Micro-Game DB – To store the information related with the micro games. 

 

• Game DB – To store the information related with the games of the courses and 

goals. 

 

• Time DB – To calculate and store the seconds of the user in the game from the day 

date. 

 

First, there will be a previous image of the VD-Map showing the different connections 

between the data bases for the questions to get an answer with it relates priority. 
 

 

 

First of everything, is important for the reader to 

know that the VD – Map has some priority levels 

and depending on that is that the information in 

the respective visualization is going to be shown. 

The levels are, High, for the most important 

information and the one that the user needs to 

watch all the time or at least the majority part of  
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Figure 29. VD - Map 

 

 

The first question of the VD – Map has a row display visualization, due to the courses of 

the platform, the intention of this graph is to allow the user to watch the different scores for 

the course and allow to identify the largest bar, the main idea of this is that the highest 

value be grounded, in way to make the task of identify the course with the highest score 

that a student has played. The three tables involved are Student, Game and Micro-Game. 

The bars are positioned horizontally and the values for the ‘x’ axis are the scores and in ‘y’ 

axis are the courses. Furthermore, when the user is located in the bar of its election, the 

name of the course is going to be shown in a little space over the bar.  
 

  
Figure 30. Row display VD - Map 

 

 

The visualization for the five games with the highest score is a heat map, because this graph 

is useful for showing the ‘hot spots’, this means, the spaces in the plane where the score is 

higher is going to get painted with a dark tone of an specific color, and the lower scores are 

going to get paint by white color, this, giving an environment of having painted the graph 

in  degraded. The data tables involved in this question are Game and Micro-Game, the 
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values for the ‘x’ axis are the games, the scores are used to know how dark the tone of the 

color must be. And is possible to know the score and the name of the game related to every 

square by putting the mouse over the zone. 
 

 
Figure 31. Heat map VD - Map 

 

 

The scatter plot is going to show the five games with a shorter duration in the graph in a 

comparative way, because the five spots are going to be shown and the user can analyze in 

an easy way the games and the times in seconds that have been finished faster. The 

databases involved on this are Time, Game and Micro-Game, the values for ‘x’ axis are the 

names of the games, and the values for the ‘y’ axis are the time in seconds for the games. It 

is possible to put the mouse over the spot on the scatter plot and the name of the game and 

the time related to the spot is going to get shown over the spot. 

 

 

The pie chart for the five games with a shorter duration and the highest score is thought as 

to take a portion of the whole graph for every game but is more like a Venn diagram 

showing an intersection. For example, there is one pie chart related to the time for the five 

games, and there is other pie chart related to the score for the five games, and if there are 

some games that fulfill both characteristics, in the intersection part of the pie charts must be 

the proportion of the games taking the intersection as a 100% of occupation, and every part 

that is out from the intersection, must be interpreted as its 100% of occupation. The data 

tables involved on this are Time, Game and Micro-Game. Every part of the graph that is 

seen as a 100% of occupation must be divided by the total score or time accordingly, of the 

five games, and that is the way that the percentage of every part will be better appreciated 

for the user.  
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Figure 32. Scatter plot, Pie chart VD - Map 

 

 

 

The row display visualization for this part is about to show the student with the shortest 

game duration, does not matter if the data is ordered or not, the main thing is that the bar 

corresponding to that characteristic is going to be painted of a different color than the other 

values in such a way that is easy to identify for the student or professor. The data tables 

involved on this are Student (User role), Time and Game. The values for the ‘x’ axis are the 

times in seconds, and the values for the ‘y’ axis are the students name. If the mouse is over 

any bar, the information about that data is going to be shown over the bar. 

 

The pie chart in this part, is going to show seven students with a shorter duration and the 

highest score and is thought as to take a portion of the whole graph for every student but 

showing the information as a Venn diagram with an intersection. For example, there is one 

pie chart related to the time for the seven students, and there is other pie chart related to the 

score for the seven students, and if there are some students that fulfill both characteristics, 

in the intersection part of the pie charts must be the proportion of the students taking the 

intersection as a 100% of occupation, and every part that is out from the intersection, must 

be interpreted as its 100% of occupation. The data tables involved on this are Time, Game 

and Student (User role). Every part of the graph that is seen as a 100% of occupation must 

be divided by the total score or time accordingly, of the seven students, and that is the way 

that the percentage of every part will be better appreciated for the user.  
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Figure 33. Row display, Pie chart VD - Map 

 

  

 

The scatter plot for this part is going to show seven students with a shorter duration in the 

graph and  seven students with the highest score in a comparative way, because the seven 

spots for every part are going to be shown and the user can analyze in an easy way the 

students, the times in seconds that have been finished faster and the scores. The databases 

involved on this are Time, Student (User role) and Micro-Game, the values for ‘x’ axis are 

the names of the students, and the values for the ‘y’ axis are the time in seconds for the 

micro games, and the ‘y’ axis is going to be doubled, so the other values are the scores of 

the students. It is possible to put the mouse over the spot on the scatter plot and the name of 

the game and the time related to the spot is going to get shown over the spot. If a student 

fulfills both conditions, the spots are going to be vertically alienated, the spots for both 

graphs are of a different color.  

 

The ordered bar graph shows 7 students and its elapsed times in seconds playing the game. 

As the graph is ordered, the bar is going to be shown from min to max and the min time 

elapsed is going to get colored with a different color. The data tables involved on this part 

are Student (user role), Time and Micro-Game. The values for the ‘x’ axis are students’ 

names and the values for the ‘y’ axis are times in seconds. 
 

 

 
Figure 34. Scatter plot, Ordered bar graph VD - Map 

 

 



30 

 

The visualization for the student with the highest score is a heat map, because this graph is 

useful for showing the ‘hot spots’, this means, the spaces in the plane where the score is 

higher is going to get painted with a dark tone of an specific color, and the lower scores are 

going to get paint by white color, this, giving an environment of having painted the graph 

in  degraded. The data tables involved in this question are Game and Student (User role), 

the values for the ‘x’ axis are the students names, and the values for the ‘y’ axis are the 

games names, because the scores are used to know how dark the tone of the color must be. 

And is possible to know the score and the name of the game related to every square by 

putting the mouse over the zone. This graph can be developed with seven or then students. 
 

 

 
Figure 35. Heat map 2 VD - Map 

 

 

The visualization for the student with the highest score is a heat map, because this graph is 

useful for showing the ‘hot spots’, this means, the spaces in the plane where the score is 

higher is going to get painted with a dark tone of an specific color, and the lower scores are 

going to get paint by white color, this, giving an environment of having painted the graph 

in  degraded. The data tables involved in this question are Micro-Game and Student (User 

role), the values for the ‘x’ axis are the students names, and the values for the ‘y’ axis are 

the micro games names, because the scores are used to know how dark the tone of the color 

must be. And is possible to know the score and the name of the micro game related to every 

square by putting the mouse over the zone. This graph can be developed with seven or then 

students. 
 

 

 

 
Figure 36. Heat map 3 VD - Map 

 

 

 

 

5.3. Graphics design 
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In the next section, the different visualizations described are going to be illustrated for a 

better understanding of the main idea at the moment to answer the question related to every 

graph. 

 
 

5.3.1. Row display 
 

 

 

 
Figure 37. Row display does not order   

 

 

 
Figure 38. Row display ordered  

 

 

 

5.3.2. Heat Map 
 

 
Figure 39. Heat map with colors 

This row display visualization allows to identify in an 

easy way the highest value of something, does not 

matter the order of the bars, because the important 

thing is to find the value that I want. It can be noticed 

that the orange bar could be in the center of the graph, 

and it is still going to be easy to see and allow the 

student or professor to make the relevant analysis to be 

based on.  

This row display visualization allows to identify in an 

easy way the lowest value of something, this is a row 

display ordered from low to high, and as the important 

thing is to find the value that I want, it can be seen 

colored with a different color than the other bars and is 

also the first bar from the top to the bottom. 

This heat map visualization allows to identify the 

‘hot spots’ of the graph according to the information 

given, it works as a matrix and the value of the point 

(x, y) is the value that is measured and compared 

with the others for calculate the color of every 

square. In this example, the purple color is the base 

and according to the scores it gets darker or lighter 
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5.3.3. Scatter plot 
 

 

 
Figure 40. Scatter plot simple 

 

  
Figure 41. Scatter plot double 

 

 

 

5.3.4. Pie chart 
 

 

The pie chart is better to explain with an example in the context of the project, for that 

reason is that the information will be specific. This chart is going to show four students 

with a shorter duration and the highest score and is thought as to take a portion of the whole 

graph for every student but showing the information as a Venn diagram with an 

intersection. For example, there is one pie chart related to the time for the four students, and 

there is other pie chart related to the score for the four students, and if there are some 

students that fulfill both characteristics, in the intersection part of the pie charts must be the 

proportion of the students taking the intersection as a 100% of occupation, and every part 

that is out from the intersection, must be interpreted as its 100% of occupation. The data 

tables involved on this are Time, Game and Student (User role). Every part of the graph 

that is seen as a 100% of occupation must be divided by the total score or time accordingly, 

of the three students, and that is the way that the percentage of every part will be better 

appreciated for the user.  

 

This scatter plot visualization allows to identify the 

‘spots’ of the graph according to the information 

given. It can be used for comparative analysis 

between a line of data. 

This scatter plot visualization allows to combine 

two scatter plots. For example, use the same ‘x’ axis 

and two different ‘y’ axis. 
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Figure 42. Pie chart (Venn diagram) 

 

 

 

5.3.5. Ordered bar graph 
 

  

 
Figure 43. Bar graph ordered 

 

 

5.4. Content design 
 

 

In the next sections, the design of the different parts of the content of the platform is going 

to get explained the different pages and the sections included in every part of it. For 

reaching a final model that does not argue with the architecture of the back end, was better 

to develop both parts at the same moment for some specific things that were needed for the 

user of the platform. Is also important to notice that in the process of the development of 

the platform, the data model had to be readjusted, even if both things were being developed 

together. 

 

For that reason, the final decisions where to have two different pages, one for the 

navigation and other for showing the information to the users; the statistics and the 

information about the courses or the goals stored in the database. 

 

 

5.4.1. First Page 
 

The ordered bar graph shows the bars from 

min to max and the min value is going to get 

colored with a different color. It can be seen 

colored with a different color than the other 

bars and is also the first bar from the left to 

the right. 
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The first page has the two main interactions for the users to navigate and watch the 

complete information. The interactions are related with the Courses and Goals information. 

There is a related image for the courses and goals, the main idea is to make the user notice 

the difference between both and that the page is not saturated with a lot of information that 

is not understandable at all. 

   

 

 
Figure 44. First page TGF 

 

 

 

Because of the idea of not to have a lot of information that the user cannot understand, the 

courses and goals have a new design just for showing the information contained in an 

organized way. 
 

 

5.4.2. Courses and goals Page 
 

 

The courses and goals page have a navbar, which allows the user to navigate over the 

whole platform, and as the content, have spaces delimited with borders for the user to 

recognize one goal or course from another. This view is for the courses, but the goals view 

has the same structure. 
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Figure 45. Courses and goals page 

 

 

And inside every box there is an image related to the course, the name of the course, some 

statistical values, a top skill graph zone that will be explained in the next part, and check 

boxes, one for students and one for semesters, the main idea of the checkboxes is to allow 

the user to filter the information for the graphs. 

 

 

The ‘search for’ bar is available according to the selected filter for the user, and after click 

the ‘go’ button, the ’’go’ clicked zone’ is going to get activated and the graphs will be 

shown according to the filters selected, if there is none of the filters selected, the graphs are 

going to show pretty general information about the questions explained before. 
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Figure 46. Content goals and courses 

 

 

The ‘Top skill graph zone’ shows graphs about the performance of the last 4 semesters of 

the goal or the course in the games that correspond to the respective user. The difference 

between the graphs is represented by the top skill of every semester, for the main idea of 

this part is to allow the analysis of which is the worst or best course or goal in the semester; 

the semester is divided in 4 months, for having the everyone’s advance by one. 

 

This data is always going to be shown, it does not need to get filtered, because are the 

statistical values in general of the course or the goal in the different games that each one 

belongs to. 

 

 
Figure 47. Top skill graph zone 
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The ‘’go’ clicked zone’ is the zone that is shown for the platform just when the ‘go’ button 

is clicked, because the questions could be seen for the user either with both filters, just one 

or none of them, but the option for the user to choose is always available. The distribution 

of the graphs for answering the questions depends on the filters chosen, that means that not 

always the graphs part is going to look like in the mock up, but is important that if any of 

the filters was selected, in the ‘student name filter’ and ‘semester filter’ part, appears the 

correspondent value chosen for the user. If there are no filters, the message shown is ‘The 

questions are being answered without any student or semester specifically. 

 

 

 
Figure 48.’’go’ clicked zone’ 

 

 

 

5.5. Tool for web implementation  
 

 

 
Figure 49. Dash logo 

 

The front end of the program was made with Dash by plotly, a library from Python. This 

tool allows the programmer to build a web page by other libraries included in Dash tool that 

allow to use html and bootstrap elements. The main libraries imported for creating the 

platform are dash, dash core components, and dash html components. 

 

Dash is a productive Python framework for building web applications. Written on top of 

Flask, Plotly.js, and React.js, Dash is ideal for building data visualization apps with highly 

custom user interfaces in pure Python. It's particularly suited for anyone who works with 

data in Python. Through a couple of simple patterns, Dash abstracts away all of the 

technologies and protocols that are required to build an interactive web-based application. 

Dash is simple enough that you can bind a user interface around your Python code in an 

afternoon. 
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Dash apps are rendered in the web browser. You can deploy your apps to servers and then 

share them through URLs. Since Dash apps are viewed in the web browser, Dash is 

inherently cross-platform and mobile ready. 

In the figure shown below, it can be seen the architectural structure of the platform, the 

tools used in the client development and the web and data servers for the platform to get 

implemented. 

 
Figure 50. Platform architectural design 

6. Results 
 

It should be noted that the scope raised for this prototype stops at some of the questions 

posed at the beginning, but that is only with respect to the implementation part, since in the 

planning and design part, all the necessary information is found to understand the 

implementation of the visualizations of the graphs to answer the other questions posed from 

the beginning. 

 

The design of the analytical engine and its functional prototype are presented to carry out 

the first pilot tests and thus, serve as a tool for teachers to improve the content of their 

classes and thus, their objectives with respect to previous courses can be really focused on 

the continuous learning of the students. 

 

As it can be seen in the content design and in the graphics design section, the platform 

made is presented below, for every page designed for the platform. The main page shows to 

the user the two different sections where it can interact for the parts of the platform. 
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Figure 51. First 

 

The courses page is similar to this page in terms of the structure of the information that is 

shown. 

 

 
Figure 52. Goals / courses 

 

 

In the ‘Ver datos’ button, the questions information is shown for the user by the filters 

selected. 
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