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Abstract This paper explores the effectiveness of gamified mixed mobile learning 
experiences in natural science education, specifically focusing on the use of the 
Microcosmos 3.0 interactive resource. The study uses a quantitative exploratory 
approach, including interviews with gamification experts and surveys with secondary 
school students. The results show that Microcosmos 3.0 incorporates gamification 
elements such as levels, challenges, rewards, feedback, and randomness; so that 
students perceive these elements as useful and entertaining. The study found that the 
majority of students found the resource to be of intermediate difficulty and useful in 
reinforcing classroom content. The article also discusses the mechanics and dynamics 
of the gamified experience, including rewards and feedback, progression, and non-
linear narrative. Overall, the study suggests that gamification and mobile learning 
can be effective tools for enhancing science education by enhancing accessibility, 
flexibility, and personalization of learning while maintaining meaningful interaction 
in the classroom. The findings of this study have important implications for educators 
and instructional designers who seek to enhance the learning experience of students 
in natural science education. 
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4.1 Introduction 

This study explores the use of gamification in the context of mixed mobile learning, 
which combines the benefits of mobile learning with the engagement and motiva-
tion of gamification. The study focuses on the use of the Microcosmos 3.0 interac-
tive resource, which incorporates gamification elements such as levels, challenges, 
rewards, feedback, and randomness. 

The use of gamification in education has gained increasing attention in recent 
years, as it has been shown to enhance student engagement, motivation, and learning 
outcomes. However, there is still a lack of scientific literature specifically linking 
gamification within the context of mixed mobile learning. This study aims to fill 
this gap by conducting an exploratory scope study to investigate the effectiveness of 
gamified mixed mobile learning experiences in natural science education. The study 
was conducted in Ecuador, where the Microcosmos 3.0 interactive resource was 
used to teach natural science to high school students. The study employed a mixed-
methods approach, combining qualitative and quantitative data collection methods to 
provide a comprehensive understanding of the effectiveness of the gamified learning 
experience. 

The study also involved interviews with gamification experts from different 
universities to gain insights into the design and implementation of gamification in 
education. The findings of this study have important implications for educators and 
instructional designers seeking to enhance the learning experience of students in 
natural science education. The study provides valuable insights into the effective-
ness of gamification in hybrid mobile-based learning and its potential to improve 
student engagement and learning outcomes. 

4.1.1 Mixed Mobile Learning and Gamification 

Mixed mobile learning is a learning modality that combines mobile technology 
and face-to-face education (Castro et al., 2016). In this approach, students utilize 
mobile devices such as smartphones or tablets to access learning materials and online 
resources while also attending physical classes. Students can leverage their mobile 
devices to access multimedia content, such as videos and presentations, or to complete 
interactive activities and online assessments. 

In other words, the objective of mixed mobile learning is to integrate classroom 
interaction with online learning to maximize student learning and comprehension 
(Grund et al., 2017). By utilizing mobile devices, students can access online learning 
resources beyond the classroom, allowing them to work at their own pace and in a 
more autonomous manner. This can also facilitate students in delving deeper into 
topics and better preparing for classroom discussions and activities (Elizondo et al., 
2010).
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Overall, mixed mobile learning is a learning modality that capitalizes on the 
advantages of mobile technology to enhance accessibility, flexibility, and personal-
ization of learning while upholding significant classroom interaction (Engel & Coll, 
2022). This learning modality can be particularly valuable in situations where online 
learning is a necessary or desirable complement to face-to-face instruction. 

Valuing gamified mobile learning, the scientific literature highlights the devel-
opment of different competencies developed, among which digital literacy toward 
information access, management and evaluation (Charinthorn & Kaiyasith, 2023), 
as well as the promotion of motivation, commitment, attention and apprehension of 
specific knowledge (Nien-Lin et al., 2023) (Natalia et al., 2023), and finally, it is also 
noted that learning involves particular issues such as teamwork, programming, time 
management, problem solving and creativity (Jaruwan & Panita, 2023). 

When it comes to incorporating gamification into mixed mobile learning, it is 
crucial to initially comprehend that gamification entails the utilization of game 
elements in non-gaming contexts (Torres-Toukoumidis & Romero Rodríguez, 2018). 
Consequently, within the innovative configuration of mixed mobile learning, the 
inclusion of gamification could encompass the notion of entertainment, thereby 
enriching the teaching and learning process (Torres-Toukoumidis et al., 2018a). 

In a broader exploration of these concepts, the initiative encompassed in this 
study aims to complement previously conducted research on teachers regarding their 
utilization in the field of natural sciences (Vallejo-Imbaquingo et al., 2022). This 
time, the focus would be directly on students’ perception, evaluating the elements of 
gamification as an interactive resource in learning. From there, the following ques-
tions are established: can gamification be used in mobile learning? Can entertainment 
be combined with knowledge learning through mobile platforms? 

4.2 Methodology 

This research employs a quantitative, exploratory approach based on the use of expert 
interviews within the gamification field and surveys administered to high school 
students regarding the use of gamification in a case related to mixed mobile learning 
applied to Natural Sciences. Therefore, the general objective has been established as 
follows: to analyze the perception of high school students regarding the incorporation 
of gamification in the presented mixed mobile learning in Microcosmos 3.0. Two 
specific objectives were subsequently established: 1. to describe the gamification 
elements incorporated in Microcosmos 3.0 and 2 to examine the knowledge and 
entertainment produced in the experience presented by Microcosmos 3.0. 

Given the lack of scientific literature specifically linking gamification within the 
context of mixed mobile learning (Lin & Lin, 2019) (Huang, 2022), an exploratory 
scope study was conducted. Such a study is defined as a process to investigate an 
unknown or under-researched phenomenon, aiming to identify new research areas 
or gain a deeper understanding of a problem or situation (Torres-Toukoumidis et al., 
2018a). To proceed with the intervention, Microcosmos 3.0, a portable device with a



44 A. Torres-Toukoumidis and R. Vallejo-Imbaquingo

Fig. 4.1 Microcosmos 3.0 
device application 

10x, 20x, and 30 × magnification clip, was selected. This device serves the function-
ality of exploring nature and discovering new organisms that constitute the natural 
world (Hernández Sampieri et al., 2014). This initiative, originating from the Tech-
nical Secretariat of Entrepreneurship and Innovation of the Salesian Polytechnic 
University and the Scientific Dissemination Society Quinto Pilar, began in 2018 
with the support of Coworking StartUPS. They were winners of the Innova 2019 
contest in the “Creative Economy” category, gradually contributing to the educational 
process in the field of biological sciences. Since then, Microcosmos has evolved and 
is currently in its third version, where the incorporation of gamification has been 
formalized (Fig. 4.1). 

To address the first specific objective, five in-depth interviews were conducted 
with gamification experts from the University of Chihuahua, Mexico; the University 
of Malaga, Spain; and the National University of Loja, Ecuador. Gamification experts 
were defined as academics with over five years of experience in the field of video 
games and educational technologies. The interviews consisted of five questions. The 
first two aimed to determine the presence of gamification in both the face-to-face and 
online experiences of Microcosmos 3.0. The remaining three questions focused on 
examining the respective components, mechanics, and ludic dynamics of the device 
(Torres-Toukoumidis et al., 2018b). The five interviews were conducted virtually 
between November 18 and January 25, 2022, and were systematized through open 
coding to understand the gamified characteristics of Microcosmos (Fig. 4.2).

To fulfill the second specific objective, eight questions were posed regarding 
the ludic characteristics of Microcosmos. The questions were subdivided into five 
Likert scale questions with four levels assessing utility and importance. Additionally, 
there was a query about obtaining “collectible cards,” a dichotomous question about 
the reward system, and finally, an open-ended question about personal experiences 
related to the ludic theme (Werbach & Hunter, 2015). These questions were admin-
istered to a sample of 57 secondary school students from La Asunción School in 
Cuenca, Ecuador, who were enrolled in the mandatory Natural Sciences course. It 
is worth noting that the survey’s reliability was assessed using Cronbach’s Alpha, 
resulting in a value of 0.71, indicating acceptable internal consistency and allowing
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Fig. 4.2 Gamified virtual educational resource from Microcosmos 3.0

for its administration to a larger sample. The survey was conducted between February 
10 and April 14, 2023, and the data were analyzed using SPSS software version 29. 

4.3 Results 

Organizing the expert assessment, for the first and second questions, all intervie-
wees (100%) acknowledge the presence of ludic elements in both the virtual and 
in-person experiences of Microcosmos 3.0. Upon further examination, the following 
gamification elements are identified in the in-person experience of Microcosmos 3.0:

• Components: While there is not a multitude of components in Microcosmos 3.0, 
the presence of levels—beginner, intermediate, and advanced—is noteworthy 
(Fig. 4.3). These levels are embedded in challenges that allow for the improvement 
of skills and focus on using the device to enhance photography.

• Mechanics: The mechanics include challenges, rewards, feedback, and random-
ness. The challenge revolves around a macro-photography competition that moti-
vates participants’ creativity. For the beginner level, capturing photos of fabrics, 
skin, and spices is included, emphasizing the visualization of textures and surfaces. 
The intermediate level involves feathers, leaves, flowers, and the human eye, 
primarily exploring detailed aspects in photos. Lastly, the advanced level adds 
liquids, fruits, and insects, emphasizing the importance of lighting. In summary, 
the first challenge focuses on surfaces and textures, the second challenge centers on 
detailed shots, and the third challenge addresses lighting. Regarding rewards, upon
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Fig. 4.3 In-person challenges of Microcosmos 3.0 

completing the challenges, participants are presented with an official member-
ship in the “Microcosmic Community,” recognizing those who have successfully 
finished the challenges with a certificate of participation. The third mechanic 
of this experience, feedback, is observed through Instagram with the incorpora-
tion of the hashtag #DesafíoMicrocosmos in the challenge photo posts, allowing 
for direct interaction with users. The last identified mechanic is randomness,
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where the Microcosmos 3.0 box, repurposed as a seedbed, contains three types of 
seeds—Godetia (Clarkia amoena), Calendula (Calendula officinalis), and Dahlia 
(Dahlia). Depending on the received box, different types of seeds are included, 
which can be examined with the device and later planted for further observation 
with Microcosmos 3.0.

• Dynamics: The main dynamics included are narrative and progression. While 
the narrative is not as evident to all experts, it can be translated in this experience 
through an ecological and environmentally friendly notion where all the materials 
are recyclable and promote a favorable perspective on caring for, preserving, and 
understanding the environment, exploring it, and facilitating learning. On the other 
hand, progression is evident with the levels included in the challenges, increasing 
the difficulty until participants achieve it and become part of the “Microcosmic 
Community.” 

Assessing the virtual mode experience of Microcosmos 3.0, it is called “A Stroll 
in the Park” and includes the following gamification elements:

• Components: For this section, experts stated that the components are missions and 
content unlocking. In relation to missions, “A Stroll in the Park” has four missions: 
garden, ferns, forests, and moss. Each mission tests knowledge about bryophytes, 
pteridophytes, gymnosperms, and angiosperms. As for content unlocking, upon 
completing each mission, participants are given a number that, when combined, 
forms a code (Fig. 4.4) that, when entered correctly, allows access to exclusive 
images generated through artificial intelligence related to Natural Sciences. 

• Mechanics: Among the mechanics that the experts detected as most recurring are 
reward and feedback. The reward is evident through the acquisition of numbers 
to build the code and obtain collectible cards. In addition, in each query made

Fig. 4.4 Interactive source of Microcosmos 3.0
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Fig. 4.5 Interface for inputting generated code in missions

during the missions, there is automated feedback on correctness or incorrectness, 
ensuring constant student engagement.

• Dynamics: Both progression and narrative are evident. Progression is achieved 
by completing the four missions established in the gamified activity to finalize the 
code (Fig. 4.5). As for the narrative, it is non-linear and non-sequential. Although 
the code is organized by missions, students can choose which mission to start with 
and which one to finish. Similarly, the narrative focuses on the theme of plants, 
delving into their structures and organisms. 

Considering the knowledge and entertainment provided by the gamified experi-
ence, both in-person and digital, presented in Microcosmos 3.0, the findings obtained 
allow us to state that the majority of students (45.6%) perceive the level of difficulty 
of the hybrid interactive resource as intermediate. 26.3% find it “easy,” and 15.5% 
find it “very easy.” Conversely, only 7% rate it as “difficult,” and 5.3% as “very diffi-
cult.” Regarding the number of completed missions in the digital gaming experience, 
the majority managed to complete all four missions (36.8%), closely followed by 
those who completed only three missions (35.1%). 28% only reached two missions, 
and no one was able to complete a single mission. In contrast, regarding the in-person 
gaming challenges using a device, 28% reached the advanced level, 64% reached the 
intermediate level, and 7% reached the beginner level. 

In addition, when asked about the attractiveness of the rewards offered in the 
gaming experience, 94.7% admitted that the rewards had a significant degree of 
appeal in the digital mode, while the rewards in the in-person mode only obtained 
54.3%. This indicates that the gamified digital experience prevailed over the in-person 
gamified experience. 

Regarding knowledge, the overall usefulness of the complete Microcosmos 3.0 
experience in reinforcing the content seen in the Natural Sciences class was assessed 
(Fig. 4.6). 63.2% considered it very useful, 26.3% found it useful, 8.8% found it
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Fig. 4.6 Utility level of Microcosmos 3.0 

somewhat useful, and only 1.8% found it not useful at all. Ultimately, it is demon-
strated that both the in-person and digital interactive resources have a certain degree 
of usefulness regarding the subjects taught. 

To conclude, an open-ended question was included in which participating students 
shared their perspective on the balance between knowledge and entertainment evident 
in Microcosmos 3.0. In this question, it was observed through the frequency of words 
used that students highlighted its practicality, ability to break the boredom of classes, 
increased attention from the teacher, and integration with class content. 

4.4 Conclusions 

This research presents the results of a study that aimed to evaluate the effectiveness 
of a gamified learning experience, both in a digital and a hybrid format, for teaching 
natural sciences to students. The study found that the majority of students found the 
experience to be of intermediate difficulty, with a high level of attraction toward the 
rewards offered in the digital mode. The study also found that the gamified learning 
experience had a certain degree of usefulness in reinforcing the content taught in 
class. The study is significant because it highlights the potential of gamification in 
education, particularly in the context of mobile learning. 

The use of gamification in education has been gaining popularity in recent years, 
as it has been found to be an effective way of engaging students and enhancing their 
learning experience. The study adds to the existing body of literature on gamification 
in education by providing empirical evidence of its effectiveness in a specific context. 
One of the key findings of the study is that many students found the gamified learning 
experience to be of intermediate difficulty. This suggests that the experience was 
challenging enough to keep the students engaged, but not so difficult as to discourage 
them. This finding is important because it highlights the importance of finding the 
right balance between challenge and engagement in gamified learning experiences. If 
the experience is too easy, it may not be engaging enough, while if it is too difficult, it 
may discourage students from participating. Another important finding of the study
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is that the rewards offered in the digital mode were more attractive to students than 
those offered in the hybrid mode. 

This suggests that students are more likely to be motivated by rewards that are 
directly related to the digital experience, such as points, badges, and leaderboards, 
than by rewards that are related to the physical experience, such as certificates or 
prizes. 

This finding is consistent with previous research on gamification, which has found 
that digital rewards are more effective in motivating students than physical rewards. 
The study also found that the gamified learning experience had a certain degree 
of usefulness in reinforcing the content taught in class. This suggests that gamifi-
cation can be an effective way of enhancing the learning experience of students, 
particularly in subjects that are traditionally considered to be difficult or boring. By 
making the learning experience more engaging and interactive, gamification can help 
students to better understand and retain the content taught in class. Overall, the study 
provides valuable insights into the effectiveness of gamification in hybrid mobile-
based learning. It is recommended that future research delve into other variables that 
support the use of Microcosmos, among them, student motivation, differentiation 
in its application in rural and urban contexts, differentiation in the acquisition of 
knowledge with other resources such as virtual reality and inverted classroom in the 
biological sciences. 
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