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18 Abstract: Innovative teaching strategies are designing a new and promising landscape in
19 education. They fill up the lessons with creativity and imagination either for the students and
20 teachers. This article addresses an attempt to make easier the approach to science in a non-scientific
21 environment: primary education at university level. Gamification methodologies were combined
22 with flipped classroom in order to free up in-class time and engage the students with the taught
23 courses. A qualitative study was merged with quantitative measures of emotional and
24 motivational parameters. These results were improved with four semi-structured interviews. The
25 results clearly showed a raise in the students' motivational level, an acknowledgment of good
26 teaching practice and an evident enhancement of felt positive emotions toward science teaching
27 and scientific issues.
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29 Education.

30 1.Introduction

31 The need for an integral education in and outside the school is a clear claim nowadays. In this
32 context, academic aspects and others such as civic education for a responsible citizenship should be
33  considered [1-5]. Educators (at any level) should take education into account as a
34  whole-comprehensive process, where the individual courses such as mathematics, literature or
35  plastic arts should be no longer seen as unlinked containers, but pieces of a single puzzle. In this
36  sense, there are many aspects that traditionally have played marginal roles from the structural point
37  of view, but relevant ones if considered from an intrinsic point of view. This is the case of
38  motivation, emotions, affective domain and so on [6].

39 Innovative methodologies are trending topic within the education spheres. Methodologies like
40  flipped classroom, problem-based learning, design thinking or gamification are widely spread and
41  many scholars are working on them, either at primary school level [7], high school [8] or higher
42 education[5,9-14]. Despite the relative novelty of such initiatives, obviously all of them respond to a
43 very old question that is already stated out from a long time: How to engage more and better the
44 students in the education process, making it a real excellent event?

45 In this sense, we agree with Fried when he stated out that[15]:
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46 “In too many classrooms we see the sound and smoke of note-taking, answer-giving,
47 homework-checking, test-taking, and forgetting that so quickly follows. In the end, there is creativity
48 and excitement for the few, compliance and endurance for the most, rebellion and failure for some; but
49 not very much work of high quality is being produced, and not much intense engagement of the mind
50 and spirit takes place.”[15] (pp. 2-3)
51 And some pages further: “The game of School is very pervasive, and its rituals are deeply

52 entrenched in the actions and expectations of students and teachers. But it is not immutable. It can
53  and must be changed” [15](p. 105) .

54 These and other reasons, most of them linked to the new socioeconomic paradigm, make the
55  innovation within the educative general picture a real emergency, in order to obtain better results in
56  terms of integral education. In this sense, it is not absurd to take some relevant precautions. We
57  agree with Yowel in her statements about the adequacy of schools for experimenting[16]. Schools are
58  not the place for testing new methodologies, she recently declared. Nevertheless, innovation must be
59  implemented, and its results must be contrasted. This is the reason we think innovative strategies
60  must be put into scene in higher education levels and dealing with those courses that, on one hand,
61  usually have more difficulties to understand and pass some matters; on the other hand, they are
62  those who will probably teach scientific concepts to children in the next years. For these reasons, our
63  study is focused on prospective primary teachers in a general science course.

64  1.1. How to overcome the Doing-The-Same paradigm: some strategies and considerations

65 The basis of this work is we want (we need) to make science easier, closer to the students'
66 interests and clearer. To this end, we began including gamification inside the standard lessons of
67  General Science, with a relative success [17], but we wanted to go further and we discovered
68  students liked playing. For this reason, in order to free up time from classes, we inverted the
69  classroom by including flipping methodologies inside the gamification strategy.

70  1.1.1. Gamification

71 When talking about gamification, we assume this methodology as a modern technique for
72 promoting the learning of almost every course. There are many approaches to a gamification
73 definition; depending on the specific field it is applied. In a general way, we agree with De-Marcos et
74 al. when they stated out that: “Gamification is the use of game elements and game-design techniques
75  innon-game contexts, to engage people and solve problems” [18] (p. 82).

76 It is remarkable that gamification, according to this definition, is not constricted to educational
77  areas. Moreover, gamification seems to be born for financial, marketing, economical areas. Some
78  authors from these disciplines have attempted however very good approaches to educational
79  gamification. This is the case of Zichermann and Cunningham when they stated the following:

80 “Games aligning entertainment and education like Civilization© and SimCity© have taught
81 millions of people history lessons and the basics of urban planning. These are not pedagogical games.
82 They weren't designed to be educational. But they use history and real city schema as a backdrop to
83 explain ideas; thus, education becomes a byproduct of fun... So, can children learn from games?
84 Absolutely. Research by Dr. Arne May at Germany's University of Regensburg clearly showed that
85 learning a new task produces a demonstrable increase in the brain’s gray matter in mere weeks. And
86 brain scientists the world over agree that games’ challenge-achievement-reward loop promotes the
87 production of dopamine in the brain, reinforcing our desire to play.” [19] (p. 4)

88 Educational gamification can add an external motivation factor in the learning process [20],

89  mainly due to the fact that an alternative framework for the educational challenge is built up on the
90 basis of creativity behavior. Students should face the academic subject not only as a job to do, but as
91  a game to play. And a game must be funny [21]. Gamification connects directly with the student's
92  interest center and generates a positive attitude towards the study task. When asked about previous
93  positive academic or instructional experiences, it is very common obtaining responses from students
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94  like 'That teacher was great, (s)he taught us as it was a game', 'We learned as we were playing.' or
95  'His lessons were as he was telling us a tale'. The bases of the gamification were found long time ago,
96  in a more or less explicit way, and in almost every subject. It is not a simple fortunate coincidence
97  that a reference author as Robert Fried entitled a central chapter of his main work More ways to
98  change the game of School [15]. One can find suggestive statements such as 'It means helping them
99  (the students) begin each course, each unit, and each class as players, not as spectators' [15](p. 125).

100  1.1.2. Flipped classroom

101 Once educators realized that the engagement method for current students is no longer the
102  traditional exposition (merely oral) or the common activities such as reading aloud, solving
103  problems (by the teacher) on the blackboard or rapid question-answer dynamic where no debate or
104  discussion is possible, others teaching strategies arouse in the recent years. One of them is called
105 flipped classroom and it is defined by Gonzéalez-Gémez et al. as follows[22]:

106 “Flipped classroom teaching methodology is a type of blended learning in which the traditional class
107 setting is inverted. Lecture is shifted outside of class, while the classroom time is employed to solve
108 problems or doing practical works through the discussion/peer collaboration of students and
109 instructors.”

110 It is remarkable that this mechanism allows the teacher to free up time inside the classroom

111  (that is, the period while students are together with the instructor and amongst them) in order to
112 invest the classroom for doing interesting things. Obviously, this methodology is much more than
113 pushing the studying materials out from the physical classroom, it includes several elements that
114 make teaching process more efficient. Some of them are the following ones:

115 1. When flipping a course, as a teacher you do not simply ask the students to read and study

116 alone, at home, some materials. You select the most appropriate materials for understanding
117 the contents; sometimes even you generate them (video tutorials, podcasts, documents, etc.).
118 This requires you to choose attractive formats for the students. E.g., it has no sense asking them
119 to watch a 45-minutes video when some studies have proposed that novelty disappear within
120 10 minutes [23,24].

121 2. If you achieve the students catch the dynamic of preparing the classes before the lesson, you can
122 ask them to make their doubts and problems with the content prior the face to face session, so it
123 allows you to make a just-in-time teaching [25]. This means adapting the exact teaching process
124 and strategy to the current needs of the students.

125 3. One of the most struggling aspects of the flipped classroom is the fact that it implies a
126 non-circular method for developing the content, so teachers are initially unable to check the
127 knowledge acquisition. Despite this drawback, it can be overcome by implementing
128 gamification measures (such giving rewards) or forcing the students to participate in the
129 just-in-time teaching by asking questions or exposing what was not clear enough.

130 4. Once students are involved with this process, their participation with the course development
131 increases highly, so usually the global academic marks are increased as well.

132 In a graphical way, Figure 1 presents the main differences between the classical oral-based

133 lessons and the flipped methodology. As can be appreciated, this strategy demands higher level of
134  students' implication, but allows to generate a more creative and exciting learning environment at

135  school.
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understood at home.
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lesson is multiplied.
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137 Figure 1. Flipped classroom model vs. traditional oral-based teaching model. Source: own
138 elaboration from Gonzalez-Gémez[22]. Icon credits: Emoji One, CC BY-SA 4.0 and
139 www.onlinewebfonts/icon CC BY 3.0.

136

140  1.5. Teaching and learning science for non-scientific audience: a current challenge

141 If teaching in a more efficient way is, in general, a challenge for educators, making it when
142 dealing with some specific issues can be even harder. This is the case of science, technology,
143  engineering and mathematics subjects, namely STEM issues. It is commonly accepted that STEM
144 subjects usually make negative or disgusting emotions to arise in those individuals that have
145  experienced difficult in their learning [26] and this is worrying because that evidences that a bad
146  emotional experience, in a high percentage, connects with a general rejection of science issues . The
147  case of primary teachers is even more relevant because their negative experiences can be shifted to
148  their students, children that probably will receive the same negative messages about science and
149  science education [27]. This creates a vicious circle (Figure 2). The student had a bad experience with
150  the subjects STEM in primary or secondary school, (s)he faced negatively at the University. Finally,
151  (s)he transmits this experience to his students. Therefore, the circle is closed.
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153 Figure 2. Vicious circle. Source: own elaboration. Icon credits: www.onlinewebfonts/icon CC BY 3.0
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154 The current trends in science education are aware of such importance of emotions, because
155  there is no way of engaging students without taking their emotional performance into account,
156  understood as the emotional response, positive or negative, experienced by a student when facing a
157  particular course [28,29]. If this is relevant for teaching and learning whatever subject, it can be
158  considered as a crucial aspect when teaching science, because usually science teachers begin from
159  students' more difficult emotional position [30].

160 There is, consequently, a search for good emotions in science teaching. It is also known that the
161  loss of these good feelings toward science takes place during the instruction process: children
162  wusually feel good when dealing with initial science issues (one just have to remember how (s)he felt
163  when the teacher brought a plastic yoghurt glass filled up with cotton and a bean seed), but this
164  feeling rapidly disappear once the years go ahead [31]. Gamification and flipped classroom are
165  teaching methodologies that look for recovering this initial surprise and good feeling amongst
166  university non-scientific students.

167  In the last few years, the use of gamification and flipped classroom is increasing substantially at
168  different stages of education, however, the combination of the two has been least explored to date.
169  The main objective of this research is to analyse the combined use of gamma and inverted class in
170  science education in order to determine whether their combined use can have a positive effect on the
171  development of teaching-learning process.

172 2. Methodology

173 This research has been carried out by merging several methodologies. Some of them are
174  quantitative, measuring through surveys the students' motivation level. In order to obtain more
175  information, a qualitative study based on the interview of selected students has been developed.
176  Regarding ethical procedures, the participants who were interviewed gave us consent to be
177  recorded, and to use their answers for our research with academic purposes. In order to maintain
178  anonymity, all names used in the article purely fictitious.

179  2.1. Sample qualitative description

180 The study sample consists of 18 students, 10 females and 8 males, aged between 19 and 25. Most
181  of them are 19-20 years old, the corresponding age for studying this 2nd year of pre-service primary
182  teachers. They study in an Education faculty (not Science one or similar) makes this sample
183  relatively different from others. The students are part of group number 4 (afternoon time). Usually,
184 the size of this group is smaller than the groups taught in the morning. The low number of students
185  (18) allows to introduce innovative actions. These actions, properly analyzed, can be replicated, with
186  their corresponding adaptations, to larger groups.

187 The general profile of the standard student of this course deserves a specific description, based
188  not only on quantitative data, but also and above all on personal and direct observation:

189 1. As]Jeong et al. recently pointed out [32], the academic background of the students in this grade

190 is mainly linked to social science or arts studies. Additionally, they do not identify the studies
191 for becoming a Primary teacher as science discipline and obviously not many scientific contents
192 are known for being a good primary teacher.

193 2. As a result of the previous item; traditionally linked to the scientific education values, for
194 example: curiosity, observation, surprise, and so forth, are not present by default in the sample
195 students. Even more, the initial emotions toward science issues in this kind of students are
196 nearer to rejection rather than the personal interest [33].

197 3. The academic structure of the syllabus for Primary Teacher Grade includes a huge number of
198 different subjects, belonging to a large variety of academic fields (arts, literature, physical
199 education, music, history, geography, science, and so on) This has a direct influence in the
200 importance and relevance students give to each matter. We observe that science education,
201 since it is not an interesting subject for the students in this Grade, is put in the last place in

202 importance order.
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203 4. Asaresult of these circumstances, science education subjects are passed by the students with a
204 relatively low academic marks [22].

205  2.2. Gamifying and flipped classroom activities

206 The general vision of the course included gamification activities. This was reported during the
207  first days of the course. The general gamification proposal is fully described elsewhere [17], with a
208  narrative linked to Star Wars™. The course included 30 sessions (90 minutes) that were
209  systematically organized in the following way:

210 e  The first 20 minutes were focused on discussing and clarifying doubts that could arise during

211 the flipped period (before the face to face lesson). This corresponds to just-in-time teaching.
212 e Then, the teacher developed new content in an oral-based methodology for no longer than 20
213 minutes.

214 e The flipped and the classroom content were applied by doing some cooperative activity
215 (problems, little research, etc.)

216 e  Finally, a game-based activity was implemented for generating good feelings.

217 As can be appreciated, the students get into the lessons with a high level of participation. The
218  oral exposition was constricted to a minimum time within the 90 minutes the classes took. This was
219  made in order to engage the students to attend the classes, as the attendance is not mandatory at
220  university.

221 Some game-based activities for playing inside the classroom were the following ones:

222 1. Classical board games such as Taboo™ or Time's up! ™ where the themes have been changed
223 into those linked to the course's contents. For example, with Time's up! TM the definitions must
224 deal with the universe and students must play describing concepts such as Terminal Shock,
225 Heliosphere, Comet or Big Crunch.

226 2. Other proposals included little tricks for forcing the students to read, understand and study
227 some concepts. This is the case of Match and Find, where the Presentation Slides and the
228 corresponding explanation in comments were split off and students must put them together
229 again.

230 3. An educative Escape Room experience, where students were confined in a classroom and
231 several scientific and non-scientific challenges should be faced and solved for get it out.

232 4. Competitive questionnaires on and off-line: Kahoot™, Socrative™, Quizziz™™ and other
233 proposals were performed sequentially for checking out the knowledge acquisition.

234 5. Scientific coffee: Students were received at classroom with a free coffee and a paper napkin in
235 their sites. Then, a very difficult problem with its corresponding solution was given, one
236 different to each student. The purpose of this scientific coffee is to provoke a scientific talk (each
237 student must explain his or her problem to the classmate sitting next) inside a relatively
238 non-formal situation. The explanation, therefore, must be written down on the napkin.

239 6. Collaborative problems Jig-Saw: Several proposals of puzzles were given during the course.
240 The entire problem was segmented into four or five parts that must be put together for facing
241 the problem. Each part was given to a different student's team, so their collaboration was
242 absolutely needed for the success of the whole group. An example of such activity is given in

243 Figure 3.
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JIG SAW PROBLEM

Y TEAM 1

©©© Flamix is Solo's favourite drink. It is a very alcoholic

liquour that comes from the fermementation of fructose.
Craft flamix is served at Mos Easley's, begining with a
berry juice. Only half of fructose in this juice becomes
alcohol.

TEAM 2

Flamix fermentation carries out in bottles with snap
closure, such champagne ones. They are in the basement.
As a bubbled drink, each snap must retain a pressure of 3
atm. At Mos Easley you can buy the whole bottle, but it is

filled up only at 3/4 of its volume.

TEAM 3

Flamix bottles are stored at 102C in the
basement. For drinking flamix you have to
take it upstairs and wait to reach 26°C, then
the snap is naturally left.

TEAM 4

The alcoholic degree of this flamix is 40%.
Han Solo can drink up to 70 g of alcohol,
but much less of sugar.

TEAM 5

Han Solo suffers from a kind o diabetes that
implies a rapid and unexpected loss of
. . consciousness once he takes more than 80 g
of any type of sugar.

FINAL QUESTION

How much flamix can Han Solo drink at Mos r > |

Easly?

244

245 Figure 3. Jig Saw activity scheme. Each team has only its corresponding piece of problem. Han Solo
246 and other characters belong to Disney™ and Lego™.

247 A resources-based game structured the whole course, so students were able to obtain points
248  that could be changed by benefits and advantages at the final exam. To this end, although those
249  points could be gained during the in-person lessons, a parallel game based on working in teams
250  outside the class was proposed. In this methodology, difficult problems involving the scientific
251  concepts taught at class were proposed to be solved (out of class). An example of such proposals is
252  given in Figure 4.
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Young Skywalker can develop up to 100000 N/s. B¥lising the Force. His
X-Wing has fallen into the dark waters of Dagobah swamp (density: 1.5 g/mL).
Assuming this spatial craft has spherical shape (diameter 7 m) and:897000 kg,
How long will it take to shift it up completely out from the swamp?
253
254 Figure 4. Presentation of a game-based problem for teaching Archimede's principle in gas fluids. The
255 picture copyright belongs to Lucas™ and Disney™.
256 The flipped classroom materials consisted on a series of video-tutorials (made ad hoc) focusing

257  on the most relevant points of each chapter: Archimedes' Principle, solutions and concentrations,
258  moles and Avogadro's number and so on. Additionally, some aspects were developed by using
259  written documents (no more than two pages each one) or other external links. The main goal of
260  flipped classroom is to release part of the classroom time in order to use it to develop the most
261  complex concepts (just in time teaching). Hence, time with professor can be leveraged and better
262  academic results can be obtained. This methodology helps students to focus their attention in those
263  relevant aspects that should be clearly understood. For guaranteeing the pre-work at home, students
264  were rewarded with game points or other advantages if the post-survey (one for each flipped
265  session) was filled out. Most students gave satisfactory feedback in these surveys and this
266  participation rate reported the level of students' implication.

267  2.3. Quantitative data collection: the surveys

268 With the aim of collecting quantitative data, the whole experience involved the use of several
269 surveys. Some of them were made in the classroom (written down) and some others were web
270  supported (by using Google Forms™,).

271 These surveys can be summarized into the following categories:

272 1. General surveys on participation level, regarding the flipped classroom activities. These were
273 simply questionnaires that must be filled out prior to the face to face lesson. In them, teacher
274 asked the students about doubts and feelings on the course they were working on then. An
275 example of this kind of survey is given in Table 1.

276 2. Motivational surveys made before and after of the educational Escape Room). This has the
277 purpose of checking a motivational raise in the general studies for pre-service teacher and for
278 the current course (Didactics of Matter and Energy). In these surveys, students were asked to
279 express their own level of motivation (1-10 scale) towards a) any class from the Degree, b) This
280 specific class of Didactics of Matter and Energy and c) The next class of this course.

281 3. Emotional performance and science vision survey. A final evaluation of the subject, considering
282 the active methodology. This included some quantitative items about the perceived difficulty in
283 the subject itself and an evaluation about the active methodology. In addition, some questions
284 were proposed for inquiring about the best and worst aspect in the subject development and
285 about the way the student will remember the subject, both items as open-response questions.
286 These last ones were considered as qualitative aspects (section 3.2).

287 Table 1. Pre-class questionnaire (example).

Pre-class questionnaire on pure and compound substances

Name
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Please give the name of three pure substances and explain the reason of such classification
Which aspect of the video-tutorial was most clear for you?
Which concept or idea was not clear enough with the explanation?
Please evaluate the video-tutorial with a mark (0-10)
Finally, send me an urgent doubt (something you do not understand well

288  2.4. Semi-structured interviews

289 In order to improve the study, quantitative research was complemented with qualitative one.
290  This consisted on semi-structured interviews to four selected students. The selection was made
291  considering the combination of two variables: initial motivation toward science subjects and initial
292  basic scientific knowledge, so the four students presented the total feasible combinations as Table 2
293  presents.

294 Table 2. Selected students for qualitative interviews.
Student’s Initial Initial science
fictitious name motivation knowledge
Ana High Low
Roberto Low High
Marta Low Low
Blanca High High
295
296 The interviews were conducted through five main open questions (many others arose during

297  the interview) that brought the opportunity for talking about the subject itself, about the science
298  teaching and about the method the teacher carried out during the semester. These initial questions
299  were the following:

300 e How did you feel when the subject was just started, at the beginning of the semester?

301 e Did you like science prior to studying them at university?

302 e  Whatdo you think about the method the teacher has followed with this subject? Do you think it
303 is different from the rest of the subjects?

304 e Do you think this method motivates the student to study better? Why?

305 e Does the teaching method influence in the way the content is received by the student? In which
306 way?

307 As this qualitative researching method recommends Patton [34], the interviews lasted for 30
308  minutes and then they were transcribed. The analyzed data were carried out on these transcriptions.

309  3.Results and Discussion

310 Data were processed by using statistical software package SPSS v.14 for Windows [35]. Due to
311  the number of involved individuals (18 students attending), the results are a descriptive data
312  landscape. In addition, their study together with qualitative interviews gave a consistent response to
313  the working hypothesis.

314  3.1. Quantitative results

315 3.1.1. A difficult science vision

316 Students were asked about the perceived difficult of the course itself and the difficult of the
317  exam. A quantitative 0-10 scale was given for choosing. The course was considered difficult (an
318  average consigned value of 7.61) as well as the exam (with an average value of 7.65). In addition, the
319  responses were correlated and a very high correlation factor (r2 of 0.86). This means the whole
320  consideration of the course, including the evaluation final test, was in agreement with those
321  preconceptions about science and science teaching that other authors already reported [26,27].
322  Graphically, these results can be appreciated in Figure 5.
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Figure 5. Correlation graphic between the perceived difficulty in the course itself (Didactics of Matter
and Energy) and in the final exam. Right lower case: statistics of the fitting correlation.

3.1.2. The relevance of the teaching method

Although students did not experience the subject or the exam as easy, they were asked about
the teaching method afterwards (that is, once the subject and the exam is over). The responses were
again high enough for considering them as positive (average of 7.3). In order to compare the two
assessments (teaching method and course difficulty) Figure 6 was built up. In it, the response
frequency to both questions is showed, although the axes are inverted to make the comparison
easier. As it clearly depicts, students responded with a high similarity to both questions and high
rates are reached in them. There are only a couple of responses out of the 7-10 range. This means the
students considered the teaching method as a good choice for science education, although we cannot
distinguish whether they also consider these strategies advisable for prospective teachers.
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Figure 6. Responses frequency to the questions about the course difficulty and the teaching method.

3.1.3.  Motivational raise due to innovative teaching methods

Figure 7 presents the motivational raise expressed by the implementation of the educative
escape room, as part of a general innovation program in the course. The results confirm that students
are more motivated towards the science classes after a gamified activity with a high level of
participation, hands-on and funny aspects. As can be clearly seen, the motivation level raises for the
three categories, but especially for the next class of Didactics of Matter and Energy. This confirms
that, for this group of students, these kinds of activities enhance the motivation for the general
studies (the whole degree) and above all for the science involved subject. These results are consistent
with other experiences analyzing escape rooms [36-38].
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347
348 Figure 7. Motivational raise towards general classes in the degree and especially towards the subject
349 classes before and after the Educational Escape Room activity.
350  3.2. Qualitative results
351  3.2.1. Open-ended answers
352 As section 2.3 presented, the last survey included two questions that should be answered with

353  an open paragraph by each student. For this, they were asked to fill in the best and the worst aspect
354  about the subject classes. Almost everyone agreed in pointing out the methodology (gamification,
355  applied science, innovative teaching method) as the best practice, whereas the worst aspect was the
356  perceived difficult of the subject and the problem solving.

357 Regarding the second question (How will you remember these classes?), the positive aspects of
358  the teaching method were pointed out in a general way. Textually, students responded like the
359 following:

360 T will remember these classes as the best in the degree because of the methodology, but also as some of
361 the most difficult ones.’

362 ‘Intense’

363 “A coffee with science’

364 In general, the way the students expressed their ideas about the perception of the subject shows

365  that innovative methodologies improve the emotional performance in the students, since it does not
366  remove the difficulty, they detect in the science issues, but makes it more acceptable.

367  3.2.2. The interviews

368 The interviews were a great source of qualitative data. The first analysis of this material was
369 made through data categorization. The transcriptions were coded for identifying four data
370  categories: student, emotional expression, kind of emotion (positive or negative) and reason for such
371  feeling. The descriptive results of the four interviews are presented in the following section.

372 a) Descriptive data

373 At a first glance, one must identify the frequency the students talked about their emotional
374  experiences during the classes. Expressions like “I feel confused when facing the problem solving”
375  or “From the first moment I felt curiosity. What was that called 'gamification'?” were coded as
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376  emotional references. The first one could be coded as negative feeling, whereas the second one was
377  considered a positive emotion.

378 The total count on emotional references according to the different interviews is presented in
379  Figure 8. Clearly, positive emotions are more frequent than negative ones (Figure 9). This is
380  consistent with previously published work in the literature, for example Bujacz et al.[39] obtained a
381  correlation of positive emotions with creative activities, Suwal and Singh [40] found mainly positive
382  emotions in the use of the Building Information Modelling (BIM) methodology using an online
383  platform, Jeong et al. proposed that active learning methodologies [12] and flipped classroom [13,32]
384  cause positive emotions in students. On the contrary, Zamora et al. found a plane emotional
385  performance in a project-based learning activity developed using BIM in the university context [11].

Emotional expression (frequency count)

T T T
Ana Roberto Marta Blanca

3 8 6 Interview
387 Figure 5. Responses frequency related to emotional references during the interviews.
Kind of emotion
388
389 Figure 9. Kind of emotions (positive/negative) expressed by the students during the interviews.
390 In Figure 8 is shown categorized by students. A clear trend in the data cannot be observed. The

391  student who used more emotional expressions correspond with a student with a high initial
392  motivation and a low initial science knowledge (Ana); in the second place, a student with low initial
393  motivation and a high initial science knowledge (Roberto). On the other hand, the student who used
394 less emotional expressions is Blanca, a student who had initially a high motivation and science
395  knowledge. These results seem to indicate that emotional outcomes depend more on the
396 teaching-learning process than on the preconditions of the students.

397 Figure 10 shows the frequency account of different emotions. As can be seen from the graph, the
398  three more positive emotions cited by students are motivation (22 times, 28%), pleasure (12 times,
399  14.6%) and excitement (6 times, 7.3%); on the other hand the three more negative emotions cited by
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400 students are fear (4 times, 5%), confusion (4 times, 5%) and anxiety (3 times, 3.7%). As can be seen,
401  the generated emotions are clearly positive; the number of times that motivation appears is more
402  than 5 times greater than fear or confusion. This fact clearly confirms the hypothesis 1, the
403  methodology used enhance the students' emotional performance. These results are consistent with
404 other studies than relate innovative methods with an increase in students' motivation [22,41].
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405
406 Figure 6. Emotions expressed by the students during the interviews.
407 Regarding the second hypothesis, two specific questions were asked in the interviews with the

408  students: Do you think that what you have learned in class can help you in your professional future?
409  Could you apply it to your classes?

410 Student number 1 (Ana) answered: "Yes, I think so, I would certainly like that. These
411  methodologies are interesting and motivating. They make the classes easier, they are a good option”
412 Student number 2 (Roberto): "It depends on the students, for elementary school students I think

413 it is a good option, the proposal should be designed and adapted for them; however, I would not
414 apply these methodologies for adults."

415 Student number 3 (Marta): "Yes, I think so, yes. I really liked the games; cooperative learning is
416  very interesting too. I think you can learn more from others than working alone."
417 Student number 4 (Blanca): "Of course! We have learned many methodologies. It is better to

418  teach using an active methodology than using only theoretical classes. These contents should be
419  introduced as soon as possible. Obviously, they should be tailored to students' age."

420 These answers show that students have acquired psycho-pedagogical skills alongside purely
421  scientific skills. They have learned new methodologies and they are willing to apply them in the
422  future with their students. These results confirm hypothesis number 2; students develop new skills
423  that will allow them to become better teachers in the future.

424 These results are very important, they show how the vicious circle shown in section 1.3 is
425  broken, creating a virtuous circle (Figure 11). Students faced STEM subjects with positive emotions.
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426  They have a better predisposition to teach STEM subjects and are trained to introduce
427  methodological improvements in the classroom in their work as future primary teachers.

School w University School

University
428
429 Figure 11. From vicious circle to virtuous circle. Source: own elaboration. Icon credits:
430 www.onlinewebfonts/icon CC BY 3.0.
431 Finally, Figure 12 shows student's reasons related to their feelings, the more frequent are

432  methodology (49 times, 59.8%) and current knowledge content (16 times, 19.5%).
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434 Figure 7. Reasons attributed by the students to their own feelings.

435 D) Inferential analysis

436 In order to get deeper in the analysis of the reasons for feeling one kind of emotion or another
437  one, that is, to clarify whether the negative emotions are linked to a specific reason and vice versa
438  with the positive ones, an inferential analysis was carried out. The relevance of the emotional factor
439  and affective domain has been discussed elsewhere [42]. To this end, we crossed the category Kind
440  of emotion (which could be Positive or Negative) with the category Reason for feeling (which could
441  be Current knowledge content, Previous knowledge content, Method, Not answered or Others).
442  Table 3 shows the results of such crossing data, according to a 32 hypothesis test. As can be observed,
443  34% of negative emotions can be related with current knowledge content. On the other hand,
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444 positive emotions are associated with methodology in a 73%. This is statistically significant (p-value
445 0.00) and a high value of contingency coefficient (0.505) is reached.

446 Table 3. Inferential analysis of Reasons for emotions and Kind of felt emotions.
Reasons
Kind of Current Method Others Previous N/A
emotions (K) knowledge knowledge
content content
Negative (% 8(34.8%) 6(26.1%) 5(21.7%) 4(17.5%) 0(0%)
inside K)
Positive (% 8(13.6%) 43(72.9%) 6(7.3%) 5(6.1%) 6(7.3%)
inside K)
447
448 Secondly, the relationship between kind of emotion and student has been studied using %2

449  hypothesis test. There is no significant evidence to prove a relationship between the type of emotions
450 and the student (1, 2, 3 or 4). This is consistent with the description of
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451
452 Figure 7. Reasons attributed by the students to their own feelings. and could show there is not

453  relationship between previous experience and emotions; and therefore, new methodologies cause
454  positive emotions regardless of previous experience.

455 4. Conclusions

456  In this study we have studied an educational innovation experience combining gamification and
457  flipped classroom. For the analysis of the experience, qualitative and quantitative techniques have
458  been used, using interview and surveys.

459  The following conclusions can be drawn from the results of the study:
460 1. Students still find science difficult. However, the use of innovative techniques improves their

461 perception and motivation towards this discipline.
462 2. Students have learned new techniques that they can use in their future professional activity.
463 This aspect means that the innovations developed in the university context have a multiplier

464 effect because they can affect future generations.
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465  Although the experience has been developed in a small group of students (18), the results show that
466 it would be interesting to be able to apply it, with appropriate adaptations, in larger groups. In
467  future studies we will analyze the application of this technique in these groups.
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