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Abstract

:

The objective of the research is to know whether the use of technologies in the teaching of sciences, in the face of more traditional methods, influences gender differences, justifying the low enrolment of women in technical careers. The study was developed using a pretest–posttest quasi-experimental method through a nonequivalent control group with traditional methodology and common instruments such as the textbook, while in the experimental group, methodologies based on the management of ICT tools were made. We make a quantitative contrast of the impact on learning, considering the advantages and disadvantages of using technologies in science teaching, versus more traditional methods. The experimental group showed a higher motivation, being seen in the impact on better learning scores compared to the control group. We found that women scored higher than men in both pretest and posttest. We conclude by emphasizing the desirability of a transformation of science teaching methodologies by using ICT tools that allow more visual, intuitive, and collaborative work, with greater involvement of students.






Keywords:


digital gender gap; ICT-mediated learning; connectivism; network learning; sustainable development












1. Introduction


The current situation caused by Covid-19 and the global health emergency is causing an accelerated transit from face-to-face education to online education, such as the Chinese government-designed “School’s Out, But Class’s On” program, implemented on 28 February 2020, where 270 million students, mostly in primary and secondary education, began receiving online classes [1]. This program is not just a response to the pandemic, but a total change of the Chinese educational model in which it has avoided replicating traditional teaching methods. It establishes coordination with state television for the broadcast of teaching content that complements the official curriculum. It enhances the individualization of teaching. It coordinates and adapts the characteristics of digital platforms with the real needs of students. In addition, the traditional length of one hour has been changed to 20 min of class and free time for students to prepare for classes in advance. It provides courses adapted to each level on precautionary measures before Covid-19, trying to complement the work of health facilities. It gives priority to digital content, avoiding the purchase of materials that would increase the economic burden of families. It creates a state repository of online teaching resources accessible to teachers from anywhere and at any time. However, a minority of teachers have continued masterclasses through video calls. It should be recalled that, in order for an educational paradigm shift [2] to happen, the stage of “integration” of emerging technologies with traditional education systems must be overcome, and emerging pedagogies are underpinned by approaches such as cognitivism, constructivism, and significant learning. In addition, there are other new crystallized approaches, following the advent of the web and the Internet, such as self-regulated learning, rhizomatic learning, LaaN theory, connectivism, and peer learning, which have not, in many cases, changed traditional educational practices and which, in the current situation, can accelerate the transformation of the way we work in the classroom, putting the focus on learning rather than in learning, and on the student as an active and nonpassive subject of his own learning and not on the teacher [3,4,5].



The United Nations General Assembly approved the 2030 Agenda for Sustainable Development in 2015. This action plan aims to drive the international community’s commitment to build a better world. Therefore, recognizing the need to work to eliminate inequalities among men and women, as a human right, promotes the obligation of the international community to ensure that gender equality and the empowerment of all women and girls is a reality, through Specific Objective [5], and cross-cutting in other objectives. In particular, it is intended to improve the use of technology and, in particular, information and communications technology to promote women’s empowerment [6].



On the other hand, numerous research shows that cultural differences between genders have driven, to a lesser extent, women towards enrolment in technical careers [7,8,9,10], having declined their presence in the last two decades [11,12,13,14,15]. Some of these studies have pointed out that technology and computers are often considered male tools [16,17,18,19,20]. One of the possible factors of such rejection may be that women use video games less for their leisure, being one of the gateways to technology [17,21,22,23,24,25,26,27,28]. Reasonably, the digital gender gap may be related to the low enrolment of women in technical careers. As can be seen, Table 1 and Figure 1 reflect Eurostat data [29] regarding the distribution of students in the undergraduate studies by field of study and gender, appreciating that women decide on careers related to health, education, and the services sector, while men decide on technical careers such as engineering and computer science, where women reach just 10%.



The research presented in this article was carried out in the 2018–2019 academic year, with the aim of knowing whether the use of technologies in the teaching of sciences, versus more traditional methods, influences gender differences, justifying the low enrolment of women in technical careers. In order to verify, through inferential statistical analysis, the objective of the research, a Didactic Unit (DU) was developed for the students of first compulsory secondary education (ESO) of an institute of secondary education (IES) of the province of Albacete in the autonomous community of Castilla-La Mancha, in Spain. The control group delivered the DU in a more traditional way with instruments such as master classes and textbooks, while the experimental group employed a DU-ICT that included a treasure hunt and a WebQuest.




2. Materials and Methods


A quantitative methodology with a quasi-experimental design was used, as it was intended to determine causal relationships between the variables involved in the study, seeking an explanation of the extent to which the variations recorded in dependent variables are a consequence of the manipulation carried out on the independent variable using inferential statistical techniques. We also intended for the circumstances in which the investigation was carried out to be similar to those found in the normal teaching of the science subject in the 1st ESO of the IES, where the research took place. Therefore, two groups of students that were already constituted were selected without being able to assign the students randomly. This decision reduces the external validity of the investigation, so it cannot be said that the results obtained were totally generalized [30].



To try to control any initial disparities between the control group and the experimental one that could affect the results, a pretest was established to verify that the means between the two groups were similar, to ensure the internal validity of the study. Another aspect that needed to be monitored was the influence of teacher education on both groups. In order to be able to reduce it, it was decided that it would be the same teacher who intervened in both groups [30].



The research was carried out using a pretest–posttest quasi-experimental methodology through a nonequivalent control group. It was considered that the “learning effect” would not be decisive because the period of time between the completion of the pretest and the posttest would be a period of only 6 weeks long enough [30].



2.1. Variables


The variables involved in the research were as follows.



Dichotomous qualitative independent variable: working methodology with two values—N (traditional DU) and S (DU-ICT). Another independent dichotomous variable that was included in the research was gender (GEN), with two values—female (F) and male (M). Continuous quantitative dependent variables: academic performance of students in both pretest (PRE), and posttest (POS). A new variable called improvement (MEJ) was determined to calculate the improvement of each student between the score reached in the posttest and the score achieved in the pretest.



Similarly, other possible foreign variables that could affect the research’s findings were controlled by the selected design and were also considered. The effect of the teacher on each of the groups was not decisive because the teacher of the control group and the experimental group was the same person. In addition, the only distinction in teaching in both groups was the use of an ICT methodology in the DU developed in the experimental group, while in the control group, the DU would be developed by the teacher using a traditional methodology focused on textbooks and masterclasses.




2.2. Population and Sample


The population of the research was constituted by the students of the first course of ESO of an IES of the province of Albacete in the autonomous community of Castilla-La Mancha, in Spain, with a size of 141 students. The students were distributed in 6 different groups, with two of the six groups participating in the research. Group 1F was chosen randomly for the experimental group and group 1C for the control group. The sample consisted of 46 students, 23 in the control group and another 23 in the experimental group. Students were already distributed in groups prior to research, so they could not be randomly assigned and, therefore, were not equivalent groups. These circumstances were not decisive since the objective of the research was not to be able to generalize the results but to try to understand the potential relationships between the variables of the study.




2.3. Test Reliability Analysis


To calculate reliability in the sense of stability and accuracy of the data, the use the Cronbach alpha formula, which was calculated through the data obtained when taking the questionnaire in the sample studied, was preferred. The results in both pretest (PRE; 0.871) and posttest (POS; 0.899), being greater than 0.80, can be considered as high or very high reliability, so that the test can be accepted as consistent internally. The homogeneity of the items was also analyzed by testing the element-total correlation, and it was proven that the deletion of any of the items substantially improves the Cronbach alpha. The Google Docs form used as a questionnaire in both the pretest and posttest can be found at https://forms.gle/VFyyarFgeJ8A1WUP7.




2.4. Educational Intervention


We sought to make the educational intervention in the control group as similar as possible to that carried out in the experimental group. As noted above, the teacher was the same person for the two groups involved in the research, with the purpose of making teaching in both groups as similar as possible. It was ensured that the only difference was the use of an ICT methodology employing a DU-ICT that included a treasure hunt and a WebQuest in the experimental group, and a more traditional methodology focused primarily on masterclasses and textbooks in the control group. The rest of the teaching methodologies were similar in both groups: providing equivalent content, carrying out similar teaching activities, and carrying out identical evaluation tests. We sought to employ an active methodology while maintaining the pedagogical principles of cooperative, collaborative and autonomous work and enhancing critical reflection through exchanges of ideas that encouraged discussion on various issues. The method of problem-solving was used to encourage the students to try to solve problems by explaining the resolution processes employed to their classmates, using appropriate language, and encouraging at all times that students should meet and discuss the different solution procedures. The teacher encouraged, guided, and motivated students by using both material and virtual manipulative resources, and also taking into account attention to diversity by preparing reinforcement and expansion activities. The teaching unit can be found at https://drive.google.com/file/d/1vlox83osPg1AsASymXF-If-Qh-BXroGr/view?usp=sharing.





3. Results


To try to respond to the research problem, it was checked whether the null hypothesis could be rejected. H0: Mc-Me-0, where Mc and Me were the respective sample stockings of the qualifications obtained by the students in the experimental and control groups. We checked, through statistical evidence, whether the null hypothesis could be rejected, accepting that there were significant differences between the groups being compared [30]. On the other hand, the degree of significance had to be set, which implies the probability of error that could be assumed in rejecting the null hypothesis. As usual, in educational research, a p-significance level of 0.05 was assumed. The inferential statistical technique used was the Kolmogorov–Smirnov normality test with the correction of Lilliefors, and as the sample was slightly less than 50. The Shapiro–Wilk normality test was also used to ensure the normality required in the use of parametric tests. The Levene test was also used to verify homoscedasticity in the comparison of variances. The ANOVA general linear model multivariant test was used for the comparison of means between independent samples with the SPSS 24 statistical package.



In the ANOVA test of 1 independent sample factor with respect to the ICT variable, as can be seen in Table 2, the significance levels in both pretest (0.923), and posttest (0.139) are greater than (0.05), so those means can be considered equal for the chosen confidence level 95%, and we must accept the null assumption of the equality of means, H0: Mc-Me-0, and reject the alternative hypothesis H1 of the difference of means between the control and experimental groups. However, with respect to the variable improvement as the significance level (0.002) was less than (0.05), we have to reject the null hypothesis of equality of means, H0: Mc-Me-0, and accept the alternative hypothesis H1 of the difference of means between the control and experimental groups. Regarding the gender (GEN) variable, as the significance levels in both the 0.815 pretest and the posttest (0.792) and in the variable improvement (0.888) are greater than (0.05), it would, therefore, have to be assumed that, although the women’s scores are slightly higher than that of men, both in pretest and posttest and slightly lower in the improvement MEJ variable, there are no statistically significant gender differences.




4. Discussion


Predictably, in the pretest, the experimental group (2.069) and the control group (2.839) obtained similar means, not resulting in a statistically significant difference.



In the posttest, the experimental group, formed by class group 1F, obtained an average of 5.713, higher than that of the control group (4.626) consisting of class group 1C; this difference was statistically significant, which allowed us to answer affirmatively to the research question.



Importantly, women achieved a higher average (7.998) than men (7.786); this difference in academic performance was not statistically significant. However, the improvement of women (2.265) was lower than that of men (2.325), which allows us to glimpse an emerging digital gender gap that, linking to Eurostat [29], girls have more difficulties than boys in managing ICTs expertly, which is probably one of the factors related to them opting for careers related to education, health, and services in the future.




5. Conclusions


Recent research shows that the first digital gender gap tends to disappear, with a tendency to equate the number of ICT users of both genders [31,32]. However, the second digital gender gap in today’s society [16,33,34], which is determined by gender differences in ICT skills, remains present, showing some influence—only 17% of students enrolled in computer engineering in Europe are women [35,36,37].



It is estimated that the problem is the result of certain social practices that contribute to a meager preference of women for technology, which leads to male dominance in the areas of work where new technologies are developed [31,32,33].



The results of the research encourage us to recommend the creation of more conducive contexts for women by transmitting female models in the field of technology, as well as promoting training actions aimed at improving the teaching-learning processes supported by new technologies among teachers of schools and institutes [38,39,40,41,42].



Likewise, it should be emphasized that although the handling of computers as a tool of communication and relationship is sufficiently even between boys and girls, coinciding with the results obtained in other research [43,44,45,46,47], it is not emerging in the same way in the use of technological leisure, such as in the field of video games. It is worth noting that numerous studies have linked the digital gender gap to girls’ different use of video games, leading to a contraction in women’s professional and educational opportunities [21,46,48].



It has been shown that, in the face of a global health emergency, there is a translation from face-to-face teaching to online education, generating the need for a change in educational paradigm in which women expertly overcome difficulties in the use of ICTs. Therefore, the public authorities, with the adoption of the relevant equity policies, must ensure that these changes should not be a handicap to women and students with fewer resources or difficulties in accessing the Internet.



It is clear that the incursion of women and girls into new technologies and science facilitates the elimination of the discrimination they have suffered throughout history and meets the goals of education for sustainability and the universalization of human rights. In this way, women and girls will have greater participation and representation in all social and political spheres, with complete training, without discrimination, and by making progress towards gender equality. Indeed, education for sustainable development requires that gender equality be a reality in all areas of society and a basic requirement for advancing education, science, and social and political institutions. Reasonably, we are facing a significant challenge demanded in the 2030 Agenda for Sustainable Development, encouraging the use of information and communication technologies to promote women’s empowerment. As a result, progress will be made in eliminating inequalities among men and women, making gender equality and the empowerment of all women and girls a reality around the world.




6. Limitations and Future Lines of Research


The most important limitation of the research carried out underlines the small sample size. Currently, we are working with a much wider sample and in other universities, considering the effects that new methodologies that are being generated in face-to-face education can have on gender equality, with the introduction of online training modes and the enhancement of the use of technological tools. However, the studies consulted, so far, do not show significant discrepancies with the research developed in this article.
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Figure 1. Students enrolled in tertiary education. Source: Own elaboration adapted from Eurostat [29]. 
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Table 1. Students enrolled in tertiary education.
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Acronym

	
GEO/TIME

	
2013

	
2014

	
2015

	
2016

	
2017




	

	
European Union-28 Countries

	
Male%

	
Females%

	
Male%

	
Females%

	
Male%

	
Female%

	
Male%

	
Female%

	
Male%

	
Female%






	
EDU

	
Education

	
21.8

	
78.2

	
22.2

	
77.8

	
21.3

	
78.7

	
21.6

	
78.4

	
21.9

	
78.1




	
HaW

	
Health and Welfare

	
27.7

	
72.3

	
27.9

	
72.1

	
28.8

	
71.2

	
28.9

	
71.1

	
28.7

	
71.3




	
AaH

	
Arts and Humanities

	
34.8

	
65.2

	
35.3

	
64.7

	
35.1

	
64.9

	
35.1

	
64.9

	
35.5

	
64.5




	
SJI

	
Social sciences, Journalism and Information

	
37.5

	
62.5

	
37.5

	
62.5

	
36.8

	
63.2

	
36

	
64

	
36.1

	
63.9




	
Ball

	
Business, Administration and Law

	
43.9

	
56.1

	
44.7

	
55.3

	
44.3

	
55.7

	
44.5

	
55.5

	
45.5

	
54.5




	
AFV

	
Agriculture, Forestry, Fisheries and Veterinary

	
50.3

	
49.7

	
49.9

	
50.1

	
49.8

	
50.2

	
49.8

	
50.2

	
49.7

	
50.3




	
NMS

	
Natural sciences, Mathematics and Statistics

	

	

	

	

	
50.1

	
49.9

	
50

	
50

	
50

	
50




	
Be

	
Services

	

	

	
82.4

	
17.6

	
52.7

	
47.3

	
52.7

	
47.3

	
52.8

	
47.2




	
EMC

	
Engineering, Manufacturing, and Construction

	

	

	

	

	
73.8

	
26.2

	
74

	
26

	
73.9

	
26.1




	
ICT

	
Information and Communication Technologies

	
82.6

	
17.4

	
82.4

	
17.6

	
81.9

	
18.1

	
81.7

	
18.3

	
82

	
18








Source: Own elaboration adapted from Eurostat [29].
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Table 2. Test ANOVA gender (GEN)-TIC overall linear model multivariant.






Table 2. Test ANOVA gender (GEN)-TIC overall linear model multivariant.





	
Origin

	
Dependent Variable

	
Type III Sum of Squares

	
Gl

	
Quadratic Average

	
F

	
It’s Getting You out of Here






	
Model corrected

	
PRE_D

	
0.844 a

	
3

	
0.281

	
0.055

	
0.983




	
POS_D

	
16.951 b

	
3

	
5.65

	
0.836

	
0.482




	
MEJ_D

	
17.474 c

	
3

	
5.825

	
4.858

	
0.005




	
Intersection

	
PRE_D

	
371.128

	
1

	
371.128

	
72.38

	
0




	
POS_D

	
1.181.964

	
1

	
1.181.964

	
174.781

	
0




	
MEJ_D

	
228.464

	
1

	
228.464

	
190.528

	
0




	
Gen_F

	
PRE_D

	
0.285

	
1

	
0.285

	
0.056

	
0.815




	
POS_D

	
0.476

	
1

	
0.476

	
0.07

	
0.792




	
MEJ_D

	
0.024

	
1

	
0.024

	
0.02

	
0.888




	
TIC_F

	
PRE_D

	
0.048

	
1

	
0.048

	
0.009

	
0.923




	
POS_D

	
15.391

	
1

	
15.391

	
2.276

	
0.139




	
MEJ_D

	
13.721

	
1

	
13.721

	
11.442

	
0.002




	
Gen_F * TIC_F

	
PRE_D

	
0.47

	
1

	
0.47

	
0.092

	
0.763




	
POS_D

	
2.941

	
1

	
2.941

	
0.435

	
0.513




	
MEJ_D

	
5.763

	
1

	
5.763

	
4.806

	
0.034




	
Error

	
PRE_D

	
215.355

	
42

	
5.127

	

	




	
POS_D

	
284.027

	
42

	
6.763

	

	




	
MEJ_D

	
50.362

	
42

	
1.199

	

	




	
Total

	
PRE_D

	
597.28

	
46

	

	

	




	
POS_D

	
1530.3

	
46

	

	

	




	
MEJ_D

	
309.34

	
46

	

	

	




	
Total corrected

	
PRE_D

	
216.198

	
45

	

	

	




	
POS_D

	
300.977

	
45

	

	

	




	
MEJ_D

	
67.837

	
45

	

	

	








a R-squared 0.004 (R-squared 0.067). b R-squared 0.056 (R-squared 0.011). c R-squared 0.258 (R-squared 0.205). Gen_F * TIC_F interaction between variables Gen_F and TIC_F.
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