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Abstract

:

In recent years, serious games offer great opportunities for learning processes at schools. However, it is unclear whether this type of proposals can offer differentiated answers among the students according to their gender. In this context, the aim of this paper is to know the possible differences that occur in primary school classrooms according to gender, with serious games designed for the development of mathematical fluency, and to examine to what extent these games contribute to the overall school performance. We carried out a quasi-experimental study, including pretest and posttest, without control group and with several experimental groups, and the participation of 284 students from first to fourth grade. The results show that the software benefits boys and girls equally, compared to the previously followed methodology that benefited boys. A clear relation between the results achieved and the performance in the overall students’ grades has also been observed. The conclusions show the potential of serious games in school settings, and the opportunity to approach performance differences based on the gender.
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1. Introduction


The possibilities offered by serious games has been an area of increasing interest over the past years in the field of education. Unlike video games, which are created for entertainment purposes, serious games focus on the educational aspect [1] on one of the possible developments that this type of software is able to offer [2]. Serious games recover characteristic elements of the students’ leisure time and take them to the classroom, generating an experience that promotes learning.



The presence of video games has progressively ousted other forms of entertainment. Data provided by the Spanish Video Game Association [3] show very high average weekly consumption figures: 6.7 h a week on average in Spain (in countries like the UK the figure almost doubles, with 11.6 h) and a male profile in 58% of the cases. This should be added to a larger presence in the lower age ranges: 75% of the boys and girls aged between 6 and 10 years fit this profile, thus reducing the percentage as we include higher ages. With these consumption levels, we find studies that point out the benefits of video games [4], also shared with serious games [5]. However, they are not exempt from possible negative assessments either. Research exists [6] showing that the use of video games during school days is related to a worse academic performance. Moreover, intensive video gamers have worse academic results in a research line that relates excess time dedicated to this type of leisure with problems in school performance [7], a situation occurring twice as often among boys than among girls [8].



However, the use of serious games offers an opportunity, because students showing difficulties working in ordinary situations at school increase their engagement in this type of proposals [9]. We do also have to be aware of possible improvements in learning processes, which are highly dependent on the contexts [10] and the design of the game experience [11]. The relation between motivation and learning benefits offers an opportunity to explore new proposals applied on teaching and learning.



The improvements produced by the use of serious games are summarized in three distinct types of engagement [12] related to behavior, affect and cognition. This explains the enormous impact that they usually have on the students’ motivation [13], which results in an improvement of the participation level and high engagement levels [14]. This strong link with software may help to understand the advantages in learning processes [15,16] and school curriculum [17].



1.1. Serious Games and Gender


Research work in the field of video games from a gender perspective is often found. In this sense, several studies have been carried out, dealing with the personality of boys and girls and the relation with the type of preferred video game [18] or how gender governs the interaction between cognitive and personal factors [19]. These works help to understand the relation between gender motivations that lead boys to spend more time playing [20]. Moreover, some works have shown that in the case of women, the relation between the type of game chosen and future fields of academic interest is stronger than in the case of men [21].



As opposed to the large volume of studies on gender and video games, there are only a few works focusing on this field in serious games. The analyzed studies show differences at social interaction level [22] and investigate differences in academic performance, concluding that in the case of girls it is, unexpectedly, as good as among boys, despite completing less missions and scoring worse in the game [23]. There are even studies according to which girls exceed boys in terms of commitment to the proposal and the learning level achieved [24,25], which is evidence of the concern of women to relate the proposed experience with the academic achievement [26]. These data apparently contradict some studies in which the teachers do state gender differences in the motivational capacity perceived in favor of boys [27]. Other works [28], although they do not find differences in performance, show differentiated styles: women collaborate and are more willing to accept experiences with serious games, while men are more competitive.




1.2. Serious Games and Mathematics


In primary education schools, serious games can help to improve the learning of the subjects, and, among them, the field of mathematics is a recurrent space of interest. It is also a place of research due to the gender gaps that affect achievements, attitudes and relationship with this field of knowledge [29]. Research shows that these gaps change based on cultural variations and opportunities for girls and women in aspects such as equity in school enrolment or women’s participation in research work [30]. However, at the primary education level there are no differences between boys and girls in mathematics performance, a situation that changes in favor of boys in secondary school and university [31]. What is identified in this type of content is that the gender difference in the performance in activities involving competitiveness among students is not the same as that produced in non-competitive tasks. This competitiveness, when it enters the picture, could be affecting the size of the gender gap in mathematics test scores, potentially exaggerating the mathematical advantage of men over women when learning is similar [32]. All of these elements globally influence the performance of boys and girls and explain, together with factors such as the socioeconomic level, the significant differences shown in international studies for the Spanish context compared to other countries [33].



One way to see the progress in the first levels of primary education in mathematics is through the concept of mathematical fluency [34]. The measure of this element can work as a good indicator of school improvement with the use of serious games. Recent research relates the use of serious games with the improvement of mathematical fluency [35], being also a benefit that is projected in the set of key learning in schools [36].



In order to probe into the possible improvements in mathematical fluency due to the use of serious games, we have recently carried out an investigation in this area with the ReflexMath software. It is a program frequently used in schools in the United States that focuses on the mathematical fluency of calculus (Figure 1) with a curricular structure that follows the indications of the Council of Chief State School [37]. The software generates fully individualized learning pathways from the massive collection of user data, mainly based on response times and the error rate. A virtual assistant, in the form of a child character, provides help when the calculation processes do not improve. In serious games, the activation of the assistant is based on the error, considering it an opportunity for learning and not a penalty. This character, following the indicated curricular proposal, offers specific strategies for the calculation operation detected as especially difficult for students. The work of systematizing the calculation is based on video games in which the user’s interaction with the characters and the proposed situations is achieved by solving calculation operations adapted in real time to their profile. The software, in addition to the serious game, has an integrated gamification system generating rewards through exchangeable points for improvements to the game’s avatar, awards in the form of diplomas, etc. similar to a microform of digital badging. Teachers have the possibility of monitoring the process through a specific dashboard that offers information through tools based on learning analytics (Figure 2).



The data from the research carried out with this software in a primary education center show that, in a context such as Spain and with a curriculum structured differently from the American one, this software leads to great improvements in mathematical fluency in schools with ordinary schooling students in the first four levels of primary education with a statistically significant and large improvement in mathematical fluency. The data are consistent with previous studies with the same software with much smaller samples [38] and also with students with learning difficulties [39].



However, surprisingly, the differences in performance shown in the pretest segmented by gender turn out to be very favorable towards boys. The pretest data also showed that, with the methodology used in the school center, these differences did not decrease over the years. In addition, it was an aspect in which the educational center of the study showed concern because it had never been assessed and there was no awareness of this fact. It is an emerging element that requires analysis and that could potentially be worked on by means of an alternative methodology through a serious game.



For all of these reasons, the objectives of this research work are, on the one hand, to analyze from a gender perspective the performance of students in mathematical fluency before and after using a serious game, and the use that they have made of the serious game in terms of number of days they have used it and the number of activities resolved; and, on the other hand, to study from a gender perspective the role that classroom work with serious game plays in the general school performance of students.





2. Materials and Methods


2.1. Design


To achieve the intended objectives, a quasi-experimental design with pretest-posttest was proposed, without a control group and with several experimental groups. The study was carried out in a standard school setting, where the classroom-groups were already established (the assignment of the subjects to the groups was not random). Each group has worked completely independently, without instructor-initiated intervention, using the ReflexMath educational software. A mathematical fluency test was applied before and after its use. The teachers of the mathematics area were in charge of putting the proposal into practice in each classroom. To do so, the same indications were given to them on the use of the possibilities offered by the system. For the performance of the study, we had the informed consent of the educational center.




2.2. Participants


In this research there were 12 primary education classrooms between the first and fourth grade levels, belonging to a private (concerted) educational center located in an urban context of the Autonomous Community of Galicia. Specifically, 284 students participated, of which 54.2% were boys and 45.8% were girls. As regards the academic year, the sample was configured as follows: 24.3% first grade; 25.4% second grade; 25.7% third grade; and 24.6% fourth grade. First, the proposal was presented to the school leadership team and the 25 teachers who teach in the primary education stage. The participation in the research work received a positive feedback, especially by the mathematics teachers.




2.3. Instrument


The assessment of calculus learning was carried out through the Basic Math Operations Task (BMOT) [40], which was extracted from a later publication [39], and which was completely translated into Spanish, both in its pretest and posttest versions. This instrument includes combined operations for calculating additions, subtractions, multiplications and divisions, which the students must answer in a maximum time of one minute. The test is entirely suited to the curricular level of third and fourth grades of primary education, while for the first and second grades it was adapted including only addition and subtraction. The test correction generates an individual performance indicator based on the total rate of operations that are answered correctly. This indicator matches the object of work of the software, justifying its relevance.




2.4. Procedure


The study was carried out between September 2019 (application of the pretest) and December 2019 (application of the posttest). The software was used during the classroom work time in the math classes, at the rate of three sessions a week, as recommended by the manufacturer. Data were collected on the gender of the students and their academic performance, specifically the grades of all the knowledge areas assessed at the end of the first quarter of the school year, coinciding with the posttest. It was also been possible to obtain information on the number of days of use of the program and the volume of activities resolved in each case, through a specific tool that allows access to the system database. Moreover, as regards the teaching staff, data was taken from the years of teaching experience.




2.5. Data Analysis


The software used for data analysis has been IBM SPSS Statistics, version 25. Regarding the first objective, measures of central tendency and dispersion were calculated and the Student’s t test of independent samples was applied to find out if there were statistically significant differences based on gender. For the comparison between the pretest and the posttest within the same group of male or female students, the t-test was applied for related samples. For these statistical hypothesis tests, a significance level of 0.05 was established. In addition, to know the size of the effect, coefficients related to Cohen’s d family were used, specifically the formulas corresponding to dp, in the case of the independent groups (boys vs. girls), and to dD, in the case of the related measures test-posttest within the same group [41]. The resulting values were interpreted according to conventional criteria [42]: 0.2 implies a small effect size; 0.5, medium; and 0.8, large. In relation to the second objective, simple regression analysis was used, given the nature of the criterion variable (general academic grade) and attending to a single explanatory variable (the posttest score, the number of days of use and the number of activities performed with ReflexMath were taken separately).





3. Results


First, the results in mathematical fluency and use of serious play are presented according to gender. Next, we go deeper into the different educational levels and descend to certain classrooms to analyze in detail the differences between male and female students. Finally, we investigate to what extent serious play contributes to the general school performance of students.



3.1. Mathematical Fluency in Primary Education: Differences Based on Gender


The results obtained by primary school students, segmented according to gender, show an unbalanced situation (Table 1) with a significant difference of one point and a half in favor of boys in mathematical fluency in the pretest (t(282) = 2.153, p = 0.032, d = 0.26). In the posttest, after the use of serious game, the differences remain (t(282) = 2.496, p = 0.013, d = 0.30). This situation offers revealing elements: the methodology used in the school center favors boys in general, but serious play produces an improvement for boys and girls alike, since gender differences do not change after the intervention. However, there are also apparently contradictory data: girls develop a similar improvement to boys doing fewer activities. This difference is significant, but of low magnitude (t(282) = 2.291, p = 0.023, d = 0.27) and offers an advantage to girls in performance per activity performed compared to boys who do more to obtain the same level.



If we analyze how much improvement is achieved with the use of serious games in each group by gender, at the intragroup level, we see that both boys (t(153) = −19.340, p = 0.000, d = 1.56) and girls (t(129) = −17.650, p = 0.000, d = 1.55) make great progress thanks to the serious game between pretest and posttest, but without actually differentiating between them (t(282) = 1.052, p = 0.294, d = 0.13). Figure 3 reflects the distributions of the scores before and after the use of the serious game, showing the important progress, as well as a greater dispersion in the posttest.




3.2. Mathematical Fluency, Gender and Educational Level


If the data is broken down by educational levels and by gender (Table 2), distributing the participating students with similar curricular requirements, we observe that the data by grades favor in the posttest those who had a better performance in the pretest. Between boys and girls the differences become significant in the second grade both in the pretest (t(70) = 3.345, p = 0.001, d = 0.80) and in the posttest (t(70) = 2.939, p = 0.004, d = 0.71).



What is evident at all levels is that girls always do fewer activities than boys. Again we find a grade, second, where the differences become statistically significant at a level of p < 0.1 and with an effect size very close to a mean value (t(70) = 1.870, p = 0.066, d = 0.45), boys developing, on average, 1731 more activities than girls.



As in the results obtained in general, between the pretest scores and those achieved in the posttest within the group of male students and the group of female students, statistically significant and highly important differences are shown in all the analyzed grades (Table 3). These data once again value the proposal with serious games compared to the work that is usually done in the school for this type of content. All students progress without gender differences, so that, fundamentally, the improvement experienced is similar for male and female students, except again for the situation in second grade at a level of p < 0.1 and with an effect size very close to a mean value (first grade: t(67) = −0.216, p = 0.830, d = 0.05; second grade: t(70) = 1.883, p = 0.064, d = 0.45; third grade: t(71) = −0.441, p = 0.660, d = 0.10; fourth grade: t(68) = −0.485, p = 0.629, d = 0.12).




3.3. Gender Differences in the Classroom: The Role of Teachers


Making a more detailed analysis of the situation in second grade, the results of the pretest-posttest show a classroom where the performance of the girls is clearly different to the rest of the groups, specifically classroom 6, as illustrated in Figure 4.



It is a classroom where the situation of the female students in comparison with their peers (Table 4) shows statistically significant differences and of great magnitude due to gender, both in relation to the pretest (t(22) = 3.131, p = 0.005, d = 1.28) and the posttest (t(22) = 3.853, p = 0.001, d = 1.58). Questions should be raised about whether there is a different experience with serious games, but there is no data to indicate this. If we look at the time of use, both boys and girls used the software for a similar number of days and there are no statistically significant differences between them (t(22) = 0.831, p = 0.415, d = 0.34).



However, in this classroom the gender gap is even accentuated, as statistically significant differences and of great magnitude are obtained in the number of solved activities (t(22) = 2.246, p = 0.035, d = 0.92). This situation becomes even more evident (d = 1.05) in the progress of mathematical fluency (t(22) = 2.557, p = 0.018). Boys improve by an average of 4.5 points more than girls.



The analysis of other parameters creates the need to reconsider the situation and opens the way to future research work. The teacher of classroom 6 is a novice teacher with an experience of less than five years and with a recent university degree. If the results obtained by the female students of this novice teacher (classroom 6) are analyzed in comparison with those of the more senior teachers (more than 30 years of experience) responsible for classrooms 4 and 5, it is observed that, despite not obtaining statistically significant differences, they are relatively important differences (mean value effect size) in relation to the pretest (t(27) = −1.311, p = 0.201, d = 0.50), the posttest (t(27) = −1.678, p = 0.105, d = 0.64), the days of use (t(27) = −1.722, p = 0.096, d = 0.66) and the number of activities resolved (t(27) = −1.421, p = 0.167, d = 0.54). By contrast, the differences are less between male students (pretest: t(41) = 0.310, p = 0.758, d = 0.10; posttest: t(41) = 0.025, p = 0.980, d = 0.01; days of use: t(41) = −1.109, p = 0.274, d = 0.37; activities performed: t(41) = −0.896, p = 0.376, d = 0.30). It would then make sense to investigate what elements could be influencing the process and how the role of the teacher could be key in the differences with other classrooms.




3.4. Contribution of Serious Games to Academic Performance


Considering the sample as a whole, the simple regression model developed for the global academic grade with the posttest score as an independent variable (Figure 5), has explained 14% of the variance (adjusted R2 = 0.14, F = 48.421, p = 0.000). It is also observed that the days of use of the software (adjusted R2 = 0.07, F = 21.321, p = 0.000, y = 7.02 + 0.03 ∗ x) and the number of resolved activities (adjusted R2 = 0.08, F = 25.977, p = 0.000, y = 7.41 + 7.156 ∗ 10−5 ∗ x) contribute significantly to the general academic average of the students. These data highlight the importance of these types of improvements in mathematical fluency and the potential that the use of serious games has for the development of general academic performance.



When calculating regression models by gender, it is noted that the posttest score explains, in the case of boys, 22% of the variance of the overall academic grade (adjusted R2 = 0.22, F = 43.75, p = 0.000, y = 6.75 + 0.05 ∗ x), while for girls this variance is reduced to 11% (adjusted R2 = 0.11, F = 16.466, p = 0.000, y = 7.36 + 0.04 ∗ x). Therefore, it is observed that mathematical fluency is, in general, a better predictor of academic performance for boys than for girls.



However, the days of use of the software and the number of activities resolved have greater explanatory power in the school performance of girls than in that of boys. The days of use manage to explain 14% of the variance of the general academic mean of the female students (adjusted R2 = 0.14, F = 22.000, p = 0.000, y = 7.36 + 0.04 ∗ x) and 3% in the case of male students (adjusted R2 = 0.03, F = 5.098, p = 0.025, y = 6.83 + 0.02 ∗ x). Likewise, the activities carried out with the software also explain 19% of the girls’ performance (adjusted R2 = 0.19, F = 31.055, p = 0.000, y = 7.34 + 1.18 ∗ 10−4 ∗ x) compared to 5% in the case of boys (adjusted R2 = 0.05, F = 9.506, p = 0.002, y = 7.35 + 5.645 ∗ 10−5 ∗ x).



In order to better understand the role of mathematical fluency in the school performance of boys and girls, the results were broken down by academic levels (Table 5). The regression models generated were significant at a level of 0.05 both for the case of male students (first grade: F = 22.564, p = 0.000; second grade: F = 24.272, p = 0.000; third grade: F = 4.824, p = 0.035; fourth grade: F = 18.347, p = 0.000) and the female students (first grade: F = 30.728, p = 0.000; second grade: F = 23.797, p = 0.000; third grade: F = 7.759, p = 0.009; fourth grade: F = 5.986, p = 0.021). Contrary to what is seen in general, the resulting determination coefficients indicate that mathematical fluency explains the overall academic grade of girls to a greater extent than that of boys; except in fourth grade where, for male students, the proportion of the variance, explained in contrast to the lowest value of the female students, is doubled. That is, we can observe that the explanatory capacity of mathematical fluency on the school performance of boys and girls shows variations according to the analyzed grade. In any case, the estimated models have greater explanatory force in first and second than in third and fourth grade, in line with the greater curricular load of this type of content in the first two levels of primary school.





4. Discussion and Conclusions


The objective of this research has focused on the analysis from a gender perspective in the improvement of mathematical fluency with serious games and their relationship with school performance. Empirical evidence on the improvement that occurs in both boys and girls is provided, in line with previous research with similar software proposals [15,16,17].



The analysis of the data disaggregated by gender indicates a starting situation, with the methodology used in the school center, that clearly benefits boys. However, after working with the serious game, the data show that the improvement on the part of girls is similar to that of boys. Both improve in an equivalent way, and this is in itself a fact to be highlighted. It should also be taken into account that this process is not enough to reduce the disadvantage of the girls evidenced in their mathematical fluency in the pretest. This data is consistent with previous research in which this type of proposal benefits girls equally [24,25]. In any case, we should bear in mind the fact that the work styles are different, since in the case of girls their answer is based on their concern for academic achievement [26]. This trend, as reflected in other studies [28], implies a greater acceptance of the proposal by girls, compared to a more competitive position in the case of boys. This helps to understand the greater number of activities carried out by boys, which shows findings from previous works where gender motivation by cognitive and personal factors [19] influences their engagement in the proposal [20].



The data offer a use of the BMOT instrument [40] for a purpose not contemplated in its design: rapid identification of possible gender biases in mathematics. In response to the difference in performance observed in the pretest-posttest contrast with the use of the serious game, an opportunity is provided to normalize performance by gender, with a view to achieving results closer to those obtained in research on this type of content, since at these educational levels no gender differences should be found in their learning [31]. The data confirm the power that contexts have in the use of serious games [10], in addition to their design as a learning experience [11] in order to offer the same opportunities to both genders. In this sense, the identification of a classroom that showed a clearly inferior performance of the girls, unlike the rest of the center, brings up the importance of not losing sight of the role of the teachers and the arrangement of the elements to favor the same learning opportunities for boys and girls regardless of the software and the proposal. It is essential to train and prepare teachers so that their actions can avoid an unbalanced situation from a gender perspective. It is also necessary to offer tools for their diagnosis, since in many cases their appraisals may differ from the reality that exists in their classrooms [27]. In any case, it is convenient to watch out for the experience that the serious game offers, since the greater competitiveness of boys can offer a false appearance of learning [32] made visible here in a greater number of tasks without therefore having a better performance in his mathematical fluency.



Conversely, the regression analysis shows the importance of the proposal for the set of learning, highlighting the relevance of this type of skills to understand the general school success of students [36] at an age where the curricular weight of these contents it is much higher than in higher grades. The data here do show differences based on the indicators that are taken into consideration, apparently influenced by cognitive styles [28]. We should recall that, in both cases, both boys and girls show similar performance levels in mathematical fluency. However, in the case of girls, their general academic level is more related to the time of use of the proposal and the number of activities carried out. It appears that here too, differentiating characteristics of one and the other are projected in the styles with which they participate in the serious game [19].



Finally, it is worth considering some limitations of this research. Above all, it is noteworthy that, although there is a sufficient number of subjects, data are only available from one educational center, so the results should be used with certain caution to prevent potential generalizations. The factors that have influenced the group that has shown gender differences that even increase with the serious game are also unknown. All this offers clear lines of future research, especially in the role of teachers, not contemplated in this research, which would help to identify elements to take into account in the initial and ongoing training processes.
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Figure 1. A game in ReflexMath software. 
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Figure 2. Teacher dashboard. 






Figure 2. Teacher dashboard.
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Figure 3. Distribution of pretest and posttest scores according to gender. 
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Figure 4. Progress made in mathematical fluency by the boys and girls in the three second grade classrooms. 
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Figure 5. Scatter diagram of the posttest scores by the overall academic grade. 
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Table 1. Basic descriptive statistics according to the gender of the students.
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Boys (n = 154)

	
Girls (n = 130)




	
Mean

	
Median

	
SD

	
Mean

	
Median

	
SD






	
Pretest Score

	
9.68

	
9

	
6.002

	
8.18

	
8

	
5.709




	
Posttest Score

	
18.80

	
18.50

	
7.710

	
16.58

	
16

	
7.127




	
Days of use

	
27.1

	
26

	
7.4

	
27.3

	
26.5

	
7.1




	
Activities resolved

	
6155

	
5222

	
3555

	
5265.5

	
4519.5

	
2871.1
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Table 2. Basic descriptive statistics according to the grade and gender of the students.
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1st Grade

	
Boys (n = 35)

	
Girls (n = 34)




	
Mean

	
Median

	
SD

	
Mean

	
Median

	
SD






	
Pretest Score

	
3.66

	
2

	
3.933

	
2.26

	
2

	
1.896




	
Posttest Score

	
13.37

	
13

	
6.083

	
12.21

	
13

	
4.670




	
Days of use

	
28.3

	
27

	
5.1

	
28.3

	
28

	
4.7




	
Activities resolved

	
6119.3

	
5139

	
3267.3

	
5192.1

	
4744.5

	
2247.3




	
2nd Grade

	
Boys (n = 43)

	
Girls (n = 29)




	
Mean

	
Median

	
SD

	
Mean

	
Median

	
SD




	
Pretest Score

	
9.74

	
10

	
3.519

	
7

	
7

	
3.251




	
Posttest Score

	
23.19

	
22

	
7.716

	
17.72

	
16

	
7.759




	
Days of use

	
30.3

	
30

	
6.7

	
28.7

	
28

	
5.05




	
Activities resolved

	
7472.6

	
6110

	
4282.4

	
5741.8

	
5240

	
3094.3




	
3rd Grade

	
Boys (n = 36)

	
Girls (n = 37)




	
Mean

	
Median

	
SD

	
Mean

	
Median

	
SD




	
Pretest Score

	
11.25

	
10

	
4.982

	
10.05

	
10

	
4.301




	
Posttest Score

	
15.81

	
15.50

	
5.408

	
15.11

	
15

	
6.050




	
Days of use

	
28.8

	
29

	
8.3

	
30

	
30

	
9.2




	
Activities resolved

	
7018.1

	
6769.5

	
3169.4

	
6233

	
5213

	
3450.3




	
4th Grade

	
Boys (n = 40)

	
Girls (n = 30)




	
Mean

	
Median

	
SD

	
Mean

	
Median

	
SD




	
Pretest Score

	
13.48

	
12

	
6.528

	
13.70

	
13

	
5.415




	
Posttest Score

	
21.53

	
21

	
6.857

	
22.27

	
21

	
6.130




	
Days of use

	
21.2

	
19.5

	
5.6

	
21.4

	
22

	
4.7




	
Activities resolved

	
3993.1

	
3411.5

	
2028.2

	
3695.1

	
3445

	
1708.8
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Table 3. Statistic data from the t test for related samples (test-posttest) and size of the effect.
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Boys

	
Girls




	
t

	
df

	
p

	
d

	
t

	
df

	
p

	
d






	
1st grade

	
−12.036

	
34

	
0.000

	
2.03

	
−14.894

	
33

	
0.000

	
2.56




	
2nd grade

	
−15.050

	
42

	
0.000

	
2.30

	
−9.283

	
28

	
0.000

	
1.72




	
3rd grade

	
−6.215

	
35

	
0.000

	
1.04

	
−5.899

	
36

	
0.000

	
0.97




	
4th grade

	
−11.753

	
39

	
0.000

	
1.86

	
−10.391

	
29

	
0.000

	
1.90
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Table 4. Descriptive statistics according to the students’ gender in second grade classrooms.
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Classroom 6

	
Boys (n = 13)

	
Girls (n = 11)




	
Mean

	
Median

	
SD

	
Mean

	
Median

	
SD






	
Pretest Score

	
10

	
10

	
2.887

	
6

	
5

	
3.376




	
Posttest Score

	
23.23

	
24

	
5.674

	
14.73

	
14

	
5.022




	
Days of use

	
28.5

	
31

	
6.1

	
26.7

	
28

	
4.3




	
Activities resolved

	
6581.8

	
6110

	
2413.2

	
4715.9

	
4656

	
1434.5




	
Classrooms 4 and 5

	
Boys (n = 30)

	
Girls (n = 18)




	
Mean

	
Median

	
SD

	
Mean

	
Median

	
SD




	
Pretest Score

	
9.63

	
9.5

	
3.801

	
7.61

	
7.5

	
3.109




	
Posttest Score

	
23.17

	
21

	
8.538

	
19.56

	
19

	
8.658




	
Days of use

	
31

	
29.5

	
6.9

	
29.9

	
28.5

	
5.2




	
Activities resolved

	
7858.6

	
6078

	
4862.1

	
6368.7

	
5634.5

	
3669.1
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Table 5. Simple linear regression models differentiated by gender and course for the global academic grade (independent variable: posttest score).
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Boys

	

	
B

	
SE

	
β

	
t

	
p

	
R2

	
Adj. R2






	
1st grade

	
(Constant)

	
6.252

	
0.276

	

	
22.661

	
0.000

	
0.41

	
0.39




	
Posttest score

	
0.089

	
0.019

	
0.637

	
4.750

	
0.000




	
2nd grade

	
(Constant)

	
6.676

	
0.260

	

	
25.704

	
0.000

	
0.37

	
0.36




	
Posttest score

	
0.052

	
0.011

	
0.610

	
4.927

	
0.000




	
3rd grade

	
(Constant)

	
7.263

	
0.348

	

	
20.868

	
0.000

	
0.12

	
0.10




	
Posttest score

	
0.046

	
0.021

	
0.353

	
2.196

	
0.035




	
4th grade

	
(Constant)

	
5.760

	
0.415

	

	
13.885

	
0.000

	
0.33

	
0.31




	
Posttest score

	
0.079

	
0.018

	
0.571

	
4.283

	
0.000




	
Girls

	

	
B

	
SE

	
β

	
t

	
p

	
R2

	
Adj. R2




	
1st grade

	
(Constant)

	
6.738

	
0.240

	

	
28.128

	
0.000

	
0.49

	
0.47




	
Posttest score

	
0.102

	
0.018

	
0.700

	
5.543

	
0.000




	
2nd grade

	
(Constant)

	
6.684

	
0.242

	

	
27.587

	
0.000

	
0.47

	
0.45




	
Posttest score

	
0.061

	
0.013

	
0.684

	
4.878

	
0.000




	
3rd grade

	
(Constant)

	
7.521

	
0.296

	

	
25.377

	
0.000

	
0.18

	
0.16




	
Posttest score

	
0.051

	
0.018

	
0.426

	
2.786

	
0.009




	
4th grade

	
(Constant)

	
6.397

	
0.556

	

	
11.498

	
0.000

	
0.18

	
0.15




	
Posttest score

	
0.059

	
0.024

	
0.420

	
2.447

	
0.021

















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
Overview Fact Detail Milestones Usage Fluency Growth

) All-TimeUsage ~ g 7
- 12 Multiplication and Division (0-12)

Individual Fluency Growth CHART  TABLE

Total Fluent Facts Usage Days | | Show Usage

300

250

200

150

Facts

100

50

0
10/3/19 111819 1/3/20 2/18/20 4/4/20 5/20/20 7/5/20 8/20/20 10/5/20  11/20/20 s/ 2/20/21 a7 Sr29/0

® s @ T ® i
'LLEC:'«TP‘»: 259 facts U.‘"jﬁét 1 12days J ‘VUSE::‘SLE 1,30 days GPCE(JULSAEE 86160%






nav.xhtml


  sustainability-13-06586


  
    		
      sustainability-13-06586
    


  




  





media/file2.png
‘

Y
LSRR

Puntaje Adicional

DOOO 2 2 2






media/file5.jpg
50

30

10

263172

101
%8

267

27,
813
139

OPretest
[DPosttest

Boys

Girls





media/file3.jpg
Oveion Facto issone® Unsge_FncyGowt

B AMTimeUsage - & 7
52 wtpicaion s Oin 01

Individual luency Growth SRR

Y s QR v ) st

250 ¥| T2 | B30 | —EE066.0% °






media/file1.jpg
Puntaje Adicional

0OEo 222
a






media/file7.jpg
Average Scores

25|

1

1

3

Classroom
4

Clasgroom
5

Classroom
6

Q Pretest
O Posttest

Boys  Girls

Boys  Girls

Boys  Girs





media/file10.png
Global Academic Grade

10

% & y=7.09+0.04*x
*° o : DO o *3-° e? e
" ’¢8 ee o :“ °3.2 T e
: o. : 885.‘0 8 @ :oo ¢ ¢ ¢
o gdzgd “otoefd, VT,
e, bl :
¢ 0eooe .g ®_o _
X e®%, 033 - -
P o & o
. o o s e o o o
® sl ¢
& o N &
®

10

20

30

Posttest Scores

40

50





media/file9.jpg
0 10 20 30 40 50
Posttest Scores





media/file0.png





media/file8.png
Average Scores

O Pretest
Clasiroom Clasgroom Clasgroom O Posttest

Boys Girls Boys Girls Boys Girls





media/file6.png
101

°98

0O

== 267
8
420

O
Boys Girls

[ 1Pretest
[IPosttest





