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Abstract—Gamification and game-based learning (GBL) has been widely 
implemented in educational processes, mainly in elementary education; it has 
been applied less frequently in university education. The objective was to test 
the effect of game-mediated teaching strategies on mathematics teaching in 
first-year engineering students. A quantitative study was done within the 
framework of a design-based research. Eighty-one (81) students participated in 
the research, all from the Differential Calculus course. Twelve (12) didactic 
units were designed. The instrument used was the Synthesized Instructional 
Materials Motivation Survey (SIMMS), adapted to record the categories of At-
tention, Relevance, Confidence and Satisfaction (Keller's motivational model). 
A significant contribution of the pedagogical strategy and the different catego-
ries of motivation was verified, whereas the significance between collaboration 
and motivation was also evident (intervention 2). Finally, the strategy can pro-
vide preliminary evidences in reducing dropout. In conclusion, game-based 
learning can be used to strengthen educational processes in engineering. 

Keywords—Collaboration, Game-based learning, gamification, learning strate-
gies, motivation 

1 Introduction 

Gamification is a concept that has been widely developed in recent years. In simple 
terms, it is the use of game design elements in non-game context [1]. Gamification is 
used in different environments, such as health promotion, increased productivity, 
organizational development, educational field and becoming loyal to a brand, among 
others [2]. In the educational field, gamification has created great interest among 
academicians and researchers. 

The exploration of various pedagogical elements that use gamification in instruc-
tional design has been promoted. This has provided students with engaging experi-
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ences and improved quality of academic programs [3]. According to [4] there are 
multiple challenges regarding the incorporation of gamification. These challenges 
include: Gamification needs a systematic approach to achieve the desired positive 
results, and instructors and teachers do not have enough resources and knowledge to 
plan and develop successful gamification strategies in their classes. 

On the other hand, Game-Based Learning (GBL) describes an environment where 
the content of the game and the game itself improve the acquisition of skills, compe-
tencies and knowledge [5]. Game activities involve problem-solving scenarios and 
challenges that give learners the feeling of success and achievement [6]. A key aspect 
of the GBL is that the use of games is always oriented towards education [7]. Also, 
the term GBL describes how gamified content is used as an e-learning technique to 
achieve learning objectives. Thus, instructional designers who want to incorporate 
games must carefully align elements such as game mechanics and dynamics. The 
elements of the game are: Goals and objectives, narrative, rules, freedom to choose, 
freedom to make mistakes, rewards, feedback, visible status, cooperation and compe-
tition, time restriction, progress and surprise [8]. There must be a compelling narrative 
and a feedback system to generate the student's feeling of continuous progression. 
This allows you to capture the player's attention and keep him or her immersed in the 
educational experience [3], [9]. 

In this sense, the use of games in educational processes is widely documented in 
literature reviews [3], [10]–[14]. Positive and negative aspects are highlighted when 
implementing gamification strategies. [15] presents an experimental study where the 
motivation of students in an academic process is strengthened with the use of educa-
tional games. Gameplay and narrative are key factors in incorporating games with 
young people [16]. The engagement in the educational process is enhanced with the 
use of games [17]. Also, a lot of research shows that academic performance and moti-
vation increase with the implementation of game-based learning [18]–[25]. In con-
trast, [26] presents in its results that the students in the gamified course show less 
motivation, satisfaction and empowerment than those related to the non-gamified 
class. Similarly, another research indicates that game elements can increase quantita-
tive performance but not the motivation of students in the educational process [27]. 

The purpose of this document is to present a study that examines new pedagogical 
strategies for mathematics courses in engineering programs. The importance of math-
ematics in such programs is clearly established in the academic literature [28]–
[30].However, at the beginning of this research in the engineering programs of the 
Universidad Santo Tomás (Bucaramanga-Colombia), there was a 40% desertion/ 
dropout of the entire program [31]. This dropout is generated by many factors [32]–
[34]. Particularly for this case study, there is evidence of dropout associated with two 
factors: low levels of motivation of students towards the appropriation of mathemati-
cal concepts, and low levels of academic performance mainly in first year mathemat-
ics courses. 

The literature review in SCOPUS shows an increasing trend of research in the area 
and interest from the academic community. In the last 10 years, 1260 documents have 
been published with an increasing trend (55 in 2010, 130 in 2015 and 2010 in 2019). 
By further specifying the review with the criterion of Higher Education, the number is 
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reduced to 158 documents. This allows us to observe an area with gaps in knowledge 
where contributions are important. Associated with the above, the literature review 
presented in [13] relates experiences of applying Game Based Learning and Gamifi-
cation in the teaching of mathematics in higher education. The use of educational 
digital games and the promotion of variables such as motivation and favorable behav-
ior development are observed. 

Regarding motivation, this concept refers to what people want, what they choose to 
do and what they commit to doing. It is defined as what explains the orientation and 
size of a person's behavior [35]. For the present investigation, the ARCS model of J. 
Keller, which is one of the most widely mentioned theories of motivation in educa-
tion, has been suggested to become the standard by which a game increases learning 
motivation [19]. The ARCS model has been used for instructional designs of motiva-
tion-based programs [36]–[38]. Keller’s model has also been used in computer-based 
learning [39]–[42] . Finally, there is also evidence of the use of the ARCS model in 
gamification and GBL [43]–[48]. In the ARCS model, motivation is divided into four 
major categories: 

1) Attention: Aimed at capturing students' interest. It proposes to stimulate curiosity 
to learn 

2) Relevance: Focused on connecting personal needs and objectives with the learning 
process 

3) Confidence: Oriented to help students feel that they will succeed in their academic 
process and be able to control this success 

4) Satisfaction: Focused on reinforcing the student's interest in continuing to learn, 
through rewards (internal and external) [35]. 

Another relevant concept for research is collaboration and its contribution to stu-
dent motivation. Collaborative work and its relationship with the implementation of 
pedagogical strategies with GBL is widely documented in the literature [18], [49]–
[52]. This concept is associated with collaborative learning, which is one of the focus-
es of interest for the case study institution. Up to this point, there is evidence that it is 
possible to improve students' motivation and academic performance by using innova-
tive pedagogical strategies such as game-based learning (GBL) and gamification. The 
methodology associated with the study is listed below. 

2 Methodology 

The design-based research (DBR) methodology was selected. DBR is a systematic 
but flexible methodology aimed at improving educational practice through analysis, 
design, development and iterative implementation. DBR is based on the development 
of solutions to problems, called interventions [53], [54]. The selected paradigm is 
mixed. For the present document, only the quantitative aspect is presented. The main 
output variable is student motivation. A secondary variable is dropout. 
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2.1 Participants 

The research participants are related in three interventions or iterations. The study 
participants were 106 first-year engineering students (intervention 0= 25, intervention 
1 =26 and intervention 2 = 55). The age of the population is between 17 and 22. All 
students belong to the Differential Calculus course. The participants were pre-
assigned by the Department of Basic Sciences. The assignment of the groups was not 
random. No control group was used in the design. Intervention 0 made it possible to 
calibrate the instruments and the preliminary work dynamics [14]. 

2.2 Research questions 

The purpose of this research study was to identify the effect of gamification and 
game-based learning on the motivation and dropout levels of first-year engineering 
mathematics students. The research questions were: 

1. Is there a relationship between the use of a Gamification / GBL-based pedagogical 
strategy and student motivation? 

2. Is there a relationship between collaboration in the Gamification / GBL-based ped-
agogical strategy and student motivation? 

3. Is there a relationship between the use of a Gamification / GBL-based pedagogical 
strategy and the dropout levels? 

2.3 Procedure 

The research began with the design of the pedagogical strategy and the didactic 
units that comprise it. The team of teachers of the differential calculus courses was 
trained on the technological tools and the concepts of GBL and gamification. The 
designed teaching units were applied to the target population. The IMMS instrument 
(particularly the SIMMS adaptation presented in the next section) and a collaboration 
survey at the end of the intervention were used. 

Data analysis for research question 1 was performed from the review of the most 
frequent answer (mode) for each question. In each intervention, the different catego-
ries of the ARCS model were compared using a weighted average for each question. 
The weights used were: 50% (Level 5- IMMS), 40% (Level 4- IMMS) and 10% 
(Level 3- IMMS). For research question 2, a Pearson correlation analysis was per-
formed between the variables: Collaboration-Attention, Collaboration-Relevance, 
Collaboration-Confidence and Collaboration-Satisfaction. The two-tailed test was 
used to validate the significance of the data. 

2.4 Instruments and materials 

Two types of instruments were used in the investigation: IMMS and Collaboration 
Survey. The IMMS (Instructional Materials Motivation Survey) instrument has been 
widely used in the academic literature to determine the motivation levels of a popula-
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tion associated with a curriculum design or intervention [19], [55]–[58]. The original 
proposal has 36 questions distributed as follows: Attention (12), Relevance (9), Con-
fidence (9) and Satisfaction (6). The validity of the instrument is presented in [35]. 
For this research, following the experience of [59] a synthesized version of the 
IMMS, the Synthesized Instructional Materials Motivation Survey (SIMMS) was 
implemented. SIMMS has seventeen items with the following distribution: Attention 
(5), Relevance (4), Satisfaction (4) and Confidence (4). The questions / items are 
presented in Table 1. A Likert scale was used. Level 1 = Not true, Level 2 = Slightly 
true, Level 3 = Moderately true, Level 4 = Mostly true and Level 5 = Very true. On 
the other hand, the Collaboration Survey had 4 questions about the importance and 
relevance of collaboration in the development of the pedagogical strategy. The same 
SIMMS Likert scale was used. This survey is presented in Table 1. 

Table 1.  Collaboration Survey 

Collaboration Item 
% 

1 2 3 4 5 
The positive feedback from my classmates motivates my learning process      
Discussion with my classmates facilitated understanding of the topic      
I would have achieved the same understanding on the subject that I have now with 
individual work (inverse)      
My contribution to the well-being of my team was relevant to the development of the 
course      

 
Regarding materials, the pedagogical strategy is composed of didactic units. The 

didactic units of intervention 1 were: 

a) Synchronous test for the discussion of mathematical concepts in real contexts. 
The Socrative tool (https://socrative.com/) was used. Medium and high com-
plexity questions were presented to open the exercise. Initially, questions were 
answered individually, then collectively. The procedure proposed by [60] was 
considered. The main elements of GBL considered were: time, the definition of 
rules, the combination of competitiveness and collaboration, visible status and 
immediate feedback [8] 

b) A crossword puzzle designed for the review of concepts in the subject of limits 
and derivatives. A proposal with 20 concepts and definitions was prepared with 
a proposed time of 45 minutes. At the end, the peer evaluation was carried out to 
verify results. The definition of goals and objectives, rules, immediate feedback, 
observation of progress and time were considered as the elements of the game 
(GBL). Furthermore 

c) Synchronous test for final exam preparation using the Kahoot platform 
(https://kahoot.com/schools-u/). A questionnaire was created with 25 questions 
on all the subjects of the differential calculus course. The time was 120 minutes. 
Feedback was made at the end of each question. The elements: time, immediate 
feedback, visible status, competition and visible status were established as the 
most important. 
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Intervention 2 used the Classcraft game (https://www.classcraft.com/en/overview/) 
as the general platform. In the game, behaviors to stimulate, attitudes to penalize and 
rules of the game were configured. The students parameterized an avatar with differ-
ent attributes and characteristics. Working groups were formed with three members 
called leagues. Two game scenarios were organized, called “maps”. The first map 
included the following activities: 2.A Introduction to the game, 2.B Activity to vali-
date previous knowledge about functions and limits, using Socrative; 2.C Collective 
debate about the concept of limit of functions in Classcraft; 2.D Collaborative work-
shop performing simulations of functions and limits in Wolfram Mathematica and 2.E 
Individual knowledge test using Kahoot. The second map had the following activities: 
2.F Workshop on the approximation of the concept of the area from the limit to infini-
ty (https://www.wolfram.com/); 2.G Control of participation in mathematics congress; 
2.H Crossword online with review of all the concepts of the course and 2.I Prepara-
tion for final exam with the Kahoot tool. 

The game's narrative focused on an adaptation of fantastic worlds of superheroes. 
One activity was performed per week. Status was always visible. All the game ele-
ments were used [8]. 

3 Results 

After analyzing the data from the scales used (SIMMS and the collaborative learn-
ing scale), the results are presented below according to the defined research questions. 

3.1 Research question 1 

Table 2 presents the results of the SIMMS. Intervention 1 and intervention 2 are 
presented. Items 4,12,7 and 17 are written in inverse form. The selection criteria to 
indicate that an item contributes to the category is that the mode is at levels 4 (Mostly 
true) and 5 (Very true), similar to that proposed by [56], [61]. 

Intervention 1: Regarding attention, it is confirmed that all items (1, 4, 6, 12 and 
13) contribute positively to motivation. Relevance presents its four items (5, 8, 9 and 
17) at the highest level of the scale. The contribution of the didactic strategy to the 
motivation is evident. In the confidence category, items 7, 14 and 15 present a high 
contribution. Item 2, associated with the initial confidence of the student, is presented 
at level 3 (Moderately true), which motivates to improve the initial presentation of the 
activities. Item 15 associated with the usefulness of the strategy for the performance 
in the course is the highest of all the SIMMS results. In general, the confidence cate-
gory also contributes to motivation in an important way. Finally, in satisfaction, the 
four items (3, 10, 11 and 16) are at the highest levels of the scale, contributing posi-
tively to student motivation. 

Intervention 2: Attention has all its items in the upper levels, indicating a positive 
contribution. Relevance presents the four items at higher levels, highlighting that item 
9 (associated with the usability of the activity content) is the highest on the entire 
scale. The confidence category presents 3 items at level 4 (2, 14 and 15) and one item 
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at level 3 (7), which is associated with the difficulty of the exercises. This is the cate-
gory with the most average of all; however, it is still significant. Finally, satisfaction 
presents the four items at high levels, ranking positively in motivation. Simulations 
are highly interesting for the teaching of mathematics because they minimize its ab-
stract nature. Compared to intervention 1, in many cases, lower indicators are present-
ed on the Likert scale. These results can be associated with a “novelty effect”, where a 
small number of innovative educational actions can generate spikes in motivation. 
However, intervention 2 that takes place over a longer intervention period achieves a 
point of stability. 

Table 2.  SIMMS Results 

IMMS Intervention 1 (%) Intervention 2 (%) 
Attention 1 2 3 4 5 1 2 3 4 5 

1. There was something 
interesting at the begin-
ning of the activities that 
got my attention. 

0,0 0,0 19,2 30,8 50,0 0,0 0,0 9,8 66,7 23,5 

4. The exercises that 
were presented during 
the activities were not 
attractive (inverse). 

50,0 19,2 19,2 11,6 0,0 15,1 54,4 11,9 11,9 6,7 

6. The quality of the 
activities helped to hold 
my attention. 

0,0 3,8 11,6 30,8 53,8 0,0 10,1 30,5 33,7 25,7 

12. These exercises 
(activities) were so 
abstract that it was hard 
to keep my attention on 
them (inverse). 

38,5 15,4 23,1 19,2 3,8 12,1 40,7 37,5 9,7 0,0 

13. The activities have 
things that stimulated my 
curiosity. 

0,0 3,9 3,9 57,7 34,6 0,0 16,5 27,7 29,5 26,3 

Relevance 1 2 3 4 5 1 2 3 4 5 
5. Completing these 
activities successfully 
was important to me. 

0,0 0,0 3,8 38,5 57,7 0,0 7,3 23,4 40,5 28,8 

8. Activities are relevant 
to my interests. 3,8 0,0 15,4 27,0 53,8 0,0 3,9 33,5 34,5 28,1 

9. The content of these 
activities will be useful 
to me. 

0,0 0,0 7,7 34,6 57,7 0,0 2,0 10,0 40,9 47,1 

17. These activities were 
not relevant to my needs 
because I already knew 
most of them (inverse). 

34,6 30,8 11,6 19,2 3,8 20,8 38,0 36,9 4,3 0,0 

Confidence 1 2 3 4 5 1 2 3 4 5 
2. When I first looked at 
the activities, I had the 
impression that it would 
be easy for me. 

0,0 0,0 57,7 23,1 19,2 0,0 7,9 29,7 43,9 18,5 

10 http://www.i-jet.org



Paper—Strengthening Motivation in the Mathematical Engineering Teaching Processes – A Proposal… 

7. These exercises were 
more difficult to under-
stand than I would like 
for them to be (inverse). 

7,7 34,6 30,8 19,2 7,7 7,2 28,2 55,4 9,2 0,0 

14. After working on the 
activities for a while, I 
was confident that I 
would be able to pass a 
test on them. 

0,0 3,8 34,6 38,5 23,1 0,0 12,0 37,4 37,5 13,1 

15. The development of 
the activities will be 
useful to improve my 
performance in the 
course. 

0,0 0,0 3,8 34,6 61,5 0,0 10,5 18,8 45,4 25,3 

Satisfaction 1 2 3 4 5 1 2 3 4 5 
3. Completing the exer-
cises in the activities 
gave me a satisfying 
feeling of accomplish-
ment. 

0,0 3,8 11,6 46,1 38,5 2,0 15,4 24,2 31,1 27,3 

10. I really enjoyed 
studying these activities. 0 3,8 7,7 42,4 46,1 0,0 5,2 31,7 36,1 27,0 

11. The positive com-
ments from my teachers 
and classmates after 
completing the exercises, 
made me feel rewarded 
for my effort. 

0 3,8 19,2 38,5 38,5 0,0 0,0 19,2 47,9 32,9 

16. It felt good to suc-
cessfully complete these 
activities. 

0 0 3,8 46,1 50,1 0,0 6,7 22,2 37,1 34,0 

The shaded cells represent the mode statistic for each question. 

Comparing the results between each category of the ARCS model as mentioned in 
the methodology, we find (descending order): Intervention 1 was: Satisfaction (40), 
Relevance (39.5), Attention (36.5) and Confidence (30, 2). The result of intervention 
2 was: Relevance (33.6), Satisfaction (33), Attention (30.6) and Confidence (27). In 
both interventions, it is observed that the Satisfaction / Relevance categories present 
the highest values. Confidence is the category with the lowest weighting on the part of 
the students and should be prioritized for future designs. 

3.2 Research question 2 

Table 3 presents the analysis of correlation of collaboration and motivation (related 
in the four categories of the ARCS model). For intervention 1, the relationship was 
not found to be statistically significant. In intervention 2, a statistically significant and 
directly proportional linear relationship was found between: collaboration - care (Rp = 
0.391, Sig <0.05), collaboration-trust (Rp = 0.354, Sig <0.05), collaboration -
relevance (Rp = 0.439, Sig <0.05) and collaboration-satisfaction ((Rp = 0.448, Sig 
<0.05). 
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Table 3.  ARCS Correlations between collaboration and categories of the ARCS model 

Variable Intervention   
Collabo- 

ration Attention Confidence Relevance 
Satis- 

faction 

Collabora-
tion 

1 
Pearson Correlation 1 .024 -.165 .169 .086 
Sig. (2-tailed)  .909 .420 .410 .675 
N 26 26 26 26 26 

2 
Pearson Correlation 1 .391** .354** .439** .448** 
Sig. (2-tailed)  .003 .008 .001 .001 
N 55 55 55 55 55 

**. The correlation is significant at the 0.01 level (bilateral). 
*. The correlation is significant at the 0.05 level (bilateral). 

3.3 Research question 3 

Figure 1 shows the dropout levels of the differential calculus course in the last 8 
periods. The dropout level decreases moderately in the periods of interventions 0, 1 
and 2. It is highlighted that the last period (2019-II) has a single digit dropout (7%). 

 
Fig. 1. Dropout levels trend in the differential calculus course 

This result is still preliminary to generate long-term conclusions, however a trend 
is observed that may decrease early dropout [32] and the influence of the lack of con-
textualization [34]. 

4 Discussion 

The results agree with [19] regarding the contribution of the pedagogical strategy 
in the different aspects of the ARCS model [35]. Digital games are very common in 
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the target population and this is positively related to their interest in using them in 
class. The technological tool, unlike what was proposed in [62], does not become a 
distraction but rather an ally of the strategy. The proposal explores cognitive, motiva-
tional and affective aspects; that are fundamental in the incorporation of games in 
education [23]. The results coincide with that indicated by [15] in terms of increasing 
the attention and focus of the students, as well as facilitating their learning. 

The results show that the categories Attention, Relevance, Confidence and Satis-
faction are at high levels. This allows us to infer that motivation, associated with these 
factors, increases with the use of GBL and gamification. This coincides with that 
shown in [3], [63]. It is also observed that the characteristics of the teaching units, 
such as the quality of the materials, the immediate and pertinent feedback from the 
teacher, the relationship of the activities with the context and the interests of the stu-
dent, group work and the way to present the activity, are very relevant. This aspect, 
associated with the design, is consistent with what was cited by [55]. 

Since various activities are oriented to problem solving, it is possible to indicate 
that there is evidence that the GBL-mediated teaching strategy can also help to gener-
ate the scaffolding necessary for solving mathematical problems. In turn, it is im-
portant to consider the possible frustration of some students, which may negatively 
affect the process. This coincides with what is proposed by [64]. The scaffolding 
results are also consistent with that presented by [18], who indicate that the results 
show that both hard scaffold and soft scaffold have positive impacts on motivation 
and academic performance. 

There are also negative aspects of the use of game elements in educational process-
es that must be considered. Some professors who participated in the research indicat-
ed that students constantly request an increase in the quantitative assessment if they 
are actively involved in the initiative. This can promote an increase in extrinsic moti-
vation, affecting the intrinsic motivation of the being, in coherence with what was 
exposed by [65], [66]. This should be reviewed in more detail in future work. 

Regarding intervention 1, it is possible to affirm that the result can be associated 
with the fact that only one of the three activities proposed has explicit teamwork. 
Furthermore, in the development of the activity, in several cases, the result of team-
work was less effective than the individual result. Intervention 2 generated more 
spaces for teamwork, promoting collaborative learning. Collaboration becomes a 
relevant strategy in the incorporation of games in educational environments, coincid-
ing with [67] in the motivation to network. It also allows enhancing the meaning that 
the student finds in his/her training process [60]. The cohesion generated by the con-
cept of league (working group) also generated positive effects on motivation (inter-
vention 2) that were not observed in intervention 1. 

5 Conclusion 

The present study is aimed to investigate the effect of gamification and game-based 
learning on students' motivation and dropout from first-year engineering math cours-
es. The findings initiate that the students who use game-based pedagogical strategies 
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have high levels of motivation, registered in the dimensions of Attention, Relevance, 
Confidence and Satisfaction. There is a more significant result in motivation in inter-
vention 1 than in intervention 2; however, this can be associated with the novel effect 
that formative actions with games produce in short periods of time. Intervention 2 was 
carried out over a much longer period and with more activities, which achieved a 
point of stability. 

An important aspect is planning processes and defining clear rules for students 
(players). The quality of the materials and the feedback from the teacher as well. Ac-
tivities with a striking narrative and related to the interests of the students are also 
important for the design of the pedagogical strategy. It is also found that collaboration 
fosters student motivation, generating appropriate collaborative learning scenarios. 
The cohesion produced by group activities (concept of leagues) fosters student moti-
vation. The increase in the characteristics of the avatar and the league motivates stu-
dents to carry out their training activities with higher quality. There is initial empirical 
evidence to project that dropping out of the course has a decreasing trend line when 
educational games are implemented. 

In conclusion, gamification and game-based learning (GBL) can be used to 
strengthen educational processes in engineering with very promising results in terms 
of motivation. Extending this research to other areas such as physics and applied en-
gineering may be relevant. 
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