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Abstract

:

Gamification has proved to be a methodology that increases the likelihood of success and sustainability of educational institutions. This methodology has recently revealed itself as one of the most efficient teaching methodologies in the student body, proving useful at all educational levels. One of the most frequently mentioned properties is its ability to “reset” the student’s attention clock: the key is collective learning, an attractive way of remembering new content. The experience described below has been developed in the context of a generalist university in two very different degrees: Degree in Teacher Training and Degree in Computer Engineering. To develop the theoretical sessions, the master class was combined with the use of the Kahoot tool. The observations made by the teachers in relation to the dynamics of the theoretical classes show that the use of Kahoot at the end of the theoretical sessions increased the students’ attendance at class, in addition to their involvement in the sessions and they kept their attention for longer. This study has also shown that there are significant differences in the level of satisfaction shown by the students of both degrees with these tools.
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1. Introduction


One of the most used activities in university teaching, despite the criticism it receives [1], is the master class as a traditional teacher-centered teaching method. Its use is widespread, especially in terms of the presentation of theoretical content, so much so that it continues to be the main methodological resource of an expository type used at university level. Theoretical classes are usually based on an exposition in which communication flows in a single sense: from the teacher to the student. For this reason, the major criticisms of this method focus above all on the purely receptive role attributed to the student, the scarce student–teacher interaction, and the lack of feedback on the acceptance of teaching, not allowing results to be analyzed until the evaluation phase [2]. This lack of flexibility makes it difficult to adapt to different types of learning and its efficiency depends on the qualities of each teacher. Today new technologies offer a new framework that can affect both positively and negatively different aspects of our lives [3], including education. This scenario is causing serious problems in educational institutions since students’ motivation is one of the keys to successful learning [4]. Thus, for the sake of the sustainability of education, new approaches and educational strategies are needed that place the focus on recovering the motivation to learn.



Criticism of the master class derives more from the large number of students to whom the class is addressed than from the method itself, which is a method of direct teaching, a method of those who have proven to be more efficient and economical in training. It also allows a more adapted approach to students in subjects that are difficult to understand, as well as the asking of questions that clarify any difficulties that may arise.



As a valid method currently in use, one of the most severe criticisms that the master class receives is the loss of attention that it provokes in students [1]. According to various studies, the average human attention does not exceed 20 min [5,6,7]. Thus, from that time on, it is very difficult for the student to focus on the explanations of the teaching staff. Other problems arise from the lack of attention, since the continuous, orderly and clear exposition, constructing meanings step by step, leads to a loss of the common thread, resulting in a lack of understanding of new knowledge, even when the attention has been recovered afterwards.



Precisely in order to avoid the lack of attention in class and to recover motivation on the exposed topic, strategies of diverse nature have been examined; in particular, gamification is revealing itself as one of the most effective options. In this work we present one of these tools and the repercussions of its use on a master class.



The work is structured as follows: Firstly, recent studies related to gamification and its application in teaching are analyzed. Secondly, the methodology carried out in class is explained. Then, the results of the students’ experience are shown and, finally, the main conclusions of the study are discussed.




2. Literature Review


Hattie’s meta-analytical reviews [8,9] take into consideration about 1000 meta-analyses of factors affecting student performance and include about 60,000 studies, some of which are based on five million students and cover a total of 245 million students. The conclusions of these investigations establish a model on the explanatory factors of academic performance that includes: (1) the student, (2) the teaching staff, (3) the teaching methods, (4) the school, (5) the family context, and (6) the educational system. These studies reveal that the individual characteristics of the student, fundamentally his or her intellectual capacity and motivation, are among the variables that contribute most to academic performance. In fact, the loss of motivation of the student is one of the most pressing problems of the present time and one which endangers the sustainability of educational systems [10].



Education is expected to respond to the problems and processes triggered by the current technological revolution in developing countries. It is a revolution that affects society in a transversal way, including all agents (teachers, students, and staff). Managing technological advances in the education sector is today a necessity to ensure the sustainability of that sector in the future [11,12].



Gamification is a novel trend within the education sector whose main quality lies in trying to reset the motivation clock through playing. This game is conceived as an interactive tool that improves students’ motivation and involvement levels in class [13].



There is scientific evidence from neurodidactics that reveals that learning occurs when we are able to activate the so-called brain reward system, associated with dopamine [14]. When gamification is introduced, a whole series of chemical substances, such as neurotransmitters dopamine, and serotonin, increase motivation, improve mood, and strengthen the bond which is essential for learning [15].



Experiments conducted over six years by Wang, Zhu, and Sætre [16] identified the benefits of this technique in three areas: in class dynamics (more concentrated and involved students); in learning (greater interaction between students, lessons can be modified in real time depending on students’ learning problems); and in assessment (students can compare their results with those of the rest of the class and this encourages them to improve). The authors concluded that students learn more than with traditional classes, it is more fun, and the attendance rate increases. The key is collective learning, an attractive way of remembering new content. When this type of activity is used, the teacher no longer has value as a transmitter of information but becomes a designer of new learning experiences.



Kaufmann’s recent article [17] presents a reflective description of how gamma chemistry can help students overcome complex academic challenges. Thus, the dissertation process and other elements of higher learning are nourished by its benefits. A positive impact on the completion of academic tasks has also been documented by increasing the elements which the student can experience during the learning process.



A study by Chung, Shen, and Qiu [18] explored gamification in university courses by collecting surveys and analyzing factors that influence the acceptance of gamification at the university. This study revealed that performance expectation is the most important factor influencing a student’s acceptance of gamification as an educational tool. Other factors, such as expectation of effort, social influence, facilitation conditions, participation, ability, or control, are also important factors.



As previously mentioned, student motivation is one of the most important factors influencing academic performance. Research by Costello and Lambert [19] offers a novel and innovative approach to gamification in university students. In this research the authors proposed a model that is based on the perceptions and views of students as they take their courses at a higher education institute in the north-east of the United Kingdom. The model used proved useful in helping to build emotions and motivational influences that improved retention, engagement, motivation, and problem solving.



Similar research is presented in the compilations of Majuri, Koivisto, and Hamari [20], and Subhash and Cudney [21] who concluded that gamification research and application are widespread at all educational levels and improve students’ academic outcomes. In relation to the types of studies analyzed, there is a greater application in engineering, probably due to the fact that teachers are accustomed to using Information and Communication Technologies (ICT) tools and it takes less effort to create these game experiences. It is precisely this last affirmation that has motivated this work, since there exists a certain lack of analysis of the use of this type of tool and its effect on degrees beyond the field of engineering. In the field of engineering, Fuster et al. [22] proposed an educational intervention based on the use of Kahoot, which shows an increase in the academic performance of computer engineering students, as well as an increase in their level of motivation. In the field of education, similar experiences have also been carried out in which the academic performance and motivation of teaching students have also increased [23].



The research presented above, although with various nuances, gives gamification excellent qualities for learning. However, at the university level, there are few studies that compare the impact that these methodologies have on students according to the type of studies undertaken [21]. Therefore, this paper aims to analyze whether there are differences in the level of student satisfaction with these methodologies depending on the degree chosen by the student: Degree in Teacher Training and Degree in Computer Engineering. The following section presents the methodology and the instrument used in this research. The third section presents the results of the study. Finally, the fourth section discusses the results obtained.




3. Materials and Methods


3.1. Participants


Two types of participants from different scientific fields were available for the present research:



The first sample was 54 students in the field of Social Sciences, specifically, students in their 1st year of the Degree in Teacher Training at the University of Alicante. The second sample was 55 students in the field of Engineering, also in their 1st year, but in the Degree in Computer Engineering at the University of Alicante. Participants by gender are listed in Table 1.




3.2. Instruments


In order to evaluate the degree of student satisfaction with the implementation of gamification through the Kahoot® [24] tool in the classroom, a questionnaire was elaborated whose objective was to know the perceptions that students in higher education have about the usefulness of gamification through Kahoot® in relation to their learning process and the methodology employed in the classroom. The items addressed in this questionnaire and their response options are shown in Table 2.



The validation of the instrument was carried out using the content validity index (CVI) proposed by Lawshe [25] according to the equation:


  C V I =   n e − N / 2   N / 2    








where ne is the number of experts who rated the item favorably; N is the total number of experts valuing the item.



Lawshe’s CVI requires a value greater than 0.75 to be validated by nine experts. In this case the value was 0.78 for all elements, so the instrument was validated. In this sense, nine experts from outside the research validated the instrument: eight experts rated all the items favorably and one expert rated all the items positively except for item 5.



Due to the characteristics of the items, the researchers established two categories. On the one hand, items 1, 2, 3, and 7 are directly related to the experience of student satisfaction regarding the use of Kahoot, while items 4, 5, and 6 are more related to organizational aspects of its use within the classroom (time of completion, duration, and use with other techniques). For the first category, a Likert-type numerical scale (1–4) was assigned according to their level of satisfaction with the experience. For the second category, the items have a nominal type and therefore are analyzed differently.




3.3. Reliability Analysis


To assess the degree of reliability, an analysis on the scale variables (items 1, 2, 3, and 7) was used, using Cronbach’s alpha statistic. The first analysis showed a value of 0.70; therefore the statistic was re-evaluated by eliminating some of the items in case the reliability of the statistic was increased. Table 3 shows that the elimination of item 1 significantly increased the reliability of the scale variables, with an alpha value of 0.774, an acceptable value for measuring student satisfaction.



As a result of the analysis, item 1 was removed from the group of scale variables and incorporated to be examined separately with the nominal type variables. Regarding this result, the researchers believed that item 1, although related to satisfaction, did not measure satisfaction as effectively as the other items since the values, “I don’t enjoy, but I learn” and “I enjoy, but I don’t learn” are of subjective interpretation, depending on whether the student attaches more importance to the motivation of the game or to learning.




3.4. Procedure


First, the methodology of the subjects involved in the research was designed. Both subjects have a total of 15 theoretical sessions of two hours. The gamification through the Kahoot® tool was incorporated into these sessions as a complement to the teaching of the theoretical concepts of the subjects.



Once the games were designed and after starting the classes, the teachers applied the games developed throughout different sessions.



In order to finish the study, once the teaching period was over and the schedule of subjects was applied with the incorporation of the new methodology, the degree of satisfaction of the students in their learning process was evaluated, with the use of gamification through Kahoot®. The questionnaire was administered during class hours and data collection was carried out at the end of the subjects’ first four-month period of the course.





4. Results


4.1. Satisfaction Profile Analysis


As mentioned above, a profile of student satisfaction for Kahoot was established through the scores given in the questionnaire for the dependent variables represented by items 2, 3, and 7. To carry out the comparison of the profiles, statistical analysis was used through the General Linear Model of Repeated Measurements of the SPSS statistical package version 24.0. Profile analysis is a special application of multivariate analysis of variance (MANOVA) to a situation where there are several dependent variables (DVs), all measured on the same scale. The set of DVs can either come from one DV measured several different times, or several different DVs all measured at one time [26]. Used this way, profile analysis offers a multivariate alternative to the univariate F test for the within-subjects effect and its interactions; in our case, student satisfaction for items 2, 3, and 7. The approach is also quite robust to violations of normality [27]. Thus, under normal conditions of use, one can consider the multivariate test “exact” for repeated measures designs while the univariate approach can only be considered “approximate” due to the additional assumption of sphericity it carries [28]. Many other works recommend the multivariate approach in this type of analysis [29,30,31,32].



In order to carry out the analysis, the dependent satisfaction variables were treated as intra-subject variables, and the independent variable “type of student” (i.e., computer engineering students or teacher training students) was the inter-subject variable. Table 4 shows the description of the scores of each variable for each group of students.



The assumption of normality was tested by means of Box’s M test. The result of this test (M = 36.67) did not show homogeneity of the covariance variance matrices (p = 0.000). However, violation of this assumption has minimal impact if the groups are approximately equal in size [33] or the highest ratio of variance between the groups does not exceed 1:10 [26]. In this case the highest ratio between groups was obtained for item 7 with a ratio of 1:3.65 which allows the non-normal condition to be avoided.



Table 5 shows the analysis of the intra-subject test. In the profile analysis this table indicates the nature of the profiles according to if they are flat (flatness test) and if they are parallel between the groups (parallelism test). The effects of flatness (satisfaction) and parallelism (satisfaction*group) of the intra-subject test have been found to be non-significant (intra-subject effect p = 0.545; effect of interaction p = 0.141). Therefore, it can be stated that there is no significant difference in the satisfaction levels of each variable (flatness) for each group. Furthermore, there would be no significant difference between the changes that each profile has with its own variables (parallelism).



In profile analysis, the inter-subject test allows us to measure whether there is a significant difference in the profiles of the groups studied. Table 6 shows this test. The analysis was significant (p = 0.030) and can therefore ensure that there are significant differences in the satisfaction profile of the groups. The profiles can be seen in Figure 1, where both the flatness and the parallelism of the profiles and a higher level of satisfaction in the computer science students can be observed. The difference between the two groups ranges from 0.22 to 0.29 points, that is, between 7.3% and 9.6% higher in computer science students.




4.2. Analysis of Nominal Items


The category of items with nominal type response (items 1, 4, 5 and 6) was carried out by examining the proportions in the responses of both groups, using the Chi-squared statistic (χ2) (see Table 7). The results show that there were differences between the groups in 2 of the 4 questions asked. In order to avoid possible gender biases, a similar comparative analysis was carried out considering the gender of the students, such analysis did not reveal significant differences in the students according to their sex for any item.



Item 1 explores the tool’s ability to entertain and teach. This item was removed from the scale category in the reliability analysis and incorporated into this test. Both teachers (83.3%) and computer students (80.0%) expressed as a majority option the one that identifies both capacities in the tool. Both in this option, as in the rest of the options, there were no statistically significant differences between both groups.



Items 4, 5, and 6 focus on organizational aspects: the time when the Kahoot® was carried out as well as duration and combination of this learning methodology with others. In item 5, related to the duration of the contest in classroom, there was no significant difference between the teacher training and computer engineering groups. The most common option chosen was the average duration (between 5 and 15 min), which was selected by 61.1% of the teacher training students and 47.3% of the computer engineering students.



Item 4 asks about Kahoot’s moment of realization. There was no significant differences in the majority option. It was “at the end of the class” in both groups (61.1% in teaching and 58.2% in computer engineering). However, the Chi-squared test revealed significant differences in the rest of the options (p < 0.01). While the distribution in the “in the middle of the class” and “at the beginning of the class” options were similar for teacher training students (16.7% and 22.2%, respectively), computer students practically rejected the “at the beginning of the class” option with only 3.6% of the students choosing this. Figure 2 shows the distribution of the options in both degrees for this item.



Item 6 ask for the combination of Kahoot with other forms of teaching in class. The Chi-squared test revealed significant differences (p < 0.01) in the majority option: “explanation combined with Kahoot and practical exercises”, with a higher incidence in computer science students (89.1%) than in teacher training students (72.2%). Differences were also observed in the option “his oral explanation combined with Kahoot” which was the second most numerous option for the students of teaching (20.4%), while that option was not selected by any student of computer science. The most uncommon option was “exclusively his oral presentation” for both groups for which no significant differences were found. Figure 3 shows the distribution of responses for this item.





5. Discussion


To increase the chances of success and sustainability, organizations must change their positioning and try to modify existing processes or create new products and services. Educational institutions are not an exception and new educational strategies such as gamification have proven useful for this goal [34].



Gaming tools are increasingly used for teaching at all educational levels. Many studies show that they can increase motivation and “reset” the student’s attention clock [35]. For the sake of the sustainability of the higher education system, it seems a good choice to design policies that include this style of learning in the curriculum so that students can benefit from its effects. However, in the university world few studies investigate whether this effect has the same proportions depending on the nature of the study in which it is applied.



In this work, a comparative study was carried out to verify the effect of the tool on two very different university degrees: Degree in Teacher Training (Social Sciences branch) and Degree in Computer Engineering (Engineering branch). The results, in line with other research that focuses on degrees, show that students find the tool very useful and give it a good level of influence on their learning. However, this study has detected nuanced differences in the level of satisfaction between the two student groups. The computer students experienced the highest level of satisfaction when playing Kahoot® as a tool for enjoyment and learning. The explanation that can be given to this result could be the novelty in the use of the tool. While for the Degree in Teacher Training, students are instructed to use different means of teaching as future teachers, in the Degree in Computer Engineering the tool is much more innovative. In any case, in order to test this hypothesis, both the study and the measuring instrument should be extended.



As for other organizational aspects, some differences were also detected. As for the moment of realization, it is remarkable the high percentage of students who prefer to do Kahoot at the beginning of the class, when the content has not yet been taught. Computer science students give more value to the realization of practical exercises combined with Kahoot and the explanation of the teacher. This can be explained by the more instrumental nature of computer studies.



The conclusions of this study therefore suggest that it does not seem appropriate to integrate gamification tools into all disciplines in the same way. Instead, a more in-depth study is needed to understand the effect of gamification on each type of study. In order to respond to the previous conclusions, as future work, the aim is to broaden the range of degrees in which to apply the study and determine which is the general trend according to the branch of study (Social Sciences, Engineering, Health Sciences, Experimental Sciences, Humanities, etc.), as well as to widen the number of items in the instrument. It is also necessary to include tests of academic performance to find out if there are differences in the impact of such performance according to the discipline of the university courses carried out.
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Figure 1. Satisfaction profile for each group. 
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Figure 2. Item 4 distribution about the Kahoot’s moment of realization. 






Figure 2. Item 4 distribution about the Kahoot’s moment of realization.



[image: Sustainability 12 04778 g002]







[image: Sustainability 12 04778 g003 550] 





Figure 3. Item 6 distribution about the combination of Kahoot with other techniques. 
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Table 1. Participants in the study.
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Gender

	
Total




	
Female

	
Male






	
Degree Program

	
Teacher training

	
32

	
22

	
54




	
Computer engineering

	
23

	
32

	
55




	
Total

	
55

	
54

	
109
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Table 2. Kahoot questionnaire.
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Items

	
Answer Options






	
1. When I play Kahoot

	
1.  I neither enjoy nor learn




	
2.  I enjoy, but I don’t learn




	
3.  I don’t enjoy, but I learn




	
4.  I enjoy and learn




	
2. Kahoot helps me strengthen what I learned in the classroom

	
1.  Not at all




	
2.  Barely




	
3.  A fair extent




	
4.  A large extent




	
3. Playing Kahoot motivates me to learn the subject

	
1.  Not at all




	
2.  Barely




	
3.  A fair extent




	
4.  A large extent




	
4. I prefer to play Kahoot

	
at the middle of the class.




	
at the end of class




	
at the beginning of the class




	
5. I would like the duration of Kahoot to be

	
short (<5 min).




	
long (>15 min).




	
medium (between 5 and 15 min).




	
6. I prefer the teacher to explain the theoretical concepts by

	
his oral explanation combined with Kahoot and practical exercises




	
his oral explanation combined with Kahoot




	
his oral explanation combined with practical exercises




	
exclusively his oral explanation




	
7. In general, I consider Kahoot

	
1.  Absolutely essential




	
2.  Necessary




	
3.  Rarely necessary




	
4.  Useless
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Table 3. Reliability analysis.
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	Item Number
	Cronbach’s Alpha if Item Is Eliminated





	1
	0.774



	2
	0.635



	3
	0.553



	7
	0.566
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Table 4. Description of satisfaction variables.
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Type of Student

	
Mean

	
Std. Dev.

	
N






	
Item 2

	
Teacher training

	
2.93

	
0.544

	
54




	
Computer engineer

	
3.20

	
0.826

	
55




	
Total

	
3.06

	
0.711

	
109




	
Item 3

	
Teacher training

	
2.94

	
0.627

	
54




	
Computer engineer

	
3.24

	
0.860

	
55




	
Total

	
3.09

	
0.764

	
109




	
Item 7

	
Teacher training

	
2.91

	
0.524

	
54




	
Computer engineer

	
3.13

	
1.001

	
55




	
Total

	
3.02

	
0.805

	
109
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Table 5. Test of intra-subject effects.






Table 5. Test of intra-subject effects.














	Source
	Type III Error
	df
	F
	Sig.
	η2 Partial
	Ob. Pow.





	Satisfaction
	0.297
	2
	0.148
	0.545
	0.581
	0.005



	Group*Satisfaction
	0.077
	2
	0.038
	0.141
	0.869
	0.001



	Error
	58.290
	214
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Table 6. Test of inter-subject effects.






Table 6. Test of inter-subject effects.












	Source
	Type III Error
	df
	F
	Sig.





	Intersection
	3055.444
	1
	2644.653
	0.000



	Group
	5.609
	1
	4.855
	0.030 *



	Error
	123.620
	107
	
	







* Significant at 0.05 level.
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Table 7. Contingency table on the response frequencies to the questionnaire.






Table 7. Contingency table on the response frequencies to the questionnaire.





	
Item

	
Teacher Training

	
Comp. Eng.

	
Total

	
χ2

	
Sig.






	
1. When I play Kahoot…1. I enjoy and learn.; 2. I don’t enjoy, but I learn.; 3. I enjoy, but I don’t learn.; 4. I neither enjoy nor learn.

	
1

	
45

	
44

	
89

	
1002

	
0.801




	
2

	
3

	
3

	
6




	
3

	
5

	
5

	
10




	
4

	
1

	
3

	
4




	
4. I prefer to play Kahoot…1. at the middle of the class.; 2. at the end of class.; 3. at the beginning of the class.

	
1

	
9 *

	
21 *

	
30

	
11,950

	
0.003




	
2

	
33

	
32

	
65




	
3

	
12 *

	
2 *

	
14




	
5. I would like the duration of the Kahoot to be…1. short (< 5 min); 2. long (>15 min); 3. medium (between 5 and 15 min).

	
1

	
5

	
7

	
12

	
2102

	
0.350




	
2

	
16

	
22

	
38




	
3

	
33

	
26

	
59




	
6. I prefer the teacher to explain the theoretical concepts by…1. exclusively through his oral explanation.; 2. his oral explanation combined with practical exercises.; 3. his oral explanation combined with Kahoot.; 4. his oral explanation combined with Kahoot and practical exercises.

	
1

	
1

	
0

	
1

	
16,129

	
0.003




	
2

	
2

	
6

	
8




	
3

	
11 *

	
0 *

	
11




	
4

	
40 *

	
49 *

	
89








* Significant at 0.01 level.
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