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Abstract  
New pedagogical methodologies have been proposed to transform student learning. One of them is 
gamification, it is based on the use of the game as element in educational contexts. The studies in this 
topic show that the use of gamification in engineering courses has positive results. The combination of 
pedagogical methodologies such as flipped learning, and collaborative learning with gamification are 
promising. 

This work shows the experience of flipped learning with collaborative learning and gamification, 
applied to a mathematics for engineering workshop, with new students. Course includes basic 
concepts of arithmetic, algebra, geometry, analytic geometry, and trigonometry. The material is made 
up of 68 multimedia educational resources with the explanation of concepts and solved examples, 
online exercises, self-evaluations and games. Multimedia educational resources are integrated into 
learning objects from a virtual learning environment. 

Students are guided by a structure with rules similar to the games, include: competitions, use of 
simulators, collaborative forums, among others. 

The benefits of integrating different pedagogical methodologies were: high percentage of approval, 
increase student interest in course topics, have fun with programmed activities, learn to share their 
knowledge with other students. 

Keywords: Pedagogical methodologies, mathematics learning, game-based learning, flipped learning, 
collaborative learning.  

1 INTRODUCTION 
Students who start their degree studies, often they lack mathematical bases necessary for their 
studies in engineering. Therefore, it is necessary to offer leveling courses to help cover these 
deficiencies. 

When performing an analysis of the state of the art, were found works that show importance of the use 
of videos as methodological instruments for the initial training of teachers who teach mathematics 
classes, in addition, leaning on new technologies, teaching strategies are proposed to build Online 
educational material [1]. Also, addressed to teachers in mathematics area at the primary level, there 
are works that present the design of learning environments, based on videos and the cases 
methodology to enhance the development of professional skills in students [2]. Other authors treat the 
knowledge construction about learning characteristics focusing on the use of educational videos for 
mathematics area [3]. 

On the other hand, it was also found that use of gamification strategies shows higher performance in 
sixth-grade students when applied in computer courses [4], it promotes student motivation and 
commitment [5]. Mohd, et al., considers students' motivation is an important factor in ensuring the 
success of e-learning implementation. It has been used during the development process of e-learning 
applications [6]. There are approaches in which teacher is trained to act as enabled facilitators who 
apply the strategies with the students [7], other works show positive results when applying 
gamification strategies in engineering students [8]. 

Pino Prieto, et al., presents an experience in which they apply the methodology of an inverted 
classroom in a MOOC (Massive Open Online Course), they included educational resources like video-
classes, self-assessment questionnaires, and discussion forums. They obtained encouraging results 
in academic grades compared to previous courses [9]. 

Finally, Petros Lameras proposes a combination of inquiry-based learning and the flipped classroom 
model with gamification / game processes as means to strengthen and improve the way mathematics 
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learning for elementary school, junior high and high school students. This is implemented in a 
Personal Learning Environment (PLE) [10], obtaining positive results. 

Authors discuss the use of gamification strategies in computer courses as a motivational mechanism, 
as well as the teaching of mathematics through the use of videos, considering also the training of 
teachers, with the aim of generating multimedia educational resources that support their teaching. 
However, the learning of mathematics is not treated from perspective of flipped learning and 
gamification strategies as a mechanism of motivation for the student. 

In this paper we present results of having integrated a combination of pedagogical strategies of 
gamification, flipped and collaborative learning to motivate the student in the learning of mathematics, 
contemplating basic concepts of arithmetic, algebra, geometry, analytical geometry and trigonometry. 
To achieve this, 68 multimedia educational resources were developed with concepts explanation and 
examples solved, online exercises, self-assessments and games (see Table 1). 

Table 1.  Multimedia Educational Resources Quantity. 

Topic Multimedia Educational Resources 

Arithmetic 9 

Algebra 30 

Geometry 5 

Analytical geometry 20 

Trigonometry 4 

2 METHODOLOGY 
Methodology used is based on the instructional design called TNPS (Techno Neuro Pedagogical 
Instructional System) [11], composed of eight stages, namely: analysis, design, development, testing, 
implementation, documentation, maintenance and evaluation, incorporating the iterative-incremental 
process, which allow results in the short and medium term. 

The methodology for the construction of the educational context is integrated by the following phases, 
as shown in Fig. 1. 

3 RESULTS 
A total of 68 multimedia educational resources were integrated into an LMS platform, as established in 
the TNPS [11], thereby encouraging results. 

 
Figure 1. Stages for the construction of the educational context. 
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3.1 Application of TNPS 
The main activities carried out in the eight stages of the TNPS are described below. 

1 Analysis. In this phase a research and compilation of information of diverse bibliographic 
sources is realized, in order to know different points of view of certain authors, and thus to have 
enough material for selection. 

2 Design. In this section, information collected is classified according to the level of complexity 
and importance of each topic, in order to organize contents, obtaining clear and precise 
information. Subsequently, the information is given to experts in the field to determine if the 
structure is suitable for the development of educational resources. Otherwise, a restructuring of 
the information is carried out. If the expert indicates that the information organization is not 
correct, corresponding adjustments are made and it is returned to him again to re-evaluate. 

3 Development. In this phase multimedia educational resources, learning activities and 
assessment instruments are developed. 

4 Testing. The structure of the learning object (LO) is developed and the videos are integrated 
with the learning activities and evaluation mechanisms of each topic and subtopic considered. 
The learning object built for each topic, is integrated with a set of subtopics as shown in Fig. 2, 
taking the case of arithmetic as an example. Each subtopic contains a set of educational 
resources that allow the student through self-study to solve the challenge raised as shown in 
Fig.3 

 
Figure 2. Structure of the learning object for arithmetic. 

 
Figure 3. Knowledge capsules integrated into the learning object. 

5 Implementation. Once the development of the learning objects is completed, the virtual learning 
environment is designed. In this, besides including the playful pedagogical strategy, a game 
with challenges is integrated (see Fig. 4). Didactic guide integrates the game route and 
describes the rules under which the path to go from "START" to "GOAL". 
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In the "Self-study material" section, learning objects used by the student are integrated to 
acquire the knowledge necessary to successfully complete the challenge. Accompanying the 
student is done by sending "Advertisements", in which the student is notified of his progress, of 
his delays, if he finished the challenge, the score he won and the prizes to which he deserves, 
among others. 

The "online session" is a real-time online support mechanism to support the student by solving 
doubts. In the "Forum" section, the student has the opportunity to leave messages in the form of 
puzzles that allow his fellow stragglers conclude the challenge of the subject in question. The 
mathematics workshop incorporates five topics: arithmetic, algebra, geometry, analytical 
geometry and trigonometry. Each topic is divided into subtopics that constitute the detail of the 
knowledge that the student intends to acquire. 

 
Figure 4. Virtual learning environment for the mathematics workshop. 

6 Documentation. The documentation contemplates the lessons learned during the process. It 
includes actions that work properly and those that do not, to generate best practices. 

7 Maintenance. Once the documentation stage is concluded, the course is generally evaluated by 
experts. From the comments and recommendations are made the corresponding adjustments. 

8 Evaluation. At the conclusion of the pilot, the students involved as part of the sample, evaluate 
the workshop considering the contents, educational resources and the effectiveness of the 
platform, among others. 

3.2 Gamification strategies for learning mathematics 
The objective of pedagogical strategy of Gamification is to motivate the student to learn mathematics 
by contemplating basic concepts of arithmetic, algebra, geometry, analytical geometry and 
trigonometry, following a thematic structure as shown in Fig. 5 

 
Figure 5. Thematic structure of the mathematics workshop game. 
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Pedagogical strategy focuses on the student enrolling in a racing game in which he will advance 
whenever he succeeds in overcoming the challenge proposed in each topic. 

Each challenge integrates learning objects in which self-study educational resources and learning 
activities are incorporated, organized into units in addition to established delivery times. 

Student earns points according to progress in the units established in time and form according to the 
corresponding challenge. He obtains surprises and awards according to his performance and pays 
infractions in case of delays. (See Fig. 6) 

 
Figure 6. Ludic elements of each challenge. 

An important element is "reflection", it aims to summarize the essential concepts of the topic and to put 
them into a mental map (graphical representation of the knowledge generated by the student). 

Final structure of the course integrates challenges that induce the student to access multimedia 
material (tutorials videos or knowledge capsules), this allows him to have the necessary concepts to 
carry out the learning activities associated with the challenge and to obtain awards, surprises or in its 
case, infractions if the challenge is not completed within the specified time, as shown in Fig. 7 

 
Figure 7. Ludic structure of the mathematics workshop. 
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As part of the Techno-Neuro Pedagogical Instructional System [11], it is included as the initial 
challenge of the start, the realization of instruments that allow to assess the student's style of thinking. 
The didactic material is composed of 68 multimedia educational resources with the explanation of 
concepts and examples solved, exercises online, self-evaluations and games. Student will register for 
the game, which incorporates self-study educational resources and learning activities, divided into 
units and with established delivery times. 

Student earns points as he advances in the units established in time and form, he obtains surprises 
and awards according to his performance and pays infractions in case of delays. 

Work developed was applied to a pilot group of 14 students.The benefits of integrating different 
pedagogical methodologies were: high percentage of approval (see Fig. 8, the 93% approval course of 
students and 7% reprobation), also increase student interest in course topics, have fun with 
programmed activities, learn to share their knowledge with other students.  

 
Figure 8. Approval percentages in the pilot group. 

4 CONCLUSIONS 
As a result of the present work a proposal for the construction of multimedia resources was designed, 
as well as the pedagogical strategy of gamification, flipped and collaborative learning for the teaching 
and learning of mathematics, taking into account topics of arithmetic, algebra, geometry, analytical 
geometry and trigonometry. The proposed pedagogical strategy considers the game as a motivator for 
the student to learn basic mathematics. 

The pilot group was 14 students and there was a 93% approval rate as shown in figure 8. Given the 
results obtained with the pilot group, it is expected that the online course will support about 200 
engineering students of DCBI in UAM campus Lerma and it will help to regulate knowledge of the 
students of new entrance of Engineering in the trimesters of Spring (17-P) and Fall (17-O), 

On the other hand, the application of the instructional design methodology called the Techno Neuro 
Pedagogical Instructional System, facilitated the contents organization and collaboration with experts 
for the review of educational resources in its early stages, which minimized re-work. It also facilitated 
the implementation of the course in the selected platform. 

The methodological proposal for construction of multimedia educational resources is an additional 
contribution of the work done, it worked properly since it minimized re-work by allowing to construct a 
script for the edition of videos with the intention of minimizing errors. 

As a future work, it is planned to impart the mathematics workshop in Spring (17-P) and Fall (17-O) 
trimesters where students use the platform that contains learning objects, challenges and other 
elements, to subsequently analyze the results obtained. 
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