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  Abstract


  Howard Gardner revolutionized the concept of intelligence with his Multiple Intelligences Theory. His vision was widely supported by the educational community, which considers different forms of learning and accessing knowledge. Despite its impact, there is still a lack of development of tools that can easily, practically and reliably evaluate multiple intelligences. This work describes the design, development, and piloting of TOI (Tree of Intelligences) software, a digital tool to evaluate multiple intelligences and perform interventions through video games. The aim of the study is to present the design of the TOI software and test its operation, analysing the distribution of the results game by game and checking whether there are differences according to gender or school year. A total of 372 primary school students participated, aged 5 to 9 years old (M=7.04, SD=.871), from three schools in Asturias and Madrid. The results show that 9 out of 10 games had a normal distribution and that there were no gender differences in most games, but there were differences in relation to the school year. We concluded that due to its operation and design TOI software has the potential be a suitable instrument for the evaluation and intervention of multiple intelligences.
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  1. Introduction


  In the eighties, Howard Gardner revolutionized the world of psychology and education with his Theory of Multiple Intelligences (MI). His vision of intelligence, not as something unique but rather a set of skills, talents and abilities, called intelligences, which are independent from each other and potentially present in all people (Gardner, 2013), breaks with the traditional conception of human intellect and opens up a world of possibilities for education professionals, who see the opportunity for more personalized education that respects the many differences between students and their different ways of learning and accessing knowledge. It is becoming more and more common to find schools including aspects related to the development of multiple intelligences in their curriculum planning. There are some successful cases which are well known in the educational community, such as the Montserrat School in Barcelona, which implements a methodology based on multiple intelligences that respect emotional aspects and turns students into protagonists of their own learning (Del-Pozo, 2005).


  Despite the impact of this theory on the world of education, thirty years later there is still no mechanism to evaluate multiple intelligences in a simple, practical and reliable way. The most significant experience is Project Spectrum (Gardner, Feldman, & Krechevsky, 2008), developed with the objective of evaluating the intelligence profile and working style of children, observing their behavior when solving problems related to each of the eight intelligences. The activities used in the project have proven to be valid and reliable for evaluating multiple intelligences (Ballester, 2001; Ferrándiz, Prieto, Ballester, & Bermejo, 2004), but despite Gardner suggesting that the model was ideal, it is a very laborious and slow process, which means that it is not widely used in schools or research on MI (Gardner, 2013). The most commonly used assessment practice for the classroom is the assessment scales for parents, teachers, and students that Thomas Armstrong compiled in his book “Multiple Intelligences in the Classroom” (Armstrong, 2006). These lists make it possible to organize faculty observations of a student’s multiple intelligences, but according to Armstrong himself (2006), the lists cannot be considered a standardized test since they have not been subjected to the necessary protocols to determine their reliability and validity, and should therefore only be used informally.


  Designing an instrument that teachers can use to easily, validly and reliably assess different intelligences would have significant educational implications. It would encourage a concept of education that is far removed from the traditional school, and it would allow for more individual-centred teaching, taking into account that everyone is different in the degree to which they possess different intelligences and different combinations of intelligences.


  For this reason, in this study, we look at the design, development, and testing of software to evaluate MI and perform interventions. The software is attractive and motivating for both students and families (Gardner, 2012), and complies with the evaluation characteristics proposed by the Theory of MI: continuous, systematic, varied, dynamic, contextualized, meaningful, motivating, etc. (Ballester, 2001; Ferrándiz, 2000; Gardner, Feldman, & Krechevsky, 2008; Gomis, 2007). At the same time, it is practical for use in both schools and research. Our aim is to produce an instrument “that in addition to evaluating constitutes a learning experience” (Gardner, 2013: 237).


  Video games may constitute an appropriate evaluation procedure. They allow for the introduction of evaluation and educational objectives without sacrificing entertainment (Starks, 2014) and they can provide a dynamic MI evaluation process if activities are designed that work on basic skills defining each learning area and if these activities are planned within a meaningful and motivating learning context (Escamilla, 2014; Marin & García, 2005).


  In addition, the dynamic and playful nature of video-games makes them motivating and influential at a cultural and social level, taking up a large part of children’s, young people’s and adults’ leisure time (Dorado & Gewerzc, 2017; Sedeño, 2010; Spanish Association of Video Games, 2015). Due to their potential, it is increasingly common to find video-games in the classroom, with specific methodologies that allow them to be incorporated into the educational process, such as gamification (applying the principles of the game to a different context than that of the game, for example, a classroom) or game-based learning which is based on in introducing video-games into the learning process in order to improve it (Díaz & Troyano, 2013; Zichermann & Cunningham, 2011).


  The literature on the use of video games as a training and cognitive assessment tool is growing (Buckley & Doyle, 2017). In recent years, studies have emerged that analyse the measurement of intelligence through video games (Quiroga, Román, De-La-Fuente, Privado, & Colom, 2016), prove their effectiveness as a tool for the prevention of cognitive diseases such as Alzheimer’s (Hsu & Marshall, 2017) and evaluate the effectiveness of cognitive training in aspects such as work memory and attention (Ballesteros & al., 2017; Oh, Seo, Lee, Song, & Shin, 2017).


  In the area of MI and video games, the studies by Del-Moral, Fernández & Guzmán (2015: 244) are prominent. They state that “the introduction of appropriate educational video games in the classroom and their systematic exploitation promote the development of MI”. The same authors point out that so-called “serious games” can stimulate the development of MI since they have multisensory components that provide learning contexts that are capable of holding the player’s attention and involving them in the game.


  In this work, we describe the design, development, and testing of TOI software, which is an instrument composed of a variety of pedagogically designed video games. According to the ideals of MI assessment (Armstrong, 2006; Gardner, 2012; 2013; Gardner, Feldman, & Krechevsky, 2008), it should be able to assess multiple intelligences and be used in interventions in an attractive and motivating way. Plus, it should not only provide useful information about individuals’ abilities and potential, but it should also be capable of doing so in real time, facilitating its application in both school and research environments. We begin with a description of the software (Tree of Intelligences) in order to then examine more deeply its use in teaching and its application in intervention and evaluation. The aim of the study is to describe the educational design of the TOI software and to analyse its operation. That analysis will be done by analysing the distribution of the sample, any differences in terms of gender and any differences in terms of a school year. These aspects will allow us to check whether the difficulty of the games is sufficient to deal with the whole sample, whether it is valid for use in both boys and girls and whether the difficulty and content are suitable for the target age range.


  1.1. Description of the TOI software


  TOI, Tree of Intelligences, is software designed and developed to evaluate multiple intelligences and assist in interventions in a playful and interactive way. It began with the objective of providing information about people’s abilities and potentials, offering a useful response that helps reinforce strong areas and/or develop and compensate for weak areas. It uses video games as an instrument and is built on two fundamental pillars: instructional design understood as the planning and design of educational materials, and the understanding of intelligence as the ability to solve problems or create valuable products (Gardner, 2013).


  TOI was developed following an innovative and detailed process of the same name, the TOI Method (Figure 1). Our starting point was Gardner’s conception of human intellect (2013), bearing in mind that intelligences always work in concert (Armstrong, 2006; Gardner, 2013), that they are triggered by information presented internally or externally (Gardner, 2013) and that there are different ways of being intelligent within the same intelligence (Armstrong, 2006). Game mechanics were designed to that they pose logical, visual, naturalistic, linguistic, bodily, emotional and musical challenges. People’s performance in solving different challenges determines their intelligence profile.
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  Figure 1. Graphic description of the TOI Method.


  TOI is currently made up of ten tests in a video game format. The instructional design means that the tests cover all eight intelligences proposed by Gardner (2012), as shown in Table 1. TOI is a mobile touchscreen application compatible with both iOS and Android operating systems. It is also optimized for use on computers with Windows 10 operating systems with the classroom in mind.


  1.1.1. From instructional design to intelligence assessment


  Unlike the vast majority of video games on the market, the TOI software is based on an instructional design that defines game mechanics, content, game-playing and evaluation criteria. Each game is designed to challenge the player. Depending on the skills or abilities required to solve the challenge, one intelligence will primarily be activated, and one or more will be activated in a secondary manner. One challenge may require the speed of reaction activating the visual and motor intelligences, while another may require knowledge about the different species in the animal world, activating naturalistic intelligence. We used three criteria for judging whether a game triggers an intelligence: the mechanics, or gameplay, and the content. The mechanics of the game demands skills or abilities to solve the problem, while the content requires more knowledge that may be related to intelligence. For example, a game that poses the challenge of classifying tools according to their geometric shape will work by content on logical and visual intelligences, and by mechanics on visual and bodily intelligences. In this case, we established that due to its weight in solving the challenge, the principal intelligence worked on is logical-mathematical intelligence and the visual and body-kinesthetic intelligences are triggered in a secondary way.


  Once we had defined the mechanics and content of the game, the evaluation criteria were established defining the dependent variables: successes (hits, or correct responses), errors, level of difficulty, time and score. In this process, elements and interactions were also taken into account, determining both the speed at which objects exist and the possible number of interactions needed to change the difficulty level.


  Following the instructional design phase, the pedagogical design was placed in the hands of creatives and programmers, who gave the games and software the aesthetic and technical resources that encourage engagement and guarantee playability. These aspects, along with emotional design, play a key role in introducing assessment objectives without sacrificing entertainment.


  1.1.2. The games, the TOI software engine


  All games are designed to work primarily on one intelligence, and one or more on a secondary basis, taking into account the key competencies and skills associated with each intelligence, as indicated in Table 1. The eight intelligences defined by Gardner are not all represented to the same extent in the games. Visual-Spatial intelligence is covered in many of the games, while interpersonal and intrapersonal intelligences are only addressed in one game. It is worth mentioning that this social intelligence (inter- and intra-personal) is one of the most difficult to evaluate in this software.
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  The initial duration of each game is 60 seconds, but the time increases with correct answers and decreases with wrong answers; so the player’s performance determines how long the game lasts. It ends when the timer reaches zero, at which point the TOI algorithm analyses the number of successes and errors, the total playing time, the player’s accuracy and the gamma elements.


  Most of the data is collected internally, but in order to enhance the gamification, users are shown the total number of hits, the accuracy of their responses and the number of trophies and virtual coins they managed to collect. The latter allows for a gamma tool design.


  1.1.3. Profile of Intelligences


  The main mission of the TOI software is to provide users with information about their intelligence profile, showing a graph of their more and less developed intelligences (Figure 2), which allows them to discover their potential and to be able to take action depending on the results to enhance or improve their intelligences. To this end, the ability and performance of the player is analyzed in each of the pedagogically designed games, establishing a weighted score based on whether the game works an intelligence in a primary or secondary manner.
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  Figure 2. Profile of Intelligences.


  The score obtained is compared in real time with the recorded performance of other users in each of the games, showing the percentile for each intelligence and a bar graph that allows users to see at a glance their most and least developed intelligences.


  The TOI software also offers feedback on the intelligence profile, providing relevant information on what the percentage in each intelligence means. This analysis allows us to offer advice and make recommendations to enhance or develop intelligence through complementary analog and digital activities.


   


  2. Method 


  2.1. Participants


  A total of 372 students participated in the study. They were aged between 5 and 9 years old (M=7.04, SD=.871), in the first three years of primary education, and from three private Spanish schools in Asturias and Madrid. The group consisted of 199 boys (53.5%), with an average age of 7.07 (SD=.91) and 173 girls (46.5%), with an average age of 7.01 (SD=.82), with no significant differences between the age groups (p=.511). There were also no differences in the gender distribution in the sample [?2(1)=1,817, p=.178].


  2.2. Procedure 


  The schools were selected according to accessibility criteria. Once the consent of the families had been obtained, the participants carried out the test by playing all the video games in the TOI software individually, during teaching hours and in periods of 90 minutes. Each of the tests was supervised and guided by a specialist from the research group.


   


  3. Analysis and results


  3.1. Distribution of the sample


  We performed a game by game analysis to check the distribution of the sample in the variables successes, total time and accuracy. The game variables are normally distributed according to the criteria laid down by Finney and Di-Stefano (2006), in which asymmetry scores between 2 and –2 and kurtosis scores between 7 and –7 of kurtosis mean sufficiently normal distributions. The exception is the game “Electric colours”, which works with visual-spatial and logical-mathematical intelligence. The distribution in this game is asymmetrically negative in the successes variables (asymmetry=2.21) and time (2.64). For the analysis of results, non-parametric tests were used, as the distribution of the sample did not meet the parameters of normality in all the games. Thus, the Mann-Whitney U was applied for the analysis of gender differences, and the Kruskal Wallis tests for the analysis of differences according to the school year.


  3.2. Gender differences


  In order to find out whether there were significant differences according to gender, we performed a comparative analysis of the matching game on the means and standard deviations of the variables successes, time of play and accuracy index.


  In the results, there were significant differences (p=.000) in the successes variable in the mathematical-logical intelligence game “Mathlon” (U de Mann-Whitney=11132,00; (p=.000) between boys (M=40.92, SD=18.51) and girls (M=32.95, SD=15.10). Significant differences were also found in the successes variable of the body and visual intelligence game “Lunch Time” (U de Mann-Whitney=7,233.00; p=.033) in boys (M=39.72, SD=13.39) compared to girls (M=42.95, SD=13.87). We also found significant differences in the accuracy variable of the emotional game “Say Cheese” (U de Mann-Whitney=11,611.00; p=.039) between boys (M=72.12, SD=15.50) and girls (M=75.58, SD=14.08). No significant gender differences were found for the remaining variables and games.


  3.3. Differences by school year


  We looked at the variables successes, time and accuracy for each game in terms of the children’s school year (Table 2). We found significant differences in all the games analysed. Both the mean and the standard deviation of all three variables were higher in the second year when compared to the first year, and they were higher in the third year than in the second year.
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  4. Discussion and conclusions 


  In addition to the description of the TOI educational software, the other aim of our study was to test its operation through a game-by-game analysis of the distribution of the sample, differences by gender and the differences by school year in the variables successes, time and accuracy. The results show that the variables in all games, with the exception of “Electric colours”, were normally distributed; therefore, their design in terms of difficulty is appropriate. In the case of “Electric colours”, which was designed to work on and analyse visual-spatial and logical-mathematical intelligence, it will be necessary to make a design adjustment for the successes and game time.


  The results also indicate that there were no significant gender differences in most of the variables. The exceptions were the successes variable in the “Mathlon” game for logical-mathematical intelligence, successes in the body and visual intelligence game “Lunch Time”, and the accuracy variable in the emotional game “Say cheese”, which will all need some revision in design. It is important not to have gender differences to ensure that neither evaluations nor interventions are affected by gender issues and that the tool is applicable to both boys and girls. Our results differ from those in the study by Del-Moral, Guzmán, and Fernández (2018), who observed gender differences in all intelligences.


  The results show that there were significant differences in terms of the school year, and therefore age, in the variables successes, time and accuracy in each game. This is a positive finding as it shows that the content is appropriate for the age group that was analysed (5-9 years), adjusting the results to each educational stage. When analysing the intelligence profile, it should be noted that the results show the profiles compared to each students’ peer group. Differences between school years are only analysed to determine the suitability of the content and the difficulty.


  TOI is an appropriate tool for assessing MI because its design and development encompass features of the ideas proposed by Gardner and his collaborators for assessing multiple intelligences (Armstrong, 2006; Gardner, 2012; 2013; Gardner, Feldman, & Krechevsky, 2008): intrinsically interesting and motivating materials due to the use of gamification and new technologies, neutrality, a natural learning environment and feedback (Buckley & Doyle, 2017).


  Marín, López and Maldonado (2015) highlight video games as a positive resource for learning, stating that young people consider them attractive, and Del-Moral and al. (2018) point out that in addition to improving skills and abilities, video games are a powerful strategy facilitating learning. The fact that it is the children themselves who discover knowledge through cognitive efforts and in turn relate that knowledge to things they already know and are familiar with makes video games especially interesting (Gramigna & González-Faraco, 2009). As for neutrality, both in the test instructions and in test development, we tried to avoid the influence of verbal and logical intelligences, instead directly analyzing the intelligence that is operating in response to the challenge posed.


  Using video games as an instrument makes it more likely for the evaluation to be “part of the natural interest of the individual in a learning situation” (Gardner, 2013: 233), because children perceive it as a game due to its potential to motivate and its attractiveness, and they are not aware of being evaluated, engaging in the activity because they want to. This motivating factor of video games is one of the aspects which has been most widely analysed by the educational community and can be found in both recent (Ferrer, 2018; Prena & Sherry, 2018) and past studies (Alfageme & Sánchez, 2002).


  The software also offers feedback with analysis and advice to help interventions in the intelligence profile. For Gardner (2013), it is very important that the evaluation is helpful because psychologists often spend too much time classifying people and too little time helping them (Escamilla, 2014).


  In conclusion, due to its design and performance results, TOI has the potential to be a suitable instrument for assessing MI and associated interventions; and its inclusion in the classroom could have significant educational implications and provide value to the educational community as long as it is treated carefully to avoid stigma or classification of students. While many teachers accept individual differences, few address them or attempt to improve children’s intelligences (Bartolomé-Pina, 2017). This is why a tool such as TOI, which allows teachers to discover students’ intelligence profiles or strong and weak areas, opens up the possibility of knowing which learning style best suits students’ profiles or discoveries which activities they feel most comfortable with in order to work towards more personalised, inclusive education, taking into account the fact that everyone is different and therefore should not learn in the same way.


  It is necessary to point out some limitations to be addressed in future work. First, a psychometric analysis is needed to determine whether the TOI software is valid as a measurement tool. In this regard, and bearing in mind that for an assessment to be legitimate, it must cover a wide range of measuring instruments and methods (Armstrong, 2006). It would be useful to compare and contrast the profile results obtained by this method with those of other MI assessment instruments such as the MI self-perception scales aimed at families and teachers (Prieto & Ballester, 2003; Prieto & Ferrándiz, 2001). In addition, a test-retest assessment would allow us to analyze other important aspects such as the learning or training effect. It would also be interesting to gather feedback from teachers and the educational community on the use of TOI software in the classroom.


  Secondly, it is worth noting possible sample bias as the tests were only carried out on students in private schools. Tests should also be carried out in public schools so that the results can be generalized to the rest of the population.


  In addition, in order to avoid the use of video games as part of the model and thus provide greater reliability, we are planning the development of an educational program of multiple intelligences to accompany the use of the tool in a more analog sense, with activities that complement the development of skills in real contexts, inside and outside the classroom. Furthermore, due to the difficulty in evaluating inter- and intrapersonal intelligence, any evaluation of this type will need further development in order for it to be represented appropriately.


  As for the design of the tool, in addition to the previously mentioned adjustment of the “Electric Colours” set due to its negative asymmetry, it would also be useful to make an adjustment to the “Letter Soup” set. Although the sample is distributed within the normal range, the current version does not take into account the error variable, and this means less difficulty, with most of the subjects scoring values above the average.


  With a view to future lines of work, we hope to apply the methodology for the design of games to cover different age groups, as well as to verify the validity and reliability of TOI for intervention with groups with specific educational needs, such as high capacity or ADHD.
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is made of. kinesthetic (Secondary) Categorization
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‘able 2. Comparison of successes. time. and accuracy for each game by school year
First Year Second Year Third Year Chi Si
Wean SO Wean SO Mean SD Squared e
Biu's garage - N=365— First Year=102/ Second Year=142/ Third Year=121
Successes | 30.14 1522 40,60 17.40 56.58 2099 90.29 000
Time 88.67 27.76 | 10656 | 2608 | 12840 | 2845 86.79 2000
Accuracy | 4959% | 16.18 | 57.83% | 1156 | 64.49% | 881 64.64 1000
Mathlon - N=346 — First Year=100/ Second Year=127/ Third Year=119
Successes | 2504 1158 33.39 13.02 5146 15.79 139.03 000
Time 11057 | 4233 | 14156 | 36.08 | 16960 | 3152 110,59 2000
Accuracy | 54.56% | 2566 | 7234% | 1487 | B81.93% | 1487 65.29 2000
Electric colours - N=357 — First Year=97 / Second Year=142/ Third Year=11
Successes | 6,89 2.05 8.93 355 11.94 533 83.26 000
Time 78.10 1251 87.75 17.83 | 102.12 | 2684 65.61 2000
Accuracy | 67.01% | 1115 | 7541% | 1345 | 8254% | 11.70 66.86 1000
Mecaboom - N=290 — First Year=61/ Second Year=121 / Third Year=108
Successes | 18.00 1281 2952 1333 4384 1202 114.26 2000
Time 5486 | 4548 9512 | 4376 | 139.92 | 3646 114.89 2000
Accuracy | 24.67% | 1615 | 3841% | 1279 | 47.79% | 786 97.62 1000
Letter soup - N=359 — First Year=08/ Second Year=142/ Third Year=119
Successes | 11.98 504 15.87 572 2379 961 124.96 000
Time 214.85 | 4738 | 24593 | 44.18 | 30203 | 6298 123.18 1000
Lunch time - N=262 —First Year=43/ Second Year=99 / Third Year=120
Successes | _31.60 11.07 3643 13.08 48.63 1089 69.36 000
Time 9384 2737 | 10344 | 3074 | 12872 | 1978 65.11 1000
Accuracy | 5136% | 952 | 5363% | 1054 | 6161% | 543 61.73 1000
Yog's Band - N=76 - First Year=14/ Second Year=19/ Third Year=43
Successes | 4.14 1.70 7.68 084 762 119 27.80 000
Time. 14576 | 1706 | 17850 | 1008 | 17803 | 1377 2431 000
Accuracy | 33.4% | 2276 | 4947% | 1157 | 49.16% | 1261 839 015
Musical drops - N=64 — First Year=0/ Second Year=38 / Third Year=26
Successes - - 923 441 11.96 412 615 013
Time - 5 12954 | 2074 | 14169 | 2209 502 025
B - 4553% | 2262 | 56.26% | 1936 4.96 026
N=328 = First Year=82/ Second Year=125 / Third Year=121
10.74 4.41 14.24 6.15 18.34 5.73 76.81 .000
10004 | 2171 11346 | 2636 | 12729 | 2127 58.29 1000
7029% | 1691 | 7379% | 1679 | 7598% | 1052 4.16 125
ts - N=338 — First Year=81 / Second Year=138/Third Year=11
39,58 1964 47.80 2064 65.12 2077 71.08 000
121.12 | 3675 | 13543 | 3477 | 15994 | 30.15 70.99 2000
6486% | 1493 | 69.94% | 1242 | 7800% | 953 72.67 1000






