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SUMMARY: Digital game-based learning and the testing effect have been shown to be effective in improving learning. The use
of screens offers the opportunity to test innovative learning strategies in the classroom. Here, we report the impacenfingzem
game and testing effect-based learning tool in a histology course. Seventy nine students participated in the study (nBepeaagie 19
65 % female). The students observed a slide-based class and then participated in a game, answering questions about isipngoncepts
their smartphones. Two surveys, asking about aspects related to perceptions/motivations and use of mobile technologiés] were ap
The game allowed for immediate feedback, revealing student performance in every evaluated concept, and allowed teachers to give
corrections after detecting conceptual mistakes. Students perceived the methodology as fun, interesting, interactitieandaiacer,
96 % of students participated and enjoyed the game and, among them, all agreed to use the methodology again. In p&ahél, about
of students use mobile technology to study and 97 % to find academic information, frequently. The results indicate thragjbdtyas
of students use mobile technology to study and positively perceive the game-based strategy. Strategies allowing fashfeedback a
dynamic relationships in the classroom could potentially improve significant learning on concept acquisition.
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INTRODUCTION

Undergraduate students of today have unique skilisennen & Hao, 2014; Janssehal) and proposed to be
in managing technological devices (Gardical, 2017). formally incorporated into curricula (Doykd al,, 2014).
Various technologies have become important tools for
learning support, including mobile technologies, such as Student learning and achievement could be improved
smartphones and tablets. The use of digital games for fairough different learning techniques, and among them,
mal learning purposes is growing among health educataessting effect has proven to be useful to improve learning,
and is also an area of research that has been gaining attertiot in laboratory settings (Roediger & Karpicke, 2006) and
in the broader educational literature, with multiple studiesducational contexts (Dunloslet al, 2013; Greving &
exploring the value of digital games in developing cognitivRichter, 2018). Testing effect is a technique that promotes
abilities and functions (Mortost al, 2016). Much of this retrieval practice, a strategy largely studied by psychologists
research has focused on whether games can be usedahy educators in different learning contexts for their strong
educators as effective learning tools, particularly in primatiynpact on short-and long-term learning (Karpicke & Blunt,
and secondary education and it has been increasingly teszed1).
in higher education environments (Hainetyal, 2016;
Jansseret al, 2015). Mobile technologies have enabled Smartphones allow to develop a wide range of
learning to be more accessible, being widely used informaliypplications and thus deliver content quickly, in a playful
by undergraduate students (Burbules, 2012; Ciampa, 203d dynamic manner (Callughal, 2014). The use of digital
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games for teaching health topics is an important reseamiere also asked about the frequency of use of their
niche today, given the potential they have for themartphone for academic and non-academic purposes from
development of spatial visualization skills, memory retentioa list of academic and non-academic tasks.
and to implement the testing effect, as demonstrated in
several studies (Tsai & Fan, 2013; Dunloskgl; Greving Mobile-based gameA free application, Kahoot!, that allows
& Richter). Through the games, a number of competitivi® program questions in a format like trivia, was used to
interactions are established by rules, with specific objectiveesign 25 questions about basic concepts of the nervous
that can be achieved by developing a skill. On this basis, thyestem histology. At the end of the class, all students
term game-based learning has been established, whicltasnected their smartphones to a webpage, introducing a
defined as the action of acquiring knowledge in scenariaede. Every student joined the virtual platform using their
with specific problems within a game (Véual, 2011). real names and then the game started. Randomly, 15
questions were shown and students had 20 seconds to answer.
To date, it has been demonstrated benefits of digitalfter every question, a ranking with scores obtained was
games in different health education themes, such as life supmitown and students were encouraged to compete for the first
techniques, pediatrics and development of surgical skillplace. In the end, the percentage of mistakes for every
increasing mastery of content, motivations and positivguestion was shown, allowing the teacher to reinforce
attitudes (Pianfetet al, 2001; Swaret al, 2008; Nguyen & concepts that showed higher rates of mistakes.
McDaniel, 2015). The field of morphological sciences is
considered a complex matter for much of the students majoriRgrception and motivations surveyrFinally, an anonymous
in the area of health, given their diversity of subjects (anatonperception survey was applied to all groups, in order to de-
histology and embryology) and content base that are repeatetnine how the student felt about the learning systems they
during the plan studies (Anyanwu, 2014). Some experiencased. The perception survey was conducted with a Likert
have shown that digital game can be a valuable tool to suppscgle consisting of 4 questions with 5 options, ranging from
the commitment of medical students with anatomy anstrongly disagree to strongly agree. The questions were
histology content (Janssehal; Aktekinet al, 2018). explained and then students wrote short answers. The
questions were:
This article discloses the impact of the use of
smartphones for a class of histology on perceptions atdWhat do you think about the use of trivia as a teaching
motivations of health sciences students, using a retriesfategy?
practice strategy, supported by the Kahoot! onlin2. Would you like to use trivia again?
application. 3. Was the trivia difficult to use?
4. This game, allowed you to better understand histology
concepts?
MATERIAL AND METHOD
Statistical analysis.The descriptive analysis was performed
using frequency tables of categorical and dichotomous
The study included 4 courses and 82 undergraduajaalitative variables using absolute and relative frequencies.
students from health sciences programs (mean age 1Qbantitative variables were described by measures of cen-
years, 65 % female). The game was applied after finishitigdl tendency (mean and median) and dispersion (standard
the laboratory of histology, without obligation to participatedeviation and interquartile range). Results were tabulated
The teacher who applied the game was the same one vamal analyzed using the software GraphPad Prism 6.0
dictated the class and explained that the participation in t{teraphPad Software, Inc., San Diego, CA, USA).
game was voluntary and without repercussions. Three
students decided not to participate and were informed that
they were free to leave the classroom. Inclusion criterRESULTS
considered students from Kinesiology or Medical
Technology, who attended the histology course. Only
students that accepted to participate and signed the informed  We found that 87 % of students frequently use mobile
consent were included in the analysis. technology to study and 97 % of them to find academic
information, most of them more than once a day (Table I).
Technology use surveyStudents answered a survey that
listed a series of electronic devices they use for academic  The application of the game showed a positive
purposes and how often they use every one, everyday. Tlatitude from students, among which 96 % decided to
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Table I. Frequency of use of different technological devices, daily. Frequency of use per item, in percentage, is showed.

Device None Little Sometimes Frequently Almost always
% (n) % (n) % (n) % (n) % (n)

S martphone 5.1(4) 0.0 (0) 7.6 (6) 20.2(16) 67.1(53)

Private notebook 5.1 (4) 0.0 (0) 0.0 (0) 30.4(24) 64.5(51)

University computer 17.7 (14) 20.2 (16) 38.0 (30) 15.2(12) 8.9(7)

participate in the activity. Furthermore, 87 % consider th@nmartphone daily. On the positive attitude of the students to
game easy to use, 92 % assigned to it a value in learning #émel use of Kahoot!, as its easy use and potential usefulness
100 % would like to use the methodology in other classés learn, correlates with the perception of a fun, interesting,
(Table 11). Finally, their subjective appreciations, obtainedhteractive and attractive methodology, being similar to what
in the form of free comments, showed that students perceiisdshown in a study in which the undergraduate medical
the methodology as fun, interesting, interactive and attractiseudents had a positive attitude towards learning mobile
(Table III). (Pianfettiet al). Testing effect could be useful when

implemented appropriately, so, the factors affecting their
Table II. Perception of the methodology. Distribution of perception irmplementation in the classroom should be considered
items of usability, contribution to learning and if they would use it. (Nguyen & McDaniel). For example, a question eliciting a
low demand on retrieval effort to answer could not show the
Easy touse?  Useful tolearn?  Touseitagain?  expected effect on learning (Greving & Richter).

% (n), n=79 % (n), n=79 % (n), n=79
Yes 87.3 (69) 92.4 (73) 100 (79) At the end of the game, the percentage of mistakes
No 12.7(10) 7.6 (6) 0 (0) for every question was shown, allowing the teacher to

reinforce concepts that showed higher rates of mistakes.
Interestingly, most students reinforced some histological
DISCUSSION concepts, supporting the idea that the methodology
improves the comprehension of technical concepts.
Regarding aspects of the method, the best results were seen

In this study, we report the impact of a methodology)’hen 15 questions were applied in less than 10 minutes,

based on the testing effect and gaming, proving to be a gdéginanding a total of 15 minutes, so it is compatible with

tool for quick feedback and as a motivating and challengirgirious strategies to develop working memory and higher
tool for students. order skills (Agarwalet al, 2017). A previous study

evaluated the value of digital games for teaching anatomy
The relationship with the use of mobile technologdhistology, where through a digital platform and formed

to study and search for academic information, the resufRE0Ng participants sophomore studying medicine teams
were the expected results, so that all students us@@npeted with each other. They conclude that digital

Table lll. Perception of students. Selected comments, which represent the majority that are informative
or detailed.

Student number What do you think the use of trivia as a teaching strategy?

5 It's entertaining, and it is not tedious as a class.

6 Very creative and resourceful, sense of competition leads to increased motivation.
7 An interactive and innovative way to integrate knowledge.

8 A novel way that encourages student participation.

26 Good to be learning concepts more entertainingly.

27 Very good as it is competitive side and we learn at the same time.

30 I found an educational and entertaining way to learn concepts and remember.
33 Very good, because here it is checked what was studied in class.

39 Fun, a good way to learn and remember past stuff.

40 Fine, entertaining, it gives the opportunity to learn.

51 Very successful, great idea to capture learning in a didactic way.

72 It was good to learn, but the time to answer is too short.
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platforms are an important alternative tool for exploring the€ ONCLUSION
strengths and weaknesses in knowledge, in addition to
motivate them to study (Jassetmal). Thus, the use of cell
phones does not come to change any learning environment, In conclusion, students positively perceive the
rather it comes to offer an additional resource to suppatrategy and it offers a fast feedback tool, to reinforce key
teaching and learning. concepts in the classroom. Strategies allowing dynamic
relationships in the classroom plus motivating interventions

The use of smartphones for learning has been showiill allow improving significant learning on concepts
to modify the learning environment to turn any situation intacquisition through morphological disciplines in
an innovative and collaborative environment (Gaetal), undergraduate students.
which was observed during application in our students. Fran-
co (2008) reports that there are plenty of students who use
the applications of smartphones to carry out their tasks ACKNOWLEDGEMENTS
work or study, through the internet, so it is a familiar tool
for students, being a very easy run, where 100 % of the
participants said it was easy to use. This study was supported by Direccion de Docencia,

Universidad Bernardo O’Higgins.

A relevantissue to consider is that most of the teachers
have some resistance to the use of technology in the
classroom (Balaskt al, 2011). This is based on two aspectdROJAS-MANCILLA, E.; CONEI, D.; BERNAL, Y. A;
namely how difficult it can be for educators to learn the uggSTUDILLO, D. & CONTRERAS, Y. Ensefianza de la
of a new technology, as well as develop the ability to integrafistologia a través del aprendizaje basado en juegos apoyado
it into teaching (Gambet al: Kebritchi, 2010). If not POr tecnologia movilint. J. Morphol., 37(3903-907, 2019.
supported and accepted by educators, it will be difficult to

integrate knowledge through this pathway (Venkagtsih, ; 4 -

S : N pruebas han demostrado ser efectivos en el mejoramiento del
2003). _SO’ validating and spreading appllcatlons that re -aprendizaje. El uso de pantallas ofrece la oportunidad de pro-
ce barriers to use by teachers, could favor the incorporatighy esirategias de aprendizaje innovadoras en el aula. En este
of mobile technologies in learning processes in thgstudio se presenta el impacto de la implementacion de una
classroom. Finally, it is relevant to consider that KahooHerramienta de aprendizaje basada en juegos y pruebas aplica-
has been presented as a model to show the potential of digitz en un curso de histologia. Setenta y nueve estudiantes par-
technologies on motivation in a classroom. Other digitéiciparon en el estudio (edad promedio 19,5 afios, 65 % muje-
games, platforms and resources have proven to be as uséfg). Los estudiantes observaron una clase basada en diapositivas
dynamic and user friendly as Kahoot!, named Socrativi,U€go participaron en un juego, respondiendo preguntas so-

Quizizz, code.org, cerebriti, KnowRe, Cristic, among othef¥e conceptos clave, utilizando sus teléfonos inteligentes. Se
(Aktekin et al) aplicaron dos encuestas, preguntando sobre aspectos relacio-

nados con las percepciones/motivaciones y el uso de tecnolo-

RESUMEN: El aprendizaje basado en juegos digitales

Anoth tt ider is the t inol g{as moviles. El juego permitié una retroalimentacion inme-
nother aspect to consider IS the tlerminoiogy Us& ata, revelando el desemperio de los estudiantes en cada con-

in these fields, which is considered by students as difficyt o evaluado, y permitié a los profesores dar correcciones
to retain. This challenge could be addressed applying testi@gando se detectaron errores conceptuales. Los estudiantes per-
effect through tools like Kahoot! (Aktekat al; Greving &  cibieron la metodologia como divertida, interesante, interactiva
Richter). y atractiva. Ademas, el 96 % de los estudiantes participaron y
disfrutaron del juego y, de ellos, todos relataron la intencion de
Our challenge is that, in higher education, the use bfilizar la metodologia nuevamente. En paralelo, 87 % de los
technology for learning is in the process of adaptatiogstudiantes utilizan la teqr]ologia n)é\{il para estudiary el 97 %
understanding and analysis (Ciampa; Dennen & Hadja'@ encontrar informacion academlga, frecuentemgnte. Los
Burbules defines "ubiquitous learning” as one who doégsultados indican que la gran mayoria de los estudiantes usa

" . . T _— t%pnologia movil para estudiar y perciben positivamente la es-
make the learning experience more distributed in time ar : . . . _

" Despite this. there are few studies about the us trategia basada en juego. Las estrategias que permiten retroali-
s_p&_lce ) P v X . ntacion rapida y relaciones dinamicas en el aula podrian
digital games for teaching morphology in health sciencegqenciaimente mejorar el aprendizaje significativo en la ad-
Furthermore, increasing online resources are offeringisicion de conceptos.

anatomical and histological information in visual digital
formats, offering interactive tools susceptible to be used in PALABRAS CLAVE: Aprendizaje basado en juegos;
mobile devices. Retroalimentacion; Pregrado, histologia.
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